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Abstract: Propolis is a complex phytocompound made from resinous and balsamic material har-
vested by bees from flowers, branches, pollen, and tree exudates.Humans have used propolis
therapeutically for centuries. The aim of this article is to provide comprehensive review of the
antiviral, antibacterial, antifungal, and antiparasitic properties of propolis. The mechanisms of
action of propolis are discussed. There are two distinct impacts with regards to antimicrobial and
anti-parasitic properties of propolis, on the pathogens and on the host. With regards to the patho-
gens, propolis acts by disrupting the ability of the pathogens to invade the host cells by forming a
physical barrier and inhibiting enzymes and proteins needed for invasion into the host cells.
Propolis also inhibits the replication process of the pathogens. Moreover, propolis inhibits the
metabolic processes of the pathogens by disrupting cellular organelles and components responsi-
ble for energy production. With regard to the host, propolis functions as an immunomodulator. It
upregulates the innate immunity and modulates the inflammatory signaling pathways. Propolis
also helps maintain the host’s cellular antioxidant status. More importantly, a small number of
human clinical trials have demonstrated the efficacy and the safety of propolis as an adjuvant
therapy for pathogenic infections.

Keywords: propolis; antiviral; antibacterial; antifungal; antiparasitic; phytochemical; apiculture;
antioxidant; anti-inflammatory

1. Introduction

The present viral pandemic and the threat of antibiotic resistant bacteria illustrate
the ever-increasing need to find novel pharmaceutical compounds to combat microbial
pathogens. Nature-derived compounds with a myriad of pharmacological properties
could hold the key to overcome the never-ending and inevitable threats. Natural prod-
ucts have been used as medicine to treat human diseases caused by pathogens for cen-
turies. For example, quinine the antimalarial drug derived from Cinchona tree, long used
by the indigenous South American native population and discovered by the West in the
17th century [1]. Other notable examples are artemisinin, the antimalarial drug derived
from the plantArtemisia annua, which is an herbal plant in Chinese traditional medicine;
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and penicillin, a natural antibiotic derived from Penicilliummolds [2,3]. The latter two
resulted in Nobel prizes, highlighting the significance of natural product research.

Beehive-derived products such as propolis have shown tremendous potential.
Propolis is plant resin collected by the bees to serve various critical functions; to provide
physical protection, maintain hive homeostasis, act as an antimicrobial and im-
mune-modulator substance, induce detoxification process, and stabilize beneficial mi-
crobiome [4-9]. Propolis has a wide range of therapeutic and health benefits for humans
acting as anantibacterial, antiviral, anti-inflammatory, antioxidant, and antiproliferative
agent [10-16]. Humans have used propolis for centuries to alleviate many ailments in-
cluding pathogenic infections [17].

The present review article focuses on the antiviral, antibacterial, antifungal, and an-
tiparasitic properties of propolis. The term “propolis’in this review study includes prop-
olis from all propolis-producing bees, namely European honey bees (Apis mellifera), Asian
honey bees (Apis cerana), and stingless bees of the genera Trigona, Melipona, Geniotrigona,
Heterotrigona, and Tetragonula.

2. Bioactive Compounds in Propolis

Propolis comprises of wax, resin, balsam, essential oils, pollen, and plant primary
and secondary metabolites—such as amino acids, minerals, vitamins, phenolics, terpe-
noids, tannins, and alkaloids [18-21]. The precise composition of propolis varies de-
pending on the geographical locations, plant sources, and/or bee species [22]. Majority of
propolis research in terms of its health benefits has been linked to its phenolic content
[23-25]. Phenolic compounds are one of the largest groups of plant secondary metabo-
lites. It is estimated that 2% of all carbon fixed by photosynthesis is converted into phe-
nolic compounds. Even though phenolics are considered as secondary metabolites as
they are not directly involved in anabolic and catabolic processes, plant phenolic com-
pounds are paramount for plant survival as they are implicated in many essential func-
tions such as defense mechanisms (against pathogens, insects, oxidation, and UV radia-
tion), plant developmental signaling, and so on [26-28]. In this review, the terms ‘phe-
nolic compounds’, “phenolics’, and “polyphenols’confer the same meaning and are used
interchangeably, unless specified otherwise.

Quideau et al. (2011) proposed that plant phenolics should be confined to the sec-
ondary metabolites produced by shikimate/phenylpropanoid pathway or ace-
tate/malonate pathway, or combination of both [29]. These compounds include simple
phenols and polyphenols. As a general description, polyphenols consist of two phenyl
rings and one or more hydroxyl substituents and their functional derivatives; such as
esters and glycosides. Plant phenolics can be categorized into two major groups; flavo-
noids and non-flavonoids. Flavonoids share a structure of diphenyl propanes (Ce-Cs-Ce),
where the phenolic rings are most commonly linked by a heterocylic ring. Flavonoids
and their conjugates are a major group of natural products in which over 8000 flavonoids
have been identified. Some examples of flavonoids are flavanol, flavanone, pinocembrin,
quercetin, gallangin, chrysin, and kaempferol [30,31].

Non-flavonoid phenolics consist of groups of compounds such as simple phenols,
benzoquinones, phenolic acids, stilbenes, and lignans. Examples of simple phenols (Cs)
are catechol, resorcinol, and phloroglucinol. Benzoquinones (Cs) include p-benzoquione
and o-benzoquinone. Phenolic acids (Ce-C1, Cs-C2, Ce-Cs) can be divided into two major
groups, namely benzoic acid and cinnamic acid derivatives. Phenolic acids rarely occur
in free from. They are usually conjugated with sugars or other organic acids. Phenolic
acids are usually part of complex structures such as lignins and hydrolyzable tannins.
Examples of benzoic acid derivates are gallic acid, p-hydroxybenzoic acid, protocatechuic
acid, syringic acid, and vanillic acid, whereas cinnamic acid derivatives are caffeic acid,
ferulic acid, p-coumaric acid, and sinapic or sinapinic acid [27,29-31].

Moreover, stilbenes (Cs-C2-Cs), a relatively small group of phenolic compounds, are
characterized by two phenyl moieties linked by a two-carbon methylene group. Exam-
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ples of stilbenes are resveratrol and 1,2-diarylethenes. Another non-flavonoid phenolic
group is lignans which consist two propylbenzene units (Ce-Cs) linked by the central
carbon (C8) of the side chains. The C9 and C9’ positions of lignans are usually substituted
with various different patterns, consequently lignans are classified into eight subgroups,
namely furofuran, furan, dibenzylbutane, dibenzylbutyrolactone, aryltetralin, ar-
ylnaphthalene, and dibenzocyclooctadiene [27,29-35].

The phenolic constituents of propolis vary depending on the plants from which the
bees collect the resin from. The common phenolics found in propolis were shown to be a
combination of both flavonoids and non-flavonoid phenolics. Bankova et al. (2002) found
that propolis from various regions of Europe (Bulgaria, Italy, and Switzerland) contained
phenolic acids, phenolic acid esters, and flavonoids, with compounds such as pino-
cembrin, pinobanksin and its 3-O-acetate, chrysin, galangin, phenethyl esters of caffeic
and ferulic acids being the highest in concentration [36]. In addition, Popova et al. (2017)
identified a myriad of phenolics in the propolis from Poland; 13 phenolic acids such as
benzoic acid, p-coumaric acid, and ferullic acid; 28 phenolic esters such as butyl
p-coumarate, pentyl p-coumarate, and pentenylp-coumarate; 30 flavonoids such as pi-
nocembrin, pinobanksin, chrysin, galangin, and kaempferol. Kasiotis et al. (2017) inves-
tigated the composition of Greek propolis from eightdifferent regions. They found sub-
stantial amount of pinocembrin and chrysin; 361-13,992 ug/g (dry extract) and 170-9940
ug/g (dry extract), respectively [37]. However, the concentrations for other phenolics
such as apigenin, galangin, pinobanksin, gallic acid, and so on, ranged from “undetect-
ed’to 2529 ug/g (dry extract) [37].

Shi et al. (2012) found caffeic acid, p-coumaric acid, ferulic acid, isoferulic acid,
3,4-dimethylcaffeic acid, pinobanksin, chrysin, pinocembrin, galangin, pi-
nobanksin-3-acetate, and caffeic acid phenethyl ester were the dominant phenolics in
propolis from various provinces of China, covering geographically diverse regions [38].
In addition, Chen et al. identified and isolated several prenylflavanones; propolin A-F as
bioactive phenolic components of propolis collected from various regions of Taiwan
[39,40]. Interestingly, they demonstrated that seasons, rather than geographical locations,
played a major role in determining the total phenolics composition of Taiwanese propolis
[41]. Trusheva et al. (2011) identified alk(en)ylresorcinols and propolin C, D, F, and G as
phenolic components of propolis from a region in Indonesia [42]. Furthermore, Kasote et
al. (2017) identified gallic acid, naringin, caffeic acid, p-coumaric acid, ferulic acid, quer-
cetin, cinnamic acid, kaempferol, chrysin, galanginin, and caffeic acid phenethyl ester as
main phenolic components of propolis collected from various regions in India [43].

