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Abstract: Background: The emergence of multidrug-resistant bacteria in the urinary tract
and the decrease in the efficacy of antibiotics prompted us to evaluate the antibacterial ac-
tivity of the methanolic extract of the aerial parts of Haloxylon scoparium against six isolated
(MDR) bacteria. Methods: Phenolic compound profiling of the extract of interest was per-
formed by HPLC-DAD. Acute oral toxicity was tested in vivo. The antibiotic susceptibility
of the isolates was assessed against 23 antibiotics using the disk diffusion method. The
identification of the isolates was performed by 16S rRNA gene sequencing. The antibac-
terial activity of the extract was assessed using agar well diffusion, minimum inhibitory
concentrations (MICs), and minimum bactericidal concentrations (MBCs) methods. Results:
Phenolic compound profiling of the extract revealed that epicatechin (85%) was the major
compound. The extract also showed no symptoms of toxicity, adverse effects, or mortality
in mice at the recommended dose. Overall, the extract at 200 µg/mL was effective against
all isolates. The zones of inhibition ranged from 9.25 to 19.5 mm. Gram-positive S. aureus
bacteria recorded the highest inhibitory effect with 19.5 mm against the five Gram-negative
bacteria (9.25–17.25 mm). The MIC of the extracts against clinical isolates ranged from
50 to 100 µg/mL. The extract was bactericidal against S. aureus, E. coli, E. ludwigii, and
K. pneumoniae with an MBC of 100, 100, 200, and 200 µg/mL, respectively. Conclusions:
The results conclude that the extract could be an effective source of antimicrobial agents for
the treatment of urinary tract infections caused by MDR bacteria.

Keywords: bacteria MDR infections; 16S rRNA gene sequencing; natural substances;
toxicity; HPLC-DAD

1. Introduction
Urinary tract infections (UTIs) are one of the leading causes of morbidity and growing

health care expenditure worldwide [1]. These are the most common bacterial infections seen
in tertiary care hospitals, with higher morbidity and mortality among developing countries [2].
The global prevalence of urinary tract infections has led to increased antibiotic use. Antimicro-
bial resistance (MDR) is a rapidly emerging problem, particularly in developing countries,
and urinary pathogens are among the most frequently resistant [3]. Today, multidrug-resistant
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(MDR) bacteria are increasingly prevalent, causing serious infections in healthcare establish-
ments (nosocomial) as well as in the community. Bacteria have a broad genetic potential that
enables them to transfer and acquire resistance to various classes of drugs that are currently in
use [4]. In a recent publication, the WHO created a list of antibiotic-resistant bacteria “priority
pathogen” belonging to 12 families that urgently require new antibiotics to combat them [5].
In both developed and developing countries, infections caused by MDR microorganisms
lead to higher healthcare costs, longer hospital stays, increased morbidity, and higher mor-
tality rates [6]. Diseases caused by drug-resistant pathogens are responsible for the deaths
of at least 0.7 million people per year [7]. In African countries, treating infections caused
by these pathogens is increasingly challenging due to limited effective therapies [8]. This
ever-increasing burden is driving researchers to find new strategies. Natural products derived
from plants are attracting the attention of researchers in the hope that they can eradicate
antibiotic-resistant bacteria [9]. The long-term evolutionary process favors competition be-
tween pathogenic microorganisms and plants for survival. During this process, plants produce
a wide range of bioactive secondary metabolites as a defense mechanism against infection by
pathogenic microorganisms [10]. Some of these products offer new prospects for the develop-
ment of antibiotics that are not only safe but also effective and inexpensive. It is essential to
note that bacteria do not have the capacity to easily develop resistance to the phytochemicals
present in plant extracts, which can be numerous and/or chemically complex [11,12]. Plants
used in traditional Algerian medicine have been identified as potential sources of chemicals
with valuable bioactive properties that can be used for medicinal applications, but there is
little scientific evidence of their efficacy [13]. Plant antimicrobial screening is an important
first step in the search for new antimicrobial drugs. The identification and evaluation of plants
that possess antimicrobial properties is therefore of utmost importance. The Chenopodiaceae
family is commonly utilized in traditional medicine and cultural practices [14]. It comprises
98 genera and around 1400 species. Haloxylon scoparium [=Hammada scoparia (Pomel) Iljin,
Arthrophytum scoparium (Pomel) Iljin, Salsola articulata Cav, Haloxylon articulatum (Cav.)] [15,16]
belongs to the Chenopodiaceae family. It is found worldwide, particularly in desert and
semi-desert areas, and on soils containing high levels of salt. In Algeria, the plant grows spon-
taneously in the south and is known locally as “rimth”. The therapeutic qualities of this plant
are widely recognized in traditional North African medicine, particularly for its effectiveness
in treating inflammation, hepatitis, and cancer, and preventing obesity [17]. Traditionally, the
infusion of the powdered aerial part of H. scoparium is used for its anti-diabetic, antiseptic,
and anti-inflammatory effects [18]. The stems are used as a mordant to dye wool in traditional
weaving [19]. Researchers have demonstrated that H. scoparium has antiproliferative and
larvicidal activity [20]. In addition, the results of several studies have shown that H. scoparium
extracts have an antimicrobial effect against a wide range of microorganisms [21]. This is
due to their richness in phenolic compounds such as epicatechin, the major component of
our extract.

Further evaluations are needed to obtain more relevant information on its antimicrobial
activity. In the Algerian context, the antimicrobial activity of H. scoparium against clinical
isolates has not been documented. In this regard, the current work was designed to evaluate
the antibacterial properties of the methanolic extracts from H. scoparium aerial parts against
MDR strains isolated from nosocomial infections.

2. Results
2.1. Polyphenol Compound Profile of Methanol Extract by HPLC-DAD

In this study, the characterization of phenolic compounds in the methanolic extract of
the aerial part of H. scoparium was carried out using the HPLC-DAD method. Phenolic com-
pounds were identified by comparing their peak retention time with that of the standard.
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The detected compounds were quantified by comparing the peak area of each compound
with that of the standards. Data concerning retention time, Abs λ, and concentrations of
identified polyphenolic compounds are summarized in Table 1, while Figure 1 represents a
chromatogram of the phenolic compounds from the aerial part of H. scoparium.

Table 1. The retention time [Rt], absorbance [nm], and quantification of phenolic compounds in the
methanolic extract of the aerial part of H. scoparium.

Peak
No Compound Compound

Families
Compound
Subfamilies

Retention
Time [min]

Concentration
[mg/g Extract]

Abs λ
[nm]

1 Ascorbic acid Vitamins 4.771 0.0124 254
2 Gallic acid Phenolic acids Hydroxybenzoic acid 7.316 0.032 280
3 Protocatchuic acid 10.44 0.052 280
4 Chlorogenic acids Hydroxycinnamic acid 11.44 1.928 280
5 Catechin Flavonoids Flavan-3-ol 12.16 3.208 254
6 Unknown - - 12.75 3.924 254
7 Caffeic acid Phenolic Hydroxycinnamic acid 13.505 1.392 280
8 Epicatechin Flavonoid Flavan-3-ol 13.521 47.516 254
9 Vanillic acid Phenolic acids Hydroxybenzoic acid 14.16 0.068 254

10 Rutin Flavonoid Flavonol glycoside 15.35 1.472 254
11 Luteolin glucoside Flavonoid Flavone glycosides 16.323 1.54 330

12 p-coumaric acid Phenolic acids Hydroxycinnamic acid
derivative 17.138 0.724 330

13 Apigenin-7-
glucoside Flavonoid Flavone glycosides 18.136 1.272 330

14 Ferulic acid Phenolic acids Hydroxycinnamic Acid
derivative 18.339 0.184 280

15 Naringinin Flavonoid Flavanone 20.901 0.368 280
16 Luteolin Flavonoid Flavone 22.926 0.096 330
17 Quercetin Phenolic Flavonol 23.048 0.252 254
18 Apigenine Flavonoid Flavone 25.704 0.216 280

Sum of all compounds 64.536
Sum of flavonoids 55.77

Sum of phenolic acids 8.766

2.2. Acute Oral Toxicity of Methanolic Extract

The acute oral toxicity study revealed that methanolic extract of the aerial part of
H. scoparium did not induce symptoms of toxicity, adverse effects, or mortality 14 days
after administration in any of the treated groups, suggesting that the median lethal dose of
methanolic extract of the aerial part of H. scoparium is greater than 2000 mg.

