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Abstract

The discovery of antimicrobial agents from natural products remains a primary focus for many pharmaceutical scientists seeking to
overcome antibiotic resistance. Ephedra is one of the commonly used plants in traditional medicine. This study aimed to evaluate the
antibacterial activity of leave extracts from Ephedra alata against standard laboratory strains and clinical bacterial isolates; includ-
ing Staphylococcus aureus (ATCC 6538), Enterococcus faecalis (ATCC 29212), Escherichia coli (ATCC8739), Staphylococcus aureus,
Escherichia coli, and Klebsella pneumonia, using well diffusion method. 50 pL of Ephedra alata leave extracts prepared in methanol
and chloroform solvents and were applied at different concentrations (100, 50, 25, and 12.5 mg/ml), to evaluate their efficacy as
antibacterial agent against bacterial growth. The results showed that methanol extracts exhibited high inhibitory activity against
both standard and clinical strains of Staphylococcus aureus at all tested concentrations. Methanol extracts also was effective against
the growth of Enterococcus faecalis (ATCC 29212) but only at the highest concentration (100 mg/ml). Chloroform leave extracts had
inhibitory effect against a clinical isolates of Escherichia coli at high concentrations (50 and 25mg/ml) and Klebsella pneumonia at
all applied concentrations. Both methanol and chloroform plant extracts did not exhibit any effect on standard Escherichia coli. This

study confirmed the efficacy of Ephedra alata leave extracts as natural antibacterial products and recommended that they may be

used as a therapy.
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Introduction

The World Health Organization (WHO) reported that 80 % of
the world population use herbal medicine for some form of pri-
mary health care [30,41]. As of 2018, the global utilization rate of
herbal medicine rose to approximately 88%. Its prevalence varies
across cultures and is likely influenced by people’s understanding,
which is shaped by traditional knowledge [2,17,22]. Using plants
in folk medicine is a part of our history, and people in both the de-
veloped and developing countries considered this therapy as the
first line of treating the endemic infectious diseases. About 70,000
different plant species worldwide have been recorded as medici-

nal plants and commonly used in traditional therapy [7]. The east-

ern Mediterranean coastal region of Libya, including Benghazi, Al-
baida, Sahahat, Derna, and Tobruk are consided as arich areaes of

traditional herbal medicines [14].

Ephedra is one of the important herbal medicines found in the
east part of Libya, and it is well known that it has been used in the
treatment of various diseases for over 5000 years [22,38]. Ephe-
dra genus is belonging to the Ephedraceae family and consists of
40 species; such as Ephedra Lristanica, Ephedra strobiliacea, Ephe-
dra sarcocarp, Ephedra procera, Ephedra pachyclada, and Ephedra
alata, that grow in arid environments [12]. They have been used in

folk medicine to deal with some symptoms associated with asthma,
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nasal congestion, cough asthma, liver disease, skin conditions, and
lately it has shown significant effectiveness in treating COVID-19
as well [4,11,27,39].

Ephedra spp. contain wide varity of bioactive compounds such
as glycosides, flavonoids, phenolic compounds, alkaloids, flavo-
noids, tannins, saponins, and polysaccharides which have unique
pharmacological effects [2,3,9,19]. Previous pharmacological stud-
ies have indicated that Ephedra extracts exhibit antimicrobial [43],
antifungal [8], antiviral [28], anti-inflammatory [24], antibacterial
[15], and antitumor [33] effects. Many reports have demonstrated
the antibacterial activity of the Ephedra spp. against various bacte-
rial species such as Staphylococcus aureus, Bacillus anthracis, Ba-
cillus diphtheriae, Bacillus dysenteriae, Bacillus typhosus, Lactoba-
cillus acidophilus, and Pseudomonas aeruginosa [12,15,25,29,36].
In addition, extensive research has been conducted on this plant,
revealing that the leaves, stems, roots, flowers, seeds, and fruits of
the Ephedra herb possess antimicrobial activity and various other
pharmacological properties [9,25,21,40,43].

Ephedra alata, also known as Alanda in Arabic [21], is common-
ly used in folk medicine and is a part of Libyan heritage—especial-
ly in the eastern region of the country, where a significant portion
of the population considers medicinal plants a first-line treatment

for endemic infectious diseases.

A study conducted in Libya indicated the antibacterial efficacy
of methanolic extracts from the aerial parts of Ephedra sp. against
the growth of both Gram-positive and Gram-negative bacteria [6].
Furthermore, it has been reported that the flower extracts from E.
alata inhibit the growth of a wide range of bacteria such as Bacil-
lus subtilis ATCC 6051, Enterococcus faecalis ATCC 29212, Staphy-
lococcus aureus ATCC 25923 and Bacillus cereus ATCC 11778 [10].

