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Abstract

The rise in resistant infections, which are primarily brought on using antibiotics
carelessly, is a serious issue for the community. This study aimed to examine the
antibiofilm and antibacterial activity of Populus euphratica ethanolic extract against
the resistance of Methicillin-resistant Staphylococcus aureus (MRSA) isolates.
Leaves of Populus euphratica were collected and extracted using the Soxhlet
apparatus. Active chemical compounds were detected by some reagents and
screened using Gas chromatographic—Mass spectral (GC-Mass) analysis. Fifteen
clinical MRSA isolates from several different clinical samples were detected for
biofilm formation, and an antibiotic susceptibility test was performed to investigate
the sensitivity pattern. Minimal Inhibitory Concentration (MIC and Sub MIC) for
most sensitive antibiotic and Populus euphratica extract were investigated. The
results showed that this plant has a greater percentage of glycosides and
polyphenolic compounds than other compounds. In GC/MS analysis, twenty-six
compounds have been detected; 8-Octadecenoic acid methyl ester(E) was the most
abundant compound (13.98 %), followed by Eicosane (10.77%). On the other hand,
the ethanolic extract of Populus euphratica has a good antibacterial effect against
MRSA isolates in a concentration-dependent manner. The study also revealed that
Populus euphratica was highly effective against biofilms in comparison with the
most sensitive antibiotic (Ciprofloxacin). In conclusion, the studied plant can be
used as an alternative and natural defense material against chronic infections caused
by bacterial biofilms.
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Introduction

Herbal medicine is based on the premise that plants contain natural substances that can
promote health or alleviate disease. A variety of herbs and herbal extracts contain different
phytochemicals with biological activity that can reduce high cholesterol concentrations in the
blood, provide some protection against cancer, and stimulate immunity [1]. The effectiveness
is due to the nature of the substance’s presence in plants, such as alkaloids, phenols, tannins,
flavonoids, and saponins, which are considered antibacterial substances. Alkaloids are
characterized by their ability to penetrate the bacterial cell and interfere with DNA. Tannins
also work to inhibit transporter enzymes present in the cell membrane, while phenols are
characterized by their ability to form a complex with extracellular proteins and a complex
with the cell wall, which leads to the disruption of the bacterial cell membrane [2]. Numerous
types of bacteria, such as (Pseudomonas aeruginosa, Escherichia coli, Mycobacterium
tuberculosis, Staphylococcus aureus, Methicillin-resistant Staphylococcus aureus (MRSA)
and Klebsiella pneumoniae) are resistant to antibiotics. It has been demonstrated that the
presence of antibiotic-resistant bacteria lowers the efficacy of currently prescribed drugs and
raises yearly death rates from treatment failure. For the treatment of infectious illnesses, plant
natural products (higher plant extracts and pure compounds) provide a substantial alternative
to traditional methods [3]. One of the indirect mechanisms by which bacteria develop
resistance to medicinal drugs is biofilm development. The physical barrier formed by
enclosed exopolymer materials could be the reason for biofilms increased resistance to
antibiotics [4]. Poplar is a common name for P. euphratica that belongs to the Salicaceae [5],
and is sometimes referred to as the Euphrates poplar, or desert poplar [6]. The species can be
found natively in a large area, spanning from western China to North Africa, the Middle East,
and Central Asia, and many countries of the world, including Algeria, China, Egypt, India,
Iran, and Iraq [7]. The scientists discovered many chemical components in this plant, such as
triterpenoids, flavonoids, phenolics, steroids, organic acids and their glycosides,
polysaccharides, amino acids, and essential elements. [8]. The chemicals derived from P.
euphratica could be potential sources for novel therapeutic agents and might be used in
medicine [9]. The goal of this study was to examine the antibiofilm and antibacterial effect of
P euphratica extract against MRSA isolates.
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Materials and Methods
Plant extract preparation:

Fresh leaves of P. euphratica were collected, cleaned with tap water, and spread in an
electric oven with good ventilation to make sure the plants were completely dry. Dried leaves
were grinded by using an electrical blender. Ethanolic extract was prepared by placing 25 g
of powdered leaves in a Soxhlet device and using 500 ml of ethanol alcohol for eight hours
[10]. Then the extracts were filtered using filter paper with a porosity of 0.45 microliters for
the purpose of sterilizing the extracts. The extract was concentrated in a rotary evaporator and
then preserved in sterilized containers in the refrigerator until use.

