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A good deal of research has been carried out on the establishment and characterization of antioxidants and antibacterial
products from natural sources for topical use. Recently, investors mainly from the cosmetics industry have become
interested in products from different species, not only for their individual active principles but also in the crude

extract itself. Propolis is one of such products. Several previous reports have demonstrated the antimicrobial, anti-
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inflammatory, and wound healing effects of propolis. Additionally, what has drawn attention of the pharmaceutical
industry to propolis and its derivatives, such as throat spray, is related to its antioxidant properties, having the potential
for treatment and prevention of oxidative stress-mediated diseases, such as those developed on the skin, as well as
aging. This literature review will focus on propolis composition and related potential uses in topical pharmaceutical

INTRODUCTION

Propolis is a multicomponent hard resin found in
beehives from certain bee species, such as Apis mellifera, which
has been employed extensively since ancient times. Propolis itself
comes from the Greek language and means “pro” = defense, and
“polis” = city. In fact, the bees use propolis to seal off holes in
their honeycombs and thus protect it from intruders, as well as
to fight off microorganisms. The ancient civilizations already
knew the properties of propolis and its popular use for medicinal
purposes dates back from 300 A.C. (Park et al., 2005). Egyptians
benefited from the anti-putrefactive properties of propolis to
embalm their dead. Greek and Roman physicians used propolis
as an antiseptic and healing agent. Incas employed propolis as an
antipyretic agent. British pharmacopoeias of the 17th century listed
propolis as an official drug. Dissecting the immunomodulatory,
anti-inflammatory, antimicrobial, and antioxidant properties of
propolis, and mechanisms thereof, has ensured that it is still used
today both in food and cosmetic formulations (Baltas et al., 2016;
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Chan et al., 2013; Marquele et al., 2006; Orsoli¢ et al., 2014).
In this view, propolis continues to be used today as a popular
remedy, and it is now available in either pure form or combined
with other natural products in cosmetics and health-oriented types
of food (Ferreira et al., 2017; Sforcin and Bankova, 2011). It is
expected that propolis will be ever more present in the cosmetic
and pharmaceutical industry.

The skin acts as a biological barrier, protecting the body’s
organs against external environmental hazards from diversified
agents including biological (fungi and bacteria), chemical (toxic
chemicals and ozone), and physical (ultraviolet radiation) ones. Thus,
because of its function, the skin is considered a target organ under
constant oxidative stress (Dunn and Kool, 2013) and tissue damage.
In normal, intact cells, there is a balance in the production of reactive
oxygen species (ROS) from the mitochondria and the expression of
antioxidant enzymes including catalase, superoxide dismutase, and
glutathione peroxidase. However, when a cell is under stress, this
balance is disrupted and free radicals may alter cellular behavior
(Ndiaye et al., 2011), leading to cell damage and death.

Both synthetic and natural medicine can be topically
applied to the skin so that the active ingredients in the formula
can be released. Propolis contains several components that can
be simultaneously released into the skin. Therefore, it is difficult
to isolate only one active agent to be evaluated in research
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protocols. In some cases, the observed biological activity seems
to be the result of a synergistic effect from several components of
propolis, rather than a single one. Among many available natural
sources, researchers have considered propolis to be the best herbal
alternative in worldwide studies for topical inflammation and
other topical diseases (Bankova et al., 2014).

Considering the scientific interests in this matter, this
study presents a review on propolis activities that can be useful
and/or desirable for topic formulations such as antioxidant,
antimicrobial, and wound healing promoting properties. These
characteristics make it a very interesting target for investment in
topical pharmaceutical formulations.

PROPOLIS NATURAL SOURCES

Propolis is a hard resin generally composed of
approximately 50% resin and balsam, 30% wax, 10% essential and
aromatic oils, 5% pollen, and 5% various other substances. Propolis
is derived from different plant parts, such as buds, flowering buds,
and resinous exudates, which are collected from bees and taken to
be used in the beehive (Sforcin, 2016). It is interesting to note that
propolis produced in the northern hemisphere is resultant from
bee activity during spring, summer, and the beginning of autumn,
which may result in composition differences due to seasonality.
On the other hand, due to a less rigorous climate, bees in the
southern hemisphere collect and produce propolis throughout
the year. Even then, there may be differences in composition in
propolis produced at different times of the year. In fact, working
with propolis collected in the southern state of Parana, Brazil,
Calegari ef al. (2017) reported that the contents of the propolis
collected in March—June 2013 and in March 2015 were different.
The former had more total phenolic compounds which correlated
with a stronger antioxidant activity. This was observed by using
high-performance liquid chromatography (HPLC) with Diode-
array detection, total phenolic content, total flavonoid content,
antioxidant activity by 2,2-diphenyl-1-picrylhydrazyl-hydrate
(DPPH) and 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic
acid), and ferric reducing antioxidant power methods. The
observed changes, as proposed by the authors (Calegari et al.,
2009), were due to lower bee activity, which in turn was a result
from colder average temperatures (5°C—6°C) between the months
of March—June. Additionally, due to the enormous biodiversity
of South America, the varied composition makes it difficult to
pinpoint the origin of a particular propolis.