It was recorded that E. alata is considered environmentally
friendly, less toxic, and safe for use in traditional medicine [20].
For a long time, the pharmaceutical industries have developed
numerous new antibiotics, but they are still in fighting with the
progressive of the bacterial resistance of these antibiotics and
consequently fail in therapy. Although awareness of the random
use of antibiotics has increased, their widespread use in therapy
continues and contributes to the growing resistance of bacteria to

antibiotics, which is still not fully under control. Because of that,
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there is a strong need of replacing the antibiotics with safe alterna-
tive natural products such as herds with antimicrobial properties
in human therapy. Therefore, the aim of this research was to assess
the antibacterial activities of methanolic and chloroformic extracts
from Ephedra alata leaves against the growth of standard and clini-

cal bacteria in vitro.

Materials and Methods
Plant collection and preparation extract

The herb of Ephedra alata was collected from Wadi Alkouf in
East mountain of Libya in March, 2023. The plant was identified
and classified at Department of Botany, Faculty of Science, Uni-
versity of Benghazi. The Ephedra alata herbs were washed several
times with deionized water and left to dry in open air for a week.
The dried leaves were crushed into a fine powder using an electric
blender. According to [18] with modifications, 50g of the ground
plant were used to extract the bioactive compounds from the leaves
of the plant with methanol (99 %) and chloroform (99%) solvents
through ultrasonic extraction (i.e.,, WiseD; Daihan Scientific, Ltd Co,
South-Korea) under controlled temperature (45 °C) for an hour.
The procedure was repeated three times with adding fresh solvent.
The leave extracts then were filleted using Whatman filter paper
(Whatman NO. 1 USA), and the filtrates were evaporated in a rotary
evaporator under reduced pressure at 45°C. Finally, the solid resi-

due was stored at - 4°C until further use.

The crude dissolved in the 1% (v/v) of Dimethyl Sulfoxide
(DMSO) and four concentrations of the each extract (100, 50, 25,
12.5 mg/ml) were prepared.

Collection of bacteria

In this research, three standard bacterial strains were used:
Staphylococcus aureus (ATCC 6538), Enterococcus faecalis (ATCC
29212), and Escherichia coli (ATCC 8739). Additionally, three clini-
cally isolated bacteria were included: Staphylococcus aureus, Esch-
erichia coli, and Klebsiella pneumoniae. The source of the standard
bacterial strains was Microbiology Department at the University Of
Tunis El Manar (UTM), Tunis while the clinical isolates were ob-
tained from microbiology laboratory at Saleem Medical Analysis
Laboratory in Benghazi City, Libya. The clinical isolates were iden-
tified using the VITEK® 2 COMPACT system (bioMérieux, France),
with VITEK 2 GP Card (bioMérieux) for gram-positive bacteria and
VITEK 2 GN Card (bioMérieux) for gram-negative bacteria, which

offers accurate and efficient identification.
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Preparation of the bacterial suspension

Bacterial stock cultures were sub-cultured onto Nutrient Agar
(NA) plates and incubated overnight at 37 °C. Three to four dis-
crete bacterial colonies were then transferred into 10 ml of sterile
Mueller-Hinton Broth (MHB) and incubated overnight at 37°C. The
resulting bacterial suspensions were adjusted to a 0.5 McFarland
standard using sterile MHB, corresponding to approximately 1.5 x
106 CFU/ml.

Antimicrobial Activity of plant extract

According to [35] with modifications, the antibacterial activ-
ity of Ephedra alata herb extracts (methanol and chloroform) was
determined by agar well diffusion assay as the following; Mueller-
Hinton Agar (MHA) was applied as basal medium for the antibac-
terial activity test (MHA was prepared by suspending 38 gin 1000
ml of distilled water and sterilized using autoclaving at 15 lbs pres-
sure and 121°C for 15 minutes).Then the medium allowed to cool
at 45-50°C and 15 ml of the sterilized medium was poured into
sterile petri plates. Following solidification, each MHA plate was
inoculated with 100 pl of bacterial suspension (0.5McFarland) and
spread evenly using a sterile swab. Plates then left for at least 3

min to allow inoculum to be absorbed.

