Saudi Journal of Biological Sciences 29 (2022) 1021-1028

agesudloldl
King Saud University

Saudi Journal of Biological Sciences

Contents lists available at ScienceDirect

algall plal djageull Agagall

SAUDI BIOLOGICAL SOCIETY|

journal homepage: www.sciencedirect.com

Original article

Control of Staphylococcus aureus methicillin resistant isolated from )
auricular infections using aqueous and methanolic extracts of Ephedra ey
alata

Amal Dbeibia **, Fadia Ben Taheur?, Khadijah A. Altammar ®, Najla Haddaji ¢, Abdelkarim Mahdhi?,
Zahra Amri ¢, Ridha Mzoughi ?, Chédia Jabeur *¢

@ Laboratory of Analysis, Treatment and Valorization of Environmental Pollutants and Products, Faculty of Pharmacy, Monastir University, Tunisia

b Department of Biology, College of Science, University of Hafr Al Batin, P. O. Box 1803, Hafr Al Batin 31991, Saudi Arabia

€ Faculty of Sciences, University of Hail, Al Ghazalah, Hail, Saudi Arabia

d Biochemistry Laboratory, LR12ES05 “Nutrition-functional Foods and Vascular Health”, Faculty of Medicine, University of Monastir, Monastir, Tunisia
€ High Institute of Biotechnology of Monastir, P. BOX 74, 5000 Monastir, Tunisia

ARTICLE INFO

Article history:

Received 28 June 2021

Revised 18 September 2021
Accepted 25 September 2021
Available online 1 October 2021

Keywords:

Ephedra alata
Mineral composition
Fatty acids
Antioxidant effect
Antibacterial potency
Antibiofilm activity
Cytotoxicity

ABSTRACT

In the current study the potential use of aqueous and methanolic extracts of Ephedra alata aerial parts as
biological control agent against pathogenic bacteria and especially Staphylococcus aureus methicillin
resistant isolated from auricular infections was evaluated. Chemical tests and spectrophotometric meth-
ods were used for screening and quantification of phytochemicals. The assessment of the antioxidant
activity was accomplished by DPPH and ABTS radicals scavenging assays. Extracts were evaluated for
their antibacterial efficacy by diffusion and microdilution methods. Biofilm inhibition was tested using
XTT assay and the cytotoxicity of extracts was carried out on Vero cell line. The GC-FID analysis revealed
that E. alata was rich in unsatured fatty acids. In addition, the aqueous extract had the highest flavonoid
and protein contents (30.82 mg QE /g dry extract and 98.92 mg BSAE/g dry extract respectively).
However, the methanolic extract had the highest phenolic, sugars and tannins. The antioxidant activity
demonstrated that the aqueous extract exhibited the strong potency (IC50 ranged between 0.001 and
0.002 mg/mL).

Both extracts displayed antimicrobial activity on Gram negative and positive strains. They were effec-
tive against S. aureus isolated from auricular infections. The tested extracts were able to inhibit biofilm
formation with concentration-dependent manner.

Moreover, no cytotoxic effect on Vero cells line was demonstrated for the extracts. Overall, our findings
highlight the potential use of E. alata extract as a novel source of bioactive molecules with antioxidant,
antibacterial and antiobiofilm effects for the control of infectious disease especially those associated to
S. aureus methicillin resistant.
© 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

problem due to the World Health Organization (WHO)
(Organization, 2006). Among the antibiotic resistant bacteria,

Since the emergence of bacterial resistant strains phenomenon, Methicillin-Resistant Stapylococcus aureus (MRSA) is the principal
infectious diseases become a serious and widespread public health nosocomial and skin colonizer for humans and primordial causes
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of the hospital and community-acquired infections (Hassoun
et al., 2017). Recently, several convential antibiotics such as van-
comycin, clindamycin, levofloxacin, betalactamics, quinolones
and glycopeptides used to combat these bacteria have been failed
(Lee et al., 2018). Thus, phytotherapy is required, that can be effec-
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tive therapeutic option, for the treatment of infectious diseases
caused by MRSA.
Indigenous medicinal plants are used by around three quarters

https://doi.org/10.1016/j.sjbs.2021.09.071

of the world’s population (Dey and De, 2012). Plants natural prod-
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Fig. 1. Map of the different location sites of Ephedra alata in Tunisia.