2.3. Antibacterial Assays of H. scoparium Extracts
2.3.1. Isolation of Bacterial Strains

Samples with bacterial concentrations ≥ 105 cfu/mL on nutrient agar plates were
treated as positive for urinary tract infection [22–24]. After subculture, three different
bacterial strains were isolated on MacConkey agar plates (UTI-1, UTI-2, and UTI-3), one
strain on nutrient medium (UTI-4), one strain on cetrimide medium (UTI-5), and one strain
on Chapman medium (UTI-6). The colonies of the six isolates were as follows: circular,
slimy, and domed for UTI-1, doughnut-shaped and salmon yellow in color for UTI-2,
circular and salmon red in color for UTI-3, circular, smooth, and translucent white in
color for UTI-4, mucous and yellow and green in color for UTI-5, and round, creamy, and
pigmented (usually golden yellow) (UTI-6) (Figure 2). The bacterial strains showing visible
growth were used further for analysis.
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2.3.2. Biochemical Investigation

The results of the Gram stain revealed that five isolated bacterial strains, namely UTI-1,
UTI-2, UTI-3, UTI-4, and UTI-5, were Gram negative, except UTI-6, which was positive.
The results of biochemical study are presented in Table 2.

Table 2. Biochemical investigation reports of isolated germs.

Biochemical Test UTI-1 UTI-2 UTI-3 UTI-4 UTI-5 UTI-6

Gram staining - - - - - +
Motility Non-motile Motile Motile Motile Motile Non-motile
Oxidase - - - - + -
Catalase + + + + + +
Nitrate + + + + + +

Methyl red + + + + - +
Voges–Proskaeur + - + + - +

Citrate + - + + + +
Indole - + - - - -

Starch hydrolysis - - + + - +
-: négative; +: positive.

2.3.3. Isolation and Identification of Bacterial Isolates

A total of six MDR isolates were collected from various clinical samples from hospital
patients in Chlef, Algeria. Based on 16S rRNA gene sequence, the isolates were identified as
K. pneumoniae (UTI-1), E. coli (UTI-2), E. hormaechei (UTI-3), E. ludwigii (UTI-4), P. aeruginosa
(UTI-5), and S. aureus (UTI-6). Nitrogen base sequences sorted from MDR isolates are
presented as follows (Table 3):

a. Isolate 1 (Klebsiella pneumoniae)
GCTAACACATGCAAGTCGAGCGGTAGCACAGAGAGCTTGCTCTCGGGTGACG-
AGCGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAA-
CTACTGGAAACGGTAGCTAATACCGCATAATGTCGCAAGACCAAAGTGGGGG-
ACCTTCGGGCCTCATGCCATCAGATGTGCCCAGATGGGATTAGCTAGTAGGTG-
GGGTAACGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGACCA-
GCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGG-
GGAATATTGCACAATGGGCGCAAGCCTGATGCAGCCATGCCGCGTGTGTGAA-
GAAGGCCTTCGGGTTGTAAAGCACTTTCAGCGGGGAGGAAGGCGTTGAGGTT-
AATAACCTTGGCGATTGACGTTACCCGCAGAAGAAGCACCGGCTAACTCCGTG-
CCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCG-
TAAAGCGCACGCAGGCGGTCTGTCAAGTCGGATGTGAAATCCCCGGGCTCAA-
CCTGGGAACTGCATTCGAAACTGGCAGGCTAGAGTCTTGTAGAGGGGGGTAG-
AATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGGAATACCGGTGGC-
GAAGGCGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAAAGCGTGGGGA-
GCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGATTTGG-
AGGTTGTGCCCTTGAGGCGTGGCTTCCGGAGCTAACGCGTTAAATCGACCGC-
CTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGC-
ACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTG-
GTCTTGACATCCACAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTGT-
GAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAA-
GTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCCAGCGGTTCGGCCGGGAA-
CTCAAAGGAGACTGCCATGATAACTGGAGGAAGGTGGGGATGACGTCAGTCA-
TCATGGCCCTTACGACAGGGCTACCACGTGC-TACATGGCATTAC
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Table 3. Sequences producing significant alignments.

Description Scientific
Name

Max
Score

Totale
Score

Query
Cover

E
Value

Per.
Ident

Acc.
Len Accession

Klebsiella pneumoniae strain
KT 3 16S ribosomal RNA gene,
partial sequence

Klebsiella
pneumoniae 2167 2167 100% 0.0 99.33% 1416 MT740433.1

Escherichia coli strain AF1 16S
ribosomal RNA gene,
partial sequence

Escherichia
coli 1626 1626 99% 0.0 98.28% 1190 ON653022.1

Pseudomonas aeruginosa strain
NBFPALD_RAS140 16S
ribosomal RNA gene,
partial sequence

Pseudomonas
aeruginosa 2209 2209 100% 0.0 99.43% 1455 KJ819583.1

Enterobacter hormaechei subsp.
xiangfangensis strain UWIBGS3
16S ribosomal RNA gene,
partial sequence

Enterobacter
hormaechei
subsp. xi-
angfangensis

2115 2115 100% 0.0 99.23% 1491 MG923793.1

Enterobacter ludwigii strain
AFS065241 16S ribosomal RNA
gene, partial sequence

Enterobacter
ludwigii 2183 2183 100% 0.0 99.75% 1527 OP986255.1

Staphylococcus aureus strain
8QC4O2 16S ribosomal RNA
gene, partial sequence

Staphylococcus
aureus 2200 2200 99% 0.0 100% 1451 OP068064.1

These sequences were entered into the program DNA BLAST to show their types
and how close they are to sequences in the Gene Bank; as the result of the analysis, these
showed a similarity of (99%) between these sequences and the sequences of bacterial
isolates registered in the Gene Bank with the number MT740433.1 (Figure 3).

b. Isolate 2 (Escherichia coli)
GGCAGAAAGCTTGCTGTTTTTGCTGACGAGTGGCGGACGGGTGAGTAATGTCT-
GGGAATCTGCCTGATGGAGGGGGATAACTACTGGAAACGGTGGCTAATACCGC-
ATAACGTCTCCGGACCAAAGAGGGGGATCTTCGGACCTCTTGCCATCGGATGA-
GCCCATATGGGATTAGCTAGTAGGTGGGGTAACGGCTCACCTAGGCGACGATC-
CCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACACGGCCCA-
GACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTG-
ATGCAGCCATGCCGCGTGTATGAAGAAGGCCTTCGGGTTGTAAAGTACTTTCA-
GCGGGGAGGAAGGGAATAAAGTTAATACCTTTGCTCATTGACGTTACCCGCAG-
AAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCA-
AGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTTTGTTAAGTC-
AGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATCTGATACTGGCTGGCT-
TGAGTCTCGTAGAGGGGGGTAGAATTCCATGTGTAGCGGTGAAATGCGTAGAG-
ATCTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGACAAAGACTGACGCT-
CAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACG-
CTGTAAACGATGTCGACTTGGAGGTTGTGCCCTTGAAGCGTGGCTTCCGGAG-
CTAACGCGTTAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCA-
AATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATG-
CAACGCGAAGAACCTTACCTGCTCTTGACATCCACCGAATTT