Propolis is thus most often known according to its
geographical location of origin, such as Brazilian, Greek,
and Indian propolis (Wang et al., 2016). However, other
classifications are also possible such as the ones based on
color (such as green, brown, and red propolis), as well as on
agricultural characteristics (“organic” propolis). Other authors
(Zhang et al., 2016) have classified propolis according to the
region/flora that is the origin of propolis. As such, there can be
seven types of propolis, according to the plant sources, including
poplar propolis (Populus spp.), Eucalyptus propolis (Abu-
Mellal et al., 2012), Baccharis propolis (dos Santos Pereira
et al.,2003) (Brazilian green propolis), Clusia (Hernandez et al.,
2005) (Brazilian red propolis), Macaranga propolis (Huang
et al., 2007) (Taiwanese green propolis), Betula propolis, and
Mediterranean propolis (Popova et al., 2010).

In Brazil, the plants that most often contribute to the
composition of Brazilian propolis are: “assa-peixe” (Vernonia
polyanthes), “aroeira” or “aroeira-salso” (Schinus molle L.),
Eucalyptus, and the field rosemary (Baccharis dracunculifolia),
plants found in several regions of Brazil, especially in the south,
and which give origin to the so-called “green propolis” (Cordeiro
et al., 2015; De Funari et al., 2007). However, due to the size of
the country, differences can be found in the plants used to produce
propolis, which in turn, will result in different types of propolis. For
instance, from the swamps of the states of Alagoas, Sergipe, Bahia,
Pernambuco, and Paraiba, all in the northeast region of Brazil, the
red propolis can be found. It is derived mostly from Dalbergia
ecastophyllum, a leguminous plant that gives origin to the reddish
color in propolis (Huang et al., 2014). Propolis composition
variations were also reported by Ferreira et al. (2017). These authors
performed biochemical analyses of a propolis type that is derived
from a plant popularly known as “jurema preta” [Mimosa tenuiflora
(Wild.) Poir., syn. Mimosa hostilis Benth.] found in the Brazilian
northeaster state, Rio Grande do Norte. This type of propolis was
characterized as been low in wax and high in polyphenols and
flavonoids, but with chemical constituents that make it different
from the common “green propolis” or Brazilian propolis. These
differences may be attributable to the main plant of origin.

Another example comes from Greece, in the work by
Kasiotis et al. (2017). These authors tested eight different types of
propolis obtained from different regions of Greece. Although some
of the constituents were common to all types such as pinocembrin,
others were found exclusively in one or two types, potentially
serving as “fingerprint” constituents—for instance, eudesmic acid
for propolis from Amorgos and heptacosane for propolis from
Nafplio. Taken together, these results highlight the importance of
the local flora to propolis composition.

In other countries, other plants are the main contributors
to propolis formulation. In Russia, the main plant source of
propolis is Betula verrucosa, whereas in Cuba and Venezuela, it is
Clusia spp. (Sforcin, 2016).

CHEMICAL COMPOSITION OF PROPOLIS

The diverse natural source of propolis has to some extent
precluded the establishment of a “common propolis formulation”
with well-defined components. Most importantly, depending on
the season and also on the region from where it is being collected,
it may vary. What seems to be consistent when several types of
propolis were analyzed is that they all have a certain amount of total
phenolic compounds and total flavonoids (Table 1). Additionally,
higher phenolic and flavonoid composition has been positively
correlated to the ability of free radical scavenging in propolis from
Argentina, Japan, Greece, and Cyprus, but not in propolis from
Morocco or Brazil. Phenolic compounds have received a good
deal of attention in recent years, among the various classes of
naturally occurring antioxidants, particularly because they inhibit
lipid peroxidation and lipoxygenase in vitro, and show reducing
properties. These characteristics play an important role in the
neutralization or sequestration of free radicals and in transition
metal chelation, acting both in the initiation and propagation
steps of the oxidative process. The phenolic compounds of
plants can be further classified into many categories like simple
phenol, phenolic acids (a derivate of benzoic acids and cinnamic),



Silva et al. / Journal of Applied Pharmaceutical Science 0 (00); 2019: 001-011 003

Table 1. Total polyphenol and flavonoid content of propolis from different regions and countries.

