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Propolis (bee glue) is a bee glue, sticky resinous material released from various plant sources such as bud
exudates, flowers, and leaves modified by bee secretions and wax propolis is composed of resins, waxes,
polyphenols, polysaccharides, volatile materials, and secondary metabolites that are responsible for var-
ious bioactivity such as antibacterial, anti-angiogenic, antiulcer, anti-inflammatory, antioxidant, and anti-
viral activities. The physico-chemical characteristics and the natural properties of various kinds of propo-
lis have been studied for the past decade. Novel active anti-microbial compounds have been identified in
propolis. Those compounds positively modulated the antimicrobial resistance of multidrug resistant bac-
teria. Published research has indicated that propolis and its derivatives has many natural antimicrobial
compounds with a broad spectrum against different types of bacteria and that it enhanced the efficacy
of conventional antibiotics. Besides, the combination of propolis with other compounds such as honey
has been studied whereby, such combinations have a synergistic effect against bacterial strains such
as Escherichia coli and Staphylococcus aureus. The activity of propolis is very much dependent on seasonal
and regional factors, and Middle Eastern propolis have shown best antibacterial efficacy. Propolis and its
main flavonoids ingredients should not be overlooked and should be evaluated in clinical trials to better
elucidate their potential application in various fields of medicine. Clinical antibacterial potential and its
use in new drugs of biotechnological products should be conducted. This review aims at highlighting
some of the recent scientific findings associated with the antibacterial properties of propolis and its
components.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. Proportion of chemical composition of propolis (). Source: Przybyłek and
Karpiński 2019
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1. Introduction

Propolis (bee glue) is a bee glue, sticky resinous material
released from various plant sources such as bud exudates, flowers,
and leaves modified by bee secretions and wax (Simone-Finstrom
et al. 2017). Propolis manufactured by Honeybees, Apes mellifera,
from the sap present on needle-leaved trees or evergreens. When
bees mix the sap with their own salivary releases and beeswax,
propolis is formed as a clingy, darker-green substance utilized by
bees to assemble their hives (Martinotti and Ranzato 2015). Since
300 BCE, propolis has been utilized as a nourishment and as a help-
ful drug for overall wellbeing (Wagh 2013). Propolis has been por-
trayed in various old scripts as an injury recuperating agent, alone
or mixed with other substances (Martinotti and Ranzato 2015).
Various natural properties of propolis have been accounted for
including free radical scavenging, cytotoxicity, and antimicrobial
activity (Pasupuleti et al. 2017, Oryan et al. 2018, Elkhenany
et al. 2019). As a result of its wide scope for natural applications,
recently, propolis has been broadly utilized as a supplement in
drinks to improve human health and avert sicknesses (Ramos
and Miranda, 2007). Propolis have been known for a long time
for its an anti-viral, anti-inflammatory, anti-bacterial (Sforcin
et al. 2017), anesthetic, anti-oxidant, anti-tumoral, anti-cancer,
anti-fungal, anti-protozoal, anti-hepatotoxic, anti-mutagenic,
anti-septic, in addition to being utilized for its cytotoxic activity,
etc. (Toreti et al. 2013, Sforcin 2016). The in vitro antibacterial
activity of propolis was documented against many types of
Gram-positive and Gram-negative bacteria and data of synergism
exhibited among the various propolis compounds, mainly galangin
flavonoids and pinocembrin(Przybyłek and Karpiński 2019).

The antioxidant and antimicrobial characteristics of propolis are
extremely important for the food industry because of its potential
to delay lipid oxidation and as such increase the shelf life of food
products. Such characteristics are attributed to the presence of
chemical substances such as: caffeic acid phenylethyl, flavanol,
ester flavonoid, pinocembrin, and galangin which exerts its mech-
anism of action possibly by inhibiting the bacterial RNA poly-
merase (Funari 2006). Researchers have reported on the
antibacterial activity of propolis (Gonsales et al., 2006).

Veiga et al. (2017) reported on the efficacy of poplar propolis
against both Gram-positive and Gram-negative microorganisms
like multidrug-resistant bacteria (e.g. Methicillin-resistant
Staphylococcus aureus (MRSA)). The efficacy of Turkish propolis
against tuberculosis was evaluated and the results indicated
potential against various types of mycobacteria (Yildirim et al.
2004).