ucts (pure compounds or extracts) are chosen by the rural areas
people as a primary method to treat diseases because of the
unavailability of modern drugs, high cost of synthetic drugs,
reduced side effects of medicinal plants and knowledge of target
and effective plant against a particular disease (Bhat et al., 2014;
Shahidi and Ambigaipalan, 2015). Ephedra is a genus of gym-
nosperm belonging to the family of Ephedraceae (D’Auria et al.,
2012). This genus includes approximately 67 species distributed
in arid environments and the desert from the north hemisphere,
Asia, Americas, the southern part of Europe and North Africa (Xie
et al., 2013). In Tunisia, 4 species are found including E. altissima,
E. nebrodensis, E. fragilis and E. alata (Cuénod, 1954; Le Floch
et al, 2010). Ephedra alata Decne (Arabic common names:
“Alenda”, “Alanda Mujanaa”, “Theel maiz”, “Anab bahar”, “Ather,”
“Jashia”) is a perennial stiff shrub, light green dioecious species,
up to 40-100 cm tall, which extend on the steppes and the deserts
of the southern regions (Rjim Maitoug and El Borma). It is com-
monly used by Tunisian people for pasture and fuel (Nabli, 1991;
Chaieb and Boukhris, 1998). The decoction of E. alata aerial parts
has been reported in folk medicine to relieve nasal decongestion,
in the treatment of asthma, digestive system disorders and as a
general respiratory decongestant. The hot broth of the dried green
stems is used in traditional medicine, as hot tea, after abortion and
to treat bacterial and fungal infections (Gupta et al., 2008; Nawwar
et al.,, 1984). Previous in vitro and in vivo studies showed that E.
alata extracts have several biological properties including anti-
inflammatory, anticancer, antibacterial, antioxidant, antidiabitic,
antiobesity and antiviral effects (Hyuga et al., 2016). The
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hydro-alcoholic extract from E. alata present antioxidant, antimi-
crobial and anticancer effect against the MCF-7, mammalien cell
line (Danciu et al.,, 2019). The methanolic extract of E. alata
enhanced the anticancer activity of cisplatin in Breast Cancer cells
(4T1) in Vitro and in Vivo (Sioud et al., 2020a), and reduced oxida-
tive stress, genotoxicity against cisplatin-nephrotoxicity and hepa-
totoxicity damage (Sioud et al., 2020b). Moreover, the decoction of
the aerial parts of E. alata has an anti-diabetogenic activity in vitro
and in vivo (Lamine et al., 2019). Health beneficial effects of E. alata
plant extracts are by dint of the presence of pharmacologically
active substances, like alkaloids, phenolic acids, flavonoids, proan-
thocyanidins, tannins, saponins reducing sugars and cardiac glyco-
sides (Ibragic and Sofi¢, 2015; Sioud et al., 2020b).

The current work aims to characterize the phytochemical con-
tents of E. alata extracts as well as its mineral and fatty acids com-
positions. To evaluate the possible use of the aqueous and
methanolic extracts as bioactive molecules to control pathogens
associated to infectious diseases, antimicrobial assay against S. aur-
eus isolated from auricular infections was carried out. Other bio-
logical activities such as antioxidant, antibiofilm and cytotoxic
were investigated.

2. Material and methods
2.1. Plant material samples and extracts preparation

Ephedra alata was freshly collected from Kef Derbi area (lati-
tude: 34°41’, longitude: 9°29’), Governorate of Gafsa, TUNISIA on
March 2018 (Fig. 1). The plant identification was conducted by
Prof. Diego Rivera Nuiiez, (Faculty of Biology of Murcia, Spain).
The whole aerial parts of the plant was rinsed with deionized
water, dried for 3 weeks in a well ventilated dark room and milled
to powder Fig. 1.

Powder samples of E. alata were extracted in dark flasks using
the shaking method at a sample to solvent ratio of (10:1 (v/w))
with distilled water and methanol (Merck; 97%). The mixtures
were extracted using an incubator shaker at 150 rpm and 25 °C
for 24 h and 48 h for aqueous and methanolic extracts, respec-
tively. The extracts were filtered twice through Whatman No. 1 fil-
ter paper (Whatman, Fisher Scientific, Schwerte, Germany). The
water extracts were lyophilized using freeze dryer (Bioblock Scien-
tific, Illkirch, France) while methanol solvents were removed at
40 °C using a rotary vaccum evaporator. All crude extracts were
stored in dark bottles at 4 °C until analysis. The yield percentage
of the dried extracts was determined as the following equation (1):

Yield(%) = (W1 x 100)/W2 (1)

where W1 is the weight of the extract after evaporation of solvent,
and W2 is the weight of the E. alata.

2.2. Proximate and minerals composition analysis

Moisture and ash were estimated using AOAC methods (AOAC,
2000). Minerals composition (calcium, potassium, phosphore,
sodium, and fer) was determined using the AOAC procedure
(930.05) and performed by atomic absorption spectrometry (Perki-
nElmer, Waltham, MA, USA) (Mosbah et al., 2019). The results were
presented as mg per 100 g DW.

2.3. Fatty acid analysis

Total lipids were extracts from powdred E. alata aerial parts
according to Beligh and Dayer (Bligh and Dyer, 1959). For total
fatty acids analysis, the lipid extract was transesterified with
0.1 mL BF3-MeOH (14%). After incubation for 30 min at 70 °C,
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the reaction was stopped by adding 0.5 mL ultrapure water. The
fatty acid methyl esters (FAMS) were analyzed by GC-FID accord-
ing to the European Union Commission modified regulation
EEC.2568/91. FAMS were identified by comparing their relative
and absolute retention times to those of TFA standards and results
were expressed as percent of total area.