Country Total polyphenols (mg/g) Total flavonoids (mg/g) References

Algeria 55-279 10-69 Boufadi et al. (2014)
Argentina 257-393 66-133 Lima et al. (2009)
Brazil 94-149 6-21 Schmidt ez al. (2014)
China 43-302 8-162 Ahn et al. (2007)
Greece and Cyprus 80-338 9-183 Kalogeropoulos et al. (2009)
India 159 57.25 Laskar et al. (2010)
Japan 53-431 18-113 Hamasaka et al. (2004)
Morocco 0.74-91 0.20-34 Popova et al. (2015)
Portugal 150-197 36-62 Moreira et al. (2008)
South Korea 85-283 16-135 Ahn et al. (2004)

Adapted from Wang et al. (2016).

coumarin, flavonoid, stilbene, condensable and hydrolyzable
tannins, lignans, and lignins (Sousa et al., 2007).

Phenolic constituents and antioxidant activity of propolis
from Melipona interrupta and Melipona seminigra, two species of
Amazonian stingless bees from the north of Brazil were studied.
Both methanol and ethanol propolis extracts from M. interrupta
showed higher content of phenolic compounds and greater
antioxidant activity in relation to extracts of propolis produced
M. seminigra. The analysis of propolis species showed promising
results for antioxidant activities to the prevention of diseases of
the local population (Silva et al., 2013).

In recent studies, the Brazilian red propolis was
characterized by Liquid Chromatography-Orbitrap-Fourier
Transforming Mass Spectometry and many molecules were
found such as elemicin, isolemicin, methyl isoeugenol, methyl
eugenol, formononetin, biochanin A, isoliquiritigenin, medicarpin,
homopterocarpan, quercetin, and vestitol that allow it to be
distinguished from other types of Brazilian propolis (Mendonca
etal., 2015).

Similarly, Greek propolis, from different parts of
the country, has been recently reanalyzed for its biochemical
composition as well as for its antioxidant potential (Kasiotis et al.,
2017). Of the eight different types analyzed, the total phenolic
content varied from 113—181 mg/g. The total flavonoid content
ranged from 46-86mg/g. The free radical scavenging activity was
also measured in the same samples by the DPPH assay. By this
method, IC50 values could be found to be as low as 1.19 pg/ml
and were no bigger than 16 pg/ml. The authors also evaluated
quantitatively the constituents of the eight types of Greek propolis
and over 25 different ones were found. Pynocembrin and chrysin
were the only ones found in all eight types. Other components
found were galangin, gallic acid, p-coumaric acid. Caffeic acid,
caffeic acid phenethyl ester, and quercetin were found in five, six,
and five samples, respectively.

Savka and collaborators (Savka ez al., 2015) reported the
analyses of eight different types of propolis, collected in different
regions of the United States of America (e.g., Nevada, Minnesota,
and Louisiana). These authors deliberately chose regions with
differing climates, such as cold (northern regions), wet (southeast),
and dry (southwest), and tested propolis samples originating from
these regions. Upon gas chromatography-mass spectrophotometry
analyses, they were able to categorize compounds into eight different

classes. Some of them, such as cinnamic acid derivatives, were
present in all samples analyzed. Others, on the other hand, such as
phenolic glycerides were present only in the samples from Minnesota
and New York, but not in those from Nevada, for instance.

In summary, the chemical composition of propolis is
highly dependent on its region and the local flora, which in turn is
directly influenced by its macro- and micro-climate. Plants found
in dry versus wet, perennial versus seasonal plants will most
likely give rise to different kinds of propolis. However, all of them
contain varying amounts of polyphenols and flavonoids, which
warrant the biological activities of propolis.

PROPOLIS BIOLOGICAL ACTIVITIES

Due to its diverse therapeutic properties, and its
composition chemical richness, propolis has become a focus of
interest in many areas of scientific research, seeking to discover
new therapies to treat many diseases like diabetes, tumor, bacterial
infections, allergic rhinitis, and ulcers. (Sforcin et al., 2011).
Propolis active compounds have antibacterial, antifungal, antiviral,
anti-inflammatory, antioxidant, anti-tumor, immunomodulatory,
hepatoprotective, antidiabetic, and healing properties (Fig. 1)
(Chan et al., 2013; Hu et al., 2005; Khalil, 2006; Marquele et al.,
2005; Zhang et al., 2016). Its essential oil also contains terpenoids,
aromatic and aliphatic compounds that exhibit antibacterial
activity (Garedew et al., 2004; Melliou et al., 2007) and inhibits
lipid peroxidation (Gregory et al., 2007; Gregory et al., 2008).
In this review, we focus solely on the use of propolis topically,
whether it is for therapeutic or for cosmetic purposes.

