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ABSTRACT

Objectives: This study sought to examine the chemical profile, antioxidant, antimicrobial, antibiofilm, and anti-quorum sensing potential of two
propolis ethanolic extracts (PEEs) collected from northeast Algeria.

Materials and Methods: To achieve the main objectives of this study, multiple in vitro tests were employed. The phenolic and flavonoid contents were
analyzed, and the chemical composition of both PEE was determined by high-performance liquid chromatography. The antioxidant properties of the
propolis extracts were investigated using six complementary tests. The inhibitory effects of propolis extracts were evaluated against multidrug-
resistant (MDR) clinical isolates using agar well diffusion and microdilution methods, whereas their antibiofilm and quorum-sensing disruption
effects were determined by spectrophotometric microplate methods.

Results: The results demonstrated that phenolic and flavonoid contents were higher in propolis from the Guelma (PEEG) region (PEEG; 188.50
+ 0.33 pug GAE/mg E, 144.23 + 1.03 ug QE/mg E), respectively. Interestingly, different components were identified, and cynarin was the major
compound detected. The PEEG sample exhibited potential antioxidant effects in scavenging ABTS** radicals with minimal inhibitory concentration
values equal to 10.46 + 1.40 pg/mL. Furthermore, the highest antibacterial activity was recorded by PEEG against Gram-positive Staphylococcus
aureus MDR1. Similarly, PEEG effectively inhibited the biofilm formation of S. aureus MDR1 and the degradation of biofilm was up to 60%. In addition,
quorum sensing disruption revealed that both extracts have a moderate capacity for violacein inhibition by the Chromobacterium violaceum ATCC
12472 strain in a concentration-dependent manner.

Conclusion: These findings indicate that propolis can be regarded as a natural therapeutic agent for health problems associated with MDR bacteria
and oxidative stress.
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INTRODUCTION flavonoids and phenolic acids, which are known as the
Plant-derived natural products are considered an extraordinary ~ most active components responsible for its health benefits,
source of bioactive compounds that have already proven including antibacterial, antioxidant, and anticancer.? However,
their feasibility in the therapeutic realm. As one of the major ~ the chemical composition of propolis is unstable. Botanical
beekeeping products, propolis already has well-known sources and geographical areas highly influence it Because
pharmaceutical properties. Propolis is a sticky phytocompound ~ of the common frequency of diseases related to drug-resistant
derived from plant exudates, it is rich in polyphenols, especially ~ bacteria and oxidative stress, many world scientists are
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searching for solutions to mitigate these issues. The sharp
increase and the widespread of multidrug-resistant (MDR)
bacteria compounded by the ability of bacteria to form biofilms
is considered an emergent global health problem? as bacteria
in biofilms are extremely resistant and difficult to treat.> Among
the reasons that contributed to the worsening of this health
problem is the overuse of antibiotics, which has increased
in the last decades, especially in the current viral pandemic
(coronavirus disease-2019). Furthermore, the scarcity of new
antibiotics is one of the devastating purposes that contributed
to the incapacity to control the spread of MDR bacteria.® On
the other hand, oxidative stress and inflammation are no less
dangerous than the former issue, and many studies have
proved their role in the pathogenesis of many chronic illnesses,
including cardiovascular diseases, Alzheimer’'s disease, and
cancer.” Dysfunction of the body's antioxidant defense system
leads to excess production of reactive oxygen species which
causes inflammation via the induction of pro-inflammatory
signaling pathways and the release of multiple inflammatory
mediators, such as cytokines.® The World Health Organization
describes the current clinical drug pipeline as bleak and
warns about the shortage of new therapeutic agents. Thus, it
is important to identify new therapeutic strategies that solve
these global health problems.

This study was conducted to seek more efficient natural
bioactive compounds from propolis. Therefore, the total
phenolics and flavonoid contents along with antioxidant activity
of the Algerian propolis samples were determined.

Furthermore, in vitro studies were conducted to evaluate the
antibacterial and antibiofilm activity against several MDR bacteria
and the anti-quorum sensing activity of Algerian propolis.

MATERIALS AND METHODS

Propolis sampling and extraction

Propolis samples were collected in the early summer of
2019 from two different regions: Guelma and Ain-Fakroun in
Northeast Algeria. 20 g propolis was extracted with 100 mL
ethanol (80%). The mixture was kept for 24 hours in dark
conditions before it was filtered through the Whatman no. 4
filter paper. The extract was evaporated using rotavapor and
stored under dry conditions at 4 °C until use.