The result of the program DNA BLAST analysis showed a similarity of (98.28%)
between sequences of bacterial isolates registered in the Gene Bank with the number
ON653022.1 (Figure 4).
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c. Isolate 3 (Pseudomonas aeruginosa)
GGCAGCCTACACATGCAAGTCGAGCGGATGAAGGGAGCTTGCTCCTGGATTC-
AGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGGTAGTGGGGGATAA-
CGTCCGGAAACGGGCGCTAATACCGCATACGTCCTGAGGGAGAAAGTGGGGG-
ATCTTCGGACCTCACGCTATCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTG-
GGGTAAAGGCCTACCAAGGCGACGATCCGTAACTGGTCTGAGAGGATGATCA-
GTCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGG-
GGAATATTGGACAATGGGCGAAAGCCTGATCCAGCCATGCCGCGTGTGTGAA-
GAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGAGGAAGGGCAGTAAGTT-
AATACCTTGCTGTTTTGACGTTACCAACAGAATAAGCACCGGCTAACTTCGTG-
CCAGCAGCCGCGGTAATACGAAGGGTGCAAGCGTTAATCGGAATTACTGGGC-
GTAAAGCGCGCGTAGGTGGTTCAGCAAGTTGGATGTGAAATCCCCGGGCTCA-
ACCTGGGAACTGCATCCAAAACTACTGAGCTAGAGTACGGTAGAGGGTGGTG-
GAATTTCCTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGC-
GAAGGCGACCACCTGGACTGATACTGACACTGAGGTGCGAAAGCGTGGGGA-
GCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTAGC-
CGTTGGGATCCTTGAGATCTTAGTGGCGCAGCTAACGCGATAAGTCGACCGC-
CTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCG-
CACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTAC-
CTGGCCTTGACATGCTGAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAA-
CTCAGACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGG-
GTTAAGTCCCGTAACGAGCGCAACCCTTGTCCTTAGTTACCAGCACCTCGGG-
TGGGCACTCTAAGGAGACTGCCGGTGACAACCGGAGGAAGGTGGGGATGAC-
GTCAAGTCATCTGGCCCTTACGGCAGGGCTACCACGTGCTACATGGTCGGTA-
CAAGGGTTGCCAGCCGCGAG

The result of the program DNA BLAST analysis showed a similarity of (99%) between
sequences of bacterial isolates registered in the Gene Bank with the number KJ819583.1
(Figure 5).

d. Isolate 4 (Enterobacter hormaechei subsp. xiangfangensis)
ACAGGCAAGCAGCTTGCTGCTTCGCTGACGAGTGGCGGACGGGTGAGTAATG-
TCTGGGAAACTGCCTGATGGAGGGGGATAACTACTGGAAACGGTAGCTAATAC-
CGCATAACGTCGCAAGACCAAAGAGGGGGACCTTCGGGCCTCTTGCCATCGG-
ATGTGCCCAGATGGGATTAGCTAGTAGGTGGGGTAACGGCTCACCTAGGCGAC-
GATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACACGG-
TCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAG-
CCTGATGCAGCCATGCCGCGTGTATGAAGAAGGCCTTCGGGTTGTAAAGTACT-
TTCAGCGGGGAGGAAGGCGATAAGGTTAATAACCTTGTCGATTGACGTTACCC-
GCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGG-
TGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTCTGTCA-
AGTCGGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATTCGAAACTGGC-
AGGCTAGAGTCTTGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCG-
TAGAGATCTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGACAAAGACTG-
ACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGT-
CCACGCCGTAAACGATGTCGACTTGGAGGTTGTGCCCTTGAGGCGTGGCTTC-
CGGAGCTAACGCGTTAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAA-
ACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAAT-
TCGATGCAACGCGAAGAACCTTACCTACTCTTGACATCCAGAGAACTTACCA-
GAGATGCATTGGTGCCTTCGGGAACTCTGAGACAGGTGCTGCATGGCTGTCG-
TCAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTT-
ATCCTTTGTTGCCAGCGGTTCGGCCGGGAACTCAAAGGAAACTGCCAGTGAT-
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AACTGGAGGAAGGTGGGGATGACGTCAGTCATCTGGCCCTTACAATAGGGCT-
ACCACGTGCTACATGGCGCAA
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The result of the program DNA BLAST analysis showed a similarity of (99%) between
sequences of bacterial isolates registered in the Gene Bank with the number MG923793.1
(Figure 6).
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e. Isolate 5 (Enterobacter ludwigii)
CTAACACATGCAAGTCGAACGGTAGCACAGAGAGCTTGCTCTCGGGTGACGA-
GTGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAAC-
TACTGGAAACGGTAGCTAATACCGCATAACGTCGCAAGACCAAAGAGGGGGA-
CCTTCGGGCCTCTTGCCATCAGATGTGCCCAGATGGGATTAGCTAGTAGGTGG-
GGTAACGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGACCAG-
CCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGG-
GAATATTGCACAATGGGCGCAAGCCTGATGCAGCCATGCCGCGTGTATGAAGA-
AGGCCTTCGGGTTGTAAAGTACTTTCAGCGGGGAGGAAGGTGTTGTGGTTAA-
TAACCGCAGCAATTGACGTTACCCGCAGAAGAAGCACCGGCTAACTCCGTGC-
CAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCG-
TAAAGCGCACGCAGGCGGTCTGTCAAGTCGGATGTGAAATCCCCGGGCTCAA-
CCTGGGAACTGCATTCGAAACTGGCAGGCTAGAGTCTTGTAGAGGGGGGTAG-
AATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGGAATACCGGTGGC-
GAAGGCGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAAAGCGTGGGGA-
GCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTTG-
GAGGTTGTGCCCTTGAGGCGTGGCTTCCGGAGCTAACGCGTTAAGTCGACC-
GCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCC-
CGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTA-
CCTACTCTTGACATCCAGAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGA-
ACTCTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTG-
GGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCCAGCGGTCCGG-
CCGGGAACTCAAAGGAGACTGCCAGTGATAACTGGAGGAAGGTGGGGATGA-
CGTCAGTCATCATGGCCCTTACGAGTAGGGCTACACACGTGCTACATGG

The result of the program DNA BLAST analysis showed a similarity of (99%) between
sequences of bacterial isolates registered in the Gene Bank with the number OP986255.1
(Figure 7).

f. Isolate 6 (Staphylococcus aureus)
CGCATGCTAATACATGCAAGTCGAGCGAACGGACGAGAAGCTTGCTTCTCTGA-
TGTTAGCGGCGGACGGGTGAGTAACACGTGGATAACCTACCTATAAGACTGGG-
ATAACTTCGGGAAACCGGAGCTAATACCGGATAATATTTTGAACCGCATGGTTC-
AAAAGTGAAAGACGGTCTTGCTGTCACTTATAGATGGATCCGCGCTGCATTAG-
CTAGTTGGTAAGGTAACGGCTTACCAAGGCAACGATGCATAGCCGACCTGAGA-
GGGTGATCGGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGC-
AGCAGTAGGGAATCTTCCGCAATGGGCGAAAGCCTGACGGAGCAACGCCGCG-
TGAGTGATGAAGGTCTTCGGATCGTAAAACTCTGTTATTAGGGAAGAACATATG-
TGTAAGTAACTGTGCACATCTTGACGGTACCTAATCAGAAAGCCACGGCTAAC-
TACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTAT-
TGGGCGTAAAGCGCGCGTAGGCGGTTTTTTAAGTCTGATGTGAAAGCCCACG-
GCTCAACCGTGGAGGGTCATTGGAAACTGGAAAACTTGAGTGCAGAAGAGG-
AAAGTGGAATTCCATGTGTAGCGGTGAAATGCGCAGAGATATGGAGGAACAC-
CAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACGCTGATGTGCGAAAGCG-
TGGGGATCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGT-
GCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCA-
CTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGACGGGG-
ACCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACC-
TTACCAAATCTTGACATCCTTTGACAACTCTAGAGATAGAGCCTTCCCCTTCGG-
GGGACAAAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATG-
TTGGGTTAAGTCCCGCAACGAGCGCAACCCTTAAGCTTAGTTGCCATCATTAA-
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GTTGGGCACTCTAAGTTGACTGCCGGTGACAAACCGGAAGAAAGGTGGGGAT-
GACGTCAAATCAT-CATGCCCCTTATGATTTGGGCTACCC
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The result of the program DNA BLAST analysis showed a similarity of (100%) between
sequences of bacterial isolates registered in the Gene Bank with the number OP068064.1
(Figure 8).
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2.3.4. Antibiotic Susceptibility Test

Isolated bacteria were tested for their susceptibility profiles to antibiotics: penicillins,
beta-lactams, cephems, carbapenems, aminoglycosides, tetracyclines, fluoroquinolones,
quinolones, phenicols, nitrofurans, macrolides, ansamycins, and sulfonamides, according
to CLSI guidelines [25]. CLSI consensus medical laboratory standards are the most widely
recognized resources for continually improving the quality, safety, and effectiveness of
testing. The results obtained are presented in Table 4. As an example, Figure 9 shows the
results of E. ludwigii for antibiotic resistance (FOX, LVX, CIP, OFX, KAN, GMN, AMK,
CMN, ERY, TET, QDA).

Table 4. Panel of MDR clinical bacterial isolates used in this study, as well as their origin and
resistance profiles.