Antioxidant properties

The antioxidant activity of propolis has been observed in
topical formulations to prevent and treat skin diseases, as well as
aging (Fig. 1). A healthy skin depends upon the balanced presence
of free oxygen radicals, of which high levels can cause cell death
and aging.

Free radicals are defined as any species that contains
one or more unpaired electrons, capable of existing independently
(Halliwell and Gutteridge, 2016). Oxygen in its ground state has two
unpaired electrons and can act as an oxidizing agent (Pietta, 2000).

In addition, ROS are generated by all aerobic cells, as
by-products of various metabolic reactions and in response to
different stimuli (Aliev et al., 2008; Bennett ef al., 2009). Under
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Figure 1. Topical activities of propolis. Propolis has been shown to exert biological activities that are interesting to human health.
Herein the topical use of propolis and its properties are discussed, such as antioxidant, antimicrobial, cosmetic stabilizer, wound

healing and sunscreen.

specific stress conditions, the ROS levels exceed the antioxidant
capacity of a cell, establishing an imbalanced condition referred to
as oxidative stress. This situation can be derived from a reduction in
the antioxidant defense system due to the depletion of components
of this system or mutations that compromise its functions.
Oxidative stress can also result from the increased production of
ROS due to exposure to the compounds that generate them and/or
activate ROS systems and/or hypertoxic conditions or both (Costa
and Moradas-Ferreira, 2001).

Polyphenols and flavonoids (the major constituents
of propolis) can also act by different antioxidant mechanisms,
including the inhibition of the enzymes involved in the formation
of reactive oxygen species (xanthine oxidase, protein kinase C,
lipoxygenase, cyclooxygenase, and oxidation of nicotinamide
adenine dinucleotide). It has also been described to chelate trace
elements (free iron or copper), which are potential enhancers of
the generation of free radicals, or to act even as stabilizers of these
radicals involved in oxidative processes by forming complexes with
them (Daleprane et al., 2013; Pietta, 2000). Even though propolis
has many active compounds that have already been investigated
for various organic disorders, only few reports have focused on its
antioxidant biological responses in topical formulations.

A study by Mouhoubi-Tafinine ef al. (2016) compared
honey with propolis found in a region of Algeria, regarding
its antioxidant activity. The extracts of propolis presented
significantly higher activity than honey. The antioxidant activity
measured through the reduction test indicated higher activity
in propolis in extracts with methanol, showing the relation of
phenolic components and antioxidant activity.

A functional emulsion with 11 compounds extracted
from Brazilian red propolis containing echium oil (omega 3),
alpha-linolenic acid, stearidonic acid, and plant sterol esters, with

or without phenolic compounds, was analyzed. Oxidative markers,
such as hydroperoxides, thiobarbituric acid reactive substances,
and phytosterol oxidation products were evaluated. Their oxygen
radical absorbance capacity was also tested. Researchers found
that synapic acid and rutain, both present at high quantities in
the ethanolic extract of propolis from Alagoas, a northeastern
state of Brazil, showed the same antioxidant activity as tert-
butylhydroquinone (standard antioxidant) and should be further
investigated as a potential natural antioxidant that could be applied
in a functional emulsion (Freires ez al., 2016).

In addition, the antioxidant activity of propolis can be
used to evaluate its functional activity in topical formulations
or to evaluate the release of its active principles from such
formulations. (Marquele-Oliveira et al., 2007). One of the
theoretical concerns regarding phytotherapeutic research,
however, has been toward the development of active ingredient
release studies and formulations, when propolis components
could interfere with each other, showing antagonistic or
synergistic activities. In practice, these concerns could be rapidly
overcome. The use of crude ethanolic, aqueous, or methanolic
propolis extracts showed that synergic action seemed to enhance
the results obtained when other known antioxidants were used,
even if certain constituents could already present antioxidant
action by themselves.

Antimicrobial activity

Several studies have shown the antimicrobial activity
of virtually all types of propolis (Fig. 1). Propolis is generally
considered to be more active against Gram-positive bacteria, than
Gram-negative (Grange and Davey, 1990; Sforcin et al., 2000).
Although the exact reason for this is not completely elucidated,
it is possible that propolis may interact with lipids in the plasma
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membrane, increase membrane permeability, and inhibit bacterial
motility. To do so, it must reach the cell membrane, which is more
easily done in the Gram-positive microorganisms, than in the
Gram-negative. Other proposed mode of action is the generation
of ion imbalance in the microenvironment of the bacteria.

Seven variants of organic propolis were grouped based
on the chemical profile (by HPLC) and all of them exhibited high
reactive-species-scavenging activity, manly against superoxide and
hypochlorous acid species. The minimal inhibitory concentration
(MIC) of organic propolis ethanolic extract against Gram-
positive bacteria: Streptococcus mutans, Streptococcus oralis, and
Staphylococcus aureus was 12.5-100 pg/ml while Gram-negative
bacteria Pseudomonas aeruginosa was sensitive to the organic
propolis with MIC values at 100-200 pg/ml. So, organic propolis
can be considered an excellent source of bioactive compounds
with great potential for application in the pharmaceutical and
food industry. Additionally, this kind of propolis has attracted the
attention due to its mild flavor and absence of heavy metals and
pesticides (Tiveron et al., 2016).

Recently, a component of brown propolis was shown to
inhibit biofilm formation from the bacteria Staphylococcus aureus
and from the protozoan Trichomonas vaginalis as reported by
Dembogurski et al. (2018). In fact, in the concentration of 125 pg/
ml, propolis fractions killed 93% of S. aureus. The MIC against T.
vaginalis was 400 ng/ml, demonstrating its antimicrobial activity.

Several reports have shown the antimycotic activity
of propolis both in vitro and in vivo against different pathogenic
fungi. It has effectively inhibited conidia germination of
Aspergillus flavus with propolis ethanolic extract at 1-4 g/l (Ghaly
et al., 1998), and the growth of C. albicans with 0.5 mg of propolis
extract in 70% ethanol (Bankova et al., 1999; Kujumgiev et al.,
1999), as well as other species of Candida (Capoci et al., 2015;
Ota et al., 2001). In some cases, it was investigated whether the
activity was fungicidal or fungistatic (Siqueira et al., 2015).

Other works have shown that some components of
propolis may be crucial for its antifungal activity, such as reported
by Boisard et al. (2015). In their work, they tested French propolis
against samples of human pathogenic fungi (C. albicans, C.
glabrata, and Aspergillus fumigatus) and realized that the activity
against Candida spp was correlated with the flavonoid content
of propolis. The MIC against C. albicans and C. glabrata was
between 16 and 31 pg/ml; however, the MIC against 4. fumigatus
was 250 pg/ml. The inhibition of Candida sp growth was also
observed in the biofilm formation from patients’ samples from
vulvovaginal candidiasis, suggesting that this type of infection
could also potentially be treated with propolis. The concentration
of 546.87 pg/ml from the propolis extractive solution was able to
cause the death of 75.8% isolates of Candida (Capoci et al., 2015).

More impressively, in a specific formulation, propolis
was able to inhibit in vitro the growth of azole-resistant isolates of
C. albicans, C. glabrata, and C. krusei. Four samples of ethanolic
propolis extract were tested and the highest activity was found
in sample 2 with minimum fungicidal concentration values in the
range from 0.156% to 1.25% (v/v) (Szweda et al., 2015). This is
of great relevance, considering that fungal infections are among
the most difficult types to eradicate, even with modern, combined
therapeutic options available today. In fact, most antifungal therapy
is accompanied by severe side effects, such as renal failure, and

severe skin rashes, all of which are not observed with propolis
(Brunton et al., 2018).

In a clinical study with 16 patients (Morawiec
et al., 2015), propolis was applied as a gel in patients who had
undergone a common oral surgery procedure such as molar
extraction and implant installation. The use of the ethanolic
extract of propolis enriched gel at 3% reduced the presence of
microorganisms, such as Neisseria spp, Bifidobacterium spp,
and eliminated S. oralis, S. epidermalis, and Vellonella parvula,
among others. Several reports have demonstrated, in clinical
practice, that propolis can be at least as good as chlorhexidine
as an antiseptic mouthwash (Akca et al., 2016; Santiago et al.,
2018), and it can cause regression of chronic periodontitis (Cairo
do Amaral et al., 2006) and gingivitis (Bretz et al., 2014; Cairo
do Amaral et al., 2006). In two separate studies (Bhat et al., 2015;
Ercan et al., 2015), propolis was shown to effectively reduce
plaque formation. These studies have propelled clinical trials
using propolis as a mouthwash to prevent plaque formation and
gingivitis (NCT01750801 and NCT03553628).

Propolis in wound healing

It has been suggested that the use of propolis in wound
healing may be beneficial, not only because of its antimicrobial
properties but also for the skin reconstitution itself (Fig. 1)
(Oryan et al., 2018) Jacob et al. (2015), for instance, evaluated
the effects of Malaysian and Brazilian red propolis on connective
tissue fibroblasts. Propolis enhanced cell proliferation and growth
capacity. It also induced the production of collagen types I and
III, concomitantly to wound matrix degradation. Taken together,
these biochemical changes could favor re-epithelization and thus
represent promising actions in wound healing.

These biochemical properties on the damaged skin have
a direct potential use in prevalent problems related to healing
wounds, such as those arising from burns and diabetes.

Han et al. (2005) studied the effect of 50% (v/v) propolis
cream and silver sulfadiazine in the healing of burned wounds in
rats. A burned model was constituted on the back of rats, subjected
to a 1 cm diameter surface area full-thickness third-degree skin
burns by the brass probe. After 10 and 21 days of treatment, the
burned skin tissue was collected. It was observed that 50% propolis
cream was effective in healing burned skin wounds. Similar results
were observed in studies with propolis ointments that showed
its effectiveness to treat skin burns. It was suggested that this
effectiveness is likely due to its healing, anesthetic, antimicrobial,
antibacterial, and anti-inflammatory properties (Pessolato et al.,
2011). Therefore, the use of propolis may be effective in treating
second-degree burns in all stages of healing.

During skin burning, free radicals are formed and the
choice of drugs must be appropriate. Propolis seems to be an optimal
agent for the treatment of thermal injuries due to its properties
discussed above. The benefits of propolis have been widely used
in dermatology for healing injuries, reduction of healing time,
wound contraction increase, tissue repair acceleration, thermal
damage, and external ulcers therapy. The components responsible
for this activity are flavonoids, phenolic acids, and their esters
(Olczyk et al., 2013).

In a type I diabetic mouse model, propolis was shown to
accelerate wound closure by promoting transforming growth factor-
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beta expression and its downstream signaling (Hozzein et al., 2015).
In this model, deposition of collagen type I was found increased,
and matrix metalloproteinases activity, as well as inflammation,
were decreased.

Another use for the activity of wound healing of propolis
was recently reported by Moon et al. (2018). These authors
worked with 130 patients who had undergone tonsillectomy or
adenotonsillectomy and were randomly assigned to groups that
received either treatment with topical propolis formulation, or
placebo. The research studies scored for bleeding and pain during
a 10-day follow-up. The group receiving propolis application
showed significantly less pain on postoperative days 3 and 7-10,
better wound healing on days 7-10, and overall less hemorrhage
than the placebo group.

Afkhamizadeh et al. (2018) reported a clinical trial to
test the use of propolis (5%) ointment. Patients with diabetic
ulcers were randomly assigned to either of the two treatment
groups: conventional treatment alone or conventional treatment
in combination with a 5% propolis ointment and were followed-
up for 4 weeks. Patients that underwent combined treatment
showed faster-wound healing, as significant differences were
found in weeks 1 and 2, between the two groups. At later stages
(week 4), the groups showed no significant statistical difference.
The authors also reported that although the changes in erythema
and ulcer discharge were not significantly changed, the ulceration
area was decreased and the wound healing process was enhanced
within 4 weeks after topical administration of 5% propolis
ointment. These results indicate that propolis could speed the
wound healing process.

In addition, propolis seems to be safe for use for type 2
diabetic patients. The effect of the Brazilian green propolis was
evaluated in a group of 70 patients with diabetes mellitus for 18
weeks, in a randomized controlled study, consisting of a test group
(n=132) (900 mg/day) and a control group (n = 33), taking propolis
orally. The results showed no significant difference in serum glucose,
glycosylated hemoglobin, insulin, aldose reductase, or adiponectin
between the two groups. However, serum glutathione and total
polyphenols were significantly increased, and serum carbonyls and
lactate dehydrogenase activity were significantly reduced in the
Brazilian green propolis group (Zhao et al., 2016). These results,
nonetheless, must be taken cautiously, as the administration form
was oral (vs. topical), and the number of patients, small. At first
glance, propolis use by diabetic patients, especially as topical
formulation, where absorption may be incomplete, and thus may
not affect important biochemical parameters such as glucose and
insulin levels. It still remains to be seen, however, how other
parameters would respond, both with oral and topical formulations,
during an intermediate or long treatment.

Overall, these data indicate the use of topical formulation
with propolis may enhance/speed the process of wound healing,
with potential gain in difficult and delicate cases such as wounds
related to burns and diabetes.

USE OF PROPOLIS IN COSMETIC FORMULATIONS

Activity of propolis in photoprotector products

Ultraviolet (UV) light exposure may lead to various
skin diseases, such as premature aging of the skin (wrinkling,

scaling, dryness, dilatation of blood vessel, and loss of collagen)
and skin cancer (Nichols and Katiyar, 2010). Propolis, due to
its high antioxidant activity, has been shown to have protective
and preventive characteristics, which places products containing
propolis in the cosmeceutical class, with possible use in
commercial formulations for sun protection.

The main constituents of propolis, as discussed above, are
polyphenols and flavonoids. Polyphenols are promising because
they are characterized by an absorption spectrum that can filter
UV radiations so reducing the penetration of the radiations into the
skin and consequently lowering inflammation, oxidative stress,
and DNA damaging effect (Gregoris et al., 2011). Flavonoids are
capable of absorbing UV rays, which underscores the possibility
of its usage as a sunscreen in photoprotectors. Two interesting
studies have addressed the photoprotection potential of propolis.

Nascimento et al. (2009) evaluated two types of propolis
(green and red) for their photoprotective action (Fig. 1). Both green
and red propolis absorbed light in the UV region, with the green
propolis having higher values of absorption in the UV region than
the red propolis. The greater degree of potential photoprotection
in the green propolis in comparison to the red propolis may be
related to its chemical composition, fauna and flora of the region,
chemical interaction between the plant metabolites, and the
chemical constituents of the formulation employed in the study
(Nascimento et al., 2009; Nichols and Katiyar, 2010).

Gregoris et al. (2011) used the ethanolic extract of raw
propolis samples coming from the Veneto region, Italy. These
authors measured the content of polyphenols, the antioxidant
activity (as lipid peroxidation), as well as the sun protection factor
a specific propolis formulation. The latter activity was measured as
recommended by the Food and Drug Administration, using an in
vitro model and a CIBA sunscreen simulator—their methodology is
explained in detail in their paper. The samples tested resulted in good
protection to ultraviolet radiation (UVR), which was higher than
the UVR filters available in the skincare market. It should be noted
that synthetic sunscreens tend to have too much TiO,, which can
generate dangerous free radicals (Gasparro et al., 1998). Propolis,
on the other hand, not only does not generate free radicals but rather
can control their levels, by its antioxidant activity. Taken together,
the studies suggest that propolis and its components, due to its UVR
protection and antioxidant activity, may be view as a cosmeceutical,
and will probably be increasingly more used in cosmetics.

Use of propolis in acne

Propolis can be used to treat acne due to its antimicrobial,
anti-inflammatory, and healing properties. As a result of the
increased resistance of bacteria to antibiotics, the use of natural
products has become an alternative for topical treatment of
various pathologies such as bacterial acne. According to Barbosa
et al. (2014), the tincture of propolis was able to inhibit microbial
growth. Propolis resin, for example, found in plants visited by
bees in the region of Ponta Grossa (Parana, Brazil) is constituted
of essential oils with flavonoids. Additionally, compounds such
as caffeic acid, phenolic ester of caffeic acid, quercetin, and
naringenin act as suppressors of prostaglandins, leukotrienes,
and inhibit the generation of nitric oxide; they also remove
free radicals generated by the neutrophils responsible for the
antioxidant activity, reducing inflammation (Barbosa et al., 2014;
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Matsuchita and Matsuchita, 2014). Tincture of propolis 20% from
Rosmarinus officinalis was used in different concentrations in
the latter work, and some of them (10.0%; 5.0%; 2.5%; 1.25%;
0.0625%) showed antibacterial activity against P. acnes using the
macrodilution method. The minimum inhibitory concentration
was 0.625%. Due to propolis present cicatrizing activity, the use
of propolis in cosmetic formulations for topical treatment has been
suggested (Barbosa et al., 2014).

Dzialo et al. (2016) studied the phenolic compounds and
their potential in therapy of skin disorders. This work showed that
due to their natural origin and low toxicity, phenolic compounds
are a promising tool in eliminating the cause and effects of skin
aging, skin diseases, and skin damage. Polyphenols also act
protectively and help prevent or attenuate the progression of
certain skin disorders like wrinkles and acne or serious, potentially
life-threatening diseases such as cancer.

Use of propolis in lipstick

In line with the use of more natural products rather than
chemical ones, Goik e al. (2015) tested a lipstick formulation
using propolis. These authors evaluated the effect on the
rheological and texture properties of this cosmetic without using
synthetic compounds, preservatives, fragrances, and dyes.
The texture analysis indicated that lipsticks with propolis at
10 g/kg are more fragile and prone to crushing. There was no
change in rheological behavior; it was viscoelastic before and
after the addition of propolis (Goik et al., 2015). However, a
temperature increase (30°C) did not cause significant changes
in their textures. If propolis is used as an ingredient in the
composition of a cosmetic, it may make a difference in the quality
and purpose of use of these products, which can now be directed
to outdoor activities, sports, as well as tropical countries, where
regular temperatures are already high. Undoubtedly, cosmetics are
an important economic area, and nowadays many costumers look
for high quality in this kind of products.

USE OF PROPOLIS IN PHARMACEUTICAL
FORMULATION

There are some studies about the use of propolis in
pharmaceutical formulation. In the area of nanoparticles, there is
a study about the immunological activity of propolis flavonoids
liposome in vitro and in vivo. The propolis was extracted with
ethanol 95% and then dried in vacuum to obtain flavonoids. The
propolis flavonoids liposome was prepared with ethanol injection
method and the encapsulation efficiency was 91%. This study

found valuable information regarding the possibility of the use
of propolis flavonoids liposome as a potential adjuvant in the
immune modulatory function (Tao et al., 2014).

Microemulsion and nanoemulsion using propolis as
active ingredient consist other possibilities in pharmaceutical
formulations. Zilius et al. (2016) formulated microemulsion using
PEG-8 caprylic/capric glycerides (Labrasol) and ethanolic propolis
extracts, aiming at delivering propolis phenolic compounds ex
vivo in to the skin. Their results with this o/w microemulsion
were interesting because the phenolic compounds were found
predominantly in the lipid phase of microemulsion minimizing
their availability at the surface of the skin. In this light, they
considered this formulation as potential antioxidant that could
be applied for reduced deleterious effects of oxidative stress on
biological systems (Zilius et al., 2016).

A work with nanoemulsions based on aqueous propolis
and lycopene extract was conducted to evaluate the harmlessness of
the propolis-lycopene system and to determine the photoprotection
capacity of natural substances in nanoemulsion. This work was
performed through the evaluation of level skin changes and anti-
inflammatory action. Aqueous extract of propolis was obtained
by refluxing 100 g of propolis powder and 250 ml of water,
lycopene was obtained from ripe tomatoes. The nanoemulsions
were prepared with both substances and the results showed that
this system exhibited moisturizer characteristic that improves
the ability of the skin to defend against sunlight (Butnariu and
Giuchici, 2011).

Novel aqueous formulation of propolis spray was
evaluated for its topical anti-inflammatory activity in comparison
with two other commercial propolis-based sprays, a hydroalcohol
spray and hydroglyceric one used for topical treatment of
inflammatory conditions of the oropharyngeal cavity. The results
obtained demonstrated the topical anti-inflammatory activity
of the novel aqueous formulation of Actichelated® propolis in
comparison with two commercial formulations (Sosa et al., 2007).

Propolis formulation is used in common cold, upper
respiratory tract infections, and flu-like infection. A study
(Shinmei et al., 2009) about potentials uses of propolis mention
the administration of Brazilian propolis in sneezing and nasal
rubbing in experimental allergic rhinitis in mice model. The
authors concluded that propolis may be effective in the inhibition
of histamine release. Studying 46 human patients with mild-to-
moderate asthma, who used an aqueous extract of propolis 13%
using for 2 months, Khayyal et al. (2003) reported a reduced
incidence and severity of nocturnal attacks. Pharmaceutical

Table 2. Reported side effects of propolis (case reports).

Authors Publication year  Title Case Adbverse effects

Garrido Fernandez et al. 2004 Allergic contact stomatitis due to therapeutic Consumption of oral propolis Stomatitis (two cases)
propolis. tablets.

Pasolini et al. 2004 Allergic contact cheilitis induced by repeated Honey consumption. Cheilitis due to allergic
contact with propolis-enriched honey. reaction

Matos et al. 2014 A case of allergic contact dermatitis caused by 69-year-old woman used honey ~ Contact dermatitis
propolis-enriched honey. for cosmetic purposes.

Nyman and Hangvall 2016 A case of allergic contact cheilitis caused by Honey consumption. Cheilitis due to allergic
propolis and honey reaction

Lamoureux et al. 2017 A first case of erythema multiforme-like