2.4. Determination of the qualitative phytochemical content

The occurrence of major secondary metabolite in the E. alata
extracts was evaluated using standard procedures. The screening
was performed as follow: tannins (Banso and Adeyemo, 2006), fla-
vonoids, saponins, terpenoids and alkaloids (Raaman, 2006), ster-
ols, anthraquinones and cardiac glycosides (Khandelwal, 2008),
proteins (Krishnaiah et al., 2009).

2.5. Quantitative phytochemical content

Total phenolic contents in E. alata extracts was determined
using Folin-Ciocalteau method (Singleton and Rossi, 1965). A cali-
bration curve of gallic acid was prepared and the results were
expressed as mg gallic acid equivalents (GAE)/ g dry extract.

Total flavonoid content in the different extracts was determined
by a colorimetric method of Kim et al. (2002). A calibration curve of
quercetin was used and the results were reported as mg quercetin
equivalent (QE) /g dry extract. The total sugar contents were mea-
sured as described by Dubois et al. (1956). The results were
expressed as mg glucose equivalent (GE) /g dry extract. The con-
centration of condensed tannins was calculated by the procedure
of Julkunen-Tiitto. (1985). Tannic Acid was used for the calibration
curve and the results were presented as mg acid tannic equivalent
(ATE) /g dry extract.

The total protein content was accomplished according to Marks
et al. (1985) and the results were reported as mg Bovine Serum
Albumin equivalent (BSA) /g dry extract.

2.6. Antioxidant activities

The antioxidant potential of E. alata extracts have been tested
through 2 methods as follow:

2.6.1. DDPH scavenging activity

The power of the E. alata extracts to inhibit the formation of free
radicals was assessed as described previously by Hwang et al.
(2001) with slight modifications. 2 mL of E. alata extracts at various
concentrations (1-1000 pg/mL) were added to 2 mL of ethanolic
DPPH solution (0.2 mM) shacked and left in the dark for 30 min
at ambiant temperature. The decrease of absorbance was recorded
at 517 nm. Ascorbic acid was employed as standard.

The DPPH scavenging ability of extracts was calculated based on
the following equation (2):

Acontrol — Asample

Acontrol x 100

DPPH% Scavenging activity =

(2)

2.6.2. ABTS radical scavenging activity

The antiradical power of extracts was determined using the 2,2-
azino-bis-3-ethylbenzothiazoline- 6-sulfonic acid (ABTS™) as
reported by Montedoro et al. (1992) with some modifications. In
Brief, a stock solution was prepared by mixing ABTS solution
(7 mM) and sodium persulfate solution (2 mM) and incubated
for 15 h in a dark room at 4 °C. A working solution was prepared
by adding the water to the incubated solution until reaching an
absorbance of 0.7 £ 0.02 at 734 nm. Afterwards, 900 pL of diluted
ABTS were added to 100 pL of each plant extracts at various con-
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centrations (1-1000 pg/mL). Readings of absorbance of samples
were performed at 734 nm after incubation for 30 min at ambient
temperature. The percentage of ABTS'scavenging activity (ABTS'-
SA) was determined as the following equation (3):

Acontrol — Asample

_SAY% —
ABTS + —5A% Acontrol

% 100 (3)

2.7. Antibacterial assay

The antibacterial activity of E. alata plant extracts using agar
disk diffusion method was tested against five clinical methicillin
resistant Staphylococcus aureus strains: Sal2, Sal6, Sa26, Sa27
and Sa32 previously isolated from auricular infections in hospital
(Kairouan, Tunisia) (Zmantar et al., 2008). To evaluate their activity
spectra, the extracts were tested against different Gram positive
and negative references strains (Salmonella typhimirum DT104
and Enterococcus faecalis ATCC 29212). The extracts were filtered
using sterile filters (Thermo Fisher Scientific, Germany) of
0.22 pm diameter. The strains were grown in Mueller-Hinton
(MH) broth (Oxoid) at 37 °C for 24 h and suspensions were
adjusted to 0.5 McFarland standard turbidity. Then, 100 pL of each
precultured suspension was spreaded onto plates containing MH
agar. Sterile filter paper discs (6 mm in diameters) were impreg-
nated with 20 pL of the different extracts and placed on agar.
The treated plates were putted at 4°C for 1 h and then incubated
at 37 °C overnight. After incubation, the halo of the inhibition zone
around the discs was determined. Each sample was tested in
triplicate.