Wells of 5 mm in diameter were made using a serial cork-borer
in the medium of each plate and 50 pl of Ephedra extracts (100, 50,
25, and 12.5 mg/ml) were injected into the wells. The plates were
then left at room temperature for one hour to permit the antibac-
terial agent to diffuse before the organism was allowed to grow
[37]. Gentamycin (10 pg) was applied as a positive control while
1% (v/v) DMSO was used as a negative control (DMSO would not
affect the growth of bacteria) [34]. Triplets of the experiment were
maintained for each bacterial species to ensure reliability. Finally,
the plates were incubated at 37°C for overnight, and after incuba-
tion time the diameter of the inhibitory zones formed around the

well were measured in mm.

Statistical analysis

The experiments were designed according to the complete ran-
dom design. Statistical analysiswas performed using SPSS program
and ANOVA variance analysis tables. The averages were compared
using LSD test at P <0.05.
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Results

The results of well diffusion assay are shown in tables (1,2) and
the figures (1,2). In this research, the leave extracts from Ephedra
alata was investigated to evaluate its antibacterial activity against
the standards strains and clinical isolates. The results indicated
that the methanolic extracts of Ephedra alata inhibited the growth
of both standard and clinical Staphylococcus aureus strains at all
tested concentrations (Table 1). S. aureus was the most sensitive
strain to methanol extracts, and there was no significant difference
in susceptibility between the standard and clinical isolates (P >
0.05). Also, the methanol extract affects the growth of Enterococcus
faecalis ATCC 29212 but only at high concentrations (100 and 50
mg/ml) with inhibition zone 6 and 5.66 mm in diameter; respec-

tively.

On the other hand, methanol extract of Ephedra alata was in-
effective against the standard Escherichia coli (ATCC8739) and all

gram negative clinical isolates.

In addition, the chloroform extracts of Ephedra alata were ac-
tive against gram negative isolates Escherichia coli, at the highest
concertation with inhibition zone 8 mm in diameter, and Klebsella
pneumonia, at all concentrations applied with inhibition zone 10,
9.66, 9, 8 mm in diameter; respectively (Table 2). In contrast, chlo-
roform extracts did not exhibit inhibitory effect against standard
and clinical Staphylococcus aureus. Moreover, this extract was not
effective for all the standard bacteria used in this study. Finally, the
results showed that all the tested bacteria were sensitive to genta-

micin.

Discussion

The Ephedra genus is widely distributed globally and it’s bioac-
tive compounds composition upon on its species. In addition, the
growth stage, plant organs, and geographical area factors can re-
flect the antibacterial efficiency of the plant extract [16]. It is well
known that Ephedra species contain bioactive compounds includ-
ing; the alkaloids and phenolic compounds, such as trans-cinnamic

acid, catechin, epicatechin, symplocoside, flavonoids (leucodelph-
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Plant extract concentrations (mg/ml) Gentamycin DMSO
Name of cultured bacteria
100% 50% 25% 12.50 10 pug 1%

Staphylococcus aureus (ATCC 6538) | 11.5+0.86| 9.7 £ 1.15 7+0 5+0 10+0 -
Enterococcus faecalis (ATCC 29212) | 6+ 1.73 |5.66 +0.57 0.00 0.00 9+0 -
Escherichia coli (ATCC8739) 0.00 0.00 0.00 0.00 90 -
Staphylococcus aureus 11+0 [9.66+0.57|8.66+0.57| 6.3+0.57 10+£0 -
Escherichia coli 0.00 0.00 0.00 0.00 8.66 = 0.57 -
Klebsella pneumonia 0.00 0.00 0.00 0.00 9.33+0.57 -

Table 1: Antibacterial activity of methanolic extract from Ephedra alata leaves against bacterial strains.
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Figure 1: Effects of methanol leave extracts against the tested bacteria.

Name of cultured bacteria Plant extract concentrations (mg/ml) | Gentamycin DMSO
1005025 12.50 10 pug 1%

Staphylococcus aureus (ATCC 6538) 0.00 0.00 0.00 0.00 10+0 -
Enterococcus faecalis (ATCC 29212) 0.00 0.00 0.00 0.00 9+0 -
Escherichia coli (ATCC8739) 0.00 0.00 0.00 0.00 9+0 -
Staphylococcus aureus 0.00 0.00 0.00 0.00 100 -
Escherichia coli 80 0.00 0.00 0.00 10+0 -
Klebsella pneumonia 10£0| 9.66+057 | 90 8+0 11+£0 -

Table 2: Antibacterial activity of chloroformic extract from Ephedra alata leaves against bacterial strains.