Arguably, the most extensive propolis studied is Brazilian propolis. Brazilian prop-
olis is usually categorized into three types based on its physical appearance: green, red,
and brown propolis. The botanical source of Brazilian green propolis is Baccharis dra-
cunculifolia [44]. The main phenolic compound is typically artepillin C, in addition to
moderate concentration of flavonoids such as kaempferol and kaempferide. Brazilian
green propolis also contains phenolic acids such as p-coumaric acid and
3-prenyl-4-hydroxycinnamic acid [19,44-46]. In addition, Brazilian red propolis contains
phenolics such as retusapurpurin A and B, formononetin, biochanin A, vestitol, neo-
vestitol, and daidzein [47,48]. The botanical source of Brazilian red propolis is purport-
edly Dalbergiaecastophyllum [47,49,50]. Furthermore, the main phenolic compounds in
Brazilian brown propolis were shown to be galangin, pinocembrin, chrysin, apigenin,
pinobanksin, and apigenin [51]. To date, the botanical origin of brown propolis has not
been determined; it is most likely diverse in botanical sources [52]. Table 1 illustrates the
profile of phenolic compounds of propolis from different sources.
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Table 1. The profile of phenolic compounds of propolis from various sources. These are for illustrative purposes only and
by no means exhaustive.

Country

Extracts

Species

Chemical Composition Profile

Refer-
ences

European honey bees

Bulgaria

hydroethanolic

Apis mellifera

Pinocembrin, pinobanksin, pinobanksin-3-O-acetate,
chrysin, galangin, prenyl esters of caffeic acid and
ferulic acid

[36,53]

Italy

hydroethanolic

Apis mellifera

Pinocembrin, pinobanksin-3-O-acetate, chrysin,
galangin, benzyl caffeate, and caffeic acid phenethyl
ester

[36]

Switzerland

hydroethanolic

Apis mellifera

Pinocembrin, pinobanksin-3-O-acetate, galangin,
phenolic glycerides

[36]

Poland

hydroethanolic

Apis mellifera

Benzoic acid, p-coumaric acid, ferullic acid, butyl
p-coumarate, pentyl p-coumarate, pentenyl
p-coumarate, pinocembrin, pinobanksin, chrysin,
galangin, and kaempferol

[54]

Greece

hydroethanolic

Apis mellifera

Pinocembbrin, apigenin, chrysin, galangin, ellagic
acid, tectochrysin, syringic acid, ferullic acid, gallic
acid, hesperetin, luteolin, p-coumaric acid, pi-
nobanksin, caffeic acid, pinostrobin, caffeic acid
phenethyl ester, quercetin, rhamnetin, kaempferol,
chlorogenic acid, protocatechuic acid, kaempferide,
acacetin, resveratrol, eriodictyol, naringenin, pi-
nobanksin-3-O-acetate, catechin, and rutin

[37]

China

hydroethanolic

Apis mellifera

Caffeic acid, p-coumaric acid, ferulic acid, isoferulic

acid, 3,4-dimethylcaffeic acid, pinobanksin, chrysin,

pinocembrin, galangin, pinobanksin-3-acetate, and
caffeic acid phenethyl ester

[38]

Taiwan

hydroethanolic

Apis mellifera

Propolin A-F (prenylflavanones)

[41]

India

hydroethanolic

Apis mellifera

Gallic acid, naringin, caffeic acid, p-coumaric acid,
ferulic acid, quercetin, cinnamic acid, kaempferol,
chrysin, galanginin, and caffeic acid phenethyl ester

[43]

Brazil

hydroethanolic

Apis mellifera

Artepillin C, kaempferol, kaempferide, p-coumaric
acid, 3-prenyl-4-hydroxycinnamic acid, retusapurpu-
rin A and B, formononetin, biochanin A, vestitol, ne-

ovestitol, daidzein, galangin, pinocembrin, chrysin,

apigenin, and pinobanksin

[19,44-52]

Indonesia

hydroethanolic
and chloroform

Apis mellifera

Alk(en)ylresorcinols, propolin C, D, F, and G

[42]

Stingless bees

Malaysia

hydroethanolic

Geniotrigona thoracia

Caffeic acid, p-coumaric acid, quercetin, myricetin,
naringenin, hesperitin, kaempferol,and baicaline

[55]

Malaysia

ethanolic

Heterotrigona itama

Gallic acid and its derivatives, caffeic acid and its de-
rivatives, vanillic acid, syringic acid, protocatechuic
acid, benzoic acid, vitexin-O-gallate, pinobanksin,
lapachol,acetyleugenol, kaempferol, and mangostin

[56]

Thailand

hydroethanolic

Tetrigona apicalis

Gallic acid, eriodictyol, isoquercetin, quercetin, hy-
droquinin, catechin

[57]

India

ethanolic

Not determined

Gallic acid, naringin, caffeic acid, p-coumaric acid,

[58]
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ferullic acid, quercetin, cinnamic acid, kaempferol, and
caffeic acid phenethyl ester
Brazil hydroethanolic Frieseomelitta longipes Xanthochymol and gambogenone [59]
Gallic acid and its derivatives, p-coumaric acid and its
derivatives, cinnamic acid and its derivatives,
k ferol and its derivatives, tin and its de-
Brazil hydroethanolic ~ Melipona subnitida ACIpIErol and 1ts derivatives, qercetin anc 1ts ¢ [60]
rivatives, naringenin and its derivatives, ellagic acid,
aromadendrin, myricetin dimethyl-ether, and
herbacetin
Quercetin, epigallocatechin, p-OH-benzoic acid,
igallocatecchin gallat d ic acid
hydroethanolic Melipona quadrifasciata cpiga .oca ecchm ga Z,i © a‘n cour.narlé acl
. . Quercetin, p-OH-benzoic acid, caffeic acid, and
. hydroethanolic Tetragonisca angustula S
Brazil ) o coumaric acid [61]
aqueous Melipona quadrifasciata . L . . .
. Rutin, gallic acid, gallocatechin, epicatechin gallate,
aqueous Tetragonisca angustula o
and syringic acid
Quercetin, gallic acid, and gallocatechin
llic aci . . . ;
Brazil hydroethanolic Melipona orbignyi Gallic ac1d. anc.i its derivatives, c.ouma1j1c ac@ and its [62]
derivatives, aromadendrin, naringenin
Benzoic acid, caffeic acid and its derivatives, cinnamic
Brazil hydroethanolic ~ Tetragonisca fiebrigi acid and its derivatives, p-coumaric acid and its [63]
derivatives
llic aci . - lagic aci
Brazil hydroethanolic ~ Melipona fasciculata Gallic acid and its c'ierl\(atlvles, ellagic acid, and [64]
valoneic acid dilactone
Scaptotrigona
Bi
Brazil  hydroethanolic  _ -Punetate Vicenin-1, -2, and -3Mepuberin [65]
Melipona quadrifasciata
anthidioides
methanol,
Australia followed by Tetragonula carbonaria Cinnamic acid, p-couma.ric a.cid, phenolic acid, and [66]
diethyl ether and gallic acid
ethyl-O-acetate
n - Tlic acid. p- .
Tanzania hydroethanolic Meliponula ferruginea p-hydroxybenzoic acid, vanillic acid, p-coumaric acid, [67]

caffeic acid, resorcinol, cardanol, and anacardic acid

Another important group of bioactive compounds of propolis is terpenoids.
Terpenoids are secondary plant metabolites that play crucial roles in various plant
functions, such as parts of hormone-mediated signaling and electron transfer systems,
antioxidants, and plant defense mechanisms against insects and pathogens [68]. The
synthesis of terpenoids in plants starts from the conversion of the 5-carbonisoprenoid
precursors into various structurally distinct terpenoid core scaffolds which are then
structurally modified further into >50,000 terpenoids. The enzymatic modification
processes of core scaffolds to various terpenoids are catalyzed by terpene synthases and
cytochrome P450 monooxygenase (’450) enzymes [69-71].