Clinical MDR
Isolate Antibiotic Resistance Patterns

K. pneumoniae AMP, AMC, CZN, FOX, CTX, ETP, AMK, GMN, NAL, TET, SXT
E. coli AMP, AMC, FOX, CTX, ETP, GMN, NAL, SXT
P. aeruginosa PI, LVX, CIP, GMN, TOB, IMP
E. hormaechei AMP, AMC, CZN, CTX, GMN, SXT
E. ludwigii FOX, LVX, CIP, OFX, KAN, GMN, AMK, CMN, ERY, TET, QDA
S. aureus FOX, KAN, GMN, AMK, CMN, ERY, TET, QDA

AMP (ampicillin), AMC (amoxicilline/clavulanic acid), CZN (cefazolin), FOX (cefoxitin), CTX (cefotaxime), PI
(piperacillin), ETP (ertapenem), IMP (imipenem), CIP (ciprofloxacin), LVX (levofloxacin), OFX (ofloxacine), NAL
(nalidixic acid), AMK (amikacin), GMN (gentamycin), KAN (kanamycin), TOB (tobramycin), ERY (erythromycin),
CMN (clindamycin), TET (tetracyclin), SXT (trimethoprim/sulfamethoxazole), QDA (quinupristin/dalfopristin).

Antibiotics 2025, 14, x FOR PEER REVIEW 17 of 28 
 

Figure 9. Antibiotic susceptibility of Enterobactere ludwigi isolates. 1. ERY (erythromycin); 2. GMN 
(gentamycin); 3. AMK (amikacin); 4. QDA (quinupristin/dalfopristin); 5. FOX (cefoxitin); 6. TET (tet-
racyclin); 7. LVX (levofloxacin); 8. OFX (ofloxacine); 9. KAN (kanamycin); 10. CMN (clindamycin); 
11. CIP (ciprofloxacin); 12. RA (rifampicine). 

2.3.5. Antibacterial Activity of Methanolic Extract of Haloxylon Scoparium 

The antibacterial activity of H. scoparium methanolic extracts against six isolates was 
determined by diffusion and microdilution methods of the well. The zones of inhibition 
are shown in Table 5 and the MIC and MBC results in Table 6. 

Table 5. Antibacterial activity of H. scoparium (aerial parts) against 6 MDR isolates. 

 The Diameter of Inhibition Zones (mm) (mean ± SD) 

MDR Bacteria Methanolic Extract (µg/mL) Positive Control Negative 
Control 

 50 100 150 200 ETP 
(10 µg) 

RP 
(10 µg) 

DMSO 
(10%) 

K. pneumoniae 8.0 ± 0.80 9.0 ± 0.71 11.0 ± 0.4 14.75 ± 0.35 14.5 ± 1.2 - 0 
E. hormaechei 7.0 ± 0.00 7.37 ± 0.13 9.5 ± 0.17 11.0 ± 0.35 30.50 ± 0.2 - 0 

E. ludwigii 8.75 ± 0.0 11.5 ± 0.5 14.5 ± 0.5 16.0 ± 0.5 - 22.50 ± 0.8 0 
E. coli 0 8.0 ±1.41 14.0 ±0.23 17.25 ± 0.35 10.0± 0.8 - 0 

P. aeruginosa 0 7.5 ± 0.71 8.5 ± 0.43 9.25 ± 0.32 30.50 ± 0.2 - 0 
S. aureus 7.5 ± 0.00 14.25 ± 1.0 17.5 ± 0.16 19.5 ± 0.71 - 21.0 ± 0.5 0 

±: standard error of given value; -: not tested; ETP: ertapenem; RP: rifampicin; DMSO: dimethyl 
sulfoxide. 

This study demonstrates through statistical analysis (ANOVA) that the methanolic 
extract of H. scoparium has a dose-dependent effect on E. ludwigii. A significant increase in 
inhibition zones is observed with increasing concentration. 

Table 6. MIC and MBC values of methanolic extract of aerial parts of H. scoparium against 6 MDR 
pathogens. 

MDR Bacteria 
Methanolic Extract (µg/mL) 

MIC MBC MBC/MIC 
K. pneumoniae 100 200 4 
E. hormaechei  100 >200 ND 

E. ludwigii 100 200 4 
E. coli 50 100 2 

1 

2 

5 

6 

4 

3 

12 

7

8 

9 11 

10 

Figure 9. Antibiotic susceptibility of Enterobactere ludwigi isolates. 1. ERY (erythromycin); 2. GMN
(gentamycin); 3. AMK (amikacin); 4. QDA (quinupristin/dalfopristin); 5. FOX (cefoxitin); 6. TET
(tetracyclin); 7. LVX (levofloxacin); 8. OFX (ofloxacine); 9. KAN (kanamycin); 10. CMN (clindamycin);
11. CIP (ciprofloxacin); 12. RA (rifampicine).

2.3.5. Antibacterial Activity of Methanolic Extract of Haloxylon scoparium

The antibacterial activity of H. scoparium methanolic extracts against six isolates was
determined by diffusion and microdilution methods of the well. The zones of inhibition
are shown in Table 5 and the MIC and MBC results in Table 6.

This study demonstrates through statistical analysis (ANOVA) that the methanolic
extract of H. scoparium has a dose-dependent effect on E. ludwigii. A significant increase in
inhibition zones is observed with increasing concentration.
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Table 5. Antibacterial activity of H. scoparium (aerial parts) against 6 MDR isolates.

The Diameter of Inhibition Zones (mm) (mean ± SD)

MDR
Bacteria Methanolic Extract (µg/mL) Positive Control Negative

Control

50 100 150 200 ETP
(10 µg)

RP
(10 µg)

DMSO
(10%)

K. pneumoniae 8.0 ± 0.80 9.0 ± 0.71 11.0 ± 0.4 14.75 ± 0.35 14.5 ± 1.2 - 0
E. hormaechei 7.0 ± 0.00 7.37 ± 0.13 9.5 ± 0.17 11.0 ± 0.35 30.50 ± 0.2 - 0

E. ludwigii 8.75 ± 0.0 11.5 ± 0.5 14.5 ± 0.5 16.0 ± 0.5 - 22.50 ± 0.8 0
E. coli 0 8.0 ±1.41 14.0 ±0.23 17.25 ± 0.35 10.0± 0.8 - 0

P. aeruginosa 0 7.5 ± 0.71 8.5 ± 0.43 9.25 ± 0.32 30.50 ± 0.2 - 0
S. aureus 7.5 ± 0.00 14.25 ± 1.0 17.5 ± 0.16 19.5 ± 0.71 - 21.0 ± 0.5 0

±: standard error of given value; -: not tested; ETP: ertapenem; RP: rifampicin; DMSO: dimethyl sulfoxide.

Table 6. MIC and MBC values of methanolic extract of aerial parts of H. scoparium against 6
MDR pathogens.

MDR Bacteria
Methanolic Extract (µg/mL)

MIC MBC MBC/MIC

K. pneumoniae 100 200 4
E. hormaechei 100 >200 ND

E. ludwigii 100 200 4
E. coli 50 100 2

P. aeruginosa 50 >200 ND
S. aureus 50 100 2

>200 shows concentration greater than 200; ND: not defined.

3. Discussion
The results of the characterization of phenolic compounds in the methanolic extract

of the aerial part of H. scoparium revealed that the phenolic composition of this species is
characterized by the presence of 18 compounds, 7 of which were phenolic acid derivatives
(gallic acid, protocatchuic acid, chlorogenic acid, caffeic acid, vanillic acid, p-coumaric acid,
and ferulic acid), and 10 were flavonoids such as flavan-3-ols (catechin (+) and epicatechin),
flavones (apigenin and luteolin), flavonols (quercetin and rutin), flavone glycosides (luteolin
glucoside and apigenin-7-glucoside), and flavanones (naringenin). The methanolic extract
of H. scoparium showed the highest sum of the detected flavonoids (55.77 mg/g extract)
due to its amount of epicatechin (47.516 mg/g extract), which represents more than 85%
of the total amount of flavonoids detected. Other flavonoid compounds were less than
0.368 mg/g of extract, with the exception of catechin (3.208 mg/g of extract), luteolin
glucoside (1.54 mg/g of extract), rutin (1.472 mg/g of extract), and apigenin-7-glucoside
(1.272 mg/g of extract). Most phenolic acids such as ascorbic acid, ferulic acid, gallic acid,
protocatchuic acid, vanillic acid, and p-coumaric acid were present in small amounts in
the range of 0.0124–0.724 mg/g of extract, while chlorogenic acid (1.928 mg/g of extract)
and caffeic acid (1.392 mg/g of extract) were detected in appreciable quantities. To the
authors’ best knowledge, little research has been conducted on the phenolic composition
of H. scoparium phenolic composition. The only reported studies were those of BenSalah
et al. [19] and Jarraya et al. [26] on Tunisian H. scoparium. They reported the presence of
isorhamnetin and 1-methylsalsolinol and a few triglycoside flavonols. In addition, Chao
et al. [27] showed the presence of six phenolic compounds: cinnamic acid, coumaric acid,
caffeoylquinic acid, catechol, cyanidin, and Chrysoeriol, which is considered to be a flavone.
Recently, Benkherara et al. [28] reported that the methanol extract of the southeastern
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Algerian H. scoparium contained 29 phenolic compounds representing different classes,
including phenolic acids and flavonoids, with a high content of gallic acid, followed by
catechic acid and rutin. However, the presence of epicatechin at high levels was only
detected in our study.