Other studies demonstrated the outstanding activity of propolis
against different kinds of microorganisms including, parasites, bac-
teria, viruses and yeasts (Saeed et al., 2016). Numerous studies
have indicated that that propolis has no toxicity and no side effects
in animal models or humans (Demir et al. 2016). The Synergetic
anti-microbial properties of propolis were investigated by various
researchers whereby in most of these in vitro and in vivo experi-
ments the bacterial resistance to conventional antimicrobial agent
was significantly reduced (Przybyłek and Karpiński 2019). For
instance, Quercetin and some of its derivatives demonstrated
antibacterial efficacy against MRSA, Staphylococcus epidermidis
and S. aureus (Gajdács 2019). It has been also proven that the clin-
ical antibacterial potential of propolis is related to the vast number
of active compounds found in it (more than 200 substances)
(Sforcin and Bankova 2011). Thus, propolis have attracted a great
deal of interest for the treatment of various human infections. It
has been, also, used in development of new drugs of biotechnolog-
ical products (Przybyłek and Karpiński 2019). Therefore, this
review aims at highlighting some of the recent scientific findings
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associated with the antibacterial properties of propolis and its
components.
2. Composition of propolis

The beneficial use of propolis has prompted an expanded
enthusiasm for investigating its chemical composition in relation
to its botanical origins. Hence polyphenolic compounds are found
in propolis produced by Apis mellifera. Flavonoids, the fundamental
polyphenols in propolis, are affected by the source and ecological
botanical environment where the bee lives (Toreti et al. 2013,
Becerra et al., 2019). Materials accessible to honeybees for making
propolis are substances mainly discharged by plants in case of
injures or cuts such as lipophilic materials on leaves and leaf buds,
pitches, adhesives, gums, and grids (Ristivojević et al. 2015). The
synthesis of the plant-based component of propolis dictates its
composition, and it is subject to its geographical location. There-
fore, propolis’s properties are firmly identified with the vegetation
local to the site of the bee dwellings (Bankova and Marcucci, 2000).
Propolis is a complex resinous substance which is composed of the
following: gum and amber resin (50% to 70%), oil and wax (30% to
50%), pollen (5% to 10%). This is in addition to and other substances
like: vitamins B, C and E minerals, sugars, flavonoids, phenol,
amino acids, as well as aromatic compounds (Fig. 1) (Ahangari
et al. 2018).

For the most part, the composition of propolis is exceptionally
inconsistent due to the variety of plant species developing around
the hive, from which the honeybees gather the needed exudates
(Aminimoghadamfarouj and Nematollahi 2017, Drescher et al.
2019). The composition of propolis is very much influenced by alti-
tude, illumination, seasonal variations, and the bee nourishment
fields (Silva-Carvalho et al. 2015). A great deal of research has been
conducted on the chemical and biological composition of propolis.
Up to this point, in excess of 300 different compounds have been
recognized in propolis collected from various geographical areas
(Freires et al. 2016). The primary constituents present in propolis
are flavonoids, phenolics, and mixtures of aromatic materials
(Devequi-Nunes et al. 2018, Galeotti et al. 2018, Wozniak et al.,
2019). Furthermore, propolis also contains some unstable oils, ter-
penes, and honeybee wax. Altogether, these mixes are thought to
contribute in a synergistic manner to the Waxes, 30% Essential
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oil, 10% Poliens, 5% Other organic substance, Plant resins, 50% 3
compound properties and efficacy of propolis. The quality of pro-
polis is one of its most significant attributes, impacting the physi-
cal properties of the nectar such as its thickness, viscosity and
ability to crystallize, and also affecting properties crucial to its
use including its taste, dissolvability and preservability (Simone-
Finstrom and Spivak 2010).
3. Anti-bacterial efficacy of propolis