The minimum inhibitory concentration (MIC) was evaluated as
recommended by Taheur et al. (2016). Briefly, serial dilutions of
the extracts (0.05-25 mg/mL) were filled in 96 U bottomed-wells
plates (Nunc, Roskilde, Denmark) with MH broth and the target
bacteria. The treated plates were incubated at 37 °C overnight.
The MIC was reported as the lowest concentration of the sample
that did not allow the growth of microorganisms and do not show
visible turbidity of the broth medium. The minimum bactericidal
concentration (MBC) was evaluated by transferring 10 pL from
the well showing no bacteria growth after MIC assay, on MH agar.
After 24 h period of incubation at 37 °C, the bacterial growth was
examined and the MBC was determined as the lowest concentra-
tion of the sample having bactericidal activity.

2.8. Effect of E. alata extracts on biofilm formation

The ability of E. alata extracts to inhibit biofilm formation was
evaluated using colorimetric assay XTT (2,3-bis(2-methyloxy-
4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide) (Sigma-
Aldrich) as described previously by Taheur et al. (2016). The
E. alata extracts (0.05-25 mg/mL) were mixed with pathogenic bac-
teria suspension (grown in TSB, for 24 h at 37 °C; 10° CFU/mL) in 96
U bottomed-wells plates (Nunc, Roskilde, Denmark) containing
Tryptic Soy Broth (TSB) (Oxoid) with 2% glucose (w/v). Wells con-
taining only TSB with 2% glucose and TSB with 2% glucose, inocu-
lated with pathogenic strain were served as negative and positive
control, respectively. After an overnight of incubation at 37 °C,
the plates were rinsed 3 times with PBS. XTT solution (1 mg /mL
PBS) and Menadione (Sigma-Aldrich) solution (0.4 mM in acetone)
were prepared and filtered-sterilized before use. Next, 180 pL of of
PBS and 20 uL of XTT-Menadione solution (12.5: 1 v/v) were added
to each well. After incubation (3 h, 37 °C, in darkness), the optical
density at 492 nm was been recorded and the reduction of biofilm
biomass was determined.
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2.9. Cytotoxicity assay for E. alata extracts on VERO cells

The cytotoxic effect of the E. alata extracts was evaluated on
VERO cell line as described by Taheur et al. (2020). The concen-
trated extracts were diluted in RPMI 1640 medium to obtain con-
centration ranging from 100 to 1000 ug/mL. Vero cells (5 x 10°/
well) were seeded in 96-well plates and incubated for 24 h at
37 °C under 5% CO,. Then, the medium was removed and the cells
were treated with samples and grown in CO, (5%) incubator at
37 °C. After 24 h, the growth medium was discarted and 200 pL
MTT solution (3 mg/mL) was added in each well and incubated
for 4 h at 37 °C. The resultant formazan crystal was dissolved in
DMSO and the Optical density (OD) was measured at 570 nm.
The experiment was performed in triplicate.

2.10. Statistical analyses

All tests were performed in triplicate. The averages and stan-
dard of the results obtained were calculated using Microsoft Excel.
The differences were analyzed by SPSS statistical package version
16.0 using Duncan-test. Values with (p < 0.05) were considered
as significant.

3. Results
3.1. Proximate and mineral composition analysis

The results showed that Ephedra alata aerial parts have a con-
tent of 7.76% and 8.28% for moisture and ash, respectively.

The content of micro- and macroelement in E. alata aerial parts
plant, given as mg per 100 g DW, is presented in Table 1. Calcium
content was the highest, with about 1540 followed by potassium
1380 and phosphorus 160 mg/100 g.

3.2. Fatty acids analysis

The fatty acids profile of E. alata aerial parts are shown in Table 2
and allowed to the elucidation of 27 compounds. The predominant
fatty acids were y-linolenic acid (23.69%) , followed by octadeca-
dienoic acid (23.08%), palmitic acid (18.91%), oleic acid (17.43%),
o-linolenic acid (3.56%), stearic acid (2.28%), eicosatrienoic acid
(1.55%) and vaccenic acid (1.33%).

3.3. Qualitative and quantitative phytochemical content

The results of phytochemical screening of E. alata aerial parts
extracts are summarized in Table 3. The aqueous crude extract
exhibited high abundance of saponins and flavonoids and the
absence of terpenoids, steroids and anthraquinones. On the other
hand, the methanolic extract exhibited high amounts of alkaloids
and low amounts of tannins, flavonoids terpenoids and proteins.
Steroids, saponins, and anthraquinones were not detected.