The LC-MS-MS profile of the hydroethanolic extract of Algerian H. scoparium revealed
the presence of some phenolic compounds such as vanillin, naringenin, benzoic acid,
myricetin, quercetin, rutin, caffeic acid, hydroxy4-coumarine, ascorbic acid, and gallic
acid [29]. These differences in the phenolic composition of H. scoparium aerial part extracts
could be explained by the impact of geographic and climatic conditions, as well as the
polar or non-polar extraction solvent used [30,31]. Several studies have demonstrated that
the majority of polyphenols have antimicrobial properties. Borges et al. [32] reported the
antibacterial activity of gallic and ferulic acids. Protocatechuic and caffeic acids exhibited
antibacterial activity against enterobacteria [33]. Chlorogenic acid also has antibacterial
and antifungal effects by disrupting the structure of the cell membrane [34,35]. Various
flavonoids such as catechin and its derivatives [36], luteolin derivatives [37], apigenin
derivatives, and quercetin glycosides [38] have been identified to possess antibacterial
properties. These compounds can act as antibiotics due to their ability to form complexes
with soluble extracellular proteins, as well as with the cell walls of bacteria, which often
leads to their inactivation and loss of function [39,40]. However, compounds present
in the minority in the methanolic extract, such as ascorbic, ferulic, gallic, protocatchuic,
vanillic and p-coumaric acid, naringinin, luteolin, and quercetin, could also contribute to
the antibacterial activity of H. scoparium by synergy with the main compounds [41,42].

The acute oral toxicity study revealed that the median lethal dose of methanolic
extract of the aerial part of H. scoparium is greater than 2000 mg. Lachkar et al. [43] and
Kharchoufaetal [44]. in Morocco on H. scoparium showed that the acute toxicity study of the
methanolic and aqueous extract causes mortality levels of 1/6 and 2/6, respectively, at a
dose of 2000 mg/kg [43,44]. Therefore, the plant extract can be considered safe based on the
Organization for Economic Co-operation and Development guideline, which recommends
a maximum dose for acute toxicity of 2000 mg/kg.

A total of six different bacterial strains were isolated on MacConkey (UTI-1, UTI-2,
and UTI-3), nutrient (UTI-4), cetrimide (UTI-5), and Chapman (UTI-6) agar plates. The
biochemical characteristics of the strains studied are similar to those obtained by Kumar
et al. [45] and Jackson et al. [46]. The isolates identified by 16S rRNA gene sequence are
as follows: K. pneumoniae (UTI-1), E. coli (UTI-2), E. hormaechei (UTI-3), E. ludwigii (UTI-4),
P. aeruginosa (UTI-5), and S. aureus (UTI-6). The detection of pathogenic strains and those
resistant to antimicrobials used in the treatment of urinary tract infections is likely to help
us understand the epidemiology of pathogens and could contribute to reducing the impact
of these strains on human health. The multidrug-resistant bacteria isolated in our study
have also been isolated by several authors [45,47,48].

Since antibiotics were discovered and introduced into medicine, bacteria have evolved
diverse antibiotic resistance mechanisms [49,50]. These mechanisms are either the inhibition
of cell wall synthesis or protein synthesis, or damage to the cytoplasmic membrane. This
study showed that the antibiotic resistance of the tested isolates was high and alarming. This
result is in line with several studies [51–53]. All bacteria showed resistance to antibiotics,
but at variable levels, as shown in Table 4 and several other works [54,55]. The results
in Table 4 show that K. pneumoniae and P. aeruginosa were resistant to eleven antibiotics,
E. coli to eight antibiotics, E. hormaechei and E. ludwigii to seven antibiotics, and S. aureus to
six antibiotics. It is noted that the five isolated Gram-negative bacteria are more resistant
to antibiotics than the Gram-positive S. aureus. Any alteration in the outer membrane by
Gram-negative bacteria, like changing the hydrophobic properties or mutations in porins
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and other factors, can create resistance. Gram-positive bacteria lack this important layer,
which makes Gram-negative bacteria more resistant to antibiotics than Gram-positive
ones [56,57]. Resistant bacteria could be the mutant form of common bacteria due to the
non-judicial use of broad-spectrum antibiotics. Antibiotics are frequently prescribed in
hospitals, are general practice, and are often administered before the pathogen’s culture and
sensitivity results are known. Furthermore, genetic testing requires significant technical
and financial resources, which may be lacking in many clinical laboratories [58–60]. As
the distribution of causative organisms and antibiotic resistance rates vary according to
time and place, the recent local data will be conducive to clinicians for choosing the best
treatment [61–63]. As a result, not only will patients be treated with the correct antibiotics,
but the misuse and overuse of antibiotics, which lead to rapid development and spread of
resistance, will be minimized [63,64].

By increasing the concentration of the methanolic extract of H. scoparium, the inhibition
diameters increase. At the concentration of 200 µg/mL, the inhibition zones vary from 9.25
to 19.5 mm. The highest diameter was recorded with S. aureus (19.5 mm), a Gram-positive
bacterium. Gram-positive bacteria are more sensitive to antimicrobials than Gram-negative
bacteria. Our results are identical to several works [56,57,65]. The inhibitory effect of the
methanolic extract is due to phenolic compounds. The methanolic extract of H. scoparium
is rich in flavonoids 55.77% and phenolic acids 8.766%. Flavonoids have been identified
as polyphenolic compounds that are capable of exerting antibacterial activities by various
mechanisms of action. According to several research studies, flavonoids can inhibit nucleic
acid synthesis, cytoplasmic membrane function, and energy metabolism [64,66–73]. Plant-
derived phenolic acids can inhibit the growth of many microorganisms [74–78]. Phenolic
acids have membrane-active properties against bacteria, which cause leakage of cellular
constituents, including nucleic acids, proteins, and inorganic ions such as potassium or
phosphate. They act at both the membrane and cytoplasmic levels [78].

The MIC of the methanolic extract tested against selected MDR isolates ranged from
50 µg/mL to 200 µg/mL. E. hormaechei, E. ludwigii, K. pneumoniae, and S. aureus were
susceptible to the methanolic extract of H. scoparium at a concentration of 50 µg/mL, while
P. aeruginosa and E. coli were not susceptible. H. scoparium has previously been reported
as antibacterial [8,21]. In terms of literature extraction, to date it has not been reported
in the research literature that the methanol extract of the aerial parts of H. scoparium had
an antibacterial effect against the clinical isolates. It also found that the bacteriostatic
and bactericidal activity of the aerial part of H. scoparium was determined against MDR
pathogens for the first time. When the results of the inhibition zone, bacteriostatic, and
bactericidal concentration of both extracts of H. scoparium aerial part were compared, it
became clear that the methanolic extract had better inhibitory activity against selected
MDR isolates.

4. Materials and Methods
4.1. Plant Material Collection

The aerial parts of H. scoparium were collected in the city of Taghit from Bechar,
Southwestern Algeria (altitude 676 m, latitude 31◦17′08′′ N, longitude 2◦26′32′′ W) in
December 2023. It was identified with the aid of a botanist (Pr. Belhaçaini Hachimi,
University of Sidi Bel-Abbès, Algeria), and a herbarium specimen (A.h. at ONA 2023) was
archived at the microbiology and plant biology laboratory of the University of Mostaganem.