Total phenolic content (TPC)

TPC was calculated using the Folin-Ciocalteu (FC) reagent
and gallic acid as a standard. A volume of 200 pL of propolis
ethanolic extract (PEE) (0.5 mg/mL) was added to 1 mL of FC
reagent (10%).

After 10 min of incubation in the dark, 800 pL of 7.5% Na,CO,
was added again, after incubation in the dark for 90 min. The
absorbance was measured at 760 nm. The results are expressed
as micrograms of gallic acid equivalents per milligram of extract
(ug GAE/mg B).?

Total flavonoid content (TFC)
TFC was quantified using the aluminum trichloride method.° An
aliquot of 50 pL of the PEE was mixed with 130 uL methanol, 10

pL of aluminum nitrate, and 10 pL potassium acetate. After 40
min of incubation, the absorbance was measured at 415 nm. The
results are expressed in micrograms of quercetin equivalents
per milligram of extract (ug QE/mg E).

High-performance liquid chromatography (HPLC)
Separationand detection of propolis compounds were performed
using a Shimadzu high-performance liquid chromatography
(Shimadzu Cooperation, Japan) system. The detection system
was a Shimadzu model SPD-M20A diode array, and the delivery
system comprised a Shimadzu model LC-20AT. Separation was
attained using an internal ODS-3 column (4 pm, 4.0 mm x 150
mm) and an Inertsil ODS-3 guard column. The elution program
was as follows: the mobile phase included 0.1% aqueous acetic
acid and methanol.

After being diluted in 1 mL of methanol (8 mg.mL"), it was
passed through a polytetrafluoroethylene filter with a 0.45
pm pore size. 20 pL was the injection volume. The HPLC-
diode array detector (HPLC-DAD) system was used for
quantitative and qualitative analysis using 42 standards:
fumaric acid, gallic acid, p-benzoquinone, protocatechuic
acid, theobromine, theophylline, catechin, 4-hydroxybenzoic
acid, 6,7-dihydroxycoumarin, methyl-1,4 benzoquinone, vanillic
acid, caffeic acid, vanillin, chlorogenic acid, p-coumaric acid,
ferulic acid, cynarin, coumarin, propyl gallate, rutin, trans-
cinnamic acid, ellagic acid, myricetin, fisetin, quercetin,
trans-cinnamic acid, luteolin, rosmarinic acid, kaempferol,
apigenin, chrysin, 4-hydroxy resorcinol, 14-dichlorobenzene,
pyrocatechol, 4-hydroxybenzaldehyde, epicatechin,
24-dihydroxybenzaldehyde, hesperidin, oleuropein, naringenin,
hesperetin, genistein, and curcumin.

Detection was performed using a DAD, and a wavelength of
254 nm was used to identify molecules. Results are expressed
as micrograms per gram of dry weight.

DPPH-free radical scavenging activity

Essentially, 160 puL of DPPH solution (60 uM) was mixed with
40 pL of PEE at different concentrations. After 30 min of
incubation in darkness, the prepared mixture was tested for
absorbance at 517 nm. The results of DPPH scavenging effect
were represented as 50% inhibition concentration (IC,) and
contrasted with standards butylated hydroxyanisole (BHA) and
butylated hydroxytoluene (BHT)."

Cupric ion-reducing antioxidant capacity (CUPRAC)

The CUPRAC assay was conducted using the approach
described by Apak et al.”? Briefly, a mixture of 50 pL of copper
(D) chloride (10 mM), 50 pL of neocuprine (7.5 mM), and 60
pL of ammonium acetate buffer solution (1M, pH: 7.0) was
used. Subsequently, PEE was added to the initial mixture at a
volume of 40 pL. After 60 min of incubation, the absorbance
was measured at 450 nm, and the findings are represented as
A, (ug/mL).

Reducing power assay

Avolume of 10 pL of solution was mixed with 50 pL of phosphate
buffer (pH 6.6) and 50 pL of potassium ferricyanide (1%). The
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mixture was then incubated for 20 min at 50 °C. Following this,
the initial mixture was combined with 50 pL of trichloroacetic
acid (10%), 40 pL of distilled water, and 10 pL of ferric chloride
solution (0.1%). At 700 nm, the absorbance was measured.®

ABTS cation radical decolorization

The ABTS™ scavenging activity was determined using the
method of Re et al™In short, ABTS™ solution was prepared by
the reaction between ABTS (7 mm) in water and potassium
persulfate (2.45 mm) and stored for 12 hours in the dark. Prior
to use, the absorbance of the ABTS solution was adjusted to
0.70 = 0.02 (734 nm). Afterward, 40 uL of the solution was
mixed with 160 yL of the dilute ABTS** solution. After 10 min of
incubation, absorbance was measured at 734 nm. The results
were established as a 50% IC,, (IC, = pg/mb).