The extract yields and the phytochemical characterization of E.
alata extracts were determined and results are depicted in Table 4.
The extract yield increased with the increasing polarity of the sol-
vent. In fact, aqueous extract recorded the highest yield 38.29%

Table 1
Proximate and mineral composition of Ephedra alata aerial parts.
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Table 2
Fatty acids analysis of Ephedra alata aerial parts.
Fatty acid Abbreviation (%)
composition
Lauric acid C12:0 0.54
Myristic acid C14:0 0.63
Myristoleic acid C14:1 0.78
Palmitic acid C16:0 18.91
Palmitoleic acid C16:1 0.77
Margaric acid C17:0 0.54
Heptadecenoic acid C17:1 0.26
Stearic acid C18:0 2.28
Oleic acid C18:1cis 9 17.43
Vaccenic acid C18:1 cis 11 1.33
Trans-9, cis-12-Octadecadienoic C18:2 (cis 9, cis12) 23.08
acid

o-Linolenic acid C18:3 w3 3.56
v-Linolenic acid C18:3 wb 23.69
Arachidic acid C20:0 0.48
Eicosenoic acid C20:1 0.86
Eicosadienoic acid C20:2 0.17
Eicosatrienoic acid C20:3 w3 1.55
Dihomo-v-linolenic acid C20:3 w6 0.75
Heneicosylic acid C21:0 0.57
Behenic acid C22:0 0.20
Erucic acid C22:1 w9 0.47
Docosadienoic acid C22:2 0.35
Docosatrienoic acid C22:3 0.05
Docosatetraenoic acid C22:4 0.09
Docosapentaenoic acid C22:5 0.24
Lignoceric acid C24:0 0.33
Nervonic acid C24:1 0.07
Total satured fatty acids 24.48
Total polyunsatured fatty acids 21.97
Total monounsatured fatty acids 53.53

Table 3
Phytochemical screening of E. alata aerial parts extracts.

Aqueous extract Methanolic extract

+
+++

Tannins
Flavonoids
Steroids

Cardiac glycosides
Saponins

Proteins
Terpenoids
Anthraquinones

Alkaloids ++

+++: relatively high in abundance; ++: relatively moderate in abundance; +: rela-
tively low presence; -: not detected.

while the lowest yield (5%) was registered for the methanolic
extract. Flavonoids and proteins contents were high in the aqueous
extract with values of 30.82 mg QE/g dry extract and 98.62 mg
BSAE/g dry extract, respectively. However, the highest contents of
phenols, sugars and tannins were recorded for methanolic extract
with values of 125.73 mg GAE/g dry extract, 2.02 mg GE /g dry
extract and 0.55 mg ATE/g dry extract, respectively.

Proximate composition Mineral composition

Plant Moisture (%) Ash (%) Phosphorus (P) Calcium (Ca) Iron (Fe) Sodium (Na) Potassium (k)
(mg/100 g DW) (mg/100 g DW) (mg/100 g DW) (mg/100 g DW) (mg/100 g DW)
Ephedra alata 7.76 £ 0.05 8.28 £ 0.00 160 + 0.00 1540 + 0.03 6 + 0.00 20+ 0.30 1380 + 0.00

Values presented are means * SD of triplicate measurements. DW: dry weight.
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Table 4
Total bioactive components of E. alata aerial parts extracts.

Saudi Journal of Biological Sciences 29 (2022) 1021-1028

Extracts Extracts Yields (%) Total flavonoids Total phenols Total sugars Total tannins Total proteins

(mg QE /g dry extract) (mg GAE/g dry extract) (mg GE /g dry extract) (mg TAE/g dry extract) (mg BSAE/g dry extract)
Aqueous 38.2+0.2 30.82 + 0.49 124.11 £ 1.18 0.08 +0.02 5.54 +0.29 98.62 +2.29
Methanolic  5.23 £ 0.0 27.89 + 0.44 125.73 + 1.68 2.02 £ 0.07 5.55 + 0.09 97.12 +£0.19

Values presented are means + SD of triplicate measurements. GAE: Gallic Acid Equivalent; QE: Quercetin Equivalent; GE: Glucose Equivalent; TAE: Tannic Acid Equivalent;

BSA: Bovine Serum Albumin Equivalent.

3.4. Antioxidant activity

The tested extracts displayed important antioxidant power as
presented in Table 5. In the developed tests, aqueous extract was
the most potent with IC50 values (0.001 and 0.002 mg/mL) consid-
erably lower than the methanolic extract.This was confirmed
based on the

DPPH scavenging ability and ABTS assays, whereas the aqueous
extract showed the significantly highest antioxidant power
(p < 0.05) compared to ascorbic acid.

3.5. Antibacterial activity

The antibacterial activity of E. alata aerial parts extracts was
tested in vitro using the disc diffusion and the microdilution assays.
Results are given as diameters of the inhibition zone (DIZ), MICs
and MBCs (Table 6). Both extracts showed a dose-dependent
antibacterial activity against all bacteria strains. Based on the DIZ
values, the aqueous and methanolic extracts were effective on
Gram positive and negative bacterial strains. The MIC and MBC
were 1.56 mg/mL and 6.25 mg/mL, respectively, for Enterococcus
faecalis. On the other hand, the both extracts are able to inhibit
the growth of S. aureus. In fact, results demonstrated that methano-
lic extract was effective with a low MIC starting from 0.02 mg/mL
and MBC of 12.5 mg/mL.