4.2. Extracts Preparation

The plant material was dried at room temperature for 30 days and then pulverized to a
fine powder. The aerial parts of the plant (100 g) were macerated with 1 L of methanol and
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subjected to daily agitation (200 rpm) for 72 h at room temperature. The mixture was then
filtered using Whatman No. 1 filter paper Sigma-Aldrich algiers, Algeria, and the filtrate
was then concentrated at 40 ◦C in a R-100 Rotary Evaporator, Meiesseggstasse, Switzerland.
A total of 16 g of the obtained extract was stored at 4 ◦C until further use [79].

4.3. HPLC-DAD of the Phenolic Profile of Methanol Extract

Phenolic compounds in the aerial part extract of Haloxylon scoparium methanol were
analyzed using an HPLC-DAD system (Agilent Technologies 1200, Hampton, NH 03842,
California, CA, USA). Separations were performed using a Zorbax Eclipse Plus C18 column
(250 mm × 4.6 mm, particle size 5 µm., Agilent, California, CA, USA) at 40 ◦C with a flow
rate of 0.5 mL/min, 5 µL of injection. Mobile phase A—0.1% formic acid, mobile phase
B—acetonitrile was used as demonstrated in Table 7.

Table 7. HPLC-DAD gradient solvent system for phenolic compound separation.

Time/min Solvent A (%) Solvent B (%)

0–22 90 10
22–32 50 50
32–40 100 0
40–44 100 0
44–50 10 90

50 10 90

Standards and samples were detected using a Diode Array Detector (DAD) (UV–
Vis) detector, in the range of 190–400 nm, Fulton, USA. The identification of phenolic
compounds was carried out by comparison with the authentic standards at each retention
time. The quantity of each phenolic compound identified was expressed in mg per gram of
extract [80].

4.4. Acute Oral Toxicity Study in Mice

The experiment was carried out using the “up-and-down” test method on 12 healthy
male Swiss albino mice weighing 28 ± 4 g and aged 8 to 10 weeks, according to OECD test
guidelines no 425 [81]. The animals were randomly divided into four groups (n = 3 per
group). Group 1 served as the control animals, and Groups 2, 3, and 4 as the drug-treated
animals. Standard commercial food and water were provided. All mice were housed at
25 ± 2 ◦C in cages with 12 h day/night cycles and acclimatized to laboratory conditions for
2 weeks before starting the study. For experimental purposes, mice were fasted for 18 h
with free access to water prior to the administration of the extract. Group 1 (control) animals
received distilled water while Groups 2, 3, and 4 received the extract at concentrations of
500, 1000, and 2000 mg/kg, respectively. One hour after treatment, all mice were given
food and water. The mice were carefully observed for any toxic effects during the first
6 h after the treatment period, and then every day for 14 days. The surviving mice were
observed to determine the occurrence of toxic reactions.

4.5. Antibacterial Assays of H. scoparium Extracts
4.5.1. Collection of Urine Samples

A total of 442 urine samples were collected from the Urology Department of Bedj
Sisters Hospital in Chlef, Algeria (Table 8). The samples were collected over five months:
August, September, October, November, and December 2023. Mid-stream urine samples
were collected from male and female patients suspected of urinary tract infections. The
ages ranged from 15 to 75 years. The samples were collected in 2 mL sterilized vials and
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immediately transported to the laboratory. The samples were used for immediate analysis
or stored at 4 ◦C for later analysis.

Table 8. The distribution of the 442 samples according to age and sex.

Age (Years) Female Male

15–24 32 70

25–45 57 80

4.5.2. Isolation of Bacterial Species

The isolation of bacterial species was performed using the plate-spread technique.
Urine samples were diluted 105 times with sterile water, and 100 µL of the diluted sample
was spread on nutrient agar plates. UTI-positive samples were identified, and morpho-
logically different bacterial colonies were subcultured on MacConkey agar plates [82,83],
nutrient agar [84], cetrimide agar [85], and Chapman agar [86]. The plates were incubated
at 37 ◦C for 24 h, and plates that had no growth at the end of 24 h were incubated for an
additional 24 h [82,86].

4.5.3. Biochemical Investigation

Bacterial isolates were characterized by standard biochemical performances such
as Gram stain, catalase production, oxidase production, methyl red, a Voges–Proskauer
reaction, an indole test, starch hydrolysis, a citrate test, a mannitol test, and a nitrate
test [82,87].

4.5.4. Antibiotic Susceptibility Tests

An antibiotic susceptibility test of the six isolated bacteria was carried out using
the diffusion method on Mueller–Hinton (MH) agar medium following the recommen-
dations of the antibiogram committee of the French Society of Microbiology to deter-
mine the extent of resistance [88]. The antibiotics used were as follows: ampicillin
(10 µg), amoxicillin/clavulanic acid (30 µg), cefazolin (30 µg), cefoxitin (30 µg), cefotaxime
(30 µg), piperacillin (100 µg), ertapenem (10 µg), imipenem (10 µg), ciprofloxacin (5 µg),
levofloxacin (5 µg), ofloxacin (5 µg), nalidixic acid (30 µg), amikacin (30 µg), gentamicin
(10 µg), kanamycin (30 µg), tobramycin (10 µg), erythromycin (15 µg), clindamycin (2 µg),
tetracycline (30 µg), trimethoprim/sulfamethoxazole (25 µg), quinupristin/dalfopristin
(15 µg), rifampin (5 µg), and chloramphenicol (30 µg). Isolates classified as multidrug-
resistant (MDR) are those that exhibit resistance to three distinct classes of antibiotics [89].

4.5.5. DNA Isolation and PCR Amplification

Genetic sequencing was carried out to confirm the isolated strains [90]. Genomic DNA
was isolated from freshly grown bacterial cultures using the DNA extraction kit (Nucle-
oSpin from Macherey-Nagel, Düren, Germany), following the manufacturer’s instructions.
Its quality was evaluated on 1.0% agarose gel, and a single band of large molecular weight
DNA was observed. A single DNA fragment (approximately 1500 bp) was amplified on a
thermal cycler (P100 from Biorad, California, CA, USA) using the universal primers 27F
(5′-AGAGTTTGATCCTGGCTCAG-3′) and 1492R (5′-GGTTACCTTGTTACGACTT-3′) with
the following condition: initial denaturation at 95 ◦C for 5 min; 30 cycles of denaturation
at 95 ◦C for 30 s; annealing at 55 ◦C for 30 s; and 45 s for extension at 72 ◦C, with a final
extension at 72 ◦C for 7 min. Amplified PCR products were revealed by 1.5% agarose gel
electrophoresis. PCR amplicons were then purified using the Clean-up kit from Macherey-
Nagel, Düren, Germany) following the protocol described by the supplier to remove
any contaminants.
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4.5.6. Sequencing of 16S rRNA and Phylogenetic Analysis

Isolated and purified PCR products were sequenced using the Sanger technique [90] us-
ing an automated ABI 3100 sequencer, California, CA, USA, (Applied Biosystems) equipped
with a BigDye Terminator v3.1 kit and the primers used for PCR amplification. The re-
sulting sequences were analyzed and cleaned up using CHROMAS PRO software v. 2.1.8.
The final sequences were then compared with those in the Gene Bank database using
NCBI’s BLAST program (https://blast.ncbi.nlm.nih.gov/Blast.cgi, accessed on 31 October
2023) to identify the isolates studied on the basis of the percentage of homology with
reference strains.

4.5.7. Agar Well Diffusion Assay

To evaluate the antibacterial activity of the extract, the agar well diffusion method de-
scribed by Perez et al. [91] and modified by Ahmad et Beg [92] was used. From frozen stock,
fresh bacterial cultures were prepared and incubated overnight at 37 ◦C on Mueller–Hinton
agar (MHA). After an incubation period of 18 to 24 h, a single colony of microorganisms
was selected and inoculated into 5 mL of sterile saline (0.9% NaCl). Then, the turbidity was
adjusted to a final density equivalent to the 0.5 McFarland standard, or 1.5 × 108 CFU/mL.
A total of 100 µL of each suspension was spread onto the surface of Mueller–Hinton agar
(MHA), and 6 mm-diameter wells were aseptically perforated there using a sterile cork
borer. Next, 15 µL of the test extract at concentrations of 50–200 µg/mL was deposited
into the wells. Similarly, the extract was dissolved in 10% DMSO as negative controls, and
10 µg each of ertapenem and rifampicin were used as positive controls. After 2 h at 4 ◦C,
all treated Petri dishes were incubated for 24 h at 37 ◦C. The diameter of the zone of inhibi-
tion (DZI) was measured and expressed in millimeters. The experiments were conducted
three times.