Galvinoxyl radical (GOR) scavenging

40 pL of different concentrations of the extracts were mixed
with 160 plL of a 0.1 mmol/L galvinoxyl solution. The obtained
mixtures were incubated for 2 hours. The absorbance was read
at 428 nm.®

Phenanthroline assay

The copper-phenanthroline assay was performed using the
Szydtowska-Czerniak et al'® method. A volume of 30 pL of
0.5% 1,10-phenanthroline solution (0.5%) was mixed with 50%
FeCl, (0.2%) and 10 pL of solution. Using methanol, the volume
was made up to 200 pL. The incubation was performed in the
dark for 20 min.

Antimicrobial activity determination

Selected microorganisms
Antibacterial activity was evaluated against MDR clinical
bacteria isolated from human urine samples. The strains

were collected from the laboratory of bacteriology at the
Public Medical Hospital in the province of Oum El Bouaghi,
Algeria. Gram-negative bacteria (three MDR clinical isolates of
Escherichia coli and Pseudomonas aeruginosa, one MDR clinical
isolate of Klebsiella pneumoniae, and one MDR clinical isolate of
Serratia odorifera), whereas only four MDR clinical isolates of
S. aureus were employed in this study. The bacterial resistance
profiles of each strain to antibiotics are depicted in Table 1.

Disc diffusion assay

The disk diffusion assay was performed in accordance with the
National Committee of Clinical Laboratory Standards. Culture
suspensions (0.5 McFarland) were inoculated on fresh Mueller-
Hinton agar plates. Afterward, 20 L of PEE (20 mg/mL) was
impregnated in sterile filter discs (Whatman paper no. 4) and
deposited on the surfaces of the pre-inoculated plates. The
Petri plates were incubated at 37 °C for 24 hours. Antibacterial
standards included ampicillin (AMP, 10 pg/disc), kanamycin (K,
10 pg/disc), and streptomycin (S, 10 pg/disc).

Determination of minimum inhibitory (MIC) and, minimum
bactericidal (MBC)

MIC and MBC were evaluated using the microdilution assay.
PEE dilutions were prepared using dimethylsulfoxide (DMSO
15%), and the concentration ranged from 20 to 0.625. An aliquot
of 10 uL of each bacterial strain was inoculated into the wells of
a 96-well microliter plate containing 170 pL of Mueller-Hinton
Broth (MHB). Then, 20 L of different final concentrations of
PEE were transferred to each well. MBC was determined by
overlying 10 uL of the test dilutions from each clear well on
fresh Luria-Bertani (LB) agar plates. After that, the plates were
incubated for 24 hours at 37 °C. The lowest concentration with
no bacterial growth was defined as MBC. Inocula and medium
were used as positive controls.”

Table 1. MDR profiles of different strains used in this study

Strains

Resistance profiles

S. aureus MDR1

TE, AK, AML, OX, P, FOX, TI, CL, E, TCC, OF, AMP, C

S. aureus MDR2

FOX, Tl, AMP, K, TE, AK, AML, P, CTX, S, CL, E, OF, CIP

S. aureus MDR3

AMP, K, TE, AK, AML, OX, CTX, FOX, Tl, CL, TOB, E, C, GEN, OF, CIP, TCC

S. aureus MDR4

OX, FOX, K, P, TI, S, CL, TCC

P. aeruginosa MDR1

AMP, FOS, AML, OX, FTN, CTX, SXT, Tl, S, CL, GEN, CAZ, OF, CIP

P. aeruginosa MDR2

AMP, K, C, TE, CQOT, FOS, AML, OX, CTX, FOX, TI, CL, TOB, CAZ, OF, CIP

P. aeruginosa MDR3

CTX, FOX, SXT, CL, CAZ, AMP, TE, COT, AML, OX, FTN

E. coli MDR1 CTX, SXT, TI, AMP, VA, C, COT, AML, P, S, CL, CAZ, TCC
E. coli MDR2 AMP, VA, K, TE, COT, AML, P, CTX, SXT, T, E, CAZ, OF, CIP
E. coli MDR3 AMP, VA, TE, COT, AML, FTN, SXT, Tl, CL, GEN, TCC