3.6. Antibiofilm activity

The effect of E. alata extracts on the antibiofilm formation was
quantified by XTT method and the results were summarized in
Table 7. The tested extracts inhibited bacterial biofilm formation.
Aqueous and methanolic extracts were the most potent against S.
thyphimirium with BIC50 values of 4.62 and 3.18 mg/mL, respec-
tively. Regarding the clinical strains, the 2 extracts were able to
inhibit the biofilm formation by almost the MRSA strains. Sal12
and Sa26 seemed to be the most sensitive towards both extracts
with BIC50 values ranging from 4.55 to 13.96 mg/mL.

3.7. Cytotoxicity assay for E. alata extracts on VERO cells

The cytotoxic activity of E. alata aerial parts extracts was evalu-
ated in vitro by the determination of cell growth effects on Vero cell

Table 5
Antioxidant activities of E. alata extracts.

IC50 (mg/mL)
Extracts DPPH ABTS

0.557 + 0.028¢ 0.143 + 0.014¢
0.001 + 0.0001° 0.002 + 0.0001?
0.014 + 0.0001° 0.015 + 0.002°

Methanolic
Aqueous
Ascorbic acid

Values presented are means + SD of triplicate measurements.

The letters (a-c) indicate a significant difference in the same line between the
different antioxidant methods according to the Duncan test (p < 0.05).

IC50: The concentration of extracts at which 50% of antioxidant activity were
shown.

lines using MTT assay (Fig. 2). No effect on the viability of the VERO
cell line was observed by the incubation with aqueous and
methanolic extracts ranging from 125 to 1000 pg /mL.The high
concentration of the aqueous and methanolic extracts (1000 pg/
mL) did not revealed cytotoxic activity with percentage of viability
ranging from 90.92 to 93.60, respectively. Thus, our data indicated
that both extracts were not toxic with an IC50 values (>1000 pg/
mL).

4. Discussion

Medicinal plants have been extensive consumed all over the
world due its nutritional values and beneficial health effects. Many
researchers have demonstrated the correlation between the min-
eral plant contents and its therapeutic proprieties (Adnan et al.,
2010; Tomescu et al., 2015). Minerals deficiency is among the main
causes of several chronic diseases. The data revealed that our
potent plant is very abundant on mineral elements. The higher
amount on calcium gives significant value of the Ephedra, because
this element is necessary for bone formation and renewal, muscle
and heart contraction, blood clotting, cellular exchanges, release of
hormones and the transmission of nerve impulses (Humenczuk,
1988; Payne and Wilson, 1999). Potassium is the second major ele-
ment found in Ephedra. Provides its usefulness in regulating heart
rate and blood pressure, it participates in the transmission of nerve
impulses and muscle contraction (Arinathan et al., 2003). The con-
siderable content of phosphorus in the sample contributes to the
maintenance of pH, participates in numerous chemical reactions
of the organism, and enters into the composition of DNA and
RNA of cells (Payne and Wilson, 1999). Iron deficiency has been
estimated as the 16th leading risk factors underlying the global
burden of disease (Collaborators, 2018). Hence, it caused anemia
for nearly 2 billion people worldwide (Graham et al., 2012). The
consumption of 100 g of E. alata aerial parts could cover around
37.5% and 75%, dietary Fer intake for man and women, respec-
tively. Calcium, potassium and iron contents were excessive
higher, whereas sodium level was lower than those reported by
Soua et al. (2020) for polysaccharides extracted from E. alata grown
in Mahdia (delegation in the center-east of Tunisia).

Additionally, fatty acids were known for their beneficial health
effects which can be preventive and therapeutic for various dis-
eases. To the best of the authors’ knowledge, this is the first study
on the fatty-acid composition of E. alata growing in Gafsa (delega-
tion in the southwestern of Tunisia). Our data underline the rich-
ness of this plant in fatty acids and especially unsatured fatty
acids (a-Linolenic acid, y-linolenic acid octadecadienoic acid)
which has anti-inflammatory effect and prevent cancer cell prolif-
eration (Booyens et al., 1984; Chang et al., 2010). Oleic acid was
found to prevent cardiovascular diseases (Ranalli and Angerosa,
1996).