4.5.8. TTC Colorimetric Assay for the Evaluation of Minimum Inhibitory Concentration
(MIC) and Minimum Bactericidal Concentration (MBC)

The MIC and MBC of the aerial parts extract were determined by the microdilution
method in a 96-well microplate [93]. Briefly, a stock solution of the methanol extract
(200 µg/mL) was prepared in 5% DMSO, and was then serially diluted to obtain test
solutions of 200 to 3.125 µg/mL. Subsequently, 100 µL of each test solution was added to
95 µL of the Muller–Hinton broth in each well. Finally, 5 µL of each bacterial suspension
(5 × 105 CFU/mL) was added to each well. Positive growth control wells consisted of
bacteria only in their appropriate medium. As a negative control, 5% DMSO was used.
The plates were then incubated at 37 ◦C for 24 h. After incubation, 20 µL of 2 mg/mL
2,3,5-triphenyl tetrazolium chloride (TTC), dissolved in water, was applied to all wells as a
growth indicator and then incubated for 30 min at 37 ◦C. Microorganism growth resulted
in the appearance of a purple-red color, resulting from the reduction in TTC. The MIC was
recorded as the lowest concentration of the extract that will inhibit the visible growth of
bacteria after 24 h of incubation. The MBC was taken as the lowest extract concentration
that showed no microbial growth [91,93]. Using a micropipette, 10 µL was taken from
wells that did not show growth after incubation during MIC testing and streaked onto
Mueller–Hinton agar. The plates were then incubated at 37 ◦C/24 h. All determinations
were made in triplicate.

4.6. Data Analysis

The SPSS™ software (v. 26.0) was used for the statistical analysis of the data. The
data were expressed as descriptive statistics in terms of relative frequency, and the
mean ± standard deviations (SDs) of the triplicate measurements were calculated.

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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A one-way ANOVA was applied to compare the mean inhibition zones between the
different concentrations. The hypotheses tested are as follows:

• H0: The means are equal across all concentrations.
• H1: At least one concentration has a significantly different mean.

Prior to conducting the ANOVA, its assumptions were evaluated:

• Normality: The residuals appeared approximately normally distributed based on
visual inspection.

• Homogeneity of variances: Variance across groups was roughly similar, satisfying the
homoscedasticity assumption.

5. Conclusions
This study demonstrates, for the first time, the antibacterial activity of methanolic

extracts of Haloxylon scoparium against the tested MDR clinical isolates. The methanolic
extract showed no symptoms of toxicity with a better antibacterial effect and appears to
be a potent antimicrobial agent that could be considered as a complementary and alterna-
tive drug for use against resistant pathogens. HPLC analysis showed in the methanolic
extract of aerial parts of H.scoparium the presence of active inhibitors, including phenolic
compounds that play a key role in the observed antibacterial properties of this extract. The
most important compound in the extract is epicathrin (47.516 mg/g), followed by catchin
(3.208 mg/g), luteolin (1.54 mg/g), rutin (1.472 mg/g), caffeic acid (1.392 mg/g), and
apigenin-7-glucoside (1.272 mg/g) whose antibacterial effects have been documented in
many studies.

The phenolic structure of the methanolic extract may play a role in the activity against
the tested isolates, as the hydroxyl group in the structure allows these compounds to
penetrate the cell and permeabilize the cytoplasmic membrane, leading to disruption of
cellular metabolism. The results described are satisfactory given that bacterial resistance to
antibiotics is becoming a global problem. More in vitro and in vivo studies are needed in a
large number of clinical isolates to further investigate and standardize the inhibitory effects.
This will be performed by identification, individual characterization of each bioactive
compound, and an in-depth study on the action at the level of the different vital sites
of the multidrug-resistant bacteria (DNA, Wall, Cytoplasmic Membrane, Ribosomes) for
pharmaceutical use.

Author Contributions: Conceptualization, F.B.; methodology, F.B. and A.B.; software, Y.B.; validation,
F.B., A.F. and A.S.; formal analysis, F.B.; investigation, A.F.; resources, A.F.; data curation, E.-M.B.;
writing—original draft preparation, F.B.; writing—review and editing, A.S.; visualization, P.J.; super-
vision, A.F.; project administration, A.F. and P.J.; funding acquisition, A.F. All authors have read and
agreed to the published version of the manuscript.

Funding: The study was supported by PRFU Project No. D01N01UN270120200002 (Ministry of
Higher Education, Algeria), by project: 2020/39/B/NZ9/02741, and by the Polish National. Agency
for Academic Exchange under the PROM programme—International scholarship exchange of PhD
and young academic staff, no.: PPI/PRO/2019/9/1/0004U/001.

Institutional Review Board Statement: All experiments adhered to the regulations of Algerian
legislation (Law Number 95–322/1995) regarding the protection of animals intended for exper-
imental and scientific purposes. Furthermore, the procedures followed the guidelines outlined
by the Algerian Association of Experimental Animal Sciences (AASEA authorisation number
45/DGLPAG/DVA/SDA/14) concerning the welfare and protection of animals used in experimental
and scientific endeavours.

Informed Consent Statement: Not applicable.



Antibiotics 2025, 14, 471 23 of 26

Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. WHO: World Health Organisation. Urinary Tract Infection; WHO: Geneva, Switzerland, 2011.
2. Gupta, P.; Gupta, K. The profile of uropathogens and their antibiotic susceptibility in IPD adults in a tertiary care hospital in

North India. Int. J. Curr. Microbiol. App. Sci. 2018, 7, 3190–3197. [CrossRef]
3. Raka, L.; Spahija, G.; Gashi-Gecaj, A.; Hamza, A.; Haxhiu, E.; Rashiti, A.; Rrahimi, G.; Hyseni, S.; Petrosillo, N. Point prevalence

survey of healthcare-associated infections and antimicrobial use in Kosovo hospitals. Infect. Dis. Rep. 2019, 11, 4–10. [CrossRef]
4. Cohen, M.L. Epidemiology of drug resistance: Implications for a post--antimicrobial era. Science 1992, 257, 1050–1055. [CrossRef]
5. WHO: World Health Organisation. Global Priority List of Antibiotic-Resistance Bacteria to Guide Research, Discovery, and Development

of New Antibiotics; WHO: Geneva, Switzerland, 2017.
6. Gulen, T.A.; Guner, R.; Celikbilek, N.; Keske, S.; Tasyaran, M. Clinical importance and cost of bacteremia caused by nosocomial

multi drug resistant Acinetobacter baumannii. Int. J. Infect. Dis. 2015, 38, 32–35. [CrossRef]
7. WHO: Word Health Organisation. New Report Calls for Urgent Action to Avert Antimicrobial Resistance Crisis; WHO: Geneva,

Switzerland, 2019.
8. Tadesse, B.T.; Ashley, E.A.; Ongarello, S.; Havumaki, J.; Wijegoonewardena, M.; González, I.; Dittrich, S. Antimicrobial resistance

in Africa: A systematic review. BMC Infect. Dis. 2017, 17, 616. [CrossRef]
9. Subramani, R.; Narayanaswamy, M.; Feussner, K.D. Plant-derived antimicrobials to fight against multi-drug-resistant human

pathogens. 3 BioTech 2017, 7, 172. [CrossRef]
10. Kessler, A.; Kalske, A. Plant secondary metabolite diversity and species interactions. Annu. Rev. Ecol. Evol. Syst. 2018, 49, 115–138.

[CrossRef]
11. Gupta, P.D.; Daswani, P.; Birdi, T.J. Approaches in fostering quality parameters for medicinal botanicals in the Indian context.