3.1. 3a. Anti-bacterial properties

The antimicrobial efficacy of propolis and some of its individual
components have been documented against bacteria, viruses, fungi
and protozoa (Bezerra et al., 2015, Mokhtar et al. 2016, Yildirim
et al. 2016, Oryan et al. 2018, Alotaibi et al. 2019, Przybyłek and
Karpiński 2019). In a study, the data related to the anti-bacterial
potential of propolis against 600 different bacterial strains have
been analyzed. Various research output indicated that propolis
was more effective against Gram-positive bacteria in comparison
to Gram-negative ones (Table 1). The geographic location from
which propolis is collected affected its antibacterial potential. Best
propolis activity was noted using Middle Eastern propolis, which
was extremely effective against both Gram-positive (Staphylococcus
aureus) and Gram-negative (Escherichia coli) bacteria. (On the con-
trary, German, Irish and Korean propolis exhibited minimum activ-
ity (Przybyłek and Karpiński 2019). Propolis is thought to exert its
antibacterial activity by either enhancing the immunity of the
organism or by acting directly on the microorganism (Sforcin and
Bankova 2011). For the most part, it is seen that the higher antimi-
crobial action of propolis against Gram-positive bacteria is due to
the outer membrane structure of those bacteria (Kędzia 2013).
Artepillin C is one of the various phenolic mixes found in propolis
and exhibited efficient antibacterial activity against MRSA. Like-
wise, Wojtyczka et al. showed that Polish propolis slowed down
bacterial development and affected biofilm formation (Wojtyczka
et al. 2013). Furthermore, various examinations have indicated that
Iranian and Brazilian propolis are effective against Gram-positive
microbes, spores, bacterial growth, and infections, though they
demonstrated restricted action against Gram-negative bacteria
(Afrouzan et al. 2018). Interestingly, phytochemicals present in fla-
vonoids may target various components and elements of the bacte-
rial cell (Cushnie and Lamb 2005). In fact, an ethanolic extract of
propolis known as kaempferide, is used in the treatment of S. aureus
Table 1
The antibacterial activities of various types of propolis.

Types of propolis Bacterial strains Eff

Iranian propolis P. aeruginosa (PTCC 1707) and S. aureus (PTCC
1431)

Sig
po

Tribal propolis Lactobacillus acidophilus and Streptococcus mutans Eth
Lac

Mexican propolis Salmonella typhimurium (ATCC-13311),
Escherichia coli (ATCC-10536), Staphylococcus
aureus (ATCC-11632) and Listeria monocytogenes
(ATCC-19115)

No
ind
sol
an
mo
typ

Peruvian propolis Streptococcus Mutans ATCC 250,175 Au
tha
su

Brazilian propolis Escherichia coli and Staphylococcus aureus Eth
of

Saudi and Egyptian propolis Escherichia Coliand Multi-drug
Resistant Staphylococcus Aureus,

Eth
Ar
res

Kenyan propolis Staphylococcus aureus and Bacillus subtilis Bo
ex
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skin infections. Also, kaempferide was highly effective against Ente-
rococcus Faecalis, Listeria monocytogenes and Staphylococcus Sapro-
phyticus (Hernández Tasco et al. 2018, Kharsany et al. 2019).
Quercetin, yet another flavonoid, found in propolis, binds to the
subunit of E. coli DNA gyrase to hinder bacterial activity (Plaper
et al. 2003). Furthermore, it is assumed that propolis can cause frac-
tional bacterial lysis and can affect bacterial proteins. Numerous
investigations have confirmed a synergistic action among anti-
infection agents and propolis (Dantas Silva et al. 2017). For exam-
ple, Chloramphenicol in the presence of Bulgarian propolis and
Brazilian honey showed synergism against Salmonella typhi (Al-
Ani et al. 2018), and the combination of 4 Brazilian red propolis
and fluconazole were effective against Candida sp. (Al-Ani et al.
2018). Other flavonoids like pinocembrin and apigenin in propolis
were investigated in Chilean propolis and revealed antibacterial
activity against Streptococcus mutans (Veloz et al. 2019). Likewise,
pinocembrin has shown antibacterial activity against Klebsiella
pneumoniae, Listeria monocytogenes, S. aureus, Pseudomonas aerugi-
nosa, Streptococcus sobrinus, E. faecalis, and Streptococcus. mutans
(Joray et al. 2015, Kharsany et al. 2019). On the other hand, apigenin
showed efficacy against the following Gram-negative bacteria: P.
aeruginosa, K. pneumoniae, Salmonella enterica serotype Typhimur-
ium, Proteus mirabilis and Enterobacter aerogenes (Nayaka et al.
2014). Like previously mentioned flavonoids, synergistic antibacte-
rial impact was noted upon the addition of apigenin to b-lactam
against MRSA (Akilandeswari and Ruckmani 2016), and when
applying apigenin with ceftazidime against ceftazidime-resistant
Enterobacter cloacae (Eumkeb and Chukrathok 2013). Interestingly,
propolis is also rich with cinnamic acid, which showed potent effi-
cacy against several bacteria. For example, Bacillus spp., Streptococ-
cus pyogenes, Aeromonas spp. Micrococcus flavus, Pseudomonas
aeruginosa, Yersinia ruckeri Vibrio spp., E. coli, Mycobacterium tuber-
culosis, L. monocytogenes, Enterobacter cloacae, Salmonella enterica
serotype and Typhimurium (Guzman 2014, Yilmaz et al. 2018). It
is worthy to mention that cinnamic acid exerts its efficacy by dis-
rupting the bacterial cell membrane, thus inhibiting the function
of ATPases, bacterial binary fission, and its ability to form biofilms
(Vasconcelos et al. 2018).
4. 3b. Synergetic anti-microbial properties