The qualitative phytochemical assays of our potent plant con-
firm the presence of various metabolite compounds with different
rates in both extracts. Our findings are in agreement with those
reported previously by Jaradat et al. (2015) and Kittana et al.
(2017).
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Table 6
Antibacterial activities of the Ephedra alata extracts.
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Bacteria organisms Aqueous extract

Methanolic extract

DIZ + SD MIC (mg/mL) MBC (mg/mL) DIZ + SD MIC (mg/mL) MBC (mg/mL)

References strains

Salmonella typhimirum DT104 120 12.5 >25 16 £ 0.33 6.25 >25
Enterococcus faecalis ATCC 29212 11+0 125 12.5 12+£0.33 1.56 6.25
Auricular infections strains

Sa12 80 6.25 >25 13£0.33 3.125 12.5

Sal16 110 3.12 25 11+0 0.09 125

Sa26 1014 12.5 >25 11.5+0.7 3.12 >25

Sa27 9+0 25 >25 11+0 3.12 12.5

Sa32 100 12.5 >25 135+ 0.7 0.02 >25

DIZ: diameter inhibition zone; SD: standard deviation; MIC: minimum inhibitory concentration; MBC: minimum bactericidal concentration.

Table 7
Antibiofilm activity of Ephedra alata extracts against references and oral strains.

BI50 (mg/mL)

Aqueous extract Methanolic extract

References strains

Enterococcus faecalis ATCC 29212 6.78 6.74
Salmonella typhimirumDT104 4.62 3.18
Auricular infections strains
Sa12 5.96 4.55
Sal6 >25 >25
Sa26 12.25 13.96
Sa27 17.13 17.67
Sa32 >25 >25

BI50: minimum biofilm inhibition concentration of E. alata extracts able to inhibit

50% on the biofilm formation.
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Fig. 2. Cytotoxic activity (expressed as % of viability) of VERO cell line after 24 h of
incubation with aqueous (A) or methanolic (B) extracts obtained from aerial parts of
E. alata. White bars represent control. Values are presented as mean = SD of
triplicate measurements.

When comparing with other Ephedra species collected from the
southern Lebanon, results indicated that the methanolic and
ethanolic solvents extract are richer than aqueous extract in plant
bioactive components (Kallassy et al., 2017). Furthermore, the
group of Al-Awaida et al (2018) have studied the Ephedra species
collected from south Jordan and demonstrated that the chloro-
formic and methanolic extracts are rich in phenolic compounds.
Whereas, ethanolic extract of aerial parts of Ephedra species col-
lected from Balochistan was higher in phytochemical content than
methanolic extract (Gul et al., 2017).

The flavonoids and phenols are documented as the most
dynamic ingredients to which biological activities of many plant
species can be attributed. Therefore, quantitative analyses were
carried out. The screening of phytochemical contents of the tested
extracts showed that the presence of flavonoids and phenols in
high concentration was detected in both aqueous and methanolic
extracts of E. alata aerial parts. In our work, the highest flavonoids
content was registered in the aqueous extract (30.82 mg quercetin
/g extract). Whereas, the methanolic extract displayed the highest

phenols content (125.73 mg gallic acid/g extract). Contrariwise, the
use of polar solvents like water helps to co-extract the biomole-
cules attached to phenolic compounds (glycosides organic acids
tannins salts proteins and sugars) which interferes with the pheno-
lic quantification (Zielinski and Koztowska, 2000). Likewise, the
study of Sioud et al. (2020b) reports that the methanolic extract
of the same species harvested from the sahara of Tataouine (dele-
gation in the southeast of Tunisia) was rich in phenolic and flavo-
noid compounds with values of 205 mg GAE/g extract and 40.5 mg
rutin /g extract, respectively. The hydro-alcoholic extract obtained
from aerial parts of E. alata from Djerba (island in the south of
Tunisia) had a high polyphenol amount in the order of
156.226 mg gallic acid/g extract (Danciu et al., 2019). However,
Benabderrahim et al. (2019) reported lower polyphenol content
(28.43 mg gallic acid/g) in the hydro-alcoholic extract (50:50 V/
V) obtained from aerial parts of E. alata from Djerba. In fact, envi-
ronmental conditions, the region position, plant organs used and
the extraction procedure can influence phenolic contents of the
plant.

To deepen the phytochemical characterization of E. alata aerial
parts extracts, the tannin, sugar and protein contents were also
quantified. The methanolic extract had the highest content of tan-
nin and sugar, while; the aqueous extract is rich on protein.
Benabderrahim et al. (2019) reported that E. alata, collected from
Medenine (delegation in the South-East of Tunisia) had 7.81 mg
TAE/ g DW of condensed tannin. To the best of our knowledge, pro-
tein and sugar amounts have not been studied earlier for Ephedra
species extracts.