Bankova et al. (2002) found propolis samples from Sicily had very little phenolic
compounds but instead contained diterpenic acids as the main bioactive compounds [36].
Melliou et al. (2007) investigated volatile compounds of propolis from various regions of
Greece [72]. They found that the predominant volatiles are terpenoids, witha-pinene,
junipene, and d-cadinene being some of the predominant compounds [72]. In addition,
Popova et al. (2010) identified at least 37 diterpenes from propolis from various regions of
Greece, with isocupressic acid, pimaric acid, communic acid, and
14,15-dinor-13-oxo0-8(17)-labden-19-oic acid being the most dominant terpenoids [73].
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The same group identified 32 diterpenes isolated from various propolis samples from
Malta [74]. Two specific diterpenes; daucane diterpene esters of hydroxybenzoic acids,
were isolated and linked to botanical source Ferula communis. They also demonstrated
that all samples had high antibacterial activity against Staphylococcus aureus, however
only propolis samples with high concentration of terpenyl esters were shown to have
high antifungal activity against Candida albicans [74].

Stingless bees from the tropics appear to have terpenoids as the predominant
bioactive compounds. Zhao et al. (2017) identified at least 28 bioactive compounds
(phenolic acids, flavones, terpenoids, and phytosterol) extracted from Heterotrigona itama
propolis from Malaysia with two terpenoids; 24(E)-cycloart-24-ene-26-0l-3-one and
20-hydroxy-24-dammaren-3-one being the predominant compounds [56]. In addition to
phenolics, Nazir et al. (2018) found that propolis extracted from stingless bees
Geniotrigona thoracica in the Malaysian region of Kota Bharu, Kelantan contained various
terpenoids such as fren-9(11)-en-2-alpha-ol, lup-20(29)-ene-3,21-dione, 28-hydroxy-, and
beta-amyrenol [55]. Pujirahayu et al. (2019) identified various cycloartane-type
triterpenes such as mangiferolic acid, cycloartenol, and ambolic acid from ethanolic
extract of propolis from stingless bees Tetragonula sapiens in Sulawesi, Indonesia [75].
These terpenoids were associated with its propolis botanical source which was Mangifera
indica [75]. Furthermore, Igbal et al. (2019) found that some propolis samples from
stingless bees appeared to have unusually modified terpenoids which had strong
anti-angiogenic properties [76]. Health properties of terpenoids are relatively less studied
compared to phenolics. However, there is growing body of evidence that propolis
terpenoids have strong therapeutic benefit. Terpenoids have been shown to have
anticancer, antibacterial, antiviral, antioxidant, and anti-inflammatory properties
[13,76-80]. Further research is needed to investigate the therapeutic properties of
propolis from the tropical stingless bees which appear to contain unique terpenoid
compositions. Table 2 illustrates the profile of terpenoids from different sources.

Table 2. The profile of terpenoids of propolis from various sources. These are for illustrative purposes only and by no
means exhaustive.

Ref
Country Extracts Species Terpenoid Profile € e:ence
Italy  hydroethanolic Apis mellifera Diterpenic acids [36]
a-pinene, junipene, and d-cadinene, isocupressic acid,
Greece hydroethanolic Apis mellifera pimaric acid, communic acid, and [72,73]
14,15-dinor-13-ox0-8(17)-labden-19-oic acid
2-acetoxy-6-p-methoxybenzoyljaeschkeanadiol,
Malta hydroethanolic Apis mellifera 2-acetoxy-6-p-methoxybenzoyljaeschkeanadiol, [74]
ferutinin, and teferin
Malaysia hydroethanolic  Geniotrigona thoracia fren-9(11)-en-2-alpha-ol, 1up-20(29)-er'le—3,21-d10ne, [55]
28-hydroxy-, beta-amyrenol, and friedelan-y-al
a-cubebene, copaene, caryophyllene,
Malaysia hydroethanolic Tetrigona apicalis bicyclogermacrene, caryophyllene oxide, a-cadinol, [81]
a-amyrin, and B-amyrin
. . ) ) 24(E)-cycloart-24-ene-26-0l-3-one,
Malaysia ethanolic Heterotrigona itama 20-hydroxy-24-dammaren-3-one, [56]
I ;
ndc;nes1 mangiferolic acid, cycloartenol, and ambolic acid [75]
solid-ohase (Z)-ocimenone, a-pinene, m-cymene, trans-isocarveol,
Mexico . p . Melipona beecheii limonene, verbenone, $-pinene, acampholenal, [82]
microextraction .
m-cymenene, trans-pinocamphone and trans-pulegol
Brazil hydroethanolic  Frieseomelitta longipes Pseudolimonene, 3-phellandrene, (Z)-f3-ocimene, [59]
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a-cubebene, a-copaene, 3-bourbonene, 3-longipinene,
a-gurjunene, a-cis-bergamotene, 3-caryophyllene,
[-copaene, B-trans-bergamotene, a-humulene,
y-muurolene, germacrene D, 3-chamigrene,
valencene, 3-bisabolene, y-cadinene, d-cadinene,
germacrene B
Brazil hydroethanolic Melipona orbignyi Diterpenes, sequisterpenes, and triterpenes [62]
Scaptotrigona bipunctata Triterpene (related to a-amyrin or 3-amyrin)
Brazil hydroethanolic Melipona quadrifasciata 7-O-methyl aromadendrin, abietic acid and its [65]
anthidioides derivatives,
methanol,
Australia followed by Tetragonula carbonaria Abietic acid, dehydroabietic .acid, pimaric acid, and (6]
diethyl ether and [-amyrin
ethyl-O-acetate
Diterpenic acid (pimaric), communic acid,
13-epi-cupressic acid, imbricataloic acid, abietic acid,
. . ) ) dehydroabietic acid, acetylisocupressic acid, f-amyrin,
Tanzania hydroethanolic =~ Meliponula ferruginea [67]

cycloartenol, lupeol, -amyrenone, triterpenic acid,
triterpene acetate (betulin), lupenon, dammarenone,
mangiferolic acid

Propolis also contains other compounds such as tannins, alkaloids, vitamins, amino
acids, minerals, and fatty acids, albeit in small concentration [21,65,83-86]. Bioactive
composition of propolis described and listed in this review is by no means exhaustive.

The description should be considered and treated as examples.

Antimicrobial and antiparasitic properties of propolis should be considered at two
levels, its impact on the pathogen itself and the impact on the host. With respect to the
latter, propolis has well-established immunomodulatory effects [87,88]. Figure 1
summarizes various mechanisms of action of propolis in exerting its antiviral, antiviral,
antifungal, and antiparasitic effect. Propolis and its bioactive components exert antiviral

activity through various mechanisms of action.
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Figure 1. There are two distinct impacts with regards to antimicrobial and anti-parasitic properties of propolis; on the
pathogens and on the host. With regards to the pathogens, propolis acts by inhibiting the ability of the pathogens to
invade the host cells (by forming a physical barrier and inhibiting enzymes and proteins needed for invasion into the host
cells). In addition, propolis inhibits the replication process of the pathogens by inhibiting the enzymes needed for the
replication of the pathogens’ genetic materials. Propolis also inhibits the metabolic processes of the pathogens by
disrupting cellular organelles and components responsible for energy production. With regard to the host, propolis acts
as an immunomodulator. It upregulates the innate immunity and modulates the inflammatory signaling pathways.
Propolis also helps maintain the host’s cellular antioxidant status throughout the infection.

3. Antiviral Propertiesof Propolis

In the present review article, the antiviral properties of propolis discussed would be
focused on pathogenic human viruses. Propolis has been demonstrated to have antiviral
properties against a wide range of viruses. One of the earliest studies was carried out by
Debiaggi et al. (1990) which investigated the propolis-derived flavonoids, namely
chrysin, kaempferol, acacetin, galangin, and quercetin against various strains of
herpesvirus, adenovirus, rotavirus, and coronavirus [89]. More importantly, propolis has
been shown to have antiviral activity against SARS-CoV-2. Refaat et al. (2021)
demonstrated that propolis delivered in a liposomal encapsulation was as effective as
remdesivir in neutralizing SARS-CoV-2 in vitro [90]. Many computational and molecular
docking studies suggest the efficacy of propolis and its phenolic components in
interfering with many important proteins of the SARS-CoV-2, including proteases and
the spike protein [91-94].

In addition, propolis is efficacious against influenza viruses. Serkedjieva et al. (1992)
demonstrated that propolis-derived phenolics, especially, isopentyl ferulate exhibited
strong antiviral activity against H3N2 influenza A virus [95]. Shimizu et al. (2008)
investigated the antiviral efficacy of thirteen ethanolic extracts of Brazilian propolis
against influenza virus A/PR/8/34 (HIN1) [96]. It was found that all extracts had antiviral
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properties with various level of efficacy. One extract (AF-08), in particular, was effective
in reducing weight loss and prolonging the life of infected mice. Ten mg-kg' AF-08
extract was also shown to be almost as efficacious as 1 mg-kg™' oseltamivir (antiviral
drug) in reducing the viral load in the bronchoalveolar lavage fluids of the lungs of the
infected mice [96].

Kai et al. (2014) showed that propolis-derived phenolics; apigenin, kaempferol, and
coumaric acid were effective against Influenza A/PR/8/34(HIN1) and both oseltamivir-
and peramivir-sensitive and resistant strains of influenza A/Toyama/26/2011 (H1IN1)
viruses. In addition, kaempferol was shown to reduce the viral load in the
bronchoalveolar lavage fluids and prolong the survival time of the infected mice [97].
Moreover, Kuwata et al. (2011) demonstrated that water extract of propolis had antiviral
activity against influenza virus A/WSN/33 (H1N1). It appeared caffeoylquinic acids were
the active components that exerted the antiviral properties [98]. The same group also
isolated and demonstrated that 3,4-dicaffeoylquinic acid as the anti-influenza compound
in the propolis extract [99].

Propolis has been shown to have anti-HIV activity. Moronic acid, a triterpenoid,
isolated from Brazilian propolis was shown to inhibit HIV activity in H9 lymphocytes
[100]. In addition, Gekker et al. (2005) demonstrated that propolis extracts from various
sources and regions, namely Minnesota (USA), Brazil, and China all inhibited the HIV-1
infected CD4+ lymphocyte and microglial cell cultures [101]. More importantly, propolis
did not antagonize the activity of antiretroviral drugs such as zidovudine and indinavir
[101]. Furthermore, Silva et al. (2019) reported that ethyl acetate extract of propolis from
Ceara state (northeast Brazil) exhibited anti-HIV activity [102]. It was found that the
propolis-derived phenolics—naringenin, quercetin, and diprenylcinnamic acid —were
the compounds linked to the antiviral activity of propolis [102].

The most extensive research on antiviral properties of propolis has arguably been
carried out in herpes viruses. Amoros et al. (1992) demonstrated that galangin,
kaempferol, and quercetin had anti-herpetic activity. They also demonstrated that there
were synergistic relationships among the propolis-derived phenolics which partly
explained the higher activity propolis when compared to its individual components
[103]. Schnitzler et al. (2010) also demonstrated the synergistic nature of the
propolis-derived compounds. It was shown that propolis aqueous and ethanolic extracts
had superior anti-herpetic activity when compared to the individual components such as
caffeic acid, p-coumaric acid, benzoic acid, galangin, pinocembrin, and chrysin [104]. In
addition, Bankova et al. (2015) showed that poplar propolis containing various
phenolics—such as benzoic acid, p-coumaric acid, benzyl p-coumarate, benzyl ferulate,
pinocembrin, and pinocembrin chalcone—exhibited antiviral activity against herpes
simplex virus types 1 and 2 (HSV-1 and 2) [105].

Propolis from stingless bees also has anti-herpetic activity. Coelho et al. (2015)
showed that hydromethanolic extract of stingless bees Scaptotrigona trigona, which
contained pyrrolizidine alkaloids and C-glycosyl flavones as the active ingredients,
exhibited antiviral activity against HSV-1 [106]. Moreover, propolis from Melipona
quadrifasciata was shown to inhibit HSV-1 activity. The dichloromethane, butanol, and
ethyl acetate fractions in particular showed the strongest anti-herpetic activity [107].

Anti-herpetic activity of propolis extract has also been shown in studies involving
animal models. Kurokawa et al. (2011) investigated several propolis extracts in mice and
demonstrated that various extracts appeared to inhibit the herpes virus at different stages
of infection [108]. Various ethanolic extracts of propolis significantly reduced the viral
load in brains and skins of mice infected with HSV-1 [108]. Sartori et al. (2012)
demonstrated that hydroalcoholic extract (70% ethanol) of propolis reduced the severity
of extravaginal lesions and histological damage in the vaginal tissue of animals infected
with HSV-2 [109]. Furthermore, antiviral properties of propolis extend to various viruses
such as rhinovirus, dengue virus, polio virus, rubella virus, picornavirus, and measles
virus [110-112].
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Mechanisms of Action of Antiviral Properties of Propolis

Molecular docking and in silico studies unveiled the potential mechanisms of action
employed by propolis and its components in inactivating SARS-Cov-2. Refaat et al.
demonstrated that rutin and caffeic acid phenethyl ester inhibited both 3CL-protease and
S1 spike protein of SARS-Cov-2 [15]. Caffeic acid phenethyl ester was also shown to
interfere with the highly conserved residues (substrate-binding pocket) of Mpr protein of
SARS-Cov-2 [113]. In addition, molecular docking studies by Sahlan et al. (2021) and
Dewi et al. (2021) demonstrated that Sulabiroins A,
(25)-5,7-dihydroxy-4"-methoxy-8-prenylflavanone acid, glyasperin A, and
broussoflavonol F (propolis-derived compounds) could potentially bind to various
residues of Mpr catalytic sites and consequently inhibit the activity of the Mrr protein of
SARS-Cov-2 [93,94].

Kwon et al. (2020) demonstrated that kaempferol and p-coumaric acid prevented the
entry of human rhinovirus and also inhibited the viral replication in HeLa cells [112]. In
addition, ferulic acid isolated from propolis was demonstrated to inhibit the activity of
porcine parvovirus [114]. Ferulic acid inhibited and reversed the parvovirus-induced
expression of pro-apoptotic genes Bid, Bad, Bim, and Bak. The expression of these genes
has been shown to be associated with mitochondrial disruption and apoptosis of the host
cells [114]. Propolis was also shown to enhance the expression of myxovirus resistance 1
(MX1) gene [115]. Mx proteins are the “gatekeepers” of the host cells in overcoming RNA
viruses and other virus families that replicate in the host nucleus [116]. Polyphenols also
help transport Zn cations into across the plasma membrane independently of plasma
membrane zinc transport proteins [117]. Zn cations have been shown to inhibit the
activity of viral RNA-dependent RNA polymerase [118].

Moreover, the immunomodulatory properties of propolis in affecting host immune
functions were evident in the virus infection models. Propolis constituent
3,4-dicaffeoylquinic acid (3,4-diCQA) was shown to increase the expression of tumor
necrosis factor-related apoptosis-inducing ligand (TRAIL) which expedited viral
clearance [99]. Propolis also reduced the oxidative stress in the infected host cells by
inhibiting the expression of reactive species, tyrosine nitration, and myeloperoxidase
activity. Propolis also maintained the expression of catalase, an important enzyme in the
cellular antioxidant system, in infected cells [109]. Additionally, propolis also induced
the production of interferon-y (IFN-y) in HSV infection models. IFN-vy is a significant
stimulator of lymphocyte migration into skin and consequently important in alleviating
the symptoms of viral infections such HSV infections [108]. Table 3 summarizes and
illustrates the antiviral properties of propolis and/or propolis-derived compounds.

Table 3. Antiviral properties of propolis

Propolis/Propolis-Derived

Compounds

Types of Virus Mechanisms of Action References

Chrysin, kaempferol, acacetin, herpesvirus, adenovirus,

galangin, and quercetin

. . Not determined [89]
rotavirus, and coronavirus

Prevention of the entry of human

Kaempferol and p-coumaric acid rhinovirus rhinovirus and inhibition of the viral [112]

replication.

Interfering with 3CL-protease and S1

Liposomal propolis Sars Cov 2 spike protein of Sars-Cov 2. [15]
Withanone, caffeic acid phenethyl

ester, sulabiroins A, Interfering with the highly conserved
(25)-5,7-dihydroxy-4’-methoxy-8- Sars Cov 2 residues (substrate-binding pocket) of [93,94,113]
prenylflavanone acid, glyasperin Mrr protein of Sars-Cov 2.

A, and broussoflavonol F
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Isopentyl ferulate influenza virus A (H3N2) Not determined [95]
‘ ‘ influenza virus A/PR/8/34 Reducing the viral load in the
Ethanolic extract of propolis (HINT) bronchoalveolar lavage fluids of the [96]
lungs.
Apigenin. kaembferol. and Influenza A/PR/8/34(H1N1) Reducing the viral load in the
P& / . P Y influenza A/Toyama/26/2011 bronchoalveolar lavage fluids of the [97]
coumaric acid
(HIN1) lungs.
Water extract of propolis Increase in the expression of tumor
; act oL Propots, influenza virus A/WSN/33 necrosis factor-related
caffeoylquinic acids, and L . . [98,99]
. N (HIN1) apoptosis-inducing ligand (TRAIL)
3,4-dicaffeoylquinic acid . . .
which expedited viral clearance.
Moronic acid HIV Inhibition of HIV in H9 lymphocytes. [100]
Inhibition of HIV-1 infected CD4+
Hydroalcoholic extract of propolis HIV lymphocyte and microglial cell [101]
cultures.
Ethyl acetate extract of propolis,
naringenin, quercetin, and HIV Not determined [102]
diprenylcinnamic acid
Galangin, kaemPferol, and Herpesvirus Not determined [119]
quercetin
A hanoli £
queous and et Anote extracts o Herpesvirus Not determined [104]
propolis
Poplar propolis extract (ACF®) Herpesvirus Not determined [105]
Hydromethanolic extract of
propolis, pyrrolizidine alkaloids, Herpesvirus Not determined [106]
and C-glycosyl flavones
Significant reduction of the viral load
Ethanolic extracts of propolis Herpesvirus in brains and skins of mice infected [108]
with HSV-1.
Reduction of the severity of
Hydroalcoholic extract' (70% Herpesvirus extravagmal le31or.1s an?l hlst9log1cal [109]
ethanol) of propolis damage in the vaginal tissue infected
with HSV-2.
Inhibition and reversal of the
Ferulic acid parvovirus parvov1ru.s—1nduceq expression of [114]
pro-apoptotic genes Bid, Bad, Bim, and
Bak.
i igall hi
Quercetin and epigallocatechin Not determined Zinc ionophore [117]

gallate

4. Antibacterial Properties of Propolis

Antibacterial properties of propolis are very well documented in the scientific
literature. Przybytek and Karpinski (2019) recently reviewed the analyses of the reported
data on the influence of propolis on about 600 strains of bacteria, both aerobic and
anaerobic [120]. Information of particular bacterial species susceptible to propolis action
as well as values of the minimal inhibitory concentration (a minimum concentration at
which no microorganism growth can be observed in the assays) can be found in that
review [120]. Generally, it has been shown in multiple studies that propolis exhibits more
powerful antimicrobial activity against Gram-positive than Gram-negative bacteria
[120-122]. The difference was thought to be due to the presence of bacterial hydrolytic
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enzymes in the outer membrane of Gram-negative bacteria, which could potentially
compromise and reduce the efficacy of the active components of propolis [123,124].

It is common practice to relate the potential antimicrobial properties of propolis to
its phenolic and flavonoid content. Nevertheless, Bridi et al. (2015) showed that the
concentration of those components does not always correlate with observed
antimicrobial activity in vitro [125]. Therefore, it has been suggested that other tests
should be used to set some standards for evaluation of propolis biological activity. In fact,
the plethora of active ingredients in varying combinations/concentrations is the property
of propolis that can prevent bacterial resistance from occurring [126].

In addition, geographical origin appears to affect the composition of propolis which
consequently affects its antibacterial properties [127,128]. It was found in particular, that
propolis from the Middle East exhibits highest activity against both Gram-postive and
Gram-negative strains, while that from Germany, Ireland, and Korea has the lowest
activity [120]. Apart from having direct antimicrobial effect, propolis also acts
synergistically with conventional antibiotics enhancing their efficacy as well as with
other natural products such as honey [129-131].

Mechanisms of Action of Antibacterial Properties of Propolis

With regards to its antibacterial mode of action, propolis can interfere with their
pathogenic potential by increasing permeability of the bacterial cell membrane, inhibiting
ATP production, decreasing bacterial mobility, disturbing membrane potential, and
impairing bacterial RNA and DNA production [120,121]. Because of the complex nature
of propolis in terms of its composition, it is not possible to precisely elucidate specific
mechanism responsible for each of its many effects. The studies usually concentrate on
some selected components or their mixtures and try to relate observed outcomes to that
induced by unfractionated propolis extracts. There are many possible biochemical
mechanisms that can underlie the antibacterial actions of propolis. They have been
covered in the extensive literature and also summarized in recent reviews [120-122].
Therefore, in this article, we will focus on the studies that represent some novel aspects in
the field.

It has been shown in a recent study that apart from biochemical pathways, there is
also physical mechanism that can contribute to the biological activity of propolis [132].
Namely, propolis deposited on a surface was found to generate a layer of water which
effectively excludes colloidal particles (termed exclusion zone (EZ) water). The
phenomenon is based on the electrokinetic process, depended on the presence of
negatively charged functional groups characteristic to many chemical components of the
propolis [132,133]. Therefore, the colloid-excluding property has very generic character,
largely independent of the exact composition and origin of the propolis. From the
physical perspective, all bacteria or viruses suspended in aqueous solution (e.g., our
body fluids or mucosal lining) are colloids. Thus, it has been proposed that propolis can
prevent pathogens from accessing the surface (e.g., respiratory epithelium) by creating
the physical barrier in the form of EZ [132].

There are few recent studies showing that propolis-functionalized textiles acquire
antibacterial properties and can be potentially used in medical field, e.g., as wound
dressing [134-136]. In one case, propolis was chemically bonded to the cotton fibers and
resisted several washing cycles [134]. Bacteria-free zone could be observed next to such
propolis-functionalized textile in so called disk diffusion method. Any diffusion of
bounded propolis components could hardly take place, yet EZ could be created as this
mechanism does not require chemical (contact) interaction with bacteria. Other
EZ-generating materials were also suggested to potentially provide first line of defense
against microorganisms colonizing surfaces (e.g., in healthcare facilities) [137].

Considering further physicochemical characteristics of propolis, the presence of
fixed negative charges in its chemical constituents goes in hand with mobile protons.
Protons (positive charges) are diffusible and providing propolis its acidic pH [138]. It is
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recognized that cationic agents are able to reduce negative charges of bacterial cells,
promote membrane permeability, and consequently induce bacterial cell death [139].
Therefore, higher bactericidal activity of propolis against Gram-positive compared to the
Gram-negative bacteria could be also related to the less negative surface charge of
Gram-positive strains and its higher susceptibility to mobile protons. Such a link is not
yet confirmed but would deserve further studies and could possibly help discriminate,
screen, and isolate propolis samples that have higher bactericidal activity against
Gram-negative species.

5. Antifungal Properties of Propolis

Antifungal activity of propolis has been well documented in the literature. It is
known to be influenced by the variation in chemical composition of propolis [140]. This
variation in antifungal effect has been reported in numerous studies analyzing the effect
of propolis from different geographic origin against different fungal species, particularly
of clinical interest [141-145]. Propolis is known to possess antifungal activity against
fungal species such as C. albicans, C.parapsilosis, C. tropicalis, C. glabrata [131,146]. It has
shown an aflatoxigenic property against fungi like Aspergillus flavus, where it inhibited
conidial growth of the fungi [147]. In this review article, focus has been laid on the fungal
species affecting humans and related clinical studies.

Propolis extract has displayed excellent performance regarding in vitro tests
performed against yeasts identified as onychomycosis agents. In these experiments, it
was observed that in low concentrations, propolis acts as a fungistatic and fungicidal
agent. Ota et al. (2001) carried out experimental studies on Brazilian propolis activity
against 80 strains of Candida yeast (20 strains of C. albicans, 20 strains of C. tropicalis, 20
strains of C. krusei, and 15 strains of C. guilliermondii) [141]. A clear antifungal activity of
propolis was reported in the following order of sensitivity: C. albicans>C. tropicalis>C.
krusei>C. guilliermondii, with C. albicans being the most sensitive and C.guilliermondii being
the most resistant. The minimal inhibitory concentrations (MICs) were in the range of
8-12 mg/mL. A reduction in the number of Candida species in saliva was also observed in
patients with full dentures who used a hydroalcoholic extract of propolis [141].

Both green and red Brazilian propolis have displayed antifungal activity against
different fungal species of Trichophyton, which cause dermatophytosis, with red propolis
being more efficacious [143]. In addition, n-hexane extract of Brazilian red propolis has
efficacy against Candida spp. resistant to antifungal agents like fluconazole [148]. Oliveira
et al. (2006) tested an alcoholic extract of Brazilian propolis against fungal isolates of C.
parapsilosis, C. tropicalis, C. albicans, and other yeast species obtained from onychomycosis
lesions. It was observed that the concentration of propolis which was capable of
inhibiting all of the yeasts contained 50 pug/mLof flavonoids while yeast cell death was
promoted at 20 ug/mLof flavonoids. The most sensitive species was recorded as
Trichosporon sp. [149].

A study was conducted by Quiroga et al. (2006) to demonstrate the antifungal
activity of propolis originating from the northwest of Argentina [150]. Their study
focused on the antimycotic and cytotoxic activities of partially purified propolis extract
on yeasts and xylophagous and phytopathogenic fungi. A comparison of propolis
activity was also carried out with compounds like pinocembrin and galangin isolated
from the same propolis and also with the synthetic drugs viz. ketoconazole and
clotrimazole. They observed that partially purified propolis extract was capable of
inhibiting fungal growth. The comparison of its relative biocide potency and cytotoxicity
with the isolated compounds and synthetic drugs showed that the propolis was a reliable
source of antifungal agent [150]. Another study was conducted by Agiiero et al. (2010)
using Argentinian propolis extract. The antifungal activity was tested against a range of
fungi and yeasts. Most susceptible species were reported to be Microsporum gypseum,
Trichophyton mentagrophytes, and Trichophyton rubrum. All the other dermatophytes and
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yeasts tested were strongly inhibited by different propolis extracts (MIC values being
between 16 and 125 ug/mL) [151].

Falcao et al. (2014) carried out a study on antifungal activity of Portuguese propolis
and its potential floral sources against C.albicans, T.rubrum, and Aspergillus fumigatus. A
significant effect was observed with T. rubrum and least effect was showed on A.fumigatus
[152]. Szweda et al. (2010) carried out an in vitro analysis of ethanolic extract of propolis
(Poland), essential oils and silver nanoparticles dropped on TiO: for their antifungal
activity against fluconazole-resistant C.albicans, C.glabrata, and C.krusei. They observed a
satisfactory fungicidal activity of all the samples against C.albicans and C.glabrata isolates
thus representing high potential to control and prevent candidiasis [153]. Boisard et al.
(2015) assessed the antifungal activity of organic extracts of French propolis against
various fungi and observed effective activity against C. albicans and C.glabrata but only
weak activity towards A.fumigates [154].

It appears delivery methods and/or vehicles could potentially affect the antifungal
activity of propolis. The study conducted by Bruschi et al. (2011) evaluated the in vitro
antifungal activity of propolis ethanolic extract (PEE) and propolis microparticles (PMs)
obtained from a Brazilian propolis sample against clinical isolates of yeast responsible for
vulvovaginal candidiasis. Their observation revealed that both PEE and PMs were
efficient in inhibition of C.albicans and non-C. albicans [144]. Beretta et al. (2013) studied
the fungicidal effect of propolis extracts, propolis matricial microparticles, and propolis
soluble dry extract in an in vivo experimental animal model [155]. The effect was
evaluated 6-8h post treatment and against three C. albicans morphotypes (yeast,
pseudohyphae, and hyphae). Among all the extracts, PEE was the most potent and was
followed by PSDE, PM, and PWE.Bonfim et al. (2020) conducted an in vitro and in vivo
study to assess efficacy of a new mucoadhesive thermoresponsive platform for propolis
delivery (MTS-PRPe) in a preclinical murine model of vulvovaginal candidiasis
treatment caused by C.albicans [156]. They carried out chemical analysis, an assessment of
the rheological and mucoadhesive properties of propolis formulations, in vitro and in
vivo antifungal evaluations, histological evaluations, and electron microscopy of the
vaginal mucosa. The authors observed antifungal activity of propolis extract and
MTS-PRPe against the standard strain and a fluconazole-resistant clinical isolate of
C.albicans, in vitro and in vivo. They demonstrated that the MTS-PRPe did not negatively
affect the efficacy of propolis [156].

Antifungal Mechanisms of Action of Propolis

Wagh (2013) extensively reviewed studies on propolis and its pharmacological
properties, and concluded that the presence of phenolic compounds in propolis was
considered responsible for fungicidal activity against C. pelliculosa, C. parapsilosis, C.
famata, C. glabrata, and Pichia ohmeri [157]. Banskota et al. (2011) reported that the
constituents of propolis such as 3-acetylpinobanksin, pinobanksin-3-acetate,
pinocembrin, p-coumaric acid, and caffeic acid out of 26 or more constituents exhibited
anti-fungal activity [158]. Agiiero et al. (2010) proposed from their observation that the
main bioactive compounds responsible for antifungal activity in the propolis extract were
found to be 2',4'-dihydroxy-3-methoxychalcone and 2',4'-dihydroxychalcone. Both were
reportedly highly active against clinical isolates of T. rubrum and T. mentagrophytes (MICs
and MFCs were recorded between 1.9 and 2.9 pg/mL). Additionally, galangin,
pinocembrin, and 7-hydroxy-8-methoxyflavanone were isolated from propolis samples
and Zuccagnia punctata exudates, which displayed moderate antifungal activity [151].
Boisard et al. (2015) carried out in vitro evaluation of antifungal and antibacterial
activities of aqueous and organic extracts of a mixture of French propolis samples on
human pathogenic fungi, two yeasts (C. albicans and C. glabrata) and one filamentous
opportunistic mold (A. fumigatus). They suggested from the results obtained that high
content of flavonoids was responsible for the antifungal activity of propolis against
C.albicans and C.glabrata species [154].
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It is proposed that the antifungal activity of propolis is mainly due to its ability to
induce apoptosis through metacaspase and Ras signaling [159]. Furthermore, propolis
disrupts the expression of various genes (HST7, GIN4, VPS34, HOG1, ISW2, SUV3,
MDS3, HDA2, KAR3, YHB1, NUP85, CDC10, MNN9, ACE2, FKH2, and SNF5) involved
in pathogenesis, cell adhesion, biofilm formation, filamentous growth, and phenotypic
switching. Propolis also inhibits the transition process from yeast-like to hyphal growth
[159]. Propolis, in particular its phenolic component pinocembrin, appears to disrupt
several critical cellular processes in a dose-dependent manner, namely energy
homeostasis and mycelia growth. Pinocembrin is shown to reduce the phosphorylated
adenosine nucleotides levels in hyphae of Penicillium italicum. Pinocembrin also damages
the structure of the hyphae and the cell membrane causing the ionic leakage and soluble
protein in P. italicum [160]. Table 4 summarizes and illustrates the antifungal properties
of propolis and/or propolis-derived compounds.

Table 4. Antifungal properties of propolis

Propolis/Propolis-Derived Reference

Compounds

Types of Fungi and Yeasts Mechanisms of Action s

20 strains each of Candida
albicans, Candida tropicalis,

Ethanolic extract of propolis Candida krusei and 15 strainsof Not determined [141]
Candida guilliermondii.
Ethanolic e>.<trac.t of proPolls and clinical y.east 1sola.te§ of Not determined [144]
propolis microparticles vulvovaginal candidiasis
n-hexane extract of propolis Candida spp. Not determined [148]
Hydroethanolic extract of propolis c pgrapszloszs, c tropzcalzis, < Not determined [149]
albicans, and other species
Methanolic extract of propolis,
2' 4'-dihydroxy-3-methoxychalcone M. gypseum, T. mentagrophytes, Not determined [151]
: and T. rubrum
and 2',4'-dihydroxychalcone
. albi T. A
Hydroethanolic extract of propolis C. albicans, T’ubrum, and Not determined [152]
fumigatus
Hydroethanolic, methanolic,
aqueous, and dichloromethane C. albicans and C. glabrata Not determined [154]
extracts of propolis
Induction of apoptosis through
metacaspase and Ras signaling.
Disruption the expression of various
Propolis Standardized Extract C. abicans enes involved in pathogenesis, cell ~ [159]
(EPP-AF®) ' & pathogenesis,
adhesion, biofilm formation,
filamentous growth, and phenotypic
switching.
Disruption of energy homeostasis,
mycelia growth, the structure of the
Pinocembrin P. italicum hyphae and the cell membrane. [160]

Reduction of the phosphorylated
adenosine nucleotides levels.

6. Anti-Parasitic Properties of Propolis

Propolis has been demonstrated to have anti-parasitic properties against various
intracellular and extracellular pathogenic protozoa. Siheri et al. (2016) found that various



Foods 2021, 10, 1360

16 of 30

extracts of propolis from different regions of Libya had anti-plasmodial activity in vitro
with different level of efficacy [161]. The ECso ranged from 3.4 to 53.6 pug-mL- [161]. In
addition, propolis extracts from four different regions of Iran were shown to be
anti-plasmodial [162]. Dichloromethane extracts appeared to have stronger activity in
vitro when compared to 70% ethanol and ethyl acetate extracts. Propolis extracts
extended the survival of the Plasmodium falciparum-infected mice. However, propolis did
not prevent their mortality [162].

AlGabbani et al. (2017) investigated the effect on methanolic extract on
P.chabaudi-infected mice [163]. The reduction of parasitemia by propolis appeared to be
dose dependent and the reduction up to 70% at 100 mgkg™ propolis extract was
achieved. It was also shown that propolis treatment reversed the oxidative stress
associated with the infection. Interestingly, propolis treatments significantly increased
interferon-y and the inflammatory TNF-a, illustrating the immunomodulatory
properties of propolis [163]. Propolis treatments were also shown to significantly
improve the histological appearance of the spleens of the infected mice, with the highest
concentration (100 mg-kg™) of propolis almost completely reversed the spleen damage
caused by the P.chabaudi infection [163].

Silva et al. (2017) investigated three types of Brazilian propolis; red, green, and
brown against Trypanosoma cruzi 'Y strain and found that all three types had trypanocidal
activity [164]. However, only the activity of red propolis persisted after 96 h [164]. In
addition, Otoguro et al. (2012) investigated the effect of phenolic compounds of propolis
against Trypanosoma brucei brucei and found that two particular caffeic acid esters;
[-phenethyl caffeate, farnesyl caffeate had strong antitrypanosomal activity in-vitro
[165]. It was demonstrated that [-phenethyl caffeate had 18-fold stronger activity
compared to farnesyl caffeate. They postulated that the presence of B-phenethyl group
was critical in the antitrypanosomal activity of the caffeic acid esters [165].

Omar et al. (2016) demonstrated that Nigerian red propolis and its individual
phenolic constituents such as liquiritigenin, pinocembrin, vestitol, medicarpin,
8-prenylnaringenin, 6-prenylnaringenin, propolin D, macarangin, and
dihydrobenzofuran had moderate anti-trypanosomal activity against standard
drug-sensitive T. brucei brucei clone and two pentamidine-resistant types [166]. The same
group also identified several Nigerian propolis-derived compounds; three xanthones;
1,3,7-trihydroxy-2,8-di-(3-methylbut-2-enyl)xanthone,
1,3,7-trihydroxy-4,8-di-(3-methylbut-2-enyl)xanthone, and
1,7-dihydroxy-8-(3-methylbut-2-enyl)-3-(methylbut-2-enyloxy) xanthone and three
triterpenes: ambonic acid, mangiferonic acid, and a mixture of a-amyrin with
mangiferonic acidhaving anti-trypanosomal activity against T. brucei brucei [167].
However, the individual compounds did not have superior trypanocidal activity
compared to the crude extract [167].

Gressler et al. (2012) demonstrated that propolis had trypanocidal activity against T.
evansiin-vitro [168]. All trypomastigotes were inactivated by 10 pg-mL-" propolis extract
in 1 h. However, its activity did not translate into in vivo. Infected rats were treated orally
with propolis with increasing concentrations of 100, 200, 300, and 400mg-kg™ body
weight. All rats died from the infection, with the rats treated with the 200-400 mg-kg!
body weight survived slightly longer compared to 100 mg-kg™ [168]. Nweze et al. (2017)
appeared to confirm the inefficacy of propolis extract in vivo in treating trypanosomiasis
[169]. All infected rats treated died at the end of the trial. However, the rats treated with
the higher concentration of propolis extract (400 and 500 mg-kg body weight) had less
severe secondary parameters such as less parasitemia, higher packed cell volume, higher
hemoglobin concentrations and less weight loss [169]. Various propolis extracts from
various regions such as Middle East, Europe, and South America have also been
demonstrated to have potent anti-trypanocidal activity [170-172]. Furthermore, propolis
was shown to have anti-parasitic activity against a variety of other protozoan parasites,
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namely Leishmania amazonensis, Trichomonas vaginalis, Cryptosporidium spp., Blastocystis
spp., Toxoplasma gondii, and Giardia lamblia [170,173-178].

Antiparasitic Mechanisms of Action of Propolis

Propolis, mainly due to its plant secondary metabolite content (phenolics and
terpenoids), works against protozoan parasites through several mechanisms of action.
Taxifolin-3-acetyl-4"-methyl ether (flavonol derivative) and bilobol (alkyl resorcinol)
isolated from Libyan propolis appears to exert anti-trypanosomal activity by inducing
cell lysis, disrupting phospholipid metabolism and depleting the pathogens of important
lipids such as phosphatidyl glycerol (PG) and phosphatidyl inositol (PI) lipids [179]. In
addition, rosmarinic acid and apigenin (both phenolics that are often found in propolis)
induce physical damage in the form of cell lysis, cytoplasmic condensation, and
kinetoplast and nuclear DNA aggregation in L. donovani. These propolis phenolics also
promote cell arrest at the GO/G1 phase and inducediron chelation [180].

Resveratrol, a phenolic often associated with red wine but it is also present in
propolis from certain region, exerts anti-trichomonal activity by affecting
hydrogenosome metabolism [181-183]. Hydrogenosome is an organelle responsible for
energy production and involved in redox balance in eukaryotes including protozoa [184].
Resveratrol also induces changes in the activity and expression of proteins associated
with hydrogenosome metabolism —namely [Fe]-hydrogenase (Tvhyd),
pyruvate-ferredoxin oxidoreductase, and heat shock protein 70 (Hsp70)—consequently
causing hydrogenosome dysfunction and inactivation of the parasites [182]. In addition,
kaempferol affects the adhesion mechanisms of the parasites by modifying the
expression of actin, myosin I heavy chain and cortexillin II [185]. Epicatechin was shown
to induce similar effect to resveratrol and kaempferol, such as the modification of the
expression of the heat shock protein 70, myosin II heavy chain, and actin [186].
Additionally, epicatechin also affects the expression offructose-1,6-biphosphate aldolase
and glyceraldehyde-phosphate dehydrogenase which are energy metabolism-related
enzymes [186].

Apigenin, quercetin, and caffeic acid exert anti-parasitic effects through different
mechanisms of action. Apigenin induces the inhibition of cell proliferation and
upregulation of the expression of reactive oxygen species (ROS) in L. amazonensis.
Apigenin also induces swelling in the parasitic mitochondria and consequently alters the
mitochondrial membrane potential of the parasite [187]. Quercetin treatment
significantly increases the production of ROS and induced mitochondrial dysfunction
and membrane potential disruption in L. amazonensis [188]. Quercetin also appears to
affect parasitic DNA synthesis by inhibiting the rate limiting ribonucleotide reductase
through iron chelation. The removal of iron destabilizes tyrosyl radicals needed for the
catalyzing activity of ribonucleotide reductase [189].

Moreover, caffeic acid induces morphological changes in the parasitic cells, the
integrity of cellular plasma membrane and mitochondria, and consequently promoted
apoptosis. Caffeic acid also appears to increase the inflammatory response of the infected
macrophages by promoting the expression of ROS and TNF-a while reducing the
expression of IL-10 and the availability of iron which significantly increases the
anti-parasitic activity of the macrophages [190].

Anti-parasitic activity of propolis can also be attributed to its terpenoid content.
Lupane, which has been identified in propolis, was shown to have anti-parasitic activity
against L. amazonensis by inducing morphological changes such as vacuolization of
cytosol, formation of lipid body and the disruption of mitochondria. Molecular docking
studies also demonstrate that lupane has a strong affinity to DNA topoisomerase
[21,191].

Maslinic acid and ursolic acid, pentacyclic triterpenoids identified in propolis from
stingless bees Tetragonula laeviceps and Tetrigona melanoleucahave been shown to have
antiparasitic activity [192]. Maslinic acid appears to inhibit parasitic proteases including
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proteases in the surface protein complex crucial for invading host cells and
metalloproteases  [193,194]. In addition, wursolic acid acts by inhibiting
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), an important glycolytic enzyme
in T.brucei [195]. The anti-parasitic activity of ursolic acid is also related to its ability to
induce caspase 3/7-independent programmed cell death [196].

Furthermore, the anti-parasitic effect of limonene, a-terpineol, and 1,8-cineole
(monoterpenes in propolis) is related to their ability to increase the fluidity and
permeability of the plasma membrane of the parasites leading to cell lysis [197-200].
Limonene also has the ability to inhibit the development of the parasites by
downregulating the isoprenylation of proteins, which is an essential modification of
proteins in eukaryotic cells [201]. Moreover, linalool (another propolis monoterpene)
induces morphological changes and cell lysis of the parasites. Linalool also supports
macrophages in overcoming the infection by upregulating the production of nitric oxide
which induces cytoxicity on the parasites [199,202]. Table 5 summarizes and illustrates
the antiparasitic properties of propolis and/or propolis-derived compounds.

Table 5. Antiparasitic properties of propolis

Propolis/Propolis-Derived Compounds  Types of Parasites Mechanisms of Action References
Trypanosomabrucei,
Leishmania
. ) donovani,Plasmodium .
Ethanolic extracts of propolis : Not determined [161]
falciparum,
Crithidiafasciculataand My
cobacterium marinum
Chloroquine
. (CQ)-sensitive
dIi_cIZl?or ;eéiirﬁ(;ﬁzeeiz};lcfscztfa;?o;réis Plasmodium falciparum Not determined [162]
3D7 and Plasmodium
berghei (ANKA strain)
Methanolic extract of propolis P. chabaudin Increase in TNF-a and interferon-y [163]
Ethé,ir,thC extract of propoh§ and T. cruzi'Y strain Not determined [164]
supercritically extracted propolis extract
Ethanolic extract of propolis Standarddrug-sensitive
liquiritigenin, pinocembrin, vestitol, T. brucei bruceiclone
medicarpin, 8-prenylnaringenin, andtwo Not determined [166]
6-prenylnaringenin, propolin D, pentamidine-resistant
macarangin, and dihydrobenzofuran types
1,3,7-trihydroxy-2,8-di-(3-methylbut-2-en
yl)xanthone,
1,3,7-trihydroxy-4,8-di-(3-methylbut-2-en
l)xanthone . . .
1,7-dihy droxy—}é— (3-methylbut-2-enyl)-3-( T.brucei brucei Not determined [167]
methylbut-2-enyloxy) xanthone, ambonic
acid, mangiferonic acid and a mixture of
a-amyrin with mangiferonic acid
B-phenethyl caffeate, farnesyl caffeate T. brucei brucei Not determined [165]
Induction of cell lysis, disruption
o , T. brucei, P. falciparum hospholipid metabolism and
Taxifolin-3-acetyl-4"methy! ether and T. spimljifs,ar?d ’ delfletiofl of lipids such as [179]
C. elegans phosphatidyl glycerol (PG) and

phosphatidyl inositol (PI) lipids.
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Promotion of cell lysis, cytoplasmic
condensation, and kinetoplast and

nuclear DNA aggregation.

Rosmarinic acid and apigenin L. donovani [180]

Promotion of cell arrest at the G0/G1
phase and induced iron chelation.
Disruption of hydrogenosome
metabolism, by affecting
Resveratrol T. vaginalis [Fe]-hydrogenase (Tvhyd), [182]
pyruvate-ferredoxin oxidoreductase,
and heat shock protein 70 (Hsp70).
Modification of the expression of
Kaempferol Entamoeba histolityca actin, myosin I heavy chain and [185]
cortexillin II.

Disruption the expression of the heat
shock protein 70, myosin I heavy
chain, and actin.
Epicathechin E. histolytica Disruption of the expression [186]
offructose-1,6-biphosphate aldolase
and glyceraldehyde-phosphate
dehydrogenase.

Upregulation of the expression of
reactive oxygen species (ROS),

induction of mitochondrial

Apigenin and quercetin L. amazonensis [187-189]

dysfunction and membrane potential
disruption, and the inhibition of

ribonucleotide reductase.

Induction of morphological changes,
disruption of the integrity of cellular
plasma membrane and mitochondria,
and consequently promotion
. . ofapoptosis.
Caffeic acid L. amazonensis ) ] [190]
Upregulation of the inflammatory
response of macrophages by
promoting the expression of ROS and
TNEF-a, while reducing the expression

of IL-10 and the availability of iron.

Induction of morphological changes,

Lupane, maslinic acid and ursolic acid, ;
P L. amazonensis, promotion of apoptosis, and [191,193-19

limonene, a-terpineol, 1,8-cineole, and Toxoplasma gondii,and T.
P P 8 inhibition of crucial metabolic 6,200-202]

linalool brucei

proteases and enzymes.

7. Human Clinical Trials

More importantly, the antimicrobial properties of propolis have been translated to
human clinical trials. Silveira et al. (2021) conducted a single-center randomized



Foods 2021, 10, 1360

20 of 30

placebo-controlled trial investigating the efficacy of the Brazilian green propolis extract
as an adjuvant for treating hospitalized COVID-19 patients [203]. It was found that
propolis was safe (no adverse event was recorded) and efficacious in reducing the length
of hospital stay. The patients who were given 400 mg/day and 800 mg/day had a median
of hospital stay of 6 and 7 days, respectively, compared to 12 days in the patients of the
placebo arm. Furthermore, the patients given the higher dose of propolis, i.e., 800 mg/day
also had less incidence of acute kidney damage associated with COVID-19 [203].

In addition, Esposito et al. (2021) demonstrated that propolis extract was efficacious
in treating mild upper respiratory tract infections [204]. They investigated the efficacy of
propolis in alleviating symptoms of respiratory tract infections such as sore throat,
muffled dysphonia, and swelling and redness of the throat. Eighty three percent of the
patients of the propolis arm recorded remission of the symptoms after three days of
treatment, whereas the placebo-arm patients had at least one symptom after three days.
No adverse event was recorded during the trial [204]. Other clinical trials on COVID-19
and ear, nose, and throat infections using combination treatments with propolis as one of
the bioactive ingredients had also been shown to be efficacious in alleviating symptoms,
and more importantly, safe [205-208].

We have covered the clinical trials of anti-herpetic properties of propolis in our
previous review article [16]. Additionally, majority of the clinical trials of the antibacterial
and antifungal (especially incandidiasis caused by C. albicans) properties of propolis were
carried out in the oral health and dentistry sphere which our group covered in the same
review article [16]. To our knowledge, anti-parasitic effect of propolis has not been
investigated in human clinical trials.

8. Conclusions

Propolis is a complex phytocompound made from resinous and balsamic material
harvested by bees from flowers, branches, pollen, and tree exudates.It is rich in
polyphenols, especially flavonoids and phenolic acids, and has significant antiviral,
antibacterial, antifungal, and antiparasitic properties shown mainly in in-vitro and
in-vivostudies. Besides flavonoids, propolis also contains aromatic acids and esters,
aldehydes and ketones, terpenoids and phenylpropanoids, steroids, amino acids,
polysaccharides, and many other organic and inorganic compounds. However, the
composition of propolis is very variable. It depends on the geographical region and the
plants from which the bees extract their nectar. It is extensively consumed in various
parts of the world because of its reputation as a health promoting agent including
immunomodulatory, antiviral, antibacterial, antifungal, and antiparasitic properties.

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) promotes
challenging immune and inflammatory phenomena. Recently, in controlled, randomized
clinical trials, propolis has been shown to affect clinical benefits on hospitalized
COVID-19 patients.Propolis-derived phenolics, especially, isopentyl ferulate exhibited
strong antiviral activity against H3N2 influenza A and against influenza virus A/PR/8/34
(HINT1). Standardized propolis extracts reduced the viral load in the bronchoalveolar
lavage fluids of the lungs of the infected mice. Propolis has shown inhibition of HIV
activity in H9 lymphoblastoid cell lines. Propolis-derived phenolics were linked not only
to anti-HIV but also to anti-herpetic activity.

Antibacterial property of propolis is well documented. It has been shown that
propolis exhibit greater antimicrobial activity against Gram-positive bacteria than
Gram-negative bacteria. Again, the antimicrobial property is attributed to the phenolic
compounds found in propolis. Apart from biochemical pathways, there is also physical
mechanism that can contribute to the antibacterial activity of propolis. It is based on the
electrokinetic process and depends on the presence of negatively charged functional
groups characteristic to many chemical components of propolis. When propolis deposits
on a surface, it combines with a layer of water to form exclusion zones (EZ), which
effectively excludes colloidal particles. Thus, it has been proposed that propolis can
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prevent pathogens from accessing the surface (e.g., respiratory epithelium) by creating
the physical barrier in the form of EZ.

Propolis extracts have shown excellent activity against several strains of fungi and
yeasts. However, it appears that the delivery methods and/or vehicles could potentially
affect the antifungal activity of propolis. It is proposed that the antifungal activity of
propolis is mainly due to its ability to induce apoptosis through metacaspase and RAS
GTPase signaling.

Propolis has been demonstrated to have anti-parasitic properties against various
intracellular and extracellular pathogenic protozoa. Propolis extracts extended the
survival of the Plasmodium falciparum-infected mice. The reduction of parasitemia by
propolis appears to be dose dependent. The mode of action was mainly due to its
phenolic and terpenoid content. The phenolic compounds rosmarinic acid and apigenin
that are often found in propolis induce physical damage in the form of cell lysis,
cytoplasmic condensation, and kinetoplast and nuclear DNA aggregation in protozoan
parasites to produce anti-parasitic activity.

Since the composition of propolis varies from region to region and from the types of
bees used for propolis collection, there is a need to standardize propolis extracts for
future use byhuman beings. Also, because there is a myriad of compounds in propolis,
there is an urgent need to develop tests to set some standards for the evaluation of
propolis biological activity.
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