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Abstract

Propolis is a resinous substance produced by honey bees that is very popular as a
natural remedy in traditional medicine. The current research is the first study on the
biological properties of ethanolic extracts of propolis (EEP) from several different re-
gions (12) of Iran. Total phenolic and flavonoid contents (TPC and TFC) of Iranian
EEPs were variable between 26.59-221.38 mg GAE/g EEP and 4.8-100.03mg QE/g
EEP. The DPPH scavenging assay showed all the studied EEP samples, except for the
sample with the lowest TPC and TFC (Pé), have suitable antioxidant activity. All the
EEPs inhibited both cholinesterase enzymes (acetylcholinesterase: AChE, butyryl-
cholinesterase: BUChE) but most of them exhibited a distinct selectivity over BuChE.
Evaluation of the antibacterial activity of the EEP samples using four pathogenic bac-
teria (B. cereus, S. aureus, A. baumannii, and P. aeruginosa) demonstrated that the an-
tibacterial properties of propolis are more effective on the gram-positive bacterium.
Spearman correlation analysis showed a strong positive correlation between TPC and
TFC of the Iranian EEPs and their antioxidant, anticholinesterase, and antibacterial
activities. Considering that there is ample evidence of anticholinesterase activity of
flavonoids and a significant correlation between the anticholinesterase activity of the
studied Iranian EEPs and their total flavonoid content was observed, the interaction
of 17 well-known propolis flavonoids with AChE and BuChE was explored using mo-
lecular docking. The results indicated that all the flavonoids interact with the active
site gorge of both enzymes with high affinity. Summing up, the obtained results sug-

gest that Iranian propolis possesses great potential for further studies.
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1 | INTRODUCTION

Propolis (bee glue) is a natural product created by honey bees (Apis
mellifera L.) by mixing their saliva, beeswax, and exudates derived
from different parts of the plants (Marcucci, 1995; Silva-Carvalho
et al., 2015). This resinous material forms the inner lining of the bee-
hives and is used as a protective barrier against foreign invaders,
wind, and rain. The honey bees also use propolis to repair cracks and
holes in the walls of the hive and seal openings and smooth the inner
walls, maintain the hive's internal temperature and cover (embalm)
the corpses of large invaders that are difficult to transport out of the
hive. Propolis has a very pleasant aroma and due to its antimicrobial
activity, prevents the growth of bacteria and fungi inside the hives
(Burdock, 1998; Martinotti & Ranzato, 2015).

The exact composition, aroma, and color of raw propolis (green,
red, brown, and yellow) depend on several factors such as botanical
source, collection season, and geographical area (Wang et al., 2016).
Propolis is mainly composed of resin (50%), wax (30%), essential
oils (10%), pollen (5%), and other organic compounds (5%) (Gomez-
Caravaca et al., 2006).

Over 180 compounds, mostly polyphenols including flavonoids,
phenolic acids, esters, phenolic aldehydes, and ketones have been
identified as components of propolis samples originating from dif-
ferent geographical regions of the world. Polyphenol content is often
considered an indicator to assess the quality of propolis. Two phenolic
acids (caffeic acid and cinnamic acid), 12 different flavonoids (chry-
sin, rutin, catechin, galangin, myricetin, luteolin, quercetin, naringenin,
pinocembrin, acacetin, kaempferol, and apigenin), and one stilbene
derivative (resveratrol) were identified in propolis extracts using cap-
illary zone electrophoresis. Terpenes are responsible for the resinous
odor of propolis and sometimes are used as a criterion for distinguish-
ing between premium and ordinary propolis (Bhargava et al., 2021;
Volpi, 2004). a-amyrin, f-amyrin, isocupressic acid, geraniol, limonene,
and lupeol are among the terpene compounds identified in propolis
(Sturm & Poklar Ulrih, 2020). Propolis also possesses biometabolites
(sugars, amino acids, lipids, and nucleic acids), hydrocarbons (mon-
oesters, diesters, aromatic esters, alkanes, alkenes, and alkadienes),
important vitamins (B1, B2, B6, C, and E), and useful minerals (calcium,
potassium, magnesium, sodium, iron, copper, zinc, and manganese).
There are also a small number of enzymes in propolis including glucose
6-phosphatase, succinic dehydrogenase, acid phosphatase, adenosine
triphosphatase, and beta-amylase (Bhargava et al., 2021; Lotfy, 2006).

Propolis has been used by humankind for different medici-
nal and nonmedicinal purposes since ancient times (Kuropatnicki
et al., 2013). According to the published scientific data, various
biological properties have been attributed to propolis, such as an-
ticancer, antioxidant, anticholinesterase, antihypertensive, liver
protection, wound-healing, oral health, anti-inflammatory, antiulcer,
immunomodulatory, antimicrobial, antiviral, antifungal, and anti-
parasitic (Baltas et al., 2016; Bhargava et al., 2021; Dilokthornsakul
et al., 2022; Kocot et al., 2018; Pasupuleti et al., 2017; Rezvannejad
et al., 2017; Saeed et al., 2021; Suran et al., 2021; Viuda-Martos
et al., 2008). The data provided by in vitro studies, animal mod-
els, and human clinical trials demonstrate that propolis can reduce

the manifestations of neurological and brain disorders through its
protective and therapeutic effects (Zulhendri, Chandrasekaran,
et al,, 2021; Zulhendri, Perera, et al., 2021).

The current research is the first comprehensive study on the bio-
logical properties of several propolis samples collected from different
regions of Iran. This study covers the evaluation of the total phenolic
and flavonoid contents (TPC and TFC) and the antioxidant, anticho-
linesterase, and antibacterial activities of 12 ethanolic extracts of
Iranian propolis. Although the antibacterial and antioxidant activities
of Iranian propolis have been previously studied, its anticholines-
terase activity has not been studied until now. Meanwhile, previous
studies have been conducted on one or a few limited Iranian propo-
lis samples. In this research, also for the first time, the interaction of
17 well-known propolis flavonoids with the cholinesterase enzymes

(AChE and BuChE) has been investigated using molecular docking.

2 | MATERIALS AND METHODS

2.1 | Chemicals

Electric eel acetylcholinesterase (Type VI-S), acetylthiocholine io-
dide, equine serum butyrylcholinesterase, S-butyrylthiocholine
iodide, 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB), neostigmine, 2,
2-diphenyl-1-picrylhydrazyl (DPPH), Folin-Ciocalteu reagent, gallic
acid, quercetin, ascorbic acid, ciprofloxacin, Luria-Bertani (LB) and
nutrient agar media were purchased from Sigma-Aldrich. Ethanol,
Na2CO3, KH,PO,, K,HPO,, aluminum chloride, and methanol were
provided by Merck.

2.2 | Propolis samples and preparation of the
ethanolic extracts

Twelve Iranian propolis samples (P1-P12) used in this research are listed
in Table 1, along with coordinates. Raw propolis samples were collected
by experienced beekeepers from beehives located in various regions of
Iran. The propolis samples were stored at -20°C until use. Preparation
of the ethanolic extracts of propolis (EEP) was performed in the follow-
ing steps: Raw propolis was pulverized by liquid nitrogen. Ten grams of
powdered propolis with 100mL of 80% ethanol was placed in a dark
glass flask and stirred on a shaker at room temperature for 72h and the
mixture was then filtrated by centrifugation in two steps. The super-
natant was concentrated using rotary evaporation at 40°C and then
placed in a vacuum oven at 40°C for complete drying. The ethanolic

extracts were kept in the dark containers at ~20°C until further steps.

2.3 | Determination of total phenolic content

The total phenolic content (TPC) of the EEP samples was measured
utilizing the colorimetric Folin-Ciocalteu method and gallic acid was
used as the calibration standard (Singleton & Rossi, 1965). The re-
sults were expressed as milligrams of gallic acid equivalents (GAE)
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TABLE 1 The Propolis samples studied in this research were
collected from 12 various geographical regions of Iran.

Geographical

Propolis sample region Coordinates

P1 Ardebil 38.2537° N, 48.3000° E
P2 Shahrekord 32.3282° N, 50.8769° E
P3 Najafabad 32.6382° N, 51.3575° E
P4 Lalehzar 29.513894° N, 56.82268° E
P5 Rayen 29.5913° N, 57.4458° E
P6 Lordegan 31.5166° N, 50.8144° E
P7 Qom 34.6416° N, 50.8746° E
P8 Gorgan 36.8418° N, 54.4334° E
P9 Binalud 36.4264° N, 58.8492° E
P10 Daregaz 37.4455° N, 59.1099° E
P11 Khoy 38.5534° N, 44.9397° E
P12 Kerman 30.2793° N, 57.1365° E

per gram of EEP (mg GAE/g EEP). For each sample, the experiment
was performed in triplicate. For this purpose, 100 pL of 0.2N Folin-
Ciocalteu reagent, 590 L of distilled water, and 10 pL of EEP in 80%
ethanol (final concentration of 50pg/mL) were placed in a cell for
1min at room temperature in the dark. Three hundred microliters
of sodium carbonate (7.5%) was then added to the cell and the mix-
ture was incubated in the dark for 30min at room temperature. The
absorbance was read at 735nm with a spectrophotometer (Cary
50, Australia). A solution containing 100 uL of 0.2N Folin-Ciocalteu
reagent, 600pL of distilled water, and 300pL of sodium carbonate
(7.5%) was utilized as the blank sample.

2.4 | Determination of total flavonoid content

The aluminum chloride colorimetric method was used to measure
the total flavonoid content (TFC) of EEP samples (Wang et al., 2016).
Five hundred microliters of EEP in 75% ethanol (final concentra-
tion of 50 pg/mL) was added to 500puL of 2% aluminum chloride in
a tube. The tube was then incubated in the dark for 15min at room
temperature. The absorbance was recorded at 435 nm with a spec-
trophotometer (Cary 50, Australia). A solution containing 500 uL
of 2% aluminum chloride and 500pL of distilled water was used
as the blank. Three replications were performed for each sample.
Quercetin was applied as the calibration standard and the TFC of
EEP samples was expressed in milligrams of quercetin equivalents
(QE) per gram of EEP (mg QE/g EEP).

2.5 | DPPH-free radical scavenging assay

To evaluate the antioxidant activity of EEP samples, the DPPH (2,
2-diphenyl-1-picrylhydrazyl) free radical scavenging assay was used
(Bondet et al., 1997). All the EEP samples were tested at six differ-
ent concentrations. For each concentration, three replications were

performed. Briefly, 750 pL of 0.4mM DPPH solution was added to
250puL of EEP dissolved in methanol. After 30 min of incubation in
the dark at room temperature, the absorbance of the sample was
recorded at 517 nm. A sample containing 750 uL of DPPH solution
(0.4mM) and 250uL of methanol was considered as the control
sample. Ascorbic acid was used as the positive control. For this aim,
six different concentrations of ascorbic acid (0.5-12.5pg/mL) were
used and for each concentration, three replications were considered.

The following formula was used to calculate the percentage
of DPPH inhibition free radical by each concentration of the EEP
sample:

Inhibition of DPPH (%) = [(Acontrol — Asample) / Acontrol] % 100

absorbance of the control sample; A absorbance of

Acontrol’
the EEP sample.

The IC,, value (the concentration of a sample that has the ability

sample’

to inhibit DPPH radical by 50%) for each sample was obtained using
a dose-response graph plotting the percentage of DPPH inhibition

versus the concentration logarithm of the EEP sample.

2.6 | Measurement of anticholinesterase activity
To determine the half maximal inhibitory concentration (Icso) of EEP
samples for acetylcholinesterase (AChE) or butyrylcholinesterase
(BUuChE), the activity of the enzymes was measured in the absence
and presence of six different concentrations of each EEP sample by
the Ellman method (Ellman et al., 1961). Each concentration was ana-
lyzed in triplicate and a well-known inhibitor of the cholinesterase
enzymes, neostigmine, was used as the positive control. All the en-
zyme assays were performed on a 96-well plate with a final volume
of 200pL.

The assay mixture consisted of 0.1 M potassium phosphate buf-
fer (pH 8.0) and the enzyme (AChE or BuChE) and DTNB with the
final concentrations of 0.1unit/mL and 0.5mM, respectively. The
EEPs (in 70% ethanol) were incubated with the assay mixture for
10 min. Substrate (acetylthiocholine iodide or S-butyrylthiocholine
iodide) was then added to the assay with the final concentration of
1 mM and the absorbance was read after 10 min at 405 nm by a mi-
croplate reader (EIx808 Biotek Instruments). A sample containing
all assay components, except the enzyme was applied as the blank.
Finally, the percentage of enzyme activity inhibition at each con-
centration of the EEP sample was determined and the IC, value
was calculated from the dose-response curve plotting the percent-
age of inhibition versus concentration logarithm of the EEP sample.
The results were reported as the mean +standard deviation (SD).

2.7 | Evaluation of antibacterial activity

To evaluate the antibacterial activity of EEP samples, four patho-
genic bacteria, Bacillus cereus, Staphylococcus aureus, Acinetobacter
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baumannii, and Pseudomonas aeruginosa were used. The first two
bacteria are gram-positive and the next two are gram-negative. In
the first step, the lowest inhibitory concentration (MIC: minimum
inhibitory concentration) and the lowest bactericidal concentration
(MBC: minimum bactericidal concentration) of each EEP sample
were determined using the broth macrodilution method (Balouiri
et al., 2016; Shohayeb et al., 2014). In brief, seven different concen-
trations from each EEP sample (in 70% ethanol) were prepared using
the LB culture medium by two-fold dilution in test tubes. A bacte-
rial suspension equivalent to a 0.5 McFarland standard was added
to each tube. The sample tubes, the positive control tube (bacterial
suspension with LB culture medium), the negative control tube (LB
culture medium and propolis extract), and the tube containing only
LB culture medium were then incubated for 24 h at 37°C. After the
incubation period, the results were investigated based on microbial
turbidity. The lowest concentration in which microbial turbidity was
not observed was considered MIC. Each test was repeated three
times. In order to determine the lowest bactericidal concentration
(MBC), the samples without microbial turbidity from the previous
step (determination of MIC) were cultured in the solid LB medium,
and the lowest concentration in which no bacterial colony was ob-
served was considered MBC. Three replications were considered for
each experiment.

In the next step, the antibacterial activity of the EPP samples
was investigated using the agar well diffusion method (Balouiri
et al., 2016; Domingue et al., 1994). For this purpose, seven dif-
ferent concentrations (similar to MIC determination) of each EEP
sample were prepared using 70% ethanol by two-fold dilution. The
assay was performed in Petri dishes containing nutrient agar me-
dium. After uniformly spreading the human pathogenic bacteria
(B. cereus, S. aureus, A. baumannii, or P. aeruginosa) on the surface
of the medium using a sterile swab, a well with a diameter of 5mm
was made in the medium and filled with 25pL of the sample. The
Petri dishes were then incubated at 37°C for 16 to 18 h. 70% eth-
anol solution and ciprofloxacin were used as the negative control
and the positive control, respectively. For each EEP sample, three
replicates per concentration were considered. The Diameter of
the growth inhibition halo was measured for different concentra-
tions of the EEP samples and 70% ethanol by caliper. To report the
results, the diameter of the growth inhibition halo of each concen-
tration of the EEP samples was subtracted from the halo diameter
of 70% ethanol.

2.8 | Statistical analysis

The data were calculated in the form of arithmetical mean values
and standard deviations. The correlation between data was statisti-
cally analyzed using the one-way ANOVA method, Spearman cor-
relation of SPSS software (version 13.0). The diameter of growth
inhibition halo data was also statistically analyzed using the ANOVA
method and SAS software (version 9.1) and means comparison has
been performed by Tukey method and proc GLM.

Equationmodel: y; = px; + ¢

y; denotes observations of studied parameters. x; denotes dif-

ferent concentrations of the EEP samples. ¢; is the deviation vector.

2.9 | Molecular docking studies

To explore the possible binding sites of 17 well-known propo-
lis flavonoids on the cholinesterase enzymes (AChE and BuChE)
by molecular docking, AutoDock Vina 1.1.2 software (Trott
& Olson, 2010) was used. For this aim, the crystal structure of
human AChE (PDB entry 4MOE) (Cheung et al., 2013) and human
BuChE (PDB entry 4TPK) (Brus et al., 2014) were used as the re-
ceptors. Before using the protein structures in the docking stud-
ies, the ligand and water molecules were removed and the missing
residues were then added using MODELLER software (Webb &
Sali, 2016). The protein structures were finally energy minimized
by GROMACS (Berendsen et al., 1995). The SDF files of all 17 fla-
vonoid compounds were downloaded from the PubChem website
(https://pubchem.ncbi.nlm.nih.gov/) and then converted into PDB
files using Mercury 1.4.2 software and ultimately energy mini-
mized by ChemBio3D Ultra 14.0 software. AutoDock Tools 1.5.6
software was used to prepare the PDBQT files of the ligands and
receptors. The position and dimensions of the grid boxes were
selected in such a way that all parts of the active site gorge of
the enzymes (catalytic triad, oxyanion hole, choline and acyl bind-
ing pockets, and PAS allosteric site) were included. The overall
docking results were studied using AutoDock Tools. In order to
analyze the results more accurately, the ligand-receptor complex
corresponding to the best docking conformation (lowest binding
energy) was prepared for each flavonoid compound and analyzed
using PyMol and LigPlot (Laskowski & Swindells, 2011) softwares
and the amino acid residues involved in the binding process were
determined.

3 | RESULTS AND DISCUSSION

In this research, TPC and TFC and some biological activities (an-
tioxidant, antimicrobial, and anticholinesterase) of 12 propo-
lis samples collected from various geographical regions of Iran
were investigated. The antibacterial and antioxidant properties
of one or a few limited Iranian propolis samples have been previ-
ously studied (Afrouzan et al., 2018; Jafarzadeh Kashi et al., 2011;
Mohammadzadeh et al., 2007; Rezvani et al., 2018; Samieerad &
Gheibi, 2020). This research is therefore the first survey on the
evaluation of the biological properties of several Iranian propolis
samples and the first study on the anticholinesterase (anti-AChE and
anti-BuChE) activity of Iranian propolis. In this study, also for the
first time, the interaction of 17 well-known flavonoid compounds
of propolis with the active site gorge of the cholinesterase enzymes
(AChE and BuChE) has been explored using molecular docking.
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3.1 | TPC, TFC, and antioxidant potency

Propolis consists of a wide array of polyphenolic compounds, mostly
flavonoids, phenolic acids, and their esters. The flavonoid content
is used as an index to evaluate the quality of propolis from temper-
ate regions. Many biological and therapeutical properties of propo-
lis are attributed to its phenolic and flavonoid composition (Huang
et al., 2014; Wang et al., 2016). For example, the anticancer proper-
ties of propolis such as induction of apoptosis, anti-angiogenic activ-
ity, and inhibition of proliferation, migration, and invasion are related
to the polyphenolic compounds (Forma & Brys, 2021). According to
the published papers, propolis polyphenolic compounds show anti-
inflammatory properties and can inhibit the synthesis of leukotrienes
and prostaglandins and the activity of myeloperoxidase, ornithine
decarboxylase, NADPH-oxidase, and tyrosine-protein kinase. These
compounds also play essential roles in antioxidant, antibacterial, im-
munomodulatory, and wound-healing activities (Oryan et al., 2018).
Based on the literature, polyphenolic compounds of propolis pos-
sess cariogenic properties and reduce the accumulation of dental
plaques and improve oral health (Kurek-Gorecka et al., 2022).

The TPC and TFC of the studied Iranian EEP samples are shown
in Table 2. As well seen, the TPC of the extracts are variable be-
tween 221.38 and 26.59 mg GAE/g EEP which is related to P9 and
P6 samples, respectively. Among the 12 EEP samples, P9 and Pé also
possess the highest (100.03 mg QE/g EEP) and lowest (4.8 mg QE/g
EEP) TFC. A closer look at the results demonstrated that in addition
to P9, the EEP samples of P8, P11, P4, P1, and P2 contain high TPC
and TFC. As shown in Table 6, there is a perfect positive correla-
tion between TPC and TFC (R?=1), which means the EEP samples
with higher TPCalso possess higher TFC and vice versa. There are
frequent scientific reports that the vegetation of the propolis col-
lection area has a very significant effect on its composition (Anjum
et al., 2019; Huang et al., 2014; Wieczorek et al., 2022).

Oxidative stress is mainly created as a result of the imbalance be-
tween generation and neutralization of the prooxidants. Many well-
known diseases and disorders are related to oxidative stress, such
as aging, rheumatoid arthritis, cardiovascular diseases, diabetes,
cancer, neurodegenerative diseases (Alzheimer's disease [AD] and
Parkinson's disease [PD]), and inflammation. Natural or synthetic an-
tioxidants are capable of inhibiting or delaying the oxidation process
using several mechanisms, such as scavenging the free radicals. The
antioxidants, therefore, play an important role in preventing or treat-
ment of oxidative stress-induced disorders (Abeyrathne et al., 2022;
Cammisuli et al., 2022; Wang et al., 2016).

The literature review shows that the antioxidant properties of
the propolis have been studied and confirmed using DPPH, ORAC,
FRAP, ABTS*, and B-carotene /linoleic acid methods (EI-Guendouz
et al.,, 2019; Kocot et al., 2018; Okinczyc et al., 2021). In this re-
search, the antioxidant capacity of the Iranian EEP samples was
measured by evaluating their ability to inhibit DPPH-free radicals.
The IC,, values corresponding to evaluating the antioxidant activity
(Table 2) indicated that the EEP samples with the highest (P9) and
lowest (P6) TPC and TFC have the most (IC,: 4.62ug/mL) and least

TABLE 2 Total phenolic and flavonoid contents (TPC and TFC)
and DPPH IC,, values of 12 Iranian EEP samples (P1-P12). Ascorbic
acid was used as a positive control in DPPH test.

TPC (mg GAE/g TFC(mgQE/g  DPPH (IC,:
Sample EEP) EEP) ng/mL)
P1 148.33+0.020 51.11+0.004 29.50+0.05
P2 140.78+0.012 39.20+0.016 32+0.024
P3 52.61+0.037 23.33+0.016 64.49+0.020
P4 165.96+0.012 72.26+0.004  5.64+0.004
P5 70.25+0.009 29.92+0.021 44.47+0.028
P6 26.59+0.024 4.80+0.008 1031.57+1.25
P7 55.13+0.021 27.30+0.024 58+0.046
P8 193.67+0.028 84.16+0.024 5.02+0.004
P9 221.38+0.008 100.03+0.016 4.62+0.008
P10 40.86+0.020 21.98+0.012 65.93+0.038
P11 191.15+0.024 76.23+0.012 5.90+0.004
P12 75.28+0.046 33.88+0.012 39.97+0.024
Ascorbicacid - - 3.89+0.028

(IC50: 1031.57 pg/ml) ability to inhibit DPPH-free radicals. The anti-
oxidant potency of P8 (IC,,: 5.02pug/mL), P4 (IC: 5.64 pg/mL), and
P11 (IC,,: 5.9 ug/mL) samples is almost equal to P9. Considering the
IC;, value of ascorbic acid (3.89 pg/mL), all the studied EEP samples,
except for P6, possess a suitable antioxidant capacity.

The statistical correlation study shows that there is a strong
negative correlation between these two parameters (TPC and TFC)
and the DPPH results (R?=-.99). The obtained results are consistent
with the previous data, which correlate the antioxidant activity of
the propolis extracts with the TPC and TFC (da Silva et al., 2006;
El-Guendouz et al., 2018; Socha et al., 2015). There are also pub-
lished documents demonstrating the positive correlation between
the antioxidant capacity of the propolis extracts and their TPC (Ahn
et al.,, 2007; Hamasaka et al., 2004; Kalogeropoulos et al., 2009;
Moreira et al., 2008; Wang et al., 2016) or TFC (Isla et al., 2009).
There is ample evidence representing the remarkable antioxidant ac-
tivity of the phenolic compounds especially flavonoids (Abeyrathne
et al., 2022; Liu, 2022; Shen et al., 2022).

3.2 | Anticholinesterase (anti-AChE and anti-
BuChE) activity

Based on several published papers in recent years, propolis can be
considered as a promising therapeutic natural substance to protect
the brain and treat neurological injuries and disorders (Ayikobua
et al., 2018; Bhargava et al., 2021; Zulhendri, Chandrasekaran,
et al., 2021; Zulhendri, Perera, et al., 2021).

The administration of cholinesterase enzymes (AChE and
BuChE) inhibitors is the main therapeutic strategy for the symptom-
atic treatment of mild to moderately severe forms of AD (Colovic
et al,, 2013; Sharma, 2019). The anticholinesterases are also used
to manage other forms of neurological disorders, such as ataxia,
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PD, dementia with Lewy bodies, senile dementia, vascular demen-
tia, Down's syndrome, Korsakoff disease, and myasthenia gravis
(Farmakidis et al., 2018; Kulshreshtha & Piplani, 2016; Mukherjee
et al., 2007). Nowadays, there are worldwide research efforts for
the design and development of novel cholinesterase inhibitors
with more efficacy and fewer side effects (Lotfi et al., 2020; Mariki
et al., 2021; Sharma, 2019). The identification of new potent anti-
cholinesterase compounds through the study of natural resources
has also attracted a lot of attention (Dey et al., 2017; Dos Santos
et al., 2018; Houghton et al., 2006; Mukherjee et al., 2007).

The results corresponding to the evaluation of anti-AChE and
anti-BuChE activity of the EEP samples are represented in Table 3.
As well seen, all the EEP samples are capable of inhibiting cholin-
esterase enzymes, but their ability to inhibit the enzymes is very
different. Among the 12 EEP samples, P4 (IC,,: 14.37 pg/mL) and
P10 (ICy,: 239 ug/mL) show the highest and lowest potency to in-
hibit AChE. These two samples with the respective IC;, values of
13.05pug/mL and 155.34pg/mL also possess the highest and low-
est anti-BuChE activity. The P9 sample is also a potent inhibitor
of BUChE and its IC,, value for the enzyme (15.06 ug/mL) is very
close to that of P4. Whereas, the anti-AChE activity of P9 (ICSO:
25.72pg/mL)is almost 1.8 times less than that of P4. The IC,, values
of neostigmine for AChE and BuChE inhibition are 0.023 pg/mL and
0.04 ug/mL, respectively. Therefore, the potency of all the propolis
extracts to inhibit AChE and BuChE is much less than that of the
reference compound.

As shown in Table 3, the anti-BuChE activity of three EEP sam-
ples (P4, P5, and P11) is slightly higher than anti-AChE activity, but
the rest of the samples show a distinct selectivity over BUChE. The
data published on the anticholinesterase activity of Algerian prop-
olis methanolic extracts also demonstrated the higher ability of the
extracts to inhibit BUuChE than AChE (Boulechfar et al., 2019, 2022).
Considering that in the late stages of AD, there is a decrease in AChE
level and an increase in BUChE level in the brain, selective BuChE
inhibitors are of great importance in the treatment of advanced AD
(Lietal., 2017).

As shown in Table 6, a strong negative correlation is observed
between the TPC and TFC, and the results obtained from the eval-
uation of the anti-AChE (R?=-.94) and anti-BuChE (R?=-.93) of the
EEP samples. This means the EEP samples with higher TPC and TFC
possess a higher ability to inhibit the cholinesterase enzymes (AChE
and BuChE) and vice versa. There are published reports indicating
the positive correlation between the anticholinesterase activity
and the TPC and TFC of the propolis extracts from Turkey (Baltas
et al., 2016) and Morocco (EI-Guendouz et al., 2016). No direct cor-
relation has been observed between anticholinesterase potency and
TPC and TFC of the studied Korean EEPs (Wang et al., 2016).

3.3 | Antibacterial activity

The antibacterial properties of propolis have been well studied and
documented (Bouchelaghem, 2022; Przybylek & Karpinski, 2019;

TABLE 3 Invitro inhibition (ICy,?, pg/mL) of 12 Iranian EEP
samples (P1-P12) and the reference compound (neostigmine) on
AChE and BuChE.

IC,, for AChE IC,, for BuCE Selectivity
Sample (ng/mL) (ng/mL) for BuChE®
P1 45.56+0.020 30.40+0.09 1.5
P2 62.08+0.1 41.91+0.028 1.48
P3 83.79+0.12 66.64+0.034 1.26
P4 14.37+0.028 13.05+0.005 1.1
P5 69.53+0.034 65.52+0.028 1.06
P6 174.06 +0.24 128.67+0.18 1.35
P7 154.66+0.13 92.75+0.045 1.67
P8 43.58+0.028 23.69+0.008 1.84
P9 25.72+0.020 15.06+0.004 1.7
P10 239+0.025 155.34+0.17 1.54
P11 44.71+0.028 39.95+0.024 1.12
P12 7773+0.12 49.98+0.028 1.55
Neostigmine 0.023+0.001 0.04+0.0005 0.57

2Concentration of the extract required for 50% inhibition of AChE or
BuChE. The data are shown as mean+SEM of three experiments.
PAChE IC5,/BuChE ICq,

Zulhendri, Chandrasekaran, et al., 2021; Zulhendri, Perera,
et al., 2021). As explained in the experimental section, the anti-
bacterial activity of the Iranian propolis ethanolic extracts was in-
vestigated using two gram-positive (B. cereus, S. aureus) and two
gram-negative (A. baumannii, P. aeruginosa) pathogenic bacteria.

B. cereus which exists in soil, different types of raw and pro-
cessed foods, and vegetables, is an aerobic spore-forming and a
common food poisoning bacterium. This organism generates two
types of food poisoning, the emetic and diarrheal syndromes, and
an array of systemic and local infections (Schoeni & Wong, 2005;
Stenfors Arnesen et al., 2008). S. aureus is a facultative anaerobic
coccus. Some S. aureus strains are capable of producing enterotoxins
and causing food poisoning. Symptoms of staphylococcal food poi-
soning are nausea, vomiting, and abdominal cramps, with or without
diarrhea (Argudin et al., 2010; Le Loir et al., 2003). The antibacte-
rial effects of propolis on foodborne bacteria, such as B. cereus, S.
aureus, Listeria monocytogenes, Enterococcus faecalis, and Clostridium
perfringens have proposed it as a promising natural preservative (Kim
& Chung, 2011; Yang et al., 2017).

A. baumannii is an opportunistic bacillus and the major cause
of hospital-acquired infections. P. aeruginosa is also an opportu-
nistic rod-shaped pathogen responsible for nosocomial infections.
Due to the rapid emergence of multidrug-resistant strains of A.
baumannii and P. aeruginosa, the therapeutic strategies for the in-
fections caused by these two pathogens are limited (Kunz Coyne
et al., 2022; Nocera et al., 2021). Therefore, the study of natural
resources, such as propolis to find and develop new pharmaceuti-
cal agents for the treatment of infections caused by A. baumannii
and P. aeruginosa has great importance (Hannan et al., 2015; Meto
et al., 2020).
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TABLE 6 The Spearman correlations between studied parameters calculated by SPSS software.

TPC TFC DPPH Anti-AChE

TPC 1.00 1.00**  -0.99**  -0.94**
TFC 1.00** 1.00 -0.99**  -0.94**
Anti-AChE -0.94**  -0.94** 0.96** 1.00

Anti-BuChE -0.93**  -0.93** 0.96** 0.99**
DPPH -0.99**  -0.99** 1.00 0.96**
Agar well diffusion 1 0.81** 0.81** -0.81**  -0.87**
Agar well diffusion 2 0.83** 0.83**  -0.84** -0.89**
Agar well diffusion 3 0.85** 0.85**  -0.85** -0.86**
Agar well diffusion 4 0.82** 0.82**  -0.82** -0.82**

Agar well Agar well Agar well Agar well

Anti-BuChE diffusion 1° diffusion 2®  diffusion 3°  diffusion 4¢
-0.93** 0.81** 0.83** 0.85** 0.82**
-0.93** 0.81** 0.83** 0.85** 0.82**

0.99** -0.87** -0.89** -0.86** -0.82**

1.00 -0.81** -0.82** -0.84** -0.78**

0.96** -0.81** -0.84** -0.85** -0.82**
-0.81** 1.00 0.99** 0.90** 0.87**
-0.82** 0.99** 1.00 0.91* 0.88**
-0.84** 0.90** 0.91** 1.00 0.99**
-0.78** 0.87** 0.88** 0.99** 1.00

Bacillus cereus.

bStaphylococcus aureus.

“Acinetobacter baumannii.

dpseudomonas aeruginosa.

**Correlation is significant at the 0.01 level (two-tailed).

The existence of a strong positive correlation between TPC
and TFC of the EEPs and the results obtained from agar well dif-
fusion 1 (R?=.81), 2 (R*=.83), 3 (R?=.85), and 4 (R?=.82) (Table 6)
demonstrates that the EEP samples with higher TPC and TFC inhibit
the growth of pathogenic bacteria with more power. These results
are consistent with some previously published reports (da Silva
et al., 2006; Gorniak et al., 2019; Inui et al., 2014; Yuan et al., 2021).

3.4 | Molecular docking

As implied before, the propolis flavonoid composition, which is re-
sponsible for many of its biological and medicinal properties, is used as
a criterion for the assessment of propolis quality (Huang et al., 2014;
Wang et al., 2016). Scientific reports indicate the anticholinester-
ase activity of the flavonoid compounds (Dzoyem et al., 2017; Khan
et al., 2009, 2018). Considering that the results obtained from the
current research also represent a strong positive correlation between
the anticholinesterase activity of EEP samples and their TFC, it was
decided to investigate the interaction of 17 well-known propolis fla-
vonoids (Kocot et al., 2018; Pasupuleti et al., 2017; Zhang et al., 2021)
with the active site gorge of the cholinesterase enzymes (AChE and
BuChE) by molecular docking studies. The structure of these flavo-
noid compounds is illustrated in Figure 1.

The AChE docking results demonstrated that all 17 flavonoid
compounds have the ability to interact with the active site gorge of
the enzyme and their best binding energy varies between -8.9 and
-7 kcal/mol. The lowest docking energy is corresponding to rutin and
the highest is related to fisetin (Table 7). Table 8 exhibits the amino
acid residues of AChE that play a role in the binding of each flavonoid
to the enzyme by creating hydrogen or hydrophobic interactions.

The AChE active site gorge consists of several parts: catalytic
triad (Ser203, Glu334, and His447), acyl-binding pocket (Trp236,
Phe295, Phe297, and Phe338), choline-binding pocket (Trp86,

Glu202, and Tyr337), peripheral anionic site (PAS) (Tyr72, Asp74,
Tyr124, Trp286, and Tyr341), and oxyanion hole (Gly121, Gly122,
and Ala204) (Atanasova et al., 2015; Damuka et al., 2020; Kua
et al., 2003; Wiesner et al., 2007; Zhang et al., 2002).

As it is clear from the results, several amino acids involved in
the binding process are similar. All the compounds interact with PAS
and acyl-binding pocket. The PAS is an allosteric site located near
the entrance of the active site gorge. The acyl pocket that is local-
ized near the depth of the gorge is involved in binding to the acetyl
group of the substrate (acetylcholine). Among the 17 flavonoids,
only caffeic acid phenethyl ester (CAPE) and myricetin interact with
the deeper parts of the active site gorge. These two compounds in-
teract with the choline-binding pocket (responsible for binding to
the choline group of acetylcholine) and the oxy-anion hole, which
are located in the deeper areas of the gorge compared to the acyl
packet. Myricetin also interacts with two amino acid residues from
the catalytic triad (located at the bottom of the gorge) and therefore
its interaction with the enzyme is unique compared to other studied
flavonoid compounds. For example, the interaction mode of the best
docking conformation of myricetin with the AChE active site gorge
is shown in Figure 2a,b.

The docking results corresponding to the interaction of flavo-
noids with BUChE indicated that all the studied compounds interact
with the BuChE active site gorge with considerable binding energy
(Table 6). Among the 17 studied flavonoids, rutin and isorhamne-
tin bind to BuChE with the highest (-10.8kcal/mol) and lowest
(8.1 kcal/mol) affinity, respectively.

The active site gorge of BUChE is also composed of the catalytic
triad (Ser198, Glu325, and His438), acyl-binding pocket (Trp231,
Leu286, and Val288), choline-binding pocket (Trp82 and, Glu197),
PAS (Asp70, Phe329, and Tyr332), and oxyanion hole (Gly116 and
Gly117) (Brus et al., 2014; Macdonald et al., 2012).

The amino acid residues participating in the binding of BUChE
to the flavonoids are represented in Table 9. As well seen, all the
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FIGURE 1 The structure of 17 well-known propolis flavonoids.

studied flavonoid compounds interact with PAS and choline-binding
pocket. Most of the studied propolis flavonoids also interact with
one or two amino acid residues from the catalytic triad (except for
daidzein) and oxyanion hole (except for daidzein, luteolin, narin-
genin, and quercetin). The acyl-binding pocket is also involved in the

Ox OH O

Chrysin

OCH;

Galangin Isothamnetin
OH
HO o ©/
OH O ITI 0 )
Myricetin armgenin

Quercetin

OH
o
HO
O o
H3C O
HO
HO
OH

Rutin

OH

interaction of catechin, chrysin, fisetin, galangin, isorhamnetin, kae-
mpferol, myricetin, pinobanksin, and pinocembrin with the BuChE
gorge area. For instance, the binding mode of the best docking
pose of myricetin with the BuChE active site gorge is represented
in Figure 2c,d.
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TABLE 7 The best docking energies
obtained from the study of the

interaction of 17 propolis flavonoids with
cholinesterase enzymes.

NV 0O N ot hAWN e

[ Y
N o AWM O

Flavonoid compound

The best docking energy for  The best docking energy

AChE (kcal/mol) for BuChE (kcal/mol)

Acacetin -8 -8.3
Apigenin -7.8 -8.8
CAPE -8.2 -8.2
Catechin =77 -8.5
Chrysin -8.1 -8.6
Daidzein -7.5 -8.3
Fisetin -7 -8.3
Galangin 7.4 -8.6
Isorhamnetin -7.3 -8.1
Kaempferol 7.3 -8.5
Luteolin =79 -9

Myricetin 7.3 -8.6
Naringenin -79 -8.7
Pinobanksin -8.2 -8.6
Pinocembrin -8.1 -8.6
Quercetin -7.4 -84
Rutin -8.9 -10.8

TABLE 8 The amino acid residues involved in the interaction of propolis flavonoid compounds with AChE identified with LigPlot

software.

Compound

1 Acacetin
Apigenin

3 CAPE

4 Catechin

5 Chrysin

6 Daidzein

7 Fisetin

8 Galangin

9 Isorhamnetin

10 Kaempferol

11 Luteolin

12 Myricetin

13 Naringenin

14 Pinobanksin

15 Pinocembrin

16 Quercetin

17 Rutin

to the gorge region of both enzymes with high affinity (Table 7).
Analysis of the amino acid residues participating in the interaction
process (Tables 8 and 9) shows that the allosteric site (PAS) and at

According to the docking results, all the studied flavonoids bind

Amino acid residues involved in the AChE-flavonoid interaction

Hydrogen bonds

Trp286
Tyr72, Tyr124
Tyr124, Tyr133, Glu202

Tyr72, Tyr124, Trp286, Phe295
Tyr72, Trp286

Tyr124, Trp286

Tyr72, Asp74, Tyr124

Tyr124

Tyr124

Tyr124

Tyr72, Tyr124, Trp286, Phe295

Asn87, Glu202, Ser203, Ser125,
Tyr337, His447

Tyr72, Tyr124
Tyr72, Ser293, Tyr341
Tyr72

Tp286, Ser293, Phe295, Arg296,
Tyr341

Asp74, Thr75, Tyrl124, His287,
GIn291

Hydrophobic interactions

Tyr72, Tyr124, His287, Leu289, Phe297, Tyr341, Phe338
Trp286, Ser293, Phe295, Phe297, Phe338, Tyr341

Asp74, Trp86, Gly120, Gly121, Gly126, Trp286, Phe295, Phe297, Tyr337, Phe338,
Tyr341

His287, Ser293, Val294, Phe297, Phe338, Tyr341

Tyr124, Leu289, Ser293, Phe295, Phe297, Phe338, Tyr341

Tyr124, Leu289, Ser293, Phe295, Phe297, Phe338, Tyr341

Thr75, Leu76, Trp286, Ser293, Phe295, Phe297, Tyr341

Trp286, Glu292, Ser293, Val294, Phe295, Phe297, Phe338, Tyr341

Trp286, His287, Leu289, Glu292, Ser293, Val294, Phe295, Phe297, Phe338, Tyr341
Trp286, Glu292, Ser293, Val294, Phe295, Phe297, Phe338, Tyr341

Leu289, Val294, Phe297, Phe338, Tyr341

Asp74, Thr83, Trp86, Gly120, Gly121, Gly122, Tyr124, Phe295, Phe297, Phe338

Trp286, Leu289, Ser293, Phe295, Phe297, Phe338, Tyr341
Tyr124, Trp286, Phe295, Phe297

Tyr124, Trp286, Leu289, Ser293, Phe295, Phe297, Phe338, Tyr341
Hi287, Val294, Phe297, Phe338

Tyr72, Leu76, Trp286, Leu289, Glu292, Ser293, Phe295, Phe297, Phe338, Tyr341

least one of the active site parts (the catalytic triad and the substrate-
binding sites including choline and acyl binding pockets) are involved
in the binding of the propolis flavonoids to the active site gorge of
the cholinesterase enzymes. Based on previously published papers,
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FIGURE 2 Binding mode of the best docking conformation of myricetin to the active site gorge of AChE (a, b) and BuChE (c, d)
prepared using LigPlot and PyMol softwares. The hydrogen bonds are illustrated by dashed green and solid red lines in LigPlot and PyMol,
respectively. The amino acid residues participating in the hydrophobic interactions are represented by red half-moons in the LigPlot images.

the generation of the B-amyloid (Ap) fibrils in AD brains accelerates
through a noncatalytic manner of the AChE PAS region (Bartolini
et al., 2003). Therefore, the inhibitors that can bind concurrently
to both active site and PAS (dual-site inhibitors of AChE), besides

increasing acetylcholine levels in AD brains, can decelerate the
process of A aggregation. Therefore, the AChE dual-site inhibitors
have attracted a lot of attention for more efficient treatment of AD
(Zueva et al., 2019).
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TABLE 9 The amino acid residues contributing in the interaction of propolis flavonoid compounds with BuChE determined using LigPlot

software.
Amino acid residues involved in the BuChE-flavonoid interaction

Compound Hydrogen bonds Hydrophobic interactions

1 Acacetin Gly115, Thr120, Glu197 Trp82, Gly116, Gly121, Tyr128, Pro285, Ala328, Phe329, Tyr332, His438,
Gly439

2 Apigenin Trp82, Thr120, Tyr128, Ala328 Gly115, Gly116, Glu197, Tyr332, Trp430, Met437, His438

3 CAPE Trp82, Gly115, Tyr128, Tyr440 Asp70, Gly116, Glu197, Ala328, Phe329, Tyr332, Tyr430, His438

4 Catechin Gly116, Gly117, Ser198, Leu286, Ser287 Trp82, Gly115, Trp231, Val288, Phe329, Phe398, His438

5 Chrysin Glu197 Trp82, Gly116, Gly117, Ser198, Trp231, Leu286, Phe329, Phe398, His438

6 Daidzein Tyr128, Glu197 Trp82, Gly115, Ala328, Phe329, Tyr332

7 Fisetin Gly116, Gly117, Ser198, Leu286, Leu287 Trp82, Trp231, Val288, Phe329, Phe398, His438

8 Galangin Gly116, Gly117, Ser198 Trp82, Gly115, Trp231, Leu286, Phe329, Phe398, His438

9 Isorhamnetin Glu197, Leu286 Trp82, Gly115, Gly116, Gly117, Ser198, Trp231, Ser287, Phe329, Phe398,
His438

10 Kaempferol Gly116, Gly117, Ser198, Leu286 Trp82, Gly115, Trp231, Val288, Phe329, Phe398, His438

11 Luteolin Asné8, Asp70, Trp82, Asn83, Tyr128, lle69, Gly115, Thr120, Gly439

Glu197, His438

12 Myricetin Tyr128, Glu197, Ser287, His438 Trp82, Gly115, Gly116, Gly117, Ser198, Trp231, Pro285, Leu286, Val288,
Phe329, Phe398

13 Naringenin Asné8, Tyr128, Glu197, His438 lle69, Asp70, Trp82, Asn83, Gly115, Thr120, Gly439

14 Pinobanksin Gly116, Gly117, Ser198 Trp82, Gly115, Trp231, Leu286, Phe329, Tyr332, Phe398, His438

15 Pinocembrin Glu197 Trp82, Gly116, Gly117, Ser198, Trp231, Leu286, Phe329, Phe398, His438

16 Quercetin Asné8, Asp70, Asp83, Glu197, His438 1le69, Trp82, Thr120, Tyr332

17 Rutin Asné8, Asp70, Trp82, Asp83, Gly115, lle69, Gly116, Gly117, Thr120, Ala328, Phe329, Trp430, lle442, His438

Tyr128, Glu197, Ser198, Pro285

It is noteworthy, there is ample evidence demonstrating the
neuroprotective effects of all the flavonoids studied in this research
(Balaha et al., 2021; Bastianetto et al., 2006; Budzynska et al., 2019;
Chen et al., 2017; Dourado et al., 2020; Hamdi et al., 2021; Hussein
et al., 2018; Jamali-Raeufy et al., 2019; Kempuraj et al., 2021; Khan
et al., 2019; Kim et al., 2012; Liu et al., 2015; Nabavi et al., 2015,
2016; Nouri et al., 2019; Tao et al., 2018; Zheng et al., 2021).

4 | CONCLUSION

This is the first comprehensive research on the biological properties
of the EEP samples collected from several different regions of Iran.
The results showed that half of the examined Iranian EEPs are a rich
source of phenolic and flavonoid compounds (P9, P8, P11, P4, P1,
and P2) and all the 12 studied EEPs, except for P6, exhibit suitable
antioxidant activity. The results obtained from the evaluation of the
anticholinesterase activity indicated that all the EEP samples are ca-
pable of inhibiting the cholinesterase enzymes (AChE and BuChE),
but most of them show a distinct selectivity over BuChE. The an-
tibacterial activity of the Iranian EEPs was investigated using four
pathogenic bacteria (B. cereus, S. aureus, A. baumannii, and P. aerugi-
nosa). The results demonstrated that the antibacterial properties of
propolis are more effective on the studied gram-positive bacteria

(B. cereus, S. aureus). The correlation results indicated that there is
a strong positive correlation between the TPC and TFC of the EEP
samples and their antioxidant, anticholinesterase, and antibacterial
properties. Considering that there are abundant reports on the an-
ticholinesterase activity of flavonoids and the obtained results dem-
onstrate a strong positive correlation between the anticholinesterase
activity of EEP samples and their TFC, the interaction of 17 propolis
flavonoids with the cholinesterase enzymes (AChE and BuChE) was
studied using molecular docking. The docking results showed that
all the flavonoids bind to the active site gorge of the enzymes with
high affinity. Summing up, the results suggest that Iranian propolis
is a rich source of phenolic and flavonoid compounds and has excel-
lent potential for further studies. As a future perspective, to provide
information about the relationship between composition and the
studied biological properties of the Iranian EPPs, GC-MS analysis
of the most active extracts could be performed. The compounds re-
sponsible for the biological effects of the Iranian propolis extracts
could be also identified, isolated, and purified using the laboratory
methods, such as high-performance liquid chromatography (HPLC).

AUTHOR CONTRIBUTIONS

Shahnaz Fathi Hafshejani: Formal analysis (supporting); inves-
tigation (lead); methodology (supporting); project administra-
tion (supporting); resources (supporting); validation (supporting);



FATHI HAFSHEJANI ET AL.

4322
—LWI LEY-

visualization (supporting); writing - original draft (supporting);
writing - review and editing (supporting). Elham Rezvannejad:
Conceptualization (lead); formal analysis (supporting); investiga-
tion (supporting); methodology (supporting); project adminis-
tration (supporting); resources (supporting); supervision (lead);
validation (supporting); visualization (supporting); writing - origi-
nal draft (supporting); writing - review and editing (supporting).
Mojtaba Mortazavi: Formal analysis (supporting); resources (sup-
porting); validation (supporting); writing - original draft (support-
ing); writing - review and editing (supporting). Ali Riahi-Madvar:
Resources (equal); validation (supporting); visualization (support-
ing); writing - original draft (equal); writing - review and editing
(equal). Safa Lotfi: Conceptualization (lead); formal analysis (sup-
porting); funding acquisition (lead); investigation (supporting);
methodology (lead); project administration (lead); resources (sup-
porting); supervision (lead); validation (lead); visualization (sup-
porting); writing - original draft (lead); writing - review and editing
(lead).

ACKNOWLEDGMENTS

The authors gratefully appreciate the funding support received for
the project from the Research Council of the Graduate University of
Advanced Technology, Kerman, Iran.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT
Data are available on request from the authors.

ORCID
Safa Lotfi "= https://orcid.org/0000-0002-2861-0965
REFERENCES

Abeyrathne, E., Nam, K., Huang, X., & Ahn, D. U. (2022). Plant- and
animal-based antioxidants' structure, efficacy, mechanisms, and
applications: A review. Antioxidants, 11(5), 1025.

Afrouzan, H., Tahghighi, A., Zakeri, S., & Es-haghi, A. (2018). Chemical
composition and antimicrobial activities of Iranian propolis. Iranian
Biomedical Journal, 22(1), 50-65.

Ahn, M.-R., Kumazawa, S., Usui, Y., Nakamura, J., Matsuka, M., Zhu, F.,
& Nakayama, T. (2007). Antioxidant activity and constituents of
propolis collected in various areas of China. Food Chemistry, 101(4),
1383-1392.

Almuhayawi, M. S. (2020). Propolis as a novel antibacterial agent. Saudi
Journal of Biological Sciences, 27(11), 3079-3086.

Anjum, S. I, Ullah, A., Khan, K. A., Attaullah, M., Khan, H., Ali, H., Bashir,
M. A,, Tahir, M., Ansari, M. J., Ghramh, H. A., Adgaba, N., & Dash,
C. K. (2019). Composition and functional properties of propo-
lis (bee glue): A review. Saudi Journal of Biological Sciences, 26(7),
1695-1703.

Argudin, M. A., Mendoza, M. C., & Rodicio, M. R. (2010). Food poisoning
and Staphylococcus aureus enterotoxins. Toxins, 2(7), 1751-1773.

Atanasova, M., Yordanov, N., Dimitrov, |., Berkov, S., & Doytchinova,
I. (2015). Molecular docking study on galantamine derivatives
as cholinesterase inhibitors. Molecular Informatics, 34(6-7),
394-403.

Ayikobua, E. T., Semuyaba, ., Eze, D. E., Kalange, M., Nansunga, M.,
Okpanachi, A. O., & Safiriyu, A. A. (2018). Combined donepezil and
ethanolic extract of propolis improved memory better than done-
pezil and propolis monotherapy in wild type Drosophila melanogas-
ter. Evidence-based Complementary and Alternative Medicine, 2018,
3717328.

Balaha, M., De Filippis, B., Cataldi, A., & di Giacomo, V. (2021). CAPE and
neuroprotection: A review. Biomolecules, 11(2), 176.

Balouiri, M., Sadiki, M., & Ibnsouda, S. K. (2016). Methods for in vitro
evaluating antimicrobial activity: A review. Journal of Pharmaceutical
Analysis, 6(2), 71-79.

Baltas, N., Yildiz, O., & Kolayli, S. (2016). Inhibition properties of propolis
extracts to some clinically important enzymes. Journal of Enzyme
Inhibition and Medicinal Chemistry, 31(Supp 1), 52-55.

Bartolini, M., Bertucci, C., Cavrini, V., & Andrisano, V. (2003). Beta-
amyloid aggregation induced by human acetylcholinesterase:
Inhibition studies. Biochemical Pharmacology, 65(3), 407-416.

Bastianetto, S., Yao, Z. X., Papadopoulos, V., & Quirion, R. (2006).
Neuroprotective effects of green and black teas and their catechin
gallate esters against beta-amyloid-induced toxicity. The European
Journal of Neuroscience, 23(1), 55-64.

Berendsen, H. J. C., van der Spoel, D.,, & van Drunen, R. (1995).
GROMACS: A message-passing parallel molecular dynamics imple-
mentation. Computer Physics Communications, 91(1), 43-56.

Bhargava, P., Mahanta, D., Kaul, A., Ishida, Y., Terao, K., Wadhwa, R., &
Kaul, S. C. (2021). Experimental evidence for therapeutic potentials
of propolis. Nutrients, 13(8), 2528.

Bondet, V., Brand-Williams, W., & Berset, C. (1997). Kinetics and mecha-
nisms of antioxidant activity using the DPPH- free radical method.
LWT-Food Science and Technology, 30(6), 609-615.

Bouchelaghem, S. (2022). Propolis characterization and antimicrobial
activities against Staphylococcus aureus and Candida albicans: A
review. Saudi Journal of Biological Sciences, 29(4), 1936-1946.

Boulechfar, S., Zellagui, A., Bensouici, C., Asan-Ozusaglam, M., Tacer, S.,
& Hanene, D. (2022). Anticholinesterase, anti-a-glucosidase, anti-
oxidant and antimicrobial effects of four Algerian propolis. Journal
of Food Measurement and Characterization, 16(1), 793-803.

Boulechfar, S., Zellagui, A., Chemsa, A. E., Bensouici, C., Segueni, N.,
Lahouel, M., Oztiirk, M., & Duru, M. E. (2019). Investigation of anti-
oxidant and anticholinesterase potential of essential oil and meth-
anolic extract of propolis from Mila region. Journal of Biologically
Active Products from Nature, 9(6), 434-444.

Brus, B., Kosak, U., Turk, S., Pislar, A., Coquelle, N., Kos, J., Stojan, J.,
Colletier, J. P, & Gobec, S. (2014). Discovery, biological evaluation,
and crystal structure of a novel nanomolar selective butyrylcholin-
esterase inhibitor. Journal of Medicinal Chemistry, 57(19), 8167-8179.

Budzynska, B., Faggio, C., Kruk-Slomka, M., Samec, D., Nabavi, S. F,,
Sureda, A., Devi, K. P., & Nabavi, S. M. (2019). Rutin as neuropro-
tective agent: From bench to bedside. Current Medicinal Chemistry,
26(27), 5152-5164.

Burdock, G. (1998). Review of the biological properties and toxicity of bee
propolis (propolis). Food and Chemical Toxicology, 36(4), 347-363.

Cammisuli, D. M., Franzoni, F., Scarfo, G., Fusi, J., Gesi, M., Bonuccelli,
U., Daniele, S., Martini, C., & Castelnuovo, G. (2022). What does
the brain have to keep working at its best? Resilience mechanisms
such as antioxidants and brain/cognitive reserve for counteracting
Alzheimer's disease degeneration. Biology, 11(5), 650.

Chen, G, Liu, J., Jiang, L., Ran, X., He, D,, Li, Y., Huang, B., Wang, W., &
Fu, S. (2017). Galangin reduces the loss of dopaminergic neurons in
an LPS-evoked model of Parkinson's disease in rats. International
Journal of Molecular Sciences, 19(1), 12.

Cheung, J., Gary, E. N., Shiomi, K., & Rosenberry, T. L. (2013). Structures
of human acetylcholinesterase bound to dihydrotanshinone | and
territrem B show peripheral site flexibility. ACS Medicinal Chemistry
Letters, 4(11), 1091-1096.


https://orcid.org/0000-0002-2861-0965
https://orcid.org/0000-0002-2861-0965

FATHI HAFSHEJANI ET AL.

Colovic, M. B., Krstic, D. Z., Lazarevic-Pasti, T. D., Bondzic, A. M., & Vasic,
V. M. (2013). Acetylcholinesterase inhibitors: Pharmacology and
toxicology. Current Neuropharmacology, 11(3), 315-335.

da Silva, J. F. M., de Souza, M. C,, Matta, S. R., de Andrade, M. R., & Vidal,
F. V. N. (2006). Correlation analysis between phenolic levels of
Brazilian propolis extracts and their antimicrobial and antioxidant
activities. Food Chemistry, 99(3), 431-435.

Damuka, N., Kammari, K., Potshangbam, A. M., Rathore, R. S., Kondapi,
A. K., & Vindal, V. (2020). Discovery of dual cation-pi inhibitors of
acetylcholinesterase: Design, synthesis and biological evaluation.
Pharmacological Reports, 72(3), 705-718.

Dey, A., Bhattacharya, R., Mukherjee, A., & Pandey, D. K. (2017). Natural
products against Alzheimer's disease: Pharmaco-therapeutics and
biotechnological interventions. Biotechnology Advances, 35(2),
178-216.

Dilokthornsakul, W., Kosiyaporn, R., Wuttipongwaragon, R., &
Dilokthornsakul, P. (2022). Potential effects of propolis and honey
in COVID-19 prevention and treatment: A systematic review of
in silico and clinical studies. Journal of Integrative Medicine, 20(2),
114-125.

Domingue, G, Ellis, B., Dasgupta, M., & Costerton, J. (1994). Testing an-
timicrobial susceptibilities of adherent bacteria by a method that
incorporates guidelines of the National Committee for Clinical
Laboratory Standards. Journal of Clinical Microbiology, 32(10),
2564-2568.

Dos Santos, T. C., Gomes, T. M., Pinto, B. A. S., Camara, A. L., & Paes,
A. M. A.(2018). Naturally occurring acetylcholinesterase inhibitors
and their potential use for Alzheimer's disease therapy. Frontiers in
Pharmacology, 9, 1192.

Dourado, N. S., Souza, C. D. S., de Almeida, M. M. A,, Bispo da Silva,
A., Dos Santos, B. L., Silva, V. D. A., De Assis, A. M., da Silva, J. S,
Souza, D. O., Costa, M. F. D,, Butt, A. M., & Costa, S. L. (2020).
Neuroimmunomodulatory and neuroprotective effects of the
flavonoid apigenin in in vitro models of neuroinflammation asso-
ciated with Alzheimer's disease. Frontiers in Aging Neuroscience,
12, 119.

Dzoyem, J. P,, Nkuete, A. H. L., Ngameni, B., & Eloff, J. N. (2017). Anti-
inflammatory and anticholinesterase activity of six flavonoids iso-
lated from Polygonum and Dorstenia species. Archives of Pharmacal
Research, 40(10), 1129-1134.

El-Guendouz, S., Aazza, S., Lyoussi, B., Antunes, M. D., Faleiro, M. L., &
Miguel, M. G. (2016). Anti-acetylcholinesterase, antidiabetic, anti-
inflammatory, antityrosinase and antixanthine oxidase activities of
Moroccan propolis. International Journal of Food Science & Technology,
51(8), 1762-1773.

El-Guendouz, S., Aazza, S., Lyoussi, B., Bankova, V., Popova, M., Neto, L.,
Faleiro, M. L., & Miguel, M. D. G. (2018). Moroccan propolis: A natu-
ral antioxidant, antibacterial, and antibiofilm against Staphylococcus
aureus with no induction of resistance after continuous exposure.
Evidence-Based Complementary and Alternative Medicine, 2018,
9759240.

El-Guendouz, S., Lyoussi, B., & Miguel, M. G. (2019). Insight on propo-
lis from Mediterranean countries: Chemical composition, biologi-
cal activities and application fields. Chemistry & Biodiversity, 16(7),
e1900094.

Ellman, G. L., Courtney, K. D., Andres, V., Jr., & Featherstone, R. M. (1961).
A new and rapid colorimetric determination of acetylcholinesterase
activity. Biochemical Pharmacology, 7(2), 88-95.

Farmakidis, C., Pasnoor, M., Dimachkie, M. M., & Barohn, R. J. (2018).
Treatment of myasthenia gravis. Neurologic Clinics, 36(2), 311-337.

Forma, E., & Brys, M. (2021). Anticancer activity of propolis and its com-
pounds. Nutrients, 13(8), 2594.

Gomez-Caravaca, A., Gémez-Romero, M., Arrdez-Roman, D., Segura-
Carretero, A., & Fernandez-Gutiérrez, A. (2006). Advances in the
analysis of phenolic compounds in products derived from bees.
Journal of Pharmaceutical and Biomedical Analysis, 41(4), 1220-1234.

—Wl LEYJE

Gorniak, 1., Bartoszewski, R., & Kréliczewski, J. (2019). Comprehensive
review of antimicrobial activities of plant flavonoids. Phytochemistry
Reviews, 18(1), 241-272.

Hamasaka, T., Kumazawa, S., Fujimoto, T., & Nakayama, T. (2004).
Antioxidant activity and constituents of propolis collected in var-
ious areas of Japan. Food Science and Technology Research, 10(1),
86-92.

Hamdi, H., Abid-Essefi, S., & Eyer, J. (2021). Neuroprotective effects
of Myricetin on Epoxiconazole-induced toxicity in F98 cells. Free
Radical Biology & Medicine, 164, 154-163.

Hannan, A., Batool, A., Qamar, M. U., & Khalid, F. (2015). Propolis as an
antibacterial agent against clinical isolates of MDR-Acinetobacter
baumannii. Journal of Ayub Medical College, Abbottabad, 27(1),
216-219.

Houghton, P. J,, Ren, Y., & Howes, M. J. (2006). Acetylcholinesterase
inhibitors from plants and fungi. Natural Product Reports, 23(2),
181-199.

Huang, S., Zhang, C.-P., Wang, K., Li, G. Q., & Hu, F.-L. (2014). Recent ad-
vances in the chemical composition of propolis. Molecules, 19(12),
19610-19632.

Hussein, R. M., Mohamed, W. R., & Omar, H. A.(2018). A neuroprotective
role of kaempferol against chlorpyrifos-induced oxidative stress
and memory deficits in rats via GSK3beta-Nrf2 signaling pathway.
Pesticide Biochemistry and Physiology, 152, 29-37.

Inui, S., Hatano, A., Yoshino, M., Hosoya, T., Shimamura, Y., Masuda,
S., Ahn, M. R., Tazawa, S., Araki, Y., & Kumazawa, S. (2014).
Identification of the phenolic compounds contributing to antibac-
terial activity in ethanol extracts of Brazilian red propolis. Natural
Product Research, 28(16), 1293-1296.

Isla, M. I., Zampini, I. C., Ordonez, R. M., Cuello, S., Juarez, B. C., Sayago,
J. E., Moreno, M. |,, Alberto, M. R, Vera, N. R., Bedascarrasbure, E.,
Alvarez, A., Cioccini, F., & Maldonado, L. M. (2009). Effect of seasonal
variations and collection form on antioxidant activity of propolis from
San Juan, Argentina. Journal of Medicinal Food, 12(6), 1334-1342.

Jafarzadeh Kashi, T. S., Kasra Kermanshahi, R., Erfan, M., Vahid Dastjerdi,
E., Rezaei, Y., & Tabatabaei, F. S. (2011). Evaluating the In-vitro anti-
bacterial effect of Iranian propolis on Oral microorganisms. Iranian
Journal of Pharmaceutical Research, 10(2), 363-368.

Jamali-Raeufy, N., Baluchnejadmojarad, T., Roghani, M., Keimasi, S., &
Goudarzi, M. (2019). Isorhamnetin exerts neuroprotective effects
in STZ-induced diabetic rats via attenuation of oxidative stress, in-
flammation and apoptosis. Journal of Chemical Neuroanatomy, 102,
101709.

Kalogeropoulos, N., Konteles, S. J., Troullidou, E., Mourtzinos, I., &
Karathanos, V. T. (2009). Chemical composition, antioxidant activ-
ity and antimicrobial properties of propolis extracts from Greece
and Cyprus. Food Chemistry, 116(2), 452-461.

Kempuraj, D., Thangavel, R., Kempuraj, D. D., Ahmed, M. E., Selvakumar,
G. P, Raikwar, S. P., Zaheer, S. A, lyer, S. S., Govindarajan, R.,
Chandrasekaran, P. N., & Zaheer, A. (2021). Neuroprotective ef-
fects of flavone luteolin in neuroinflammation and neurotrauma.
BioFactors, 47(2), 190-197.

Khan, H., Marya, Amin, S., Kamal, M. A, & Patel, S. (2018). Flavonoids as
acetylcholinesterase inhibitors: Current therapeutic standing and
future prospects. Biomedicine & Pharmacotherapy, 101, 860-870.

Khan, H., Ullah, H., Aschner, M., Cheang, W. S., & Akkol, E. K. (2019).
Neuroprotective effects of quercetin in Alzheimer's disease.
Biomolecules, 10(1), 59.

Khan, M. T., Orhan, I, Senol, F. S., Kartal, M., Sener, B., Dvorska, M.,
Smejkal, K., & Slapetova, T. (2009). Cholinesterase inhibitory activ-
ities of some flavonoid derivatives and chosen xanthone and their
molecular docking studies. Chemico-Biological Interactions, 181(3),
383-389.

Kim, H. G,, Ju, M. S., Ha, S. K., Lee, H., Lee, H., Kim, S. Y., & Oh, M. S.
(2012). Acacetin protects dopaminergic cells against 1-methyl-4-
phenyl-1,2,3,6-tetrahydropyridine-induced neuroinflammation



FATHI HAFSHEJANI ET AL.

4324
—I—WI LEY-

in vitro and in vivo. Biological & Pharmaceutical Bulletin, 35(8),
1287-1294.

Kim, Y. H., & Chung, H. J. (2011). The effects of Korean propolis against
foodborne pathogens and transmission electron microscopic exam-
ination. New Biotechnology, 28(6), 713-718.

Kocot, J., Kielczykowska, M., Luchowska-Kocot, D., Kurzepa, J., & Musik,
1. (2018). Antioxidant potential of propolis, bee pollen, and Royal
Jelly: Possible medical application. Oxidative Medicine and Cellular
Longevity, 2018, 7074209.

Kua, J., Zhang, Y., Eslami, A. C., Butler, J. R., & McCammon, J. A. (2003).
Studying the roles of W86, E202, and Y337 in binding of acetylcho-
line to acetylcholinesterase using a combined molecular dynamics
and multiple docking approach. Protein Science, 12(12), 2675-2684.

Kulshreshtha, A., & Piplani, P. (2016). Current pharmacotherapy and
putative disease-modifying therapy for Alzheimer's disease.
Neurological Sciences, 37(9), 1403-1435.

Kunz Coyne, A. J., El Ghali, A., Holger, D., Rebold, N., & Rybak, M. J.
(2022). Therapeutic strategies for emerging multidrug-resistant
Pseudomonas aeruginosa. Infectious Disease and Therapy, 11(2),
661-682.

Kurek-Gorecka, A., Walczynska-Dragon, K., Felitti, R., Baron, S., &
Olczyk, P. (2022). Propolis and diet rich in polyphenols as cario-
static agents reducing accumulation of dental plaque. Molecules,
27(1), 271.

Kuropatnicki, A. K., Szliszka, E., & Krol, W. (2013). Historical aspects of
propolis research in modern times. Evidence-Based Complementary
and Alternative Medicine, 2013, 964149.

Laskowski, R. A., & Swindells, M. B. (2011). LigPlot+: Multiple ligand-
protein interaction diagrams for drug discovery. Journal of Chemical
Information and Modeling, 51(10), 2778-2786.

Le Loir, Y., Baron, F., & Gautier, M. (2003). Staphylococcus aureus and food
poisoning. Genetics and Molecular Research, 2(1), 63-76.

Li, Q., Yang, H., Chen, Y., & Sun, H. (2017). Recent progress in the identifi-
cation of selective butyrylcholinesterase inhibitors for Alzheimer's
disease. European Journal of Medicinal Chemistry, 132, 294-309.

Liu, H., Zhao, M., Yang, S., Gong, D. R, Chen, D. Z., & Du, D. Y. (2015).
(2R,3S)-Pinobanksin-3-cinnamate improves cognition and reduces
oxidative stress in rats with vascular dementia. Journal of Natural
Medicines, 69(3), 358-365.

Liu, Z. Q. (2022). Why natural antioxidants are readily recognized by bi-
ological systems? 3D architecture plays a role! Food Chemistry, 380,
132143.

Lotfi, S., Rahmani, T., Hatami, M., Pouramiri, B., Kermani, E. T,
Rezvannejad, E., Mortazavi, M., Fathi Hafshejani, S., Askari, N.,
Pourjamali, N., & Zahedifar, M. (2020). Design, synthesis and biolog-
ical assessment of acridine derivatives containing 1,3,4-thiadiazole
moiety as novel selective acetylcholinesterase inhibitors. Bioorganic
Chemistry, 105, 104457.

Lotfy, M. (2006). Biological activity of bee propolis in health and disease.
Asian Pacific Journal of Cancer Prevention, 7(1), 22-31.

Macdonald, I. R., Martin, E., Rosenberry, T. L., & Darvesh, S. (2012).
Probing the peripheral site of human butyrylcholinesterase.
Biochemistry, 51(36), 7046-7053.

Marcucci, M. C. (1995). Propolis: Chemical composition, biological prop-
erties and therapeutic activity. Apidologie, 26(2), 83-99.

Mariki, A. A., Anaeigoudari, A., Zahedifar, M., Pouramiri, B., Ayati, A., &
Lotfi, S. (2021). Design, green synthesis, and biological evaluation
of new substituted tetrahydropyrimidine derivatives as acetylcho-
linesterase inhibitors. Polycyclic Aromatic Compounds, 42, 1-11.

Martinotti, S., & Ranzato, E. (2015). Propolis: A new frontier for wound
healing? Burns Trauma, 3(9), 9.

Meto, A., Colombari, B., Meto, A., Boaretto, G., Pinetti, D., Marchetti,
L., Benvenuti, S., Pellati, F., & Blasi, E. (2020). Propolis affects
Pseudomonas aeruginosa growth, biofilm formation, eDNA release
and phenazine production: Potential involvement of polyphenols.
Microorganisms, 8(2), 243.

Mohammadzadeh, S., Sharriatpanahi, M., Hamedi, M., Amanzadeh, Y.,
Sadat Ebrahimi, S. E., & Ostad, S. N. (2007). Antioxidant power of
Iranian propolis extract. Food Chemistry, 103(3), 729-733.

Moreira, L., Dias, L. G., Pereira, J. A., & Estevinho, L. (2008). Antioxidant
properties, total phenols and pollen analysis of propolis samples
from Portugal. Food and Chemical Toxicology, 46(11), 3482-3485.

Mukherjee, P. K., Kumar, V., Mal, M., & Houghton, P. J. (2007).
Acetylcholinesterase inhibitors from plants. Phytomedicine, 14(4),
289-300.

Nabavi, S. F., Braidy, N., Habtemariam, S., Orhan, I. E., Daglia, M., Manayi,
A., Gortzi, O., & Nabavi, S. M. (2015). Neuroprotective effects of
chrysin: From chemistry to medicine. Neurochemistry International,
90, 224-231.

Nabavi, S. F., Braidy, N., Habtemariam, S., Sureda, A., Manayi, A., & Nabavi,
S. M. (2016). Neuroprotective effects of Fisetin in Alzheimer's and
Parkinson's diseases: From chemistry to medicine. Current Topics in
Medicinal Chemistry, 16(17), 1910-1915.

Nocera, F. P, Attili, A. R., & De Martino, L. (2021). Acinetobacter bau-
mannii: Its clinical significance in human and veterinary medicine.
Pathogens, 10(2), 127.

Nouri, Z., Fakhri, S., EI-Senduny, F. F., Sanadgol, N., Abd-ElGhani, G. E.,
Farzaei, M. H., & Chen, J. T. (2019). On the neuroprotective effects
of naringenin: Pharmacological targets, signaling pathways, molec-
ular mechanisms, and clinical perspective. Biomolecules, 9(11), 690.

Okinczyc, P., Widelski, J., Szperlik, J., Zuk, M., Mroczek, T., Skalicka-
Wozniak, K., Sakipova, Z., Widelska, G., & Kus, P. M. (2021). Impact
of plant origin on Eurasian propolis on phenolic profile and classical
antioxidant activity. Biomolecules, 11(1), 68.

Oryan, A., Alemzadeh, E., & Moshiri, A. (2018). Potential role of propolis
in wound healing: Biological properties and therapeutic activities.
Biomedicine & Pharmacotherapy, 98, 469-483.

Pasupuleti, V. R., Sammugam, L., Ramesh, N., & Gan, S. H. (2017). Honey,
propolis, and Royal Jelly: A comprehensive review of their biolog-
ical actions and health benefits. Oxidative Medicine and Cellular
Longevity, 2017, 1259510.

Przybylek, 1., & Karpinski, T. M. (2019). Antibacterial properties of prop-
olis. Molecules, 24(11), 2047.

Rezvani, M. B., Hemmati, M. A., Norouzi, M., Bakhtiari, R., Azinpour, F.,
& Hamzeh, F. (2018). Evaluation of the effect of Kandovan prop-
olis against Streptococcus mutans. Journal of Oral Health and Oral
Epidemiology, 7(2), 94-98.

Rezvannejad, E., Shakeri, S., & Nasirifa, E. (2017). Study and comparison
of antibacterial effects of propolis and honey on Penibacillus alvei
secondary factor for European foulbrood In honeybee. Veterinary
Researches and Biological Products, 30, 139-146.

Saeed, M. A., Khabeer, A., Faridi, M. A., & Makhdoom, G. (2021).
Effectiveness of propolis in maintaining oral health: A scoping re-
view. Canadian Journal of Dental Hygiene, 55(3), 167-176.

Samieerad, F., & Gheibi, N. (2020). Physicochemical and antibacterial as-
sessment of Iranian propolis. Functional Foods in Health and Disease,
10, 82-94.

Schoeni, J. L., & Wong, A. C. (2005). Bacillus cereus food poisoning and its
toxins. Journal of Food Protection, 68(3), 636-648.

Sharma, K. (2019). Cholinesterase inhibitors as Alzheimer's therapeutics
(review). Molecular Medicine Reports, 20(2), 1479-1487.

Shen, N., Wang, T,, Gan, Q., Liu, S., Wang, L., & Jin, B. (2022). Plant fla-
vonoids: Classification, distribution, biosynthesis, and antioxidant
activity. Food Chemistry, 383, 132531.

Shohayeb, M., Abdel-Hameed, E.-S. S., Bazaid, S. A., & Maghrabi, I.
(2014). Antibacterial and antifungal activity of Rosa damascena
MILL. Essential oil, different extracts of rose petals. Global Journal
of Pharmacology, 8(1), 1-7.

Silva-Carvalho, R., Baltazar, F., & Almeida-Aguiar, C. (2015). Propolis:
A complex natural product with a plethora of biological activ-
ities that can Be explored for drug development. Evidence-Based
Complementary and Alternative Medicine, 2015, 206439.



FATHI HAFSHEJANI ET AL.

Singleton, V. L., & Rossi, J. A. (1965). Colorimetry of total phenolics with
phosphomolybdic-phosphotungstic acid reagents. American Journal
of Enology and Viticulture, 16(3), 144-158.

Socha, R., Galkowska, D., Bugaj, M., & Juszczak, L. (2015). Phenolic com-
position and antioxidant activity of propolis from various regions of
Poland. Natural Product Research, 29(5), 416-422.

Stenfors Arnesen, L. P., Fagerlund, A., & Granum, P. E. (2008). From soil to
gut: Bacillus cereus and its food poisoning toxins. FEMS Microbiology
Reviews, 32(4), 579-606.

Sturm, L., & Poklar Ulrih, N. (2020). Chapter two - propolis flavonoids
and terpenes, and their interactions with model lipid membranes:
A review. In A. Bongiovanni, G. Pocsfalvi, M. Manno, & V. Kralj-Igli¢
(Eds.), Advances in biomembranes and lipid self-assembly (vol. 32, pp.
25-52). Academic Press.

Suran, J., Cepanec, |., Masek, T., Radic, B., Radic, S., Tlak Gajger, I., &
Vlainic, J. (2021). Propolis extract and its bioactive compounds-
from traditional to modern extraction technologies. Molecules,
26(10), 2930.

Tao, J., Shen, C,, Sun, Y., Chen, W., & Yan, G. (2018). Neuroprotective
effects of pinocembrin on ischemia/reperfusion-induced brain in-
jury by inhibiting autophagy. Biomedicine & Pharmacotherapy, 106,
1003-1010.

Trott, O., & Olson, A. J. (2010). AutoDock Vina: Improving the speed
and accuracy of docking with a new scoring function, efficient op-
timization, and multithreading. Journal of Computational Chemistry,
31(2), 455-461.

Viuda-Martos, M., Ruiz-Navajas, Y., Fernandez-Lopez, J., & Pérez-
Alvarez, J. (2008). Functional properties of honey, propolis, and
royal jelly. Journal of Food Science, 73(9), R117-R124.

Volpi, N. (2004). Separation of flavonoids and phenolic acids from
propolis by capillary zone electrophoresis. Electrophoresis, 25(12),
1872-1878.

Wang, X., Sankarapandian, K., Cheng, Y., Woo, S. O., Kwon, H. W.,
Perumalsamy, H., & Ahn, Y.-J. (2016). Relationship between total
phenolic contents and biological properties of propolis from 20 dif-
ferent regions in South Korea. BMC Complementary and Alternative
Medicine, 16(1), 1-12.

Webb, B., & Sali, A. (2016). Comparative protein structure modeling using
MODELLER. Current Protocols in Bioinformatics, 54, 5.6.1-5.6.37.

Wieczorek, P. P, Hudz, N., Yezerska, O., Horcinova-Sedlackova, V.,
Shanaida, M., Korytniuk, O., & Jasicka-Misiak, I. (2022). Chemical
variability and pharmacological potential of propolis as a source for
the development of new pharmaceutical products. Molecules, 27(5),
1600.

Wiesner, J., Kriz, Z., Kuca, K., Jun, D., & Koca, J. (2007).
Acetylcholinesterases - The structural similarities and differ-
ences. Journal of Enzyme Inhibition and Medicinal Chemistry, 22(4),
417-424.

—Wl LEYJﬁ

Yang, W., Wu, Z., Huang, Z. Y., & Miao, X. (2017). Preservation of orange
juice using propolis. Journal of Food Science and Technology, 54(11),
3375-3383.

Yuan, G., Guan, Y., Yi, H., Lai,S., Sun, Y., & Cao, S. (2021). Antibacterial ac-
tivity and mechanism of plant flavonoids to gram-positive bacteria
predicted from their lipophilicities. Scientific Reports, 11(1), 10471.

Zhang, M., Wang, L., Wen, D., Ren, C., Chen, S., Zhang, Z., Hu, L., Yu,
Z., Tombran-Tink, J., Zhang, X., Li, X., & Barnstable, C. J. (2021).
Neuroprotection of retinal cells by caffeic acid phenylethyl
(EsterCAPE) is mediated by mitochondrial uncoupling protein
UCP2. Neurochemistry International, 151, 105214.

Zhang, Y., Kua, J., & McCammon, J. A. (2002). Role of the catalytic triad
and oxyanion hole in acetylcholinesterase catalysis: An ab initio
QM/MM study. Journal of the American Chemical Society, 124(35),
10572-10577.

Zheng, M., Zhou, M., Chen, M, Lu, Y., Shi, D., Wang, J., & Liu, C. (2021).
Neuroprotective effect of daidzein extracted from Pueraria lobate
radix in a stroke model via the Akt/mTOR/BDNF channel. Frontiers
in Pharmacology, 12, 772485.

Zueva, |., Dias, J., Lushchekina, S., Semenov, V., Mukhamedyarov, M.,
Pashirova, T., Babaev, V., Nachon, F., Petrova, N., Nurullin, L.,
Zakharova, L., llyin, V., Masson, P., & Petrov, K. (2019). New evidence
for dual binding site inhibitors of acetylcholinesterase as improved
drugs for treatment of Alzheimer's disease. Neuropharmacology,
155,131-141.

Zulhendri, F., Chandrasekaran, K., Kowacz, M., Ravalia, M., Kripal, K.,
Fearnley, J., & Perera, C. O. (2021). Antiviral, antibacterial, antifun-
gal, and antiparasitic properties of propolis: A review. Food, 10(6),
1360.

Zulhendri, F., Perera, C. O., & Tandean, S. (2021). Can propolis be a
useful adjuvant in brain and neurological disorders and injuries?
A systematic scoping review of the latest experimental evidence.
Biomedicine, 9(9), 1227.

How to cite this article: Fathi Hafshejani, S., Lotfi, S.,
Rezvannejad, E., Mortazavi, M., & Riahi-Madvar, A. (2023).
Correlation between total phenolic and flavonoid contents and
biological activities of 12 ethanolic extracts of Iranian propolis.
Food Science & Nutrition, 11, 4308-4325. https://doi.
org/10.1002/fsn3.3356



https://doi.org/10.1002/fsn3.3356
https://doi.org/10.1002/fsn3.3356

	Correlation between total phenolic and flavonoid contents and biological activities of 12 ethanolic extracts of Iranian propolis
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Chemicals
	2.2|Propolis samples and preparation of the ethanolic extracts
	2.3|Determination of total phenolic content
	2.4|Determination of total flavonoid content
	2.5|DPPH-­free radical scavenging assay
	2.6|Measurement of anticholinesterase activity
	2.7|Evaluation of antibacterial activity
	2.8|Statistical analysis
	2.9|Molecular docking studies

	3|RESULTS AND DISCUSSION
	3.1|TPC, TFC, and antioxidant potency
	3.2|Anticholinesterase (anti-­AChE and anti-­BuChE) activity
	3.3|Antibacterial activity
	3.4|Molecular docking

	4|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