Currently, the high interest on studying and searching bio-
antioxidants derived from medicinal plants and its biomolecules
is due to their safe use in pharmaceutical, cosmetic or food indus-
tries (Tlili et al., 2019). The results of the current study showed that
the two extracts obtained from E. alata, especially aqueous extract
displayed excellent antioxidant capacity, confirmed by DPPH anti-
radical activity and ABTS radicals scavenging assay. Sioud et al.
(2020b) found that the methanolic extract of E. alata exhibited a
potent DPPH radical scavenger with IC50 value of 0.0147 mg/mL.
Furthermore, Danciu and coworkers reported that the
hydroethanolic extract of E. alata possessed strong antioxidant
activity in order of 7453 umolTrolox/g (Danciu et al., 2019). In fact,
Benabderrahim et al. (2019) reported high rates of DPPH% and
ABTS™% radical scavenging abilities, with values of 33.51 and
37.86 mg TEAC/100 g extract, respectively. Jerbi et al. (2016)
showed that the methanolic extract of E. alata collected from Kbeli
(delegation in the south of Tunisia) exhibited the strongest free
radical-scavenging activity with an ICsq value of 0.027 mg/mL, fol-
lowed by the ethyl acetate extract (ICso = 0.107 mg/mL), as com-
pared with BHT (ICso = 0.042 mg/mL) and vitamin E (ICso = O.
046 mg/mL). Also, the DPPH antiradical ability of the methanolic
extract of E. alata was evaluated and found that ICsq was
16.03 pg/mL. Variations among the antioxidant activity of plant
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extracts could be explained by the difference of the bioactive con-
stituents present in the different plant extracts and their contents
(Mokrani and Madani, 2016).

Nowadays, biological control of multidrug resistant pathogens
by medicinal plants and its phenolic compounds has become an
effective alternative with especially low toxic effects.

In our study, the extracts had the potency to inhibit the growth
of references pathogenic strains, and especially Staphylococcus aur-
eus methicillin resistant bacteria. The antibacterial activity of the
hydroethanolic extract from E. alata was evaluated and the data
demonstrated that this extract inhibit the growth of different
pathogenic bacteria like Klebsiella pneumonia, Shigella flexneri, Sal-
monella enterica, Staphylococcus aureus with low MIC and MBC con-
centrations (Danciu et al,, 2019). Moreover, Jerbi et al. (2016)
reported the antibacterial activity of E. alata extracts against bacte-
ria and demonstrated that methanolic extract, ethyl acetate
extract, hexanic extract were the most active. Also, Ziani et al.
(2019) indicated that the hydroethanolic extract of aerial parts of
E. alata collected from Algeria revealed strong activity against
Methicillin resistant and susceptible S. aureus strains. Recently,
Manilal et al. (2020) reported the significant inhibitory effect of
M. stenopetala and R. officinalis extracts on the growth of MRSA.

Also, the extracts tested in this study were able to decrease bio-
film formation of the pathogenic references bacteria and the MRSA
clinical isolates cultured on polystyrene surface. By now, there is
no investigation on the antibiofilm activity of E. alata extracts. Con-
trariwise, many scientific reports have studied the antibiofilm
activity of other species of medicinal plants. Chemsa et al. (2018)
tested the antibiofilm activity of the methanolic extract and the
essential oil of Anthemissti parum against different pathogenic.
They reported that at the presence of concentrations between
25 pL/mL to 100 puL/mL of the essential oil showed antibiofilm
potency (8.25-45.41%) while at the presence of concentrations
between 1.56 mg/mL to 25 mg/mL of the methanolic extract
showed higher antibiofilm percentages (5.09-80.02%). The crude
extract of Vetiveria zizanioides, Moringa stenopetal has been
reported to decrease the biofilm formation of Staphylococcus aureus
methicillin-resistant (Kannappan et al., 2017; Manilal et al., 2020).

Evaluating the toxicological proprieties of crude plant extracts
or active compounds is a crucial assay to ensure their safety con-
sumption by animals or humans. In the current study, toxicity of
E. alata extracts were assessed in vitro using Vero cell lines. Our
data showed that both tested extracts were non toxic at IC50 val-
ues (>1000 pg/mL) because a crude extract with cytotoxic activity
was when IC50 < 30 pg/mL, according to the American National
Cancer Institute (Suffness and Pezzuto, 1990). Our findings were
in accordance with those obtained by (Al-Awaida et al., 2018),
who reported the less cytotoxicity activity of various solvent
extracts of Ephedra aphylla on Vero cells. Furthermore, Sioud
et al. (2020a) evaluated the cytotoxicity of E. alata methanolic
extract on, 4T1, carcinoma cell line and showed inhibition of cells
and induction of apoptosis. By the same way, the hydro-alcoholic
extract of E. alata inhibited the proliferation, presented a pro-
apoptotic and cytotoxic potential against the MCF-7, human mam-
mary cell line (Danciu et al., 2019).

5. Conclusion

In the current study, qualitative and quantitative phytochemi-
cal analysis revealed that aqueous and methanolic extracts are
sources of various metabolite compounds with interesting biolog-
ical activities. In fact, the different extracts showed an antioxidant
power without any cytotoxic effect. Also they displayed antibacte-
rial and antibiofilm activities against the human selective patho-
genic organism, MRSA, in a dose dependant- manner. These
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properties may allow these extracts to be considered as an effec-
tive source of bioactive molecules to control pathogenic bacteria
associated to infectious disease like S. aureus methicillin resistant
isolated from auricular infections.
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