(-): no inhibition zone

(DMSO0): Dimethyl Sulfoxide
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and DMSO (1%)
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Figure 2: Effects of methanol leave extracts against the tested bacteria.

inidin, leucopelargonine, leucoanthocyanidin, lucenine, vicenin-1,
and vicenin-2); which are aromatic compounds with anti-oxidative
properties, and tannins [5,16,26]. Ephedras’ pharmacological char-
acteristics are mainly attributed to alkaloids [42]. However, com-
binations of all of the previous mentioned bioactive compounds

attributed to its antibacterial activities.

The results of the current study showed that the high concen-
trations (100 and 50 mg/ml) of the methanolic and chloroformic
leave extracts of Ephedra alata exhibited antibacterial activity
against most of standard and clinical bacteria. The lowest concen-
trations of the plant extracts (12.5 mg/ml) were only active against
standard and clinical Staphylococcus aureus and clinical isolate of
Klebsella pneumonia. Methanol extract was effective on the growth
of standard and clinical Staphylococcus aureus at all concentrations
used while only the highest concentration of this extract (100 mg/
ml) had inhibitory effect on the growth of Enterococcus faecalis
(ATCC 29212) indicating consistent antibacterial activity across
both laboratory and clinical isolates. Our results are in line with the
study conducted by [13] where the methanol extracts of the aerial
parts of Ephedra alata inhibited the growth of five isolates of meth-
icillin- resistant Staphylococcus aureus strains and Enterococcus
faecalis ATCC 29212. Additionally, our findings align with the previ-
ous study which reported significant antibacterial activity of the
methanol extract from the aerial parts against Staphylococcus au-

reus [6]. However, our results did not correspond with their find-

ings for the Gram-negative bacteria (Escherichia coli). Methanolic
extract of Ephedra alata plant contains alkaloids, carbohydrates,
flavonoids, steroids, terpenoids, tannins, and phenolic compounds,
and this may attributed to its antibacterial activity [6,13]. On the
other hand, methanol leave extracts of the Ephedra alata showed

no effect on the growth of other tested bacteria.

The lack of activity of both methanol and chloroform leaf ex-
tracts of Ephedra alata against the standard Escherichia coli strain
(ATCC 25922) suggests that this strain is either inherently resis-
tant or not susceptible to the bioactive compounds present in the
extracts at the concentrations tested. In contrast, the chloroform
extract inhibited the growth of the clinical E. coli isolate but only
at the highest concentration. The limited activity and concentra-
tion dependence also suggest that the antimicrobial potential of
this extract may be relatively weak or specific, and further frac-
tionation and compound isolation would be needed to identify the
active constituents and enhance efficacy. In addition, chloroform
extracts had a great effect against the clinical Klebsella pneumonia
at all used concentrations, which is a positive outcome highlighting
the probability of using Ephedra alata in treating infection caused
by such gram negative bacteria. In general, this result supports the
previous research which presented that butanol, ethyl acetate, and
dichloromethane extracts from Ephedra alata had antibacterial ac-

tivity against Gram-positive and Gram-negative bacteria [10].
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Plant extracts, particularly their phenolic compounds, are hy-
drophobic and can disrupt bacterial membranes by embedding
into the lipid bilayer. This disturbs membrane structure, collapses
the proton motive force and membrane potential, causes leakage
of cellular contents, denatures proteins, and damages cellular in-
tegrity. These compounds can also affect membranes by increas-
ing their permeability and contributing to further structural harm
[31].

The lack of antibacterial activity of leave extracts of Ephedra
alata on some bacteria may be due to the fact that this part of plant
may contain level of phenolic compounds, which is not enough
for inhibiting bacterial growth. Also, the low level of alkaloids and
lack of some secondary metabolites that improve the efficiency of
alkaloids, or act synergistically may attribute to their deficiency
as antibacterial agent [45]. Therefore, there is a strong need for
comprehensive researches in Ephedra alata as a natural product in
term of it’s antimicrobial activity and the safety of it's use must be

guaranteed as well.

Conclusion

The results indicated the antibacterial activity of Ephedra alata
herb extract against standard and clinical bacteria. Methanol herb
extract was effective on Gram positive bacteria, but it was not the
case of chloroform extracts. Chloroformed herb extract did not ex-
hibit any effect on the growth of standard bacteria but had a signif-
icant effect on the gram negative clinical isolates. Further research
is needed to fully elucidate the mechanisms of action of Ephedra
alata extracts as antibacterial agents, in order to enhance their po-

tential therapeutic applications.
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