Indian J. Pharmacol. 2014, 46, 363–371. [CrossRef]
12. Sakarikou, C.; Kostoglou, D. Manuel Simões, Efstathios Giaouris, Exploitation of plant extracts and phytochemicals against

resistant Salmonella spp. in biofilms. Food Res. Int. 2020, 128, 108806. [CrossRef]
13. Ziani, B.E.C.; Barros, L.; Boumehira, A.Z.; Bachari, K.; Heleno, S.A.; Alves, M.J.; Ferreira, I.C.F.R. Profiling polyphenol composition

by HPLC-DAD-ESI/MSn and the antibacterial activity of infusion preparations obtained from four medicinal plants. Food Funct.
2018, 9, 149–159. [CrossRef]

14. Gelin, Z.; Mosyakin, S.L.; Clemants, S.E. Chenopodiaceae. Flora China 2003, 5, 351–414.
15. Täckholm, V. Students’ Flora of Egypt, 2nd ed.; Cairo University Publishing: Beirut, Lebanon, 1974; p. 888.
16. Boulos, L. Flora of Egypt, Vol. 1, 2, 4; Al-Hadara Publishing: Cairo, Egypt, 1999.
17. Ezzeddine, B.; Raoudha, J.M.; Lokesh, D.; Abdelfattah, E.F. Therapeutic Efficacy of Hammada scoparia Extract Against Ethanol

Induced Renal Dysfunction in Wistar Rats. J. Food Biochem. 2016, 41, e12307. [CrossRef]
18. Bellakhdar, J. La pharmacopée marocaine traditionnelle. In Médecine Arabe Ancienne Et Savoirs Populaires, Paris; Ibis Press: Paris,

France, 2023; p. 766.
19. Ben Salah, H.; Jarraya, R.; Martin, M.T.; Veitch, N.C.; Grayer, R.J.; Simmonds, M.S.; Damak, M. Flavonol triglycosides from the

leaves of Hammada scoparia (POMEL) ILJIN. Chem. Pharm. Bull. 2000, 50, 1268–1270. [CrossRef]
20. Lamchouri, F.; Benali, T.; Bennani, B.; Toufik, H.; Hassani, L.; Bouachrine, M. Preliminary phytochemical and antimicrobial

investigations of extracts of Haloxylon scoparium. J. Mater. Environ. Sci. 2012, 3, 754–759.
21. Benine, C.; Djahra, A.B.; Ammar, T.A.L.; Rebiai, A. A systematic review on Hammada scoparia medicinal plant: Phytochemicals,

traditional uses and biological activities. Int. J. Second. Metab. 2023, 10, 137–146. [CrossRef]
22. Aiyegoro, O.A.; Igbinosa, O.O.; Ogunmwonyi, I.N.; Odjadjare, E.E.; Igbinosa, O.E.; Okoh, A.I. Incidence of urinary tract infections

(UTI) among children and adolescents in lle-lfe, Niger. Afr. J. Microbiol. Res. 2007, 1, 13–19.
23. Wu, Q.; Li, Y.; Wang, M.; Pan, X.P.; Tang, Y.F. Fluorescence in situ hybridization rapidly detects three different pathogenic bacteria

in urinary tract infection samples. J. Microbiol. Meth. 2010, 83, 175–178. [CrossRef]
24. Said, A.; El-Gamal, M.S.; Abu-Elghait, M.; Salem, S.S. Isolation, identification and antibiotic susceptibility pattern of urinary tract

infection bacterial isolates. Lett Appl. NanoBioSci. 2021, 10, 2820–2830.
25. CLSI. Performance Standards for Antimicrobial Disk and Dilution Susceptibility Tests, 6th ed.; Wayne: CLSI Supplement VET01S;

Clinical and Laboratory Standards Institute: Nashville, TN, USA, 2023.
26. Jarraya, R.; Ben-Salah, H.; Damak, M. Chemical and radical scavenging activity of constituents from Hammada scoparia (pomel)

IIjin. J. Société Chim. Tunis. 2005, 7, 261–266.

https://doi.org/10.20546/ijcmas.2018.706.374
https://doi.org/10.4081/idr.2019.7975
https://doi.org/10.1126/science.257.5073.1050
https://doi.org/10.1016/j.ijid.2015.06.014
https://doi.org/10.1186/s12879-017-2713-1
https://doi.org/10.1007/s13205-017-0848-9
https://doi.org/10.1146/annurev-ecolsys-110617-062406
https://doi.org/10.4103/0253-7613.135946
https://doi.org/10.1016/j.foodres.2019.108806
https://doi.org/10.1039/C7FO01315A
https://doi.org/10.1111/jfbc.12307
https://doi.org/10.1248/cpb.50.1268
https://doi.org/10.21448/ijsm.1132549
https://doi.org/10.1016/j.mimet.2010.08.015


Antibiotics 2025, 14, 471 24 of 26

27. Chao, H.C.; Najjaa, H.; Villareal, M.O.; Ksouri, R.; Han, J.; Neffati, M.; Isoda, H. Arthrophytum scoparium Inhibits Melanogenesis
Through the Down-Regulation of Tyrosinase and Melanogenic Gene Expressions in b16 Melanoma Cells. Exp. Derm. 2013, 22,
131–136. [CrossRef]

28. Benkherara, S.; Bordjıba, O.; Harrat, S.; Djahra, A.B. Antidiabetic Potential and Chemical Constituents of Haloxylon scoparium
Aerial Part, An Endemic Plant from Southeastern Algeria. Int. J. Second. Metab. 2021, 8, 398–413. [CrossRef]

29. Otmani, R.; Khene, B.; Kemassi, A.; Araba, F.; Harrat, M.; Yousfi, M. Phytochemical profile and allelopathic potential of Haloxylon
scoparium Pomel (Chenopodiaceae) from Algerian Sahara. Acta Agric. Slov. 2023, 119, 1–11. [CrossRef]

30. Leouifoudi, I.; Harnafi, H.; Zyad, A. Olive mill waste Extracts: Polyphenols content, antioxidant, and antimicrobial activities. Adv.
Pharmacol. Sci. 2015, 2015, 714138. [CrossRef] [PubMed]

31. Bourgou, S.; Bettaieb, R.I.; Mkadmini, K.; Isoda, H.; Ksouri, R.; Ksouri, W.M. LC-ESI-TOF-MS and GC-MS profiling of Artemisia
herba-alba and evaluation of its bioactive properties. Food Res. Int. 2017, 99, 702–712. [CrossRef]

32. Borges, A.; Ferreira, C.; Saavedra, M.J.; Simões, M. Antibacterial activity and mode of action of ferulic and gallic acids against
pathogenic bacteria. Microb. Drug Resist. 2013, 19, 256–265. [CrossRef]

33. Almeida, A.; Farah, A.; Silva, D.; Nunan, E.; Gloria, M. Antibacterial activity of coffee extracts and selected coffee chemical
compounds against enterobacteria. J. Agric. Food Chem. 2006, 54, 8738–8743. [CrossRef]

34. Lou, Z.; Wang, H.; Zhu, S.; Ma, C.; Wang, Z. Antibacterial activity and mechanism of action of chlorogenic acid. J. Food Sci 2011,
76, 398–403. [CrossRef]

35. Sung, W.S.; Lee, D.G. Antifungal action of chlorogenic acid against pathogenic fungi, mediated by membrane disruption. Pure
Appl. Chem. 2010, 82, 219–226. [CrossRef]

36. Wu, M.; Brown, A.C. Applications of Catechins in the Treatment of Bacterial Infections. Pathogens 2021, 10, 546. [CrossRef]
37. Kozyra, M.; Biernasiuk, A.; Malm, A. Analysis of phenolic acids and antibacterial activity of extracts obtained from the flowering

herbs of Carduus acanthoides L. Acta Pol. Pharm. 2017, 74, 161–172. [PubMed]
38. Teffo, L.S.; Aderogba, M.A.; Eloff, J.N. Antibacterial and antioxidant activities of four kaempferol methyl ethers isolated from

Dodonaea viscosa Jacq. var. angustifolia leaf extracts. S. Afr. J. Bot. 2010, 76, 25–29. [CrossRef]
39. Cushnie, T.P.T.; Lamb, A.J. Recent Advances in Understanding the Antibacterial Properties of Flavonoids. Int. J. Antimicrob.

Agents 2011, 38, 99–107. [CrossRef] [PubMed]
40. Wink, M. Modes of Action of Herbal Medicines and Plant Secondary Metabolites. Medicines 2015, 2, 251–286. [CrossRef] [PubMed]
41. Burt, S. Essential oils: Their antibacterial properties and potential applications in foods—A review. Int. J. Food Microbiol. 2004, 94,

223–253. [CrossRef]
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