S. odorefera MDR

RIF, P, TI, E

K. pneumoniae MDR

TOB, E, GEN, CAZ, CIP, AMP, VA, TE, COT, AML, P, CTX, SXT, Tl

MDR: Multidrug-resistant, RIF: Rifampicin (5 pg), AMP: Ampicillin (10 pg), VA: Vancomycin (30 pg), K: Kanamycin (30 pg), C: Chloramphenicol (30 pg), TE: Tetracyclin
(30 pg), COT: Co-trimoxazole (25 pg), FOS: Fosfomycin (50 pg), AK: Amikacine (30 pg), AML: Amoxicillin (30 pg), OX: Oxacillin (1 pg), P: Penicillin (10 pg), FTN:
Nitrofurantoine (300 pg), CTX: Cefotaxim (30 pg), FOX: Cefoxitin (30 pg), SXT: Trimethoprim sulfamethoxazole (25 pg), Tl: Ticarcillin (75 pg), S: Streptomycin (10 pg),
CL: Colistin (10 p g), TOB: Tobramycin (10 pg), E: Erythromycin (15 pg), GEN: Gentamicin (10 pg), CAZ: Ceftazidime (30 pg), OF: Ofloxacin (5 pg), CIP: Ciprofloxacin
(5 ug), TCC: Ticarcilin-clavulanic acid (75/10 pg)
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Influence of propolis extract on biofilm formation

An antibiofilm assay was employed to examine the antiadhesion
activity. Only 5 strains were selected for this test namely: E.
coli MDR1, P. aeruginosa MDR1, S. aureus MDR1, K. pneumoniae
MDR, and S. odorifera MDR. The test was performed using the
crystal violet assay.® A volume of 20 pL of overnight isolate
cultures was dispensed into the wells of 96 well microliter
plates previously containing 170 yL of MHB, and then 10 pL
of dissolved DMSO was added to each well at concentrations
ranging from 20 to 0.625 mg/mL. Wells with bacteria and
MHB served as controls. The following equation was used to
estimate the percentage of biofilm inhibition:

Biofilm inhibition (%) = [optical density (OD) Control-OD
Sample/OD Control x 100]

Violacein Inhibition (V1) assay

C. violaceum 12472 (CV12472) was used to test the effect of PEE
on violacein production. A volume of 10 pL of an overnight broth
culture of C. violaceum 12472 was dispensed into 96 well plates
previously filled with 170 pL of LB broth (LBB) and incubated at
30 °C for 24 hours in the presence of various concentrations of
PEE. Wells with LBB and inoculum were regarded as a positive
control’” Inhibition of violacein production was measured
using a microplate reader (OD= 585 nm). Violacein repression
percentage was calculated using the following formula:

Violacein inhibition (%) = [(OD Control-OD Sample)/(OD
ControD] x 100

Bioassay for quorum sensing inhibition using CV026

To achieve this test, the method specified by Koh and Tham.?®
was applied. The process was completed by mixing 5 mL of
molten soft agar with 100 pL of C. violaceum 026 (CV026)
bacterial suspension, further supplementing 20 pl of C6HSL
and 10 pL of kanamycin. The latter suspension was spread
across the surface of solidified LB agar (LBA) plates. Then, 6
mm wells were created through the LBA, and 50 pL different
concentartions of PEE (20-2.5 mg/mL) were added to each well.
The plates were incubated at 30 °C for 3 days. The presence of
white or cream-colored halo around the wells signals quorum
sensing (QS) inhibition, the results was measured in mm.

Statistical analysis

Graph Pad Prism 9.31 (Graph Pad Software, USA) was used
for data analysis. One-way ANOVA followed by Tukey's multiple
comparison test was employed for statistical analyses. Results
were considered statistically significant at p < 0.05.

RESULTS AND DISCUSSION

TPC and TFC

The TPC and TFC were determined as a measure of the number
of propolis bioactive components. The results are displayed in
Table 2. The propolis from the Guelma (PEEG) sample shows
the highest TPC, followed by the Propolis Ethanolic Extract from
Ain-Fakroun (PEEF) sample. Interestingly, our results present
a higher TPC than previous studies conducted in different
local regions in Algeria.??> Moreover, a more considerable

variability in TPC was shown in propolis collected from several
parts of the world.?® Conversely, these findings contradict the
results of Bouaroura et al.** who studied propolis from the
same region (Guelma) and reported a complete lack of TPC,
which emphasizes the intense variability in propolis contents.
Regarding TFC, the results also displayed that the PEEG sample
exhibited the highest content, greater than that reported by
Boulechfar et al.? Although the study samples were harvested
in the same season and extracted using the same method,
the two extracts were significantly different. This difference
is mainly attributed to plant origin of the propolis and, more
specifically, to the vegetation where bees gather propolis.?

Table 2. Total phenolic and flavonoid content of PEE

Propolis extracts TPC (ug GAE/mg E) TFC (ug QE/mg E)

PEEG 188.50 + 0.33¢ 144.23 +1.03°

PEEF 136.35 + 3.56° 126.38 + 1.62°

All values are expressed as mean + standard deviation (n=3). Small letters (**)
highlight the significant difference (p < 0.05) for TPC and TFC, respectively,
among both extract. TPC is expressed as pg Gallic acid equivalent/mg of
extract, and TFC is expressed as ug Quercetin equivalent/mg of extract. PEE:
Propolis ethanolic extracts, TPC: Total phenolic content, TFC: Total flavonoid
content, PEEF: Propolis Ethanolic Extract from Ain-Fakroun, PEEG: Propolis
from the Guelma

Table 3. Chemical composition of PEE using HPLC-DAD
analyses

Compound RT :E:/i) FnE1gI,E/Fg)
Protocatechic acid 22.39 0.03 0.04
Vanillic acid 34.68 TR TR
Caffeic acid 3519 114 TR
Chlorogenic acid 38.88 ND ND
p-Coumaric acid 40.81 TR TR
Ferulic acid 42.92 ND TR
Cynarin 43.85 6.12 5.96
Prophylgallate 46.98 ND ND
Rutin 4752 ND 0.74
Ellagic acid 50.00 ND ND
Fisetin 51.24 ND ND
Quercetin 55.42 0.38 0.34
Luteolin 57.87 ND ND
Kaempferol 62.48 0.93 0.03
Apigenin 64.07 0.04 TR
Chrysin 7277 ND 0.59
Hesperidin 47.38 0.58 ND
Oleuropein 49.54 ND ND
Naringenin 55.51 1.04 ND
Hesperetin 57.47 0.68 3.70

PEE: Propolis ethanolic extracts, HPLC-DAD: High-performance liquid
chromatography, RT: Retention time, PEEF: Propolis Ethanolic Extract from Ain-
Fakroun, PEEG: Propolis from the Guelma, ND: Not detected, TR: < 0.01 mg/g
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Figure 1. HPLC-DAD chromatogram of PEE. (a) PEEG, (b) PEEF

HPLC-DAD: High-performance liquid chromatography, PEE: Propolis ethanolic
extracts, PEEF: Propolis Ethanolic Extract from Ain-Fakroun, PEEG: Propolis
from the Guelma

Phenolic composition

HPLC-DAD analyses were performed, and the results are
illustrated in Figure 1 and Table 3. From the 42 standard
compounds quantified, only 9 compounds were detected in the
PEEG sample, while 7 compounds were detected in the PEEF
sample. The PEEG and PEEF samples exhibited almost similar
compositions but with different amounts. The most abundant
flavonoid detected in the PEEG and PEEF samples was cynarin,
with an amount of 6.12 and 5.96 mg/g, respectively. Interestingly,
caffeic acid, apigenin, naringenin, and hesperidin were detected
only in the PEEG sample, whereas rutin and chrysin were
detected only in the PEEF sample. Overall, the main components
identified in our propolis samples are similar to those previously
described in different local regions in Algeria.?? Likewise, the
phenolic compounds were approximately identical to those
identified in propolis from different parts of the world.3>> The
abundance of flavonoids in both propolis samples correlates
with many previous studies confirming poplar as a botanical
source of propolis.** Moreover, the botanical origin of cynarin
identified in both PEEs was unknown, but it was inferred from
a chemotaxonomic point of view that this compound would
be collected by bees from exudates of plants belonging to the
Asteraceae family, specifically Cynara cardunculus L. This
species is in the surrounding areas of the apiaries not only in
the two sites of the collection state but also in many northeast
Algerian localities.® It is worth mentioning that this report is the
first on the occurrence of cynarin in Algerian propolis content.

Antioxidant activities of PEE

As previously mentioned, excess production of free radicals
leads to many disorders and may cause many chronic diseases.
Therefore, antioxidant capacity of the propolis was determined,
and the results are presented in Table 4. According to our DPPH
results, the PEEG sample had the strongest antioxidant activity
with an IC_, of 74.24 + 191 pg/mL, but lower than the BHT
and BHA standards. In contrast, PEEF showed no capacity to
scavenge the radical DPPH. Regarding the results of the ABTS
assay, the PEEG sample had a more potent scavenging capacity
than the DPPH results, with an IC, value of 10.46 + 1.40 pg/mL,
which seems important compared to BHT and BHA standards.
Similarly, both extracts demonstrated high antioxidant potential
in the remaining assays, except for the reducing power assay.
Recently, many studies have been conducted on propolis
because of its natural antioxidant potential. This potent
activity is mainly related to its chemical components, which
are capable of reducing radicals. This implies the beneficial
efficacy of propolis for treating pathological damage caused
by free radicals. Considering the employed assays, e.g.,, GOR
and Phen, the antioxidant activity of the two tested samples
was almost close to each other. This close similarity may be
due to the phenolic profiles since the two extracts share some
components such as cynarin, quercetin, kaemferol, hesperetin,
and protocatechuic acid. The capacity of scavenging DPPH by
the PEEG sample may be correlated to caffeic acid, which was
absent in the remaining sample. Interestingly, this compound is
well known for its high antiradical activity.** According to Jun
et al.,* both propolis samples fall into the category of active
antioxidants (IC,: 50-100 ppm).

Antibacterial activity of PEE

The antibacterial effects of PEE are presented in Tables 5 and
6. As can be seen, the PEEG sample showed a remarkable
antibacterial effect against the tested S. aureus MDR strains. In
contrast, the PEEF sample was only active against two strains
of S. aureus. In contrast, PEEG demonstrated minimal efficacy
against Gram-negative bacteria, whereas the PEEF sample did
not show any inhibitory effects on Gram-negative strains. The
microdilution approach revealed that the PEEG sample exhibited
the highest bacteriostatic activity against S. aureus MDR strains
with a MIC value ranging from 2.5 to 20 mg/mL. In contrast,
less activity was recorded against Gram-negative bacteria. The
highest bactericidal effect was observed for PEEG (MBC= 5
mg/mL) against S. aureus MDRI.

PEEF showed no bactericidal activity against all tested strains.
Plants are a valuable source of bioactive compounds with
various pharmacological effects. Many studies have reported
the potential efficiency of plants in causing several disorders
related to bacterial infections, especially those related to MDR
bacteria.® Considering that propolis is a plant-derived product
and thus the abundance of several plant-bioactive compounds
within its chemical content is widespread. Many researchers
have focused on the possible use of propolis as an alternative
antimicrobial agent for the treatment of infections caused by
MDR pathogenic bacteria.
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Table 4. Antioxidant activity of propolis extracts by different assays

Antioxidant activity

Extracts DPPH assay ABTS assay Reducing power assay CUPRAC assay GORIC,, Phen

IC,, (pg/mL) IC,, (pg/mL) A, ug/mL A, ug/mL (pg/mL) A, Hg/mL
PEEG 73.55 + 6.35¢ 10.46 + 1.40° NA 20.61 + 2.93¢ 41.68 + 5.61° 22.26 £ 013"
PEEF NA 24.29 + 2.05¢ NA 68.87 + 1.10¢ 46.30 £ 2.79° 2091 £1.39°
BHT 22.32 £ 119° 1.29 + 0.30° 8.41+ 0.67° 9.62 + 0.87° 332018 2.24 + 0178
BHA 573+ 0.41° 1.81 + 0.10° 9.01+ 1.46° 3.64 £0.19° 5.38 + 0.06° 0.93 £ 0.07°

Linear regression analysis was used to compute the IC,, and A, which were reported as Mean + SD (n = 3). The values in the same columns with different
superscripts (¢, °, <, or 9) are significantly different (p < 0.05). IC_ is defined as the concentration of 50% inhibition percentages while A . is defined as concentration
at 0.50 absorbance, CUPRAC: Cupric ion-reducing antioxidant capacity, GOR: Galvinoxyl radical, BHA: Butylatedhydroxyanisole, BHT: Butylatedhydroxytoluene, NA:
No absorbance, IC: Inhibition concentration, PEEF: Propolis Ethanolic Extract from Ain-Fakroun, PEEG: Propolis from the Guelma

Table 5. Antimicrobial activity of the PEEG sample against MDR bacteria

Strains PEEG Amp (10 pg/disc; K (10 pg/disc; S (10 pg/disc;
Mean + SD* (mm) MIC MBC 50 mg/mL) 50 mg/mL) 50 mg/mL)

Gram-positive bacteria

S. aureus MDR1 18.67 + 1.53*A 25 5 118 158 98

S. aureus MDR2 13.33 + 0.580A 5 10 178 134 -

S. aureus MDR3 11.00 + 2.00%* 20 +20 134 0% 0%

S. aureus MDR4 15.00 + 0.00 5 20 298 17A 108

Gram-negative bacteria

P. aeruginosa MDR1 9.33 + 0.58 10 20 - 104 128

P. aeruginosa MDR2 - +20 NT - 12 13

P. aeruginosa MDR3 10.00 + 0.00%* 20 +20 - - -

E. coli MDR1 9.67 + 2.08* 20 +20 - 168 12»

E. coli MDR2 - +20 NT - 15 R

E. coli MDR3 - +20 NT - - 1

Serratia odorifera MDR - 10 20 - 21 14

Klebsiella pneumoniae MDR 14.00 + 1.73% 20 NT - 124 -

The PEEG inhibition zone (20 pL/disk; 200 pg/disc) are presented as an average of three repetitions (mm = standard deviation). The letters*<A8: Indicate a significant
difference according to Tukey test (p < 0.05). PEEG means of different strains are compared using lowercase while uppercases are used to compare means between
PEEG and each antibiotic for the same strain, SD: Standard deviation, MDR: Multidrug-resistant, MIC: Minimal inhibitory concentration (mg/mL), MBC: Minimal

bactericidal concentration (mg/mL), (-): No activity, NT: Not tested, PEEG: Propolis from the Guelma

From the results mentioned above, propolis possesses
significant antibacterial activity against MDR bacteria.
Similarly, a study demonstrated that Palestinian propolis is
active against MDR clinical isolates.®” These findings agree with
previous research indicating that Gram-positive bacteria are
more susceptible to propolis than Gram-negative bacteria. This
sensitivity is probably related to differences in the membrane
structure of bacteria. Furthermore, in some cases, the diameter
zone recorded for the PEEG sample against S. aureus MDR
strains was even more significant than those produced by
different antimicrobial agents, which indicates the efficacy of
propolis against MDR bacteria compared with the commonly
used antibacterial treatment. Overall, this activity correlates
with propolis bioactive contents such as flavonoids, which
are known for their remarkable ability of bacterial inhibition.?®

Cynarin was the major compound identified and many studies
reported the antimicrobial properties of this compound®. In
addition, other polyphenols, such as caffeic acid, possess highly
potent antibacterial activity. However, many related reports
have associated this activity with the synergistic interaction
between different propolis active components.“

Antibiofilm activity of PEE

The results of the antibiofilm activity of PEE are shown in
Figure 2. PEEG sample significantly inhibited biofilm formation
at MIC concentration in each strain and the highest inhibition
was recorded against S. aureus MDR1 (Figure 3). Lower activity
was registered against the remaining strains. The PEEF sample
showed eradication only against S. aureus MDR1 strain at MIC
and MIC/2. Bacterial biofilms are one of the major factors
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Table 6. Antimicrobial activity of the PEEF sample against MDR bacteria

Strains PEEF Amp (10 pg/disc; 50 K (10 pg/disc; 50 S (10 pg/disc;
Mean + SD (mm) MIC MBC  mg/mL) mg/mL) 50 mg/mL)

Gram-positive bacteria

S. aureus MDR1 10.34 + 2.52% 20 +20 1A 158 9r

S. aureus MDR2 - +20 NT 17 13 -

S. aureus MDR3 - 20 +20 13 10 10

S. aureus MDR4 13.00 + 1.00*A 10 +20 298 178 104

Gram-negative bacteria

P. aeruginosa MDR1 - +20 NT - 10 12

P. aeruginosa MDR2 - +20 NT - 12 13

P. aeruginosa MDR3 - +20 NT - - "

E. coli MDR1 - +20 NT - 16 12

E. coli MDR2 - +20 NT - 15 R

E. coli MDR3 - +20 NT - - 1

S. odorifera MDR - +20 NT - 21 14

K. pneumoniae MDR - +20 NT - 12 -

The PEEF inhibition zone (20 ulL/disk; 200 pg/disc) are presented as an average of three repetitions (mm + SD). The letters “*" indicate no significate difference,
AB; Indicate a significant difference according to Tukey test (p < 0.05). PEEF means of different strains are compared using lowercase while uppercases are used
to compare means between PEEF and each antibiotic for the same strain, SD: Standard deviation, MIC: Minimal inhibitory concentration (mg/mL), MBC: Minimal
bactericidal concentration (mg/mL), (-): No activity, NT: Not tested, MDR: Multidrug-resistant, PEEF: Propolis Ethanolic Extract from Ain-Fakroun
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Figure 2. The effect of varied concentrations (MIC, MIC/2, MIC/4, and
MIC/8) of PEEG and PEEF samples on biofilm formation of five MDR
strains including, S. aureus MDRI1, K. pneumoniae MDR, P. aeruginosa MDR1,
E. coli MDRY1, and S. odorifera MDR. The data represent the mean of three
independent assessments. The error bars reflect standard deviations

MIC: Minimal inhibitory concentration, MDR: Multidrug-resistant,

that contribute to the progression and persistence of chronic
infections, as the destructive effect of antibiotics is becoming
more difficult.4’

These findings agree with those of a study by Daikh et al.?’
at a concentration of 300 pg/mL, Algerian propolis extract
significantly inhibited the biofilm formation of virulent
S. aureus. In line with these results, Brazilian green propolis
has shown antibiofilm activity against the MDR strains of
K. pneumoniae and P. aeruginosa.> Many studies have highlighted
the inhibitory effects of flavonoids and polyphenols on bacterial

Figure 3. A representative image revealing the significant inhibition in
bioflm formation by S. aureus MDR1 using light microscopic observation
(magnification x 40): (a) before treatment with PEEG and (b) after treatment
with PEEG at MIC concentration by crystal violet staining assay

MIC: Minimum inhibitory concentration

Table 7. VI and anti-quorum sensing activities of PEEG and

PEEF samples

PEEF PEEG

VI (%) ?r:m) VI (%) ?msm)
MIC” 44.86 + 2.49° - 62.39 + 1192 -
MIC/2 4115+ 0.77° - 38.36 + 0.00° -
MIC/4 34.87 + 1.46° - 36.45 + 0.00° -
MIC/8 18.45 + 1.60¢ - 31.22 + 0.42¢ -
MIC/16 - - 26.66 + 0.98¢ -
MIC/32 - - 24.20 +1.20° -

The letters (a-d) indicate a significant difference according to Tukey test (p <
0.05), ": MIC values were 20 mg/mL for C. violaceum CV12472 and C. violaceum
CV026, (-): No inhibition, QS: Quorum sensing, PEEF: Propolis Ethanolic
Extract from Ain-Fakroun, PEEG: Propolis from the Guelma, VI: Violacein

inhibition (%)
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biofilms. The variability of flavonoids observed in both propolis
extracts could account for their different in vitro effects. For
example, the stronger activity of the PEEG extract in reducing
biofilm production could be due to it is content of caffeic acid
and quercetin compared with PEEF. Moreover, quercetin,
kaempferol, apigenin, and naringenin were identified as biofilm
inhibitors.*

VI and QSI of propolis extracts

The MIC values of the PEEG and PEEF samples against both
strains were determined and shown in Table 7. It is clear from
the results that both PEEs inhibited violacein production by C.
violaceum 12472 in a dose-dependent manner. The PEEG sample
was more potent in VI than the PEEF sample. Moreover, at
lower doses of MIC/8, the PEEF sample showed no suppression
of violacein synthesis. Unexpectedly, there was no inhibition of
QS of C. violaceum 026, on LB Petri dish agar was observed.

CV12472 can produce violacein pigment under a cell-to-cell
communication mechanism called QS. Therefore, disruption
of this phenomenon is necessary to overcome persistent
infections.** The obtained results prove that propolis inhibits the
QS process. These findings correlate with the study by Sorucu
and Ceylan®®, which demonstrated that propolis has a high
efficiency in disturbing the QS mechanism. Several types of
phytochemicals, such as polyphenols and flavonoids, can affect
the QS process in some bacteria by reducing the expression
of several QS-controlled genes. Furthermore, recent findings
have demonstrated the potent efficiency of different flavonoids,
such as naringenin, kaempferol, quercetin, and apigenin, in
inhibiting chemical signaling process.%-4

CONCLUSION

Recently, the widespread presence of MDR pathogens and the
scarcity of novel antimicrobial agents have been considered an
alarming threat to global health. To mitigate these issues, many
researchers have focused on plant-derived products such
as propolis. Herein, the antibacterial activity against several
MDR pathogens has been reported. It was found that PEEG
possessed the highest antimicrobial activity against several
MDR strains. Furthermore, the antibiofilm and anti-quorum
sensing activities of both extracts make them of considerable
interest because they can disrupt microbial virulence factors
and thus demonstrate efficacy against microbial resistance.
According to the antioxidant activity results, both samples
exhibited appreciable antioxidant activity, proving that propolis
can eliminate the harmful effects of free radicals. Overall, these
findings indicate that propolis could be used as an alternative
remedy for severe pathology related to microbial resistance
and oxidative stress. However, further analyses are needed
to elucidate the main active compounds and mechanisms
responsible for the different biological activities of propolis.
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