Detection of the active compounds in leaves extract of P. euphratica:

Dragendroff’s reagent was used to detect alkaloids according to the Mondal method [11],
while the detection of flavonoids was done according to Harborne [12]. On the other hand,
lead acetate was used to detect tannins according to the method of Evans [13]. As well as
Saponins were also detected, according to Shinata [14], and glycosides were detected using a
Benedict reagent [12].

Gas Chromatography —mass spectrometry (GC-MS) analysis

GC/MSD Chem instrument and AcqMethod QC3 were used to identify the active
chemical compounds in this study. The carrier gas was helium with a mobile phase flow rate
set at 1.21 mL min -1. The temperature of the instrument's oven was raised from 100 °C to
260 °C at a rate of 10 °C min -1, and the volume per injection was set at 2 P1. In GC-MS, an
electron ionization energy system was used with 70 eV [15]. The start and end times were 10
min and 70 min, respectively.

Bacterial Isolates

Bacterial isolates were obtained from the Laboratories of the Biology Department/
College of Sciences/ University of Baghdad. In this study, 15 samples were collected from
several different clinical samples of people infected with methicillin-resistant S. aureus
(MRSA) bacteria.

Biofilm formation

Detection of biofilm formation was performed essentially for MRSA bacterial isolates. In
brief, each isolate was propagated in tryptic soy broth containing 1% glucose at 37°C for 24h;
thereafter, bacterial culture was adjusted to McFarland standard no. 0.5. A volume (180 of
medium and 20 of bacterial culture) was added to three wells of sterile 96-well polystyrene
microplates. All plates were covered with their lids to avoid evaporation and incubated under
aerobic conditions at 37°C for 24h. Three wells filled with bacteria-free tryptic soy broth
were considered as a negative control. After incubation, the growth medium was removed
from the biofilm plate and washed thrice with phosphate-buffered saline, followed by fixation
at 60°C for 1 hr. An aliquot (200 pl) from crystal violet was added to the wells at room
temperature for 15 min. Afterwards, the plates were washed thrice and covered with 0.1%
phosphate-buffered saline at room temperature for 10 min. Then, 200 microliters of glacial
acetic acid was added at a concentration of 33% to each well. The absorbance was read with
an ELISA reader at a wavelength of 630nm to estimate the ability of the isolates to form a
biofilm [16].
The classification of biofilm intensity is summarized in Table 1.
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Table 1: classification of biofilm intensity

0D630 Biofilm
OD < ODc* Non-producer
2 ODc>0D>0Dc Weak
4 ODc>0D>20Dc¢ Moderate
OD >40Dc
Strong

Antibiotics sensitivity test

The disc diffusion method was used to test the isolates for their antibiotic susceptibilities
in accordance with the standards of the Clinical and Laboratory Standards Institute (CLSI
2023). The subsequent antibiotics were utilized: Gentamicin (10 pg), Azithromycin (15 pg ),
Ciprofloxacin (5 pg ), Clindamycin (2 pg ), Rifampin (5 pg ), Chloramphenicol (30 pg ),
Tetracycline (30 pg ), Cefoxitin (30 pg ). The source of all the antibiotic discs was from Hi-
media / India.

Antibacterial activity P. euphratica against MRSA using the agar diffusion method

The inhibitory effectiveness of the prepared crude plant extract was tested against isolated
bacterial species at concentrations that ranged from (100, 80, 40, and 20 mg/ml); the extract
was prepared using DMSO as a diluent. A sterile cotton swab was used to spread the
inoculum of bacteria uniformly on the surface of the Mueller Hinton plate. 100 pl for each
dilution was added to the four wells, and wells (5 mm in diameter) were cut in the agar.
DMSO was used as a control. Finally, the plates were incubated overnight at 37°C. The
inhibition zones were measured with a ruler after the completion of the incubation period
[17].

Determination of Minimal Inhibitory Concentration (MIC) for most sensitive antibiotics and
P. euphratica extract

The inhibitory activity of three types of antibiotics, including Gentamicin (10pg),
Ciprofloxacin (5 pg), and Rifampin (5 pg) against the isolated bacterial species was detected.
Then, the MIC value of the most sensitive antibiotics was determined using dilution
methods.One gram from each antibiotic (Gentamicin and Ciprofloxacin) was diluted with 10
ml of D.W while rifampin was diluted by using (9 ml methanol:1ml D.W) [18]. The same
method for the inhibitory effectiveness of the prepared extract was tested against isolated
bacterial species at a concentration of 20 mg/ml, according to Ngaffo et.al. [19]. The
bacterial isolates MRSA were activated by the brain heart infusion BHI at 37°C for 24 hours.
Then, 100 microliters of the bacterial suspension were transferred to the Eppendorf
containing BHI and glucose, and the turbidity was compared with a 0.5 McFarland tube. The
wells of the plate were filled with three replicates for each isolate with a volume of 200
microliters of the (bacterial suspension 100 microliters and 100 of plant extract); the same
applies to the most sensitive antibiotics using a micropipette and incubated at 37°C for 24
hours. The contents of the plate were emptied by washing them three times with buffer
phosphate saline and leaving it to dry. After that, Resazurin sodium salt (0.015) was prepared
with 100 D.W and mixed with a vortex device, then 20 microliters of Resazurin sodium salt
was added to each well by using a micropipette and incubated at 37°C for 2 hours, then the
plate was washed three times with buffer phosphate and left to dry at room temperature.

Antibiofilm activity of P. euphratica extract and sensitive antibiotic on the biofilm at
MIC and sub -MIC concentration
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The MIC and SUB MIC method was done was for each of the P. euphratica extract and
the most sensitive antibiotics (Ciprofloxacin) according to Hemati et al., [20]. And evaluate
their effect on the biofilm formation of the bacterial isolates depending on the same protocol
as the biofilm formation in the previously mentioned method [16]. The biofilm inhibition rate
was measured as in the equation, biofilm inhibition (%) = (Control OD- Test OD / Control
OD) x 100.

Statistical Analysis

The Statistical Analysis System- SAS (2018) program was used to detect the effect of
different groups on study parameters. The least significant difference was used to
significantly compare between means. The chi-square test was used to significantly compare
the percentages of 0.05 and 0.01 probability in this study.

Results and Discussion
Detection of the active compounds in P. euphratica leaves extract

The active compound contents of the plant leaves are summarized in Table 2 . The results
showed that six groups of mainly active compounds gave positive results in the ethanolic
alcoholic extract of the plant studied, with a quantitative change in the presence rates
observed through the amount of precipitate or foam formed after the test. These totals include
(alkaloids, flavonoids, polyphenolic compounds, tannins, saponins, and polysaccharides). It
was noted that the extract of P. euphratica contained a greater percentage of glycosides and
polyphenolic compounds, and the other components had medium percentages.

Table 2: Active compounds in the ethanolic extract of P. euphratica leaves

Test Name Reagent (LGB GHELLE Indication
extract
. + ..
Alkaloids Dragan Groff Orange, brown precipitate
Flavonoids 7.5%FeCls solution + Dark color
Polyphenolic ferric chloride 5%solution +++ a-Brown color
Compounds ferric chloride 1%solution +++ b-Dark color
5 - n —
Tannins Lead Acetate 1%solution creamy precipitate
. Foam formation ++ Foam
Saponins
polysaccharides,
i o .
Carbohydrgtes Benedict reagent Reddish-brown precipitate
and glycosides

(+++ strong, ++ medium, + weak)

The P. euphratica tree is rich in phenols and their glycosides, including populin and
salicin. P. euphratica extract has long been used by some people in some parts of Iraq to treat
eczema and other skin disorders because previous investigations on the plant have revealed
the identification of several phenolic compounds and volatile oils [21]. Traditionally, this
plant is used to treat painful musculoskeletal joint pain conditions, inflammation, fever,
antifungal, anticancer, and antioxidant [22].

GC/MS analysis of P. euphratica leaves extract

GC/MS analysis of P. euphratica leaf extract detected fifty-eight compounds. The main
defined compounds were twenty-six. These compounds, with their retention times and
percentage of composition, were listed in Table 3. The major constituents were 8-
octadecenoic acid, methyl ester(E)-( 13.98 %), followed by Eicosane (10.77%). Eicosane
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could be as antioxidant, anti-inflammatory and antibacterial [23]. As well as the compound 8-
Octadecenoic acid, methyl ester could be used as an antioxidant and antibacterial [24].

Table 3: Main components in P. euphratica leaves extract by GC/MS

No RT (min) Components Area%
1 13.70 3-Hexanol 1.86
2 14.12 2-Pentene, 3-methyl-, (E)- 1.13
3 17.24 Proline, 3,4-didehydro- 2.03
4 28.56 p-Cymene 0.54
5 26.09 Decanal 2.19
6 31.98 6-hydroxy-2(1h)-pyridinone 5.88
7 51.82 Neophytadiene 0.98
8 55.25 Bis(2-ethylhexyl) phthalate 7.64
9 56.42 n-Hexadecanoic acid 6.26
10 57.30 Tridecanol 1.60
11 57.39 trans-Sesquisabinene hydrate 1.70
12 60.02 2,2-Dimethylpropanoicacid,2,6-di methylnon-1-en-3-yn-5-yl ester 1.72
13 60.78 phytol isomer 2.64
14 61.78 9,12,15-Octadecatrien-1-ol 8.18
15 61.89 [1S,4aS,8aS] - 1,2,3,4,4a,7,8,8a - octahydro 1,4a,5,6 - tetramethy 1- 1 - 4.27

naphthalene — methanol
16 62.06 Ethyl Oleate 1.48
17 64.17 1-octadecanol 4.12
18 64.66 Allyl Cyclohexyl carbonate 1.78
19 66.13 8-Octadecenoic acid, methyl ester(E)- 13.98

20 66.69 Nonanoic acid, pentadecyl ester 1.35
21 67.91 Cyclohexanol, 4-[(trimethylsilyl)o xy]-, cis- 1.66
22 69.37 Heptadecene-(8)-carbonic acid-(1) 1.41
23 69.48 2,6,10,14,18,22-Tetracosahexaene 3.55
24 69.57 Tricyclo [4.2.1.1(2,5)] deca-3,7-die ne-9,10-diol, 9-methyl-, stereoisomer 1.04
25 70.17 Cyclohexane, 1-(cyclohexylmethyl)-2-ethyl-, cis- 1.18
26 67.24 Eicosane 10.77

Antibiotics sensitivity test:

The results in Table 4 showed that most of the MRSA bacterial isolates were resistant to
the antibiotics, Cefoxitin (100%), Azithromycin (93.33%), Clindamycin (86.67%),
Chloramphenicol (93.33%), and Tetracycline (86.67%) However, it was sensitive to
Ciprofloxacin (80.0%), Rifampicin (93.33%), and Gentamycin (86.67%). The result
presented highly significant (P<0.01) variability in Antibiotics. MRSA always exhibits
resistance to multiple antimicrobial agents, including Penicillin, Methicillin, Oxacillin,
Cefoxitin, Amoxicillin-clavulanic acid, Amoxicillin-sulbactam, Quinolones, Macrolides,
Cephalosporins, Tetracycline, and Chloramphenicol [25]. One of the reasons for the
resistance of bacterial isolates to beta-lactam antibiotics, is the production of lactamase
enzymes that work to break down the beta-lactam ring, which leads to inhibiting the action of
antibiotics that belong to the penicillin group [26]. Antibiotic resistance is becoming an
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for MRSA [27].
Table 4: Antibiotic susceptibility testing against isolates of MRSA
Antibiotics Resistance Sensitive P-value
Cefoxitin 15 (100%) 0 (0.00%) 0.0001 **
Gentamycin 2 (13.33%) 13 (86.67%) 0.0045 **
Azithromycin 14 (93.33%) 1 (6.67%) 0.0008 **
Ciprofloxacin 3 (20.00%) 12 (80.00%) 0.0201 *
Clindamycin 13 (86.67%) 2 (13.33%) 0.0045 **
Rifampicin 1 (6.67%) 14 (93.33%) 0.0008 **
Chloramphenicol 14 (93.33%) 1 (6.67%) 0.0008 **
Tetracycline 13 (86.67%) 2 (13.33%) 0.0045 **
P-value 0.0001 ** 0.0001 **

* (P<0.05), ** (P<0.01).

Investigation of the susceptibility of isolates to biofilm formation

The current results showed that all the bacterial isolates produced biofilm, and the intensity
of the biofilm varied among them; about 86,67 % of MRSA bacterial isolates created strong

biofilms, whereas only 13.33% had moderate biofilm, as shown in the Table (5).

Table 5: Biofilm formation by MRSA bacterial isolates.

Biofilm formation No. Percentage (%)
Strong 13 86.67
Moderate 2 13.33
Weak 0 0.00
Total 15 100
Chi-Square (3?) - 9.836 **
P-value --- 0.0002
** (P<0.01).

By forming the biofilms, MRSA can produce strains of these pathogens that either become
extremely resistant to the same antimicrobials or become susceptible to certain antimicrobials
in standard laboratory testing. Treatment for infectious disorders involving biofilms may
become challenging as a result [28]. It is now necessary to examine the antibacterial qualities
of novel compounds considering the bacterial resistance issue. The bacterial cells immersed
in their own extracellular matrix define the growth mode or biofilm. Bacterial biofilms are
linked to a variety of illnesses, including chronic tissue infections such as cystic fibrosis and
infections of catheters or prosthetic joints [29].The pathophysiology of MRSA infections
involves biofilm. Biofilm gene expression is induced as a stress response in microorganisms
exposed to stress circumstances. Bacteria can thrive in stressful environments due to the
slime-like glycocalyx known as biofilm. [30]. They can also attach to and colonies on biotic
or abiotic surfaces, such as prosthetic surfaces, which can serve as a substrate for microbial
adhesion, and spread throughout the entire body [31].
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Antibacterial activity P. euphratica against MRSA using the agar diffusion method

The current study showed that the leaves extract of P. euphratica has good antibacterial
efficacy against the bacterial isolates in a concentration-dependent manner. The plant extract
revealed inhibitory properties against all isolates. The inhibition zones were 17+ 13, 15 +
11,13+ 0, and 11 +£ 0 mm at 100, 80, 40, and 20 mg/ml, respectively.

Determination of MIC and (Sub-MIC) for most sensitive antibiotics and P. euphratica
extract:

The antibacterial effect of P euphratica extract and Ciprofloxacin were examined by
using MIC assays. The results showed that the MIC values were10 mg/ml and 0.25 pg /ml for
each the plant extract and the most sensitive antibiotic (Ciprofloxacin) respectively for all
MRSA isolates . On the other, the Sub- MIC value was 5 mg/ml for plant extract while the
Sub- MIC value for the most sensitive antibiotic (Ciprofloxacin) was 0.125 pg /mL for all
MRSA isolates.

Antibiofilm activity of P. euphratica extract and sensitive antibiotic at MIC concentration

The results clarified that the MIC level of ethanolic extract of P. euphratica was more
effective than the antibiotic (Ciprofloxacin) against most bacterial isolates. The lower
antibiofilm activity of plant extract appeared in isolate no.5 with a percentage (54% ), while
in isolate no. 4 it showed the highest antibiofilm activity with inhibition (89%). The
effectiveness differs from one isolate to another, with highly significant (P<0.01) variability
in the formation of biofilms, as shown in Table 6.

Table 6: The activity of MIC for P. euphratica extract and antibiotic on biofilm

Bi:(flt::::l P. euphratica extract in 10 mg/ml Antibiotic Ciprofloxacin at P-value

numbers concentration 0.25 pg /mL concentration
1 61% 43% 0.0008 **
2 55% 41% 0.0001 **
3 63% 40% 0.0006 **
4 89% 55% 0.0001 **
5 54% 53% 0.802 NS
6 65% 65% 1.00 NS
7 72% 61% 0.0398 *
8 77% 51% 0.0041 **
9 73% 75% 0.159 NS
10 55% 63% 0.0084 **
11 59% 51% 0.072 NS
12 81% 52% 0.0001 **
13 77% 60% 0.0023 **

P-value 0.0001 ** 0.0001 **

* (P<0.05), ** (P<0.01).

The antibiofilm activity of P. euphratica may be acquired from different concentrations of
phenolic glycosides and other secondary compounds [32]. Phenols also increase the
activation of enzymes responsible for basic metabolic reactions through their specialized
interference with proteins, which leads to their denaturation and, thus, the inability of the
bacteria to continue growing [33].
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Antibiofilm activity of P. euphratica extract and sensitive antibiotic at sub -MIC
concentration

The results clarified that the sub- MIC level of ethanolic extract of P. euphratica was more
effective than the antibiotic Ciprofloxacin against most isolates. The effectiveness differs
from one isolate to another, with highly significant (P<0.01) variability in the formation of
biofilms, as shown in Table 7.

Table 7: Effect of Sub MIC of P. euphratica extract and antibiotic on biofilm

Bi:(flt::;;ﬂ P. euphratica extract at S Antibiotic Ciprofloxacin at P-value

numbers mg/ml concentration 0.125 ug/mL concentration
1 40% 20% 0.0074 **
2 43% 39% 0.0001 **
3 43% 18% 0.0001 **
4 53% 36% 0.0091 **
5 34% 43% 0.074 NS
6 1% 67% 0.502 NS
7 65% 38% 0.0036 **
8 75% 48% 0.0057 **
9 70% 75% 0.648 NS
10 51% 60% 0.0081 **
11 18% 5% 0.0094 **
12 78% 49% 0.0002 **
13 74% 58% 0.0007 **

P-value 0.0001 ** 0.0001 ** -
** (P<0.01).
]

The biofilm is responsible for providing additional protection for bacteria against
antibiotics as well as enhancing their colonization of host cells. Thus, it is an important
virulence factor for the survival of bacteria [34]. It is known that excessive doses and long-
term use of antibiotics can lead to microbial resistance to the antibiotic, which is a serious
health problem. To overcome the virulence of bacteria, including the formation of biofilms,
there has been a move to use natural herbal plant extracts as alternatives to antibiotics with
potential effects against antibiotic-resistant bacteria [35]. There may be variation in the
effectiveness of crude extract due to the synergistic effects of the crude extract components of
bioactive compounds [36], as well as the selectivity of bioactive compounds against clinical
isolates. In addition, these bioactive compounds are responsible for the ethanolic extracts'
antibiofilm activity. The herbal extracts also contain the glycoside hydrolase enzyme, which
helps break down the glycosidic linkages in the biofilm's polysaccharide chain into smaller
subunits or monomers, thereby inhibiting the biofilm [37].On the other hand, the indirect
activity of plant extracts on bacterial growth may lead to an indirect effect on the DNA
(chromosome or plasmid) of cells [38].

Conclusion:

Ethanolic extract from leaves of P. euphratica could be considered a good source of active
chemical compounds, and its antibacterial and antibiofilm activities make it a candidate as a
plant extract that can be used as a natural antibacterial agent.
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