There are numerous other components of propolis, for example,
terpenoid lupeol, and flavonoids including: fisetin or decanoic
acids, quercetin, kaempferol and chrysin (Pasupuleti et al. 2017).
ects Ref.

nificantly higher inhibitory effect on the Gram-
sitive bacteria S. aureus compared to P. aeruginosa.

(Aryaei 2018)

anoic extract of propolis (EEP) effective against
tobacillus acidophilus and Streptococcus mutans

(Airen et al. 2018)

effect has been observed on aqueous extract
icating that active ingredients of propolis are not
uble in water. Ethanol extract was observed
timicrobial activity against S. aureus and L.
nocytogenes but no effect against for E. coli and S.
himurium.

(Bucio-Villalobos 2017)

tumn collected propolis has higher growth of S. mutans
n the growth recorded at extracts collected during
mmer

(Becerra 2019)

anolic extracts of propolis (EEP) inhibited the growth
Staphylococcus aureus but not Escherichia coli.

(Gonsales 2006)

yl alcohol extraction of propolis collected from Saudi
abia (EEPS) and from Egypt (EEPE) inhibited antibiotic
istant E.coli and S. aureus.

(Al-Waili et al. 2012)

th strains were highly susceptible for 70% ethanolic
tracts of propolis (EEP)

(Muli 2007)
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It is worth noting that the most abundant flavanols in food include
myricetin, quercetin and kaempferol. Studies investigated the
antibacterial and anti-inflammatory effects of kaempferol, chrysin
and quercetin (Siriwong et al. 2016, Harasstani et al. 2017, Wang
et al. 2018). Some of those have modulated the bacterial resistance
to antibiotics as evidenced by quercetin which modulated bacterial
resistance to conventional b-lactam antibiotics against penicillin-
resistant S. aureus (Eumkeb et al. 2010, Harakeh et al. 2017) and
treatment of bacterial related gastrointestinal disorders (da Silva
et al. 2018). Quercetin and some of its derivatives demonstrated
antibacterial efficacy against MRSA, Staphylococcus epidermidis,
and S. aureus (Gajdács 2019). Quercetin showed efficacy against
Bacillus subtilis (Aderogba et al. 2013). Based on an in vitro study,
quercetin showed potency against oral bacteria like Porphyromonas
gingivalis (Geoghegan et al. 2010). A synergistic effect was noted
upon using quercetin with amoxicillin, whereby the bacterial resis-
tance to this conventional antimicrobial agent was significantly
reduced (Siriwong et al. 2016).
5. 3c. Biochemical processing of propolis

Biochemical treatment and processing of propolis can further
result in more potent properties when compared to its original
source. For instance, a study demonstrated that the removal of
lipid from propolis by lipase significantly decreased the fatty acid
level in the extract. It, also, lowered the levels of both flavonoids
and polyphenols, which are antioxidants and caused an increase
in the levels of active flavonoids, such as Artepillin C and kaempfer-
ide. Such an activity enhanced the antibacterial potential of propo-
lis against Propionibacterium acne and Staphylococcus epidermidis
(Park et al. 2015). In another example, propolis has a high free rad-
ical scavenging ability. Nonetheless, ethanolic methods for extract-
ing the active ingredients can reduce its potency, whereas non-
ethanolic extracts maintain strong radical scavenging and antimi-
crobial activity especially against K. pneumoniae, P. aeruginosa,
Bacillus cereus and S. aureus. Accordingly, the use of higher temper-
atures at 70 �C can compensate for using nonethanolic solvent
complexes and efficiently extract active compounds from propolis.
As a result, the levels of total phenolic compounds are like those
present in ethanolic extract (Kubiliene et al. 2015). A study
revealed that the combination of honey with propolis from Saudi
Arabia and Egypt had a synergistic effect against E. coli and S. aur-
eus. A much better activity was noted for Saudi propolis in compar-
ison to the Egyptian one (Al-Waili et al. 2012). Only few studies
have been published on the efficacy of propolis against anaerobic
bacteria. Published studies revealed a potent effect against the fol-
lowing anaerobic bacteria: Propionibacterium species, Prevotella,
Bacteroides, Fusobacterium, Actinomyces, Porphyromonas and
Clostridium (Özen et al., 2010, Shabbir et al. 2016). In fact, the
results obtained from three studies using ethanolic extract of pol-
ish propolis indicated that Fusobacterium genus was most suscep-
tible anaerobic bacteria tested. However, other anaerobic bacteria
studied including: Peptostreptococcus, Clostridium, Actinomyces,
Peptococcus, Bacteroides and Propionibacterium, have shown a much
higher resistance.
6. Underlying anti-bacterial mechanism of propolis

