Industrial Crops & Products 112 (2018) 460-466

INDUSTRIAL

Contents lists available at ScienceDirect

Industrial Crops & Products

journal homepage: www.elsevier.com/locate/indcrop

Phytochemical analysis and assessment of antioxidant, antimicrobial, anti- @ f)

Check for

inflammatory and cytotoxic properties of Tetraclinis articulata (Vahl) Masters | %
leaves

Wahiba Rached™”“, Fatima Zohra Zeghada”®, Malika Bennaceur™, Lillian Barros™",
Ricardo C. Calhelha®, Sandrina Heleno®, Maria José Alves®, Ana Maria Carvalho,
Abderrazak Marouf®, Isabel C.F.R. Ferreira™*

@ Centro de Investigagdo de Montanha (CIMO), Instituto Politécnico de Braganga, Campus de Santa Apolénia, 5300-253 Braganga, Portugal

® Laboratory of Plant Biochemistry and Natural Products, Department of Biology, Faculty of Nature and Life Sciences, University of Oran 1, Ahmed Ben Bella, 1524 EL M
Naouer, 31000 Oran, Algeria

€ Department of Biology, Faculty of Nature and Life Sciences, University of Mostaganem, BP 188/227, Mostaganem 2700, Algeria

9 Department of Nature and Life Sciences, Institute of Science and Technology, Center University Salhi Ahmed, BP 66, 45000 Naama, Algeria

€ Laboratory of Researchin Arid Areas (LRZA), Faculty of Biological Sciences, PO Box 32, El Alia Bab-Ezzouar, Algiers 16111, Algeria

ARTICLE INFO ABSTRACT

Keywords: Tetraclinis is an unexplored genus recognized for its great bioactive potential that could be explored as a med-
Tetraclinis articulata icinal herb. The aim of this study was to evaluate the antioxidant, antibacterial, anti-inflammatory and cytotoxic
Antioxidant properties of the aqueous crude extract and subsequent organic fractions of the Algerian medicinal plant T.
An"%'inﬂm“mamry articulata. Moreover, polyphenols were also fully profiled by liquid chromatography with diode-array detection
2;‘:;‘22:;1 coupled to electrospray ionization in tandem with mass spectrometry (LC-DAD-ESI-MS™). The analysis of the

obtained results show that B-type (epi)catechin dimer and catechin were the most abundant phenolic com-
pounds present among the nine different flavonoids identified such as: ((epi)catechin, myricetin, quercetin and
kaempferol glycoside derivatives). The concentration of phenolic compounds in the ethyl acetate fraction
(93.1 mg/g extract) was higher than the one of the aqueous extract (21.2 mg/g extract) and butanol fraction
(43.87 mg/g extract). Furthermore, the ethyl acetate fraction revealed the strongest bioactive properties, re-
vealing the lowest ECsq,Gls values: anti-inflammatory (ECso, 129.67 ug/mL), cytotoxicity against human tumor
cell lines (Glso, 59-189 pug/mL), antibacterial (MIC, 0.625-10 mg/mL); and especially the antioxidant capacity
(ECs values lower than 12.7 ug/mL), even higher than the standard (Trolox). The results showed a great
bioactive potential for this species, with a significant contribution of flavonoid compounds, which makes it an
interesting matrix in the development of novel pharmaceutical formulations.

Phenolic compounds

1. Introduction 2007). Hence, the antitumor capacity of these molecules is related to
the induction of apoptosis, suppression of protein tyrosine kinase ac-

The diseases related with the oxidative stress, such as cancer and tivity, antiproliferation, antimetastasis and anti-angiogenesis effects. In

cardiovascular problems (Andrade et al., 2005; Azmi et al., 2006) has
become a serious problem in recent years. Accordingly, natural anti-
oxidant products obtained from medicinal herbs, such as phenolic
compounds, vitamins and terpenoids have been widely applied in food
and medicinal fields (Cai et al., 2004; Leandro et al., 2012; Sadiq,
2014). In particular, the antioxidant activity of polyphenols, mainly
flavonoids, is related with free radical-scavenging capacity, strong
linkage to free ferrous ions and antimutagenic effect through high in-
hibition of the oxidative DNA damage (Lodovici et al., 2001; Wu et al.,
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addition, flavonoids are able to inhibit the inflammation process in vivo
and in vitro and also possess antibacterial, and antifungal activities
(Barros et al., 2010; Carocho and Ferreira, 2013; Kanadaswami et al.,
2005; Serafini et al., 2010).

Tetraclinis articulata (Vahl.) Masters (sandarac gum or thuya of
Berberie) is a rich source of bioactive phytochemicals, being the only
species that represents the Tetraclinis genus. It is an evergreen con-
iferous tree, endemic to the mountainous regions of North Africa which
occurs in Morocco, Algeria and Tunisia, being also found in other parts
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of Europe such as Malta and Spain (near Cartagena) (Quezel and Santa,
1963). Different parts of this species from the Mediterranean Basin have
been used in traditional medicine, due to the presence of several va-
luable bioactive molecules. The aerial parts (leaves and twigs) are
mainly used in the treatment of intestinal, respiratory infections, gastric
diseases, diabetes, hypertension and to treat rheumatism (Jouad et al.,
2001). The two papery wings of T. articulata seeds are also used for
diabetes, hypertension, as febrifuge, against vertigo and headache, and
antidiarrheal (Ziyyat et al., 1997). The whole plant, including branches
with leaves, fructifications (cones) and resins, have been used for skin
diseases including pruritus, parasitosis, mycosis, insect bites and pa-
thology of the oral sphere (Bourkhiss et al., 2007). The antimicrobial
(Ben Ghnaya et al., 2016; Bourkhiss et al., 2007), antitumor and anti-
inflammatory activities of its essential oils have also been reported
(Buhagiar et al., 1999; Djouahri et al., 2014). The most important po-
tential is the antioxidant activity, which is directely related with the
presence of phytochemical compounds, such as the essential oils in
leaves (obtained by hydrodistillation extraction), and the polyphenols
present in the extracts of the plant twigs obtained with water, ethanol,
hexane, dichloromethane, ethyl acetate and methanol. The authors
(Barrero et al., 2003; El Jemli et al., 2016; Herzi et al., 2013a; Rached
et al., 2010; Zidane et al., 2014) also described the presence of other
compounds in the leaves of T. articulata, such as pimaranes and pi-
marane diterpenoids. Most of the studies in T. articulata from Algeria
have been focused on the essential oils, and to the authofs best
knowledge, there are no studies related to its phenolic composition.

The objectives of the present research were to: i) evaluate the
bioactive properties of T. articulata leaves originated from Algeria (in
the crude aqueous extract and corresponding fractions) especially: an-
tioxidant, anti-inflammatory, antimicrobial and cytotoxic activities;
and ii) determine the phenolic composition of the crude extract and
subsequent fractions, in order to establish a relationship between the
chemical composition and the exhibited bioactivity.

2. Materials and methods
2.1. Plant material and extract preparation

Leaves of Tetraclinis articulata (Vahl) Masters were collected in the
West of Algeria (Oran) in September 2016. Marouf Abderrazak,
Professor at the University centre of Naama, Algeria performed the
Botanical identification confirmation. Afterwards, the samples were
lyophilized and reduced to a fine dried powder (~40mesh). The
homogenous sample was kept, protected from light in a desiccator until
further analysis.

The extract and correspondent fractions were obtained using a
methodology previously described by the authors (Rached et al., 2016).
The crude aqueous extract was obtained using a heat reflux with 10%
(w/v) of plant, for 30 min. After filtration, the extraction methodology
was successively performed three more times. The extracts were further
joint together and lyophilized (FreeZone 4.5 model 7750031, Labconco,
Kansas City, MO, USA), to obtain a concentrated dried extract. In order
to achieve the organic fraction, the crude aqueous extract was dissolved
with distilled water (10 g/100 mL) and a liquid-liquid partitioning ex-
traction was performed using ethyl acetate and butanol, successively
(using equal volume). The resulting fractions were filtered and evapo-
rated under reduced pressure at 40 °C, in order to obtain dry extracts.

2.2. Phenolic compounds characterization

Liquid chromatography with diode-array detection coupled to
electrospray ionization in tandem with mass spectrometry
(LC-DAD-ESI-MS"™) (Dionex Ultimate 3000 UPLC, Thermo Scientific,
San Jose, CA, USA) analysis was performed in order to obtain the
phenolic compounds profile, as previously described by Bessada et al.
(2016). The crude aqueous extract and the two organic fractions were
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dissolved at a concentration of 5mg/mL, in water and methanol, re-
spectively. The compounds were detected by using a DAD (280 and
370 nm as preferred wavelengths) and a Linear Ion Trap LTQ XL mass
spectrometer equipped with an ESI source (ThermoFinnigan, San Jose,
CA, USA), operating in negative mode. Phenolic compound identifica-
tion was performed by comparing compounds characteristics with
commercial standards, and also, by using available data reported in the
literature. Calibration curves were performed based on the UV-vis
signal, using available phenolic standard (catechin; myricetin-3-O-glu-
coside; quercetin-3-O-glucoside, kaempferol-3-O-glucoside, all with
HPLC purity =99%, purchased from Extrasynthese, Genay Cedex,
France). The results were expressed as mg/g of extract.

2.3. In vitro antioxidant activity assays

The aqueous crud extract and the organic fractions were prepared at
a concentration of 10 mg/mL in water and methanol, respectively. The
successive dilutions were performed to obtain the working concentra-
tions ranging from 2500 to 5pg/mL. The antioxidant activity was
evaluated by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-
scavenging activity, reducing power, inhibition of B-carotene bleaching
and inhibition of lipid peroxidation in brain cell homogenates using
procedures previously reported by Barros et al. (2013). Trolox was used
as positive control.

DPPH radical-scavenging activity was evaluated by using an
ELX800 microplate reader (Bio-Tek Instruments, Inc; Winooski, VT,
USA), and calculated as a percentage of DPPH discolouration using the
formula: [(Apppu — As)/Appprl] X 100, where Ag is the absorbance of
the solution containing the sample at 515 nm, and Apppy; is the absor-
bance of the DPPH solution. Reducing power was evaluated by the
capacity to convert Fe*' into Fe?", measuring the absorbance at
690 nm in the microplate reader mentioned above. Inhibition of [3-
carotene bleaching was evaluated though the P-carotene/linoleate
assay; the neutralization of linoleate free radicals avoids [(3-carotene
bleaching, which is measured by the formula: (-carotene absorbance
after 2h of assay/initial absorbance x 100. Lipid peroxidation inhibi-
tion in porcine (Sus scrofa) brain homogenates was evaluated by the
decrease in thiobarbituric acid reactive substances (TBARS); the colour
intensity of the malondialdehyde-thiobarbituric acid (MDA-TBA) was
measured by its absorbance at 532 nm; the inhibition ratio (%) was
calculated using the following formula: [(A — B)/A] X 100%, where A
and B were the absorbance of the control and the sample solution, re-
spectively.

2.4. Anti-inflammatory activity

The LPS-induced NO production by Murine macrophage (RAW
264.7) cell lines was determined as nitrite concentration in the culture
medium according to the method previously described by Sobral et al.
(2016). For that purpose, the crude aqueous extract and the two organic
fractions were dissolved at a concentration of 8 mg/mL in water and the
nitric oxide (NO) production was determined using the Griess Reagent
System kit. Dexamethasone was used as a positive control.

2.5. Cytotoxicity assays

The crude aqueous extract and organic fractions (8 mg/mL in water)
were tested to evaluate the inhibitory growth activity of NCI-H460
(non-small cell lung cancer), HeLa (cervical carcinoma), HepG2 (he-
patocellular carcinoma) cell lines, as also a non-tumor cells PLP2
(porcine liver primary cells), by using the sulforhodamine B assay.
Ellipticine was used as positive control (Barros et al., 2013).

2.6. The antimicrobial activity

The crude aqueous extract and organic fraction (20 mg/mL in
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water) were assayed following a procedure previously described by
Svobodova et al. (2017). Ten different strains were tested, such as six
Gram-negative bacteria (1- Pseudomonas aeruginosa isolated from ex-
pectoration, 2- Escherichia coli, 3- Escherichia coli spectrum extended
producer of B-lactamases (ESBL), 4- Klebsiella pneumoniae and 5- Kleb-
siella pneumoniae, spectrum extended producer of -lactamases (ESBL),
and 6- Morganella morganii, all isolated from urine) and four Gram-
positive bacteria (7- Enterococcus faecalis isolated from urine, 8- Listeria
monocytogenes isolated from cerebrospinal fluid, 9- MSSA: Methicillin-
sensitive Staphylococcus aureus isolated from wound exudate, and 10-
MRSA: methicillin-resistant S. aureus, isolated from expectoration).
Amikacin, tobramycin, amoxicillin/clavulanic acid and gentamicin
were used as positive controls for Gram-negative bacteria strains while
ampicillin and linezolid were used for Gram-positive bacteria. The MICs
(minimal inhibitory concentrations) were determined using the rapid
colorimetric assay with p-iodonitrotetrazolium chloride (INT). The re-
sistance profile of the Gram-negative and Gram-positive bacteria to
different antibiotics (MIC values, pg/mL) has previously been reported
(Svobodova et al., 2017).

2.7. Statistical analysis

Results are expressed as mean values and standard deviations (SD),
as an outcome of the three repetitions of the samples and concentra-
tions that were carried out in all the assays. One-way analysis of var-
iance (ANOVA) followed by Tukey’s HSD test (p = 0.05), were used to
analyzed the results. Moreover, to determine significant differences
with a = 0.05 between less than 3 samples, a Students t-test was ap-
plied. Analyses were carried out using IBM SPSS Statistics for Windows,
version 23.0. (IBM Corp., Armonk, New York, USA).

3. Results and discussion
3.1. Composition of T. articulata in phenolic compounds

The phenolic profile of the crude aqueous extract and fractions of T.
articulata leaves was recorded at 280 and 370 nm. Fig. 1 shows a re-
presentative chromatographic profile obtained for the ethyl acetate
fraction. The compounds characteristics, identities and quantification
are presented in Table 1. The chromatographic separation allowed the
elucidation of nine phenolic compounds, among them three flavan-3-ols
(peaks 1-3) and six flavonols (peaks 4-9) (Table 1).

Compounds 2 and 3 were positively identified as (+)-catechin and
(—)-epicatechin, respectively, according to their retention time, mass
and UV-vis characteristics by comparison with commercial standards.
Both these compounds were previously described in extracts of T. ar-
ticulata twigs obtained by decoction (aqueous extract) and Soxhlet
(ethyl acetate and methanolic extracts) (Zidane et al., 2014). Com-
pound 1 ([M—H]™~ at m/z 577) revealed a MS2 fragmentation pattern
coherent with B-type (epi)catechin dimer. Characteristic product ions
were observed at m/z 451 (—126u), 425 (—152u) and 407 (—152 to
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18 u), attributable to the HRF (heterocyclic ring fissions), RDA (Retro-
Diels-Alder) and further loss of water from an (epi)catechin unit, and at
m/z 289 and 287, that could be associated to the fragments corre-
sponding to the lower and upper (epi)catechin unit, respectively
(Rached et al., 2016). To the authofs best knowledge this compound
was not previously reported in T. articulata.

The flavonol glycoside derivatives identified were derived from
myricetin (Amax around 354 nm and a MS? fragment at m/z 317, peaks
4-7), quercetin (Apnax around 350 nm and a Ms? fragment at m/z 301,
peak 8) and kaempferol (Amqax around 340 nm, MS? fragment at m/z
285, peak 9) (Table 1). Compound 6 ([M—H] at m/z 479) was as-
signed as myricetin-3-O-glucoside in comparison with a commercial
standard. Compound 4 ([M—H] at m/z 611) released two MS? frag-
ments at m/z 479 ([M—H-132]", loss pentosyl moiety) and m/z 317
([M—H-162] ", loss hexosyl moiety), corresponding to myricetin. The
fact that two MS? fragments were released, suggested that the two su-
gars were positioned in different positions of the aglycone, thus being
assigned as myricetin-O-pentosyl-O-hexoside. Compound 5 ([M—H] "~
at m/z 625) released a MS> fragment at m/z 317 ([M—H-308] ", loss of
a deoxyhexosyl-hexoside moiety). The presence of myricetin-3-O-glu-
coside may point to peak 5 being also a 3-O-rutinoside, thus it was
assigned as myricetin-3-O-rutinoside. Both these compounds were not
preset in the phenolic profile reported by Zidane et al. (2014).

The remaining compounds (peaks 7-9) presented MS?> fragments
corresponding to the loss of rhamnosyl (—146 mu) moieties from
myricetin, quercein and kaempferol. These compounds were previously
described in T. articulata twig extracts (Zidane et al., 2014), thus being
assigned as myricetin-3-O-rhamnoside (myricitrin, peak 7), quercetin-
3-O-rhamnoside (quercitrin, peak 8) and kaempferol-3-O-rhamnoside
(afzelin, peak 9).

The ethyl acetate fraction presented the statistically higher
(p < 0.05) phenolic compounds concentration (93.1 + 0.9mg/g of
extract) compared with butanol fraction and crude aqueous extract
(43.87 = 0.02 and 21.2 *+ 0.2mg/g, respectively).

The compounds flavan-3-ols were the predominant phenolic com-
pounds in all the samples, accounting to an average of 71% of the
phenolic composition, with B-type (epi)catechin dimer as the main
compound in the butanol fraction and in the aqueous crude extract
(26.0 = 0.2and 8.7 = 0.6 mg/g, respectively), while catechin was the
most abundant compound in the ethyl acetate fraction
(40.59 = 0.01 mg/g). Regarding flavonols, this class of phenolic
compounds were present in an average of 29% of the total phenolic
composition, with ethyl acetate fraction presenting the most consider-
able content (31.4 = 0.1mg/g of extract), statistically higher
(p < 0.05) than the butanol fraction and the crude aqueous extract
with 9.18 + 0.04 and 6.7 + 0.1 mg/g of extract, respectively, being
myricetin-3-O-rhamnoside the main compound.

The total content of phenolic compounds (flavonoids), determined
by chromatographic analysis showed similarity to those obtained by
using the colorimetric assay Folin-Ciocalteu (El Jemli et al., 2016) in
aqueous extracts obtained by infusion of T. articulata from Morocco.

VI A T (ST R P e
0

30

35 3 Time (r?‘l(l)n)

Fig. 1. Phenolic compounds profile of T. articulata ethyl acetate fraction, recorded at 280 nm. Peak numbering corresponds to the molecules identified in Table 1.
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Table 1
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Retention time (Rt), wavelengths of maximum absorption in the visible region (Amay), mass spectral data, identification and quantification of phenolic compounds in T. articulate leaves

(mean = SD, n =9).

Peak Rt (min) Apax [M—H]~ MS? (m/z) Identification Quantification (mg/g extract)
(nm) (m/z)
Crude aqueous Ethyl acetate Butanol fraction
extract fraction

1 5.1 279 577 575(),451(25),425(100),407(21),289(12),287(9)  B-type (Epi)catechin 8.7 = 0.6° 18.7 + 0.5" 22.1 = 0.4°
dimer®

2 6.7 280 289 245(100),231(8),205(33),179(11),165(5) (+)-Catechin® 5.69 + 0.02¢ 40.59 + 0.01° 8.6 + 0.3°

3 8.9 280 289 245(100),231(8), 205(33),179(12),165(3) (—)-Epicatechin® tr 2.4 = 0.3 3.9 = 0.1%

4 12.6 355 611 479(100),317(50) Mpyricetin-O-pentoxyl- 1.4 + 0.03* nd 2.42 + 0.01%
O-hexoside®

5 14.8 350 625 317(47) Myricetin-3-O- 1.013 + 0.002° 6.5 + 0.5° 1.11 + 0.001°
rutinoside®

6 14.7 352 479 301(100) Myricetin-3-0- 0.960 + 0.001* nd 1.06 = 0.02*
glucoside®

7 17.0 356 463 317(100) Myricetin-3-O- 1.4 + 0.03¢ 15.9 + 0.8° 2.42 + 0.01°
rhamnoside®

8 21.7 352 447 301(100) Quercetin-3-0- 1.013 + 0.002° 6.5 + 0.5° 1.106 + 0.003"
rhamnoside®

9 26.2 340 431 285(100) Kaempferol-3-O- 0.961 + 0.001¢ 2.43 = 0.02% 1.06 + 0.02°
rhamnoside”
Total flavonoids 21.2 + 0.2° 93.1 + 0.9° 43.87 + 0.02°

Standard calibration curves: (A) catechin (y = 84950x — 23200, R® = 0.9999; LOD 0.17 ug/mL; LOQ 0.68 ug/mL); (B) myricetin-3-O-glucoside (y = 23287x — 581708, R? = 0.9988;
LOD 0.23pg/mL; LOQ 0.78pg/mL); (C) quercetin-3-O-glucoside (y = 34843x — 160173, R* =0.9998; LOD 0.21pug/mL; LOQ 0.71pg/mL); (D) kaempferol-3-O-glucoside
(y = 11117x + 30861, R? = 0.9999; LOD 0.15 pg/mL; LOQ 0.41 pg/mL). In each row different letters mean significant differences between T. articulata crude extract and fractions
(p < 0.05). When only two samples were present aStudent’s t-test was used to determine the significant difference between two different samples, with a = 0.05: *means a significant

difference between the samples (p > 0.001).

The same was reported for the study of Herzi et al. (2013a, 2013b)
which analyzed the ethanol and hexane extracts of T. articulata from
Tunisia. Otherwise, Zidane et al. (2014) did not report the concentra-
tion of each compound present in T. articulata twig extracts, therefore it
is not possible to make a comparison with the results obtained in the
present study.

3.2. Bioactive properties of T. articulata

In the present work, four in vitro methods, following the previously
mentioned mechanisms, were used to evaluate the antioxidant activity
of T. articulata crude aqueous extract and its fractions. The Table 2
presents the results expressed as ECso values of each one of the tested
samples. For the DPPH assay, ECs, value of the ethyl acetate fraction

Table 2
Antioxidant activity and NO formation inhibition of T. articulata leaves (mean *+ SD,
n=09).

Crude aqueous  Ethyl acetate Butanol Positive
extract fraction fraction control
Antioxidant activity (ECsq values, ug/mL)
DPPH scavenging 12.7 + 0.7° 45 + 0.2° 87 + 02> 42+ 1
activity
Reducing power 129 * 0.1% 3.84 + 0.01°¢ 7.6 = 0.3° 41 £ 1
B-carotene 1180 + 19° 779 + 52° 1236 + 8 18 =1
bleaching
inhibition
TBARS inhibition 4.8 * 0.4% 1.76 + 0.08° 4.8 + 0.2% 23 +1
Anti-inflammatory activity (ECsgvalues,ug/mL)
Nitric oxide (NO) 241 + 4* 130 = 9°¢ 198 + 5° 16 £ 1

production

* Trolox and dexamethasone for antioxidant and anti-inflammatory activities, re-
spectively. The antioxidant activity was expressed as ECso values (mean *= SD), what
means that higher values correspond to lower reducing power or antioxidant potential.
ECso: extract concentration corresponding to 50% of antioxidant activity or 0.5 of ab-
sorbance in reducing power assay. Results of anti-inflammatory activity are expressed in
ECso values: sample concentration providing 50% of inhibition of nitric oxide (NO)
production. In each row different letters mean significant differences between T. articulata
and fractions (p < 0.05).
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(451 = 0.15pug/mL) was observed to be statistically lower
(p < 0.05), indicating a high antioxidant activity in comparison to
other studied samples (ECso values: 8.65 = 0.16 and
12.68 * 0.67 pg/mL for butanol fraction and aqueous extract, re-
spectively). The ferric reducing ability of the present samples were si-
milar to those obtained for the DPPH assay, where ethyl acetate fraction
had the highest antioxidant capacity (ECso = 3.84 = 0.01 pg/mL),
while the aqueous extract (ECso = 12.9 = 0.1 ug/mL) revealed statis-
tically lower activity (p < 0.05). The antioxidant effects of various
natural products are also measured using the -carotene bleaching in-
hibition assay. Similarly, to the previous assays, the ethyl acetate
fraction (ECso = 779 * 52pg/mL) also exhibited the highest potential
(p < 0.05) in comparison to the other samples. The ethyl acetate
fraction (ECsp = 1.76 * 0.08 ug/mlL) also presented the most sig-
nificant inhibition (p < 0.05) of lipid peroxidation using the thio-
barbituric acid reactive substances (TBARS) assay. All the extracts in all
the performed assays exhibited significantly antioxidant potential
(p < 0.05) when compared with Trolox, with the exception of the -
carotene bleaching inhibition assay.

In addition, the extracting solvent contributed to differences in the
phenolic compounds concentration and profile in the studied extract
and fractions. In fact, the identified phytochemicals have been pre-
viously reported as having an excellent effectiveness as antioxidants
(Braca et al., 2002; Cimanga et al., 2001; Montoro et al., 2005;
Srinivasan et al., 2015). Myricetin-3-O-rhamnoside, one of the main
flavonols found in these samples, has been related to the antioxidant
potential. For instance, this compound isolated from the leaves of
Myrtus communis, exhibited a high capacity to inhibit xanthine oxidase
activity, lipid peroxidation and to scavenge DPPH radicals (Hayder
et al., 2008). Previous studies were also reported by El Jemli et al.
(2016), that evaluated the antioxidant activity of the aqueous extract
obtained from infusions of T. articulata leaves from Morocco, revealing
activity when preforming the following assays: DPPH scavenging ac-
tivity (12.05 * 0.24mg/mL) and reducing power assay
(0.15 = 0.01 mg/mL) which are less efficient when compared with the
results obtained in the present study. In the same context, Herzi et al.
(2013a, 2013b) also described DPPH scavenging potential for super-
critical fluid extract (1000 bar) of T. articulata from Tunisia presenting
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an ECso value of 108.16 ug/mL. Djouahri and Boudarene, (2012)
highlighted DPPH scavenging and reducing power activities for me-
thanol crude extracts (28.55 and 0.5 mg/mL respectively) higher than
ethyl acetate and chloroform extracts of T. articulata leaves collected
from center western of Algeria. The observed activity is correlated with
the phenolic compounds that play an important role as hydrogen do-
nators and antioxidant scavengers.

The aqueous extract of T. articulata and its organic fractions showed
a significant inhibition of NO production (Table 2). These results are in
accordance with the traditional uses of this plant species, which has
been used to cure inflammatory affections. The ethyl acetate fraction
(ECso = 130 + 9pug/mlL) exhibited a higher effect (p < 0.05) than the
crude aqueous extract and butanol fraction. There are few studies that
report the anti-inflammatory activity of this species, namely the ethyl
acetate (79%) and methanolic crude extracts (87%) of T. articulata that
have been described as having strong anti-inflammatory capacity, with
a higher effect than allopurinol (75%; reference substance) at 50 ug/
mL, through the inhibition of lipooxygenase and xanthine oxidase
(Djouahri and Boudarene, 2012). The results obtained in the present
work, suggest that the anti-inflammatory potential could be correlated
to the richness of this plant in flavonoids (catechin, epicatechin, myr-
icetin-3-O-rhamnoside and quercetine-3-O-rhamnoside, the main com-
pounds present in all samples). Hamaéldinen et al. (2007) and Murakami
et al. (2015), demonstrated a slight potential of catechin and epica-
techin on the LPS-induced NO production in J774 cells and by using
RAW264.7 cells stimulating Pg-fimbriaein and the inhibition of Cox2
and Tnfa gene expression respectively. In general, these compounds are
anti-inflammatory molecules that could help to increase the organism
capacity in the protection against inflammation, induced by oxidative
stress. The antioxidant capacity demonstrated by the crude aqueous
extract and fractions may be responsible for its anti-inflammatory po-
tential, through reactive oxygen species scavenging.

With respect to the cytotoxicity effects, four human tumor cell lines
(NCI-H460, MCF-7, HepG2 and HeLa) and a porcine liver cells primary
culture (PLP2, non-tumor cells), were used. The aqueous extract of T.
articulata and its fractions, demonstrated a good inhibitory potential
against all the tumor cell lines, with different behaviors (Table 3). The
lowest GIso value (concentration of the extract causing 50% of cell
growth inhibition), was obtained for the ethyl acetate fraction
(p < 0.05), which could also be related to its highest content of flavan-
3-ols and flavonols. Kampa et al. (2000) demonstrated that catechin,
epicatechin and quercetin had a good effect on the proliferation in-
hibition of three different human prostate cancer cell lines (LNCaP,
PC3, and DU145). Moreover, flavonol rhamnosides have also been
known to display a remarkable cytotoxic activity, inhibiting the pro-
liferation of cultured human tumor cell lines, A549 (non-small cell
lung), SK-OV-3 (ovary), SK-MEL-2 (skin), XF498 (central nerve system)
and HCT-15 (colon) (Kim et al., 2004). The variation in flavonoids
content and composition between the crude aqueous extract and its
fractions could explain the differences observed in the cytotoxicity re-
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Table 4
Antibacterial activity of T. articulata leaves (mean + SD, n = 9).

Bacterial Strains Crude aqueous Ethyl acetate Butanol
extract fraction fraction

Gram-positive bactéria (MIC, mg/mL)

Enterococcus faecalis 10 5 10

Listeria monocytogenes 10 5 10

MSSA 1.25 0.625 1.25

MRSA 1.25 0.625 1.25

Gram-negative bacteria (MIC, mg/mL)

Eschericia coli 10 5 10

E. coli ESBL 10 5 10

Klebsiella pneumoniae 10 5 10

K. pneumoniae ESBL 10 5 10

Morganella morganii 20 10 10

Pseudomonas aeruginosa 20 10 10

MRSA- Methicillin resistant Staphylococcus aureus; MSSA methicillin susceptible S. aureus;
MIC- minimal inhibitory concentration; MBC- minimal bactericidal concentration; ESBL-
spectrum extended producer of 3- lactamases.

Rached et al., 2017, 2016). To the author’s best knowledge, there are no
previous reports on the cytotoxic effects of the studied plant.

The results of the antimicrobial activity of the crude aqueous extract
and organic fractions of T. articulata leaves against the tested patho-
genic microorganisms are presented in Table 4. The plant T. articulata
leaves have been used in ethnomedicine to cure infectious diseases and
the confirmation of its uses can be established due to its good activity
against the selected bacteria strains. The ethyl acetate fraction ex-
hibited a higher activity against all the tested bacterial strains, with the
exception of M. morganii and P. aeruginosa, which revealed a similar
activity to the butanol fraction (MIC = 10 mg/mL). Although, ethyl
acetate fraction exhibited a high inhibitory activity against MRSA and
MSSA with a MIC of 0.625 mg/mL, the crude aqueous extract and its
butanol fraction also exhibited strong activity against these bacteria
(MIC = 1.25 mg/mL) when compared with other strains. The efficiency
of these extracts against the pathogen microorganism strains could be
due to their phenolic composition. Indeed, many research works have
demonstrated that plant flavonols can act against several pathogens
bacterial growth inhibition, highlight that these compounds are very
well known for their bactericidal and bacteriostatic activities (Ahmad
et al., 2015). Moreover, the identified phenolic compounds in the ethyl
acetate fraction could be considered as potential antimicrobial agents.
Flavonoids’ mechanism of action against microorganisms is well de-
scribed in literature and have been represented on the cytoplasmic
membrane damage; energy metabolism inhibitory effect and nucleic
acids synthesis inhibition (Ahmad et al., 2015; Dzoyem et al., 2013).
Nevertheless, most of the natural compounds derived from plants exert
their antibacterial activity on the microorganism (bacteria, fungi) cell
wall (Zida et al., 2016). However, Caturla et al. (2003) demonstrated
that catechins (catechin and epicatechin) shown leakage from lipo-

sults, which is in agreement with other studies (Chaudhary et al., 2015; somes composed from bacterial model membranes of E. coli
Table 3
Cytotoxic properties of T. articulata leaves in human tumor cell lines and non-tumor liver primary cells (mean * SD, n = 9).
Crude aqueous extract Ethyl acetate fraction Butanol fraction Ellipticine
Human tumor cell lines (Glso values, ug/mL)
MCF-7 (breast carcinoma) 203 = 77 114 + 6° 153 + 7° 0.91 + 0.04
NCI-H460 (non-small cell lung cancer) 200 + 15° 189 + 7° 209 + 15° 1.03 = 0.09
Hela (cervical carcinoma) 98 + 8 59 + 3¢ 76 + 4° 1.91 + 0.06
HepG2 (hepatocellular carcinoma) 307 + 27° 82 + 6° 99 + 4° 1.1 + 0.2
Non-tumor cells (Glsovalues,ug/mL)
PLP2 (porcine liver primary cells) > 400 205 + 8* 335 + 19* 3.2 + 0.7

Gl values (mean = SD) correspond to the sample concentration achieving 50% of growth inhibition in human tumor cell lines or in liver primary culture PLP2.In each row different
letters mean significant differences between T. articulata extract and fractions (p < 0.05). When only two samples were present a Studenfs t-test was used to determine the significant
difference between two different samples, with o = 0.05: *means a significant difference between the samples (p > 0.001).

464



W. Rached et al.

encapsulating the fluorescent probe carboxyfluorescein and detected
the perturbation of bacterial membranes by those catechins. Chan et al.
(2014) found that flavonol rhamnoside derivatives isolated from leaves
of Calliandra tergemina (L.) Benth. showed antibacterial activities
against MRSA. Similarly, Aderogba et al. (2013) showed a high anti-
bacterial activity for myricetin-O-rhamnoside and quercetin-O-rham-
noside isolated from the leaves of Croton menyharthii Pax against E. coli,
K. pneumonia and S. aureus and also described that the ethyl acetate
fraction was more effective than a crude aqueous extract and a butanol
fraction, which is in agreement with the results obtained inhere. In a
previous study, Djouahri et al. (2014) showed that T. articulata cones
methanolic, ethanolic and aqueous extracts, revealed an efficient po-
tential against the six tested strains (Salmonella enterica, Klebsiella
pneumoniae, Listeria monocytogenes, Staphylococcus aureus, Pseudomonas
aeruginosa and Escherichia coli) and the MICs values ranged between 10
and 55ug/mL. The differences observed are due to the fact that the
microorganism used in the present study are clinical isolates, that
present a high resistance to several clinical used antibiotics. Another
reason for the differences observed might also be due to the dissim-
ilarity in the chemical composition among the various parts of the
plant.

Overall, this study suggests that the aqueous crude extract of
Algerian T. articulata leaves and its fractions possess antioxidant capa-
city, being more pronounced for the TBARS inhibition, and anti-in-
flammatory activity. Its cytotoxic property was more active against
HeLa cell line, while for the antibacterial assay, the Gram-positive
bacteria were more efficiently inhibited, thus, confirming its uses in
traditional medicine for these purposes. The results also revealed that
the studied samples are an excellent sources of bioactive substances
including flavan-3-ols and flavonols, which can be related with the
studied bioactivities. This work clarify that the leaves of this species
should exploited in food and medicine as source of natural product, that
have the potential to replace synthetic additive that present harmful
effects. It can also be considered a good source of novel bioactive
compounds with interesting health-promoting benefits, making it an
active alternative ingredient used in pharmaceutical, food and cosme-
ceutical industries.
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