Propolis and some of its derivatives can either act directly on
bacteria through several mechanisms or by affecting the immune
system of the host (Fig. 2). For instance, cell membrane permeabil-
ity is likely to be affected by propolis leading to a reduction in
membrane-related activity, namely adenosine triphosphate (ATP)
production and so compromising bacterial mobility as well as
other activities. In fact, the reason behind propolis’s higher efficacy
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against Gram-positive bacteria as opposed to Gram-negative ones
could be the hydrolytic enzymes produced in the outer membrane
protein structure of the Gram-negative bacteria. Such enzymes are
capable to compromise the function of the active ingredients found
in propolis (Sforcin and Bankova 2011, Kędzia 2013). Another
mechanism is that of cinnamic acid, which inhibits production of
ATPases, cell division, and biofilm development by causing bacte-
rial cell membrane damage associated with a disruption of the cru-
cial metabolic pathways with a stress on the pH intracellular
inhibition homeostasis (Yilmaz et al. 2018). However, Artepillin
antibacterial activity is mediated via the modulation of the NF-
kappa B (NF-jB) pathway causing an inhibition of the synthesis
of prostaglandin E (2) and nitric oxide (Veiga et al. 2017). However,
most of the biological activities of propolis are attributed to its fla-
vonoid compounds, although much of it is still not well under-
stood. It is believed that flavonoids target various bacterial
structures to compromise their function, where the B ring of the
flavonoids inhibit nucleic acid synthesis powered (Uzel et al.
2005). For example, quercetin inhibits ATPase activity by binding
to DNA gyrase B subunit of Escherichia coli. Furthermore, flavonoids
can inhibit E. coli growth by their main binding target to topoiso-
merase II resulting in a cleavage of the DNA. Moreover, various
reports have indicated a synergistic effect between antimicrobials
and propolis. It is thought that the reason behind flavonoids ability
to reduce bacterial resistance to various antibacterial compounds
is through propolis binding to cell wall of bacteria, resulting in
the lysis of the bacterial cells and their demise (Olegário et al.
2019). In another study, it was reported that the damage E. coli
membrane have occurred because of the interaction between the
hydrophobic regions of the membrane and its polar head- group
(He et al., 2014). Yet another mechanism by which propolis might
synergistically enhance antimicrobial agents is its ability to inhibit
protein synthesis. Synergism has been reported against Salmonella
typhi upon the application of both Bulgarian and Brazilian propolis
with chloramphenicol, neomycin, and tetracycline by acting on the
ribosome (Orsi et al. 2012); it is believed that propolis inhibition of
RNA-polymerase might be behind the synergism with agents that
inhibit protein synthesis. Flavonoids can modulate the crosstalk
through toll-like receptor (TLR) of host microbiota as reported in
various published papers related to the influence of flavonoids on
TLR gene and protein expression (Bhaskar et al. 2011). Flavonoids
can result in activating of various important protein kinases
responsible various intracellular signaling pathways regulation
(Williams et al. 2004). For example, oxidative stress that lead to
the activation of several protein kinases can be suppressed by fla-
vonoids via the modulation of the activity of NF-jB (Comalada
et al. 2005), while other flavonoids can regulate interferon-b-
dependent pathways (González-Gallego et al., 2018). Another fla-
vonoid, quercetin inhibited the kinase TBK1, present in TRIF-
dependent TLR activation (Youn et al. 2006). Cytoplasmic mem-
brane damage was produced upon the combination of ceftazidime
with apigenin against ceftazidime-resistant Enterobacter cloacae
leading to a leakage of intracellular components (Eumkeb and
Chukrathok 2013). Nucleic acid synthesis inhibition achieved via
the inhibition of topoisomerase has been reported using different
classes of flavanols, flavan-3-ols, and flavones classes. Inhibition
of synthesis of cell membrane has also been noted (Jeong et al.
2009). In the study using three 7 flavonoids against both Gram pos-
itive and negative bacteria revealed an inhibition of protein syn-
thesis as well as RNA and DNA (Zhang et al. 2008). Published
studies elucidated the activity and its underlying mechanism of
action of two flavonoids [kaempferol, hesperidin] against E. coli
(Harasstani et al. 2017). In an evaluation of the efficacy of
twenty-one synthetic fluoroquinolone-flavonoid hybrids against
three drug- resistant (including S. aureus, Bacillus subtilis and
E. coli) using efflux pump and DNA gyrase. The data showed that



Fig. 2. Mechanism action of propolis as anti-bacterial agent (A) The active components of propolis attached on the cytoplasmic membrane of bacterial cell and then the
structural integrity has been damaged leading to perforation of the membrane where the cytoplasmic content expelled outside and leading to cell death (B) flavonoids may
result in the inhibition of topoisomerase IV-dependent deactivation activity and lead to (associated cellular response and is known as SOS ‘save our ship’ or ‘save our souls’)
growth inhibition of bacterial cells.
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only two compounds out of the 21 one compounds could inhibit
DNA gyrase and efflux pump. The combination of quercetin, rutin
and morin could lead to the oozing of potassium from the bacterial
cytoplasmic membrane (Amin et al. 2015, Al-Ani et al. 2018,
Kharsany et al. 2019, Veloz et al. 2019). Three flavonoids
quercitin-3-glucoside, negletein, and techtochrysin, were investi-
gated against foodborne pathogens, and they caused a 90–95%
reduction in biofilms (Majiene et al., 2007, Rajendran et al. 2016,
Ming et al. 2017, Przybyłek and Karpiński 2019).

To sum up, several possible mechanisms associated with the
anti-bacterial efficacy of propolis have been proposed:

1. Nucleic acid synthesis inhibition
2. Cytoplasmic membrane function alteration
3. Energy metabolism inhibition
4. Reducing the affinity to development of biofilms
5. Cell membrane proteins inhibition
6. Compromising membrane permeability
7. Bacterial resistance reduction
7. Clinical antibacterial potential and its use in new drugs of
biotechnological products

The complex composition of propolis consisting of more than
200 substances gives it its potential biological efficacy. Those 200
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and more ingredients are highly beneficial to human health, and
thus gained tremendous popularity throughout the world
(Sforcin and Bankova 2011). The in vitro data provides are useful
as preliminary findings of the possible application of a natural
compound. When the in vitro study gives positive results, then fur-
ther in vivo study is warranted to produce relevant clinical data.
Moreover, in many of both in vitro and in vivo assays, the scientists
do not characterize the chemical composition to be able to identify
the active ingredient. Hence, one pharmacologic variation in the
extracts are highly expected (Heinrich et al. 2008). Many publica-
tions have noted the biological potential of propolis, no critical
reviews are available related to the application of such data in
the context of a product’s clinical use. However, new formulations
impregnated with propolis or anyone or more of its active ingredi-
ents have been prepared. The Egyptians, recognized propolis’s anti-
putrefactive properties, and was used for embalming. The Romans
and Greek doctors were the first to recognize its medicinal proper-
ties. Propolis was applied as an antiseptic for wound treatment and
healing and as a mouthwash. Its use was mainly perpetuated
among Arab doctors in the Middle Ages. It was used in the battle-
field as an ointment or cream for the treatment of wounds of sol-
diers in battlefield. Alcoholic and hydroalcoholic extracts of
propolis has been impregnated in ointments containing butter,
Vaseline, olive oil or lanolin. The concentration of propolis vary



M.S. Almuhayawi Saudi Journal of Biological Sciences 27 (2020) 3079–3086
depending on the application and should be enough to achieve
bacteriostatic or bactericidal effects (Geraldini et al. 2000). One
of the main concerns in dentistry is bacterial infections which
are associated with dental carries, oral ulcers, gingivitis, periodon-
titis, and oral ulcers (Geraldini et al. 2000). Also, oral hygiene is
extremely important to keep the teeth healthy and reduce associ-
ated bacterial infections which may start locally and later will be
systemic. Positive data have been published on the antiseptic and
healing potential of propolis on patients from various hospitals
(Grégio et al. 2005). Thus, propolis has attracted a great deal of
interest for the treatment of oral infections. It is worth noting that
the first licensed commercial propolis based product was regis-
tered in Romania in 1965. Internationally, more than 239 commer-
cial licenses have been reported. Most commercial licenses were
obtained in the 1980 s, by the former USSR countries. Currently,
a high percentage of commercial licenses (43%) have originated
from Japan and 6.2% of those are in the field of dentistry. There
was an increase of 660% in the scientific productivity for propolis
in Japan between the 1980 and 1990. As a result, of the recognition
of propolis’s biological activity, there was a considerable focus on
research related to the potential application of propolis and its
active ingredients (Parker 2007). Totarol is a diterpenes isolated
from propolis with known significant antibacterial efficacy. The
underlying mechanism of action of totarol is not fully elucidated.
However, it is thought that it inhibits the oxygen consumption
by bacteria cells leading to the interruption of the respiratory path-
way and electron transport system in the oxidation of bacteria
membranes, although this may be very weak assumption against
anaerobic bacteria (Shapiro and Guggenheim 1998). Studies con-
ducted on antibacterial activity of diterpene against MRSA revealed
that it exerts its effect by interfering with penicillin binding protein
2 expression affecting the synthesis of the adenosine triphosphate
in bacteria, and it modulates the integrity of the membrane by
reducing the bacterial phospholipid bilayer structural intermolec-
ular forces (Bernabeu et al. 2002). As stated above, propolis has a
synergistic effect with antimicrobial drugs, and such an association
may lead to the novel commercially available drugs is a field of
interest to be pursued by the pharmaceutical industry for the dis-
covery of novel potent products to be used in the treatment of var-
ious conditions. It would be very interesting to use propolis with
antibiotics to enhance the efficacy of the latter or modulate the
antimicrobial resistance of bacteria. For instance, the application
of both propolis and ciprofloxacin resulted in synergism in the
treatment of keratitis caused by S. aureus (Oksuz et al. 2005).
While, a study indicated that propolis, upon the exposure of bacte-
ria to certain antibiotics like: amoxicillin, ampicillin and cefalexin,
caused a reduction in the antimicrobial resistance as a conse-
quence to modulating the bacterial wall and, also, indicated syner-
gism with other antibiotics (chloramphenicol, tetracycline and
neomycin) which affect the ribosome (Orsi et al., 2006). In addi-
tion, the simultaneous application of alcoholic extracts of propolis
with antibiotics produced antibacterial synergism against both
Escherichia coli and Staphylococcus aureus (Meresta 1985).
8. Conclusions

As discussed above, propolis and its derivatives has shown to be
very potent antibacterial agents and a synergetic agent to increase
the efficacy of conventional antibiotics. Also, they have helped in
modulating the antimicrobial resistance of highly resistant bacte-
ria. As such, they may have a potential in being used in the medical
field. However, so far propolis have not been evaluated in clinical
trials to better evaluate its potential in various fields of medicine.
Few flavonoids have been included in clinical trials and revealed
negligible adverse effects and demonstrated biological activity.
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Some of them like quercetin produced synergistic effect when
applied with reference drugs and can be safely investigated further
in future clinical trials. It is recommend that the role of flavonoids
in the medical field should not be overlooked and more clinical tri-
als should be conducted to further decipher their potential applica-
tion in the treatment of various medical problems.
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Postępy Fitoterapii 2: 97-107.

Kharsany, K., Viljoen, A., Leonard, C., van Vuuren, S., 2019. The new buzz:
Investigating the antimicrobial interactions between bioactive compounds
found in South African propolis. J. Ethnopharmacol. 238.

Kubiliene, L., V. Laugaliene, A. Pavilonis, A. Maruska, D. Majiene, K. Barcauskaite, R.
Kubilius, G. Kasparaviciene and A. Savickas (2015). ‘‘Alternative preparation of
propolis extracts: comparison of their composition and biological activities.”
BMC complementary and alternative medicine 15.

Majiene, D. T., S.; Pavilonis, A.; Savickas, A.; Martirosyan, D. M.; (2007). ‘‘Antifungal
and Antibacterial Activity of Propolis.” Current Nutrition & Food Science 3(4).

Martinotti, S. and E. Ranzato (2015). ‘‘Propolis: a new frontier for wound healing?”
Burns & trauma 3.
3085
Meresta, L. M., T.; (1985). ‘‘An attempt to use the extract from propolis in the
treatment of mastitis of cows.” Med. Weter 41: 489-492.

Ming, D., D. Wang, F. Cao, H. Xiang, D. Mu, J. Cao, B. Li, L. Zhong, X. Dong, X. Zhong, L.
Wang and T. Wang (2017). ‘‘Kaempferol Inhibits the Primary Attachment Phase
of Biofilm Formation in Staphylococcus aureus.” Frontiers in microbiology 8.

Mokhtar, A.B., El-Gayar, E.K., Habib, E.S., 2016. In Vitro Anti-protozoal Activity of
Propolis Extract and Cysteine Proteases Inhibitor (Phenyl Vinyl Sulfone) On
Blastocystis Species. J. Egypt. Soc. Parasitol. 46 (2).

Muli, E. M. M., J.M.; (2007). ‘‘Antibacterial activity of Apis mellifera L. propolis
collected in three regions of Kenya.” Journal of Venomous Animals and Toxins
Including Tropical Diseases 13(3): 655-663.

Nayaka, H.B., Londonkar, R.L., Umesh, M.K., Tukappa, A., 2014. Antibacterial
Attributes of Apigenin, Isolated from Portulaca oleracea L. International
journal of bacteriology 2014.

Oksuz, H., Duran, N., Tamer, C., Cetin, M., Silici, S., 2005. Effect of propolis in the
treatment of experimental Staphylococcus aureus keratitis in rabbits.
Ophthalmic Res. 37 (6).

Olegário, L.S., Andrade, J.K.S., Andrade, G.R.S., Denadai, M., Cavalcanti, R.L., da Silva,
M.A.A.P., Narain, N., 2019. Chemical characterization of four Brazilian brown
propolis: An insight in tracking of its geographical location of production and
quality control. Food research international (Ottawa Ont.) 123.

Orsi, R.O., Fernandes, A., Bankova, V., Sforcin, J.M., 2012. The effects of Brazilian and
Bulgarian propolis in vitro against Salmonella Typhi and their synergism with
antibiotics acting on the ribosome. Nat. Prod. Res. 26 (5).

Orsi, R. O. S., J.M.; Funari, S.R.C.; Fernandes Jr., A.; Bankova, V.; (2006). ‘‘Synergistic
effect of propolis and antibiotics on the Salmonella Typhi.” Brazilian Journal of
Microbiology 37: 108-112.

Oryan, A., E. Alemzadeh and A. Moshiri (2018). ‘‘Potential role of propolis in wound
healing: Biological properties and therapeutic activities.” Biomedicine &
pharmacotherapy = Biomedecine & pharmacotherapie 98.

Özen, T. K., A.; Bedir, O.; Koru, Ö.; Sorkun, K.; Tanyuksel, M.; Kılıç, S.; Gencay, O.;
Yildiz, O.; Baysallar, M (2010). ‘‘In vitro activity of Turkish propolis samples
against anaerobic bacteria causing oral cavity infections.” Kafkas Univ Vet Fak
Derg 16(2): 293-298.

Park, H., Bae, S.H., Park, Y., Choi, H.S., Suh, H.J., 2015. Lipase-mediated lipid removal
from propolis extract and its antiradical and antimicrobial activity. J. Sci. Food
Agric. 95 (8).

Parker, J. F. L., M.M.S.; (2007). ‘‘Método para avaliação e pesquisa da atividade
antimicrobiana de produtos de origem natural.” Revista Brasileira de
Farmacognosia 17(1): 102-107.

Pasupuleti, V.R., Sammugam, L., Ramesh, N., Gan, S.H., 2017. Honey, Propolis, and
Royal Jelly: A Comprehensive Review of Their Biological Actions and Health
Benefits. Oxidative medicine and cellular longevity 2017.

Plaper, A., Golob, M., Hafner, I., Oblak, M., Solmajer, T., Jerala, R., 2003.
Characterization of quercetin binding site on DNA gyrase. Biochem. Biophys.
Res. Commun. 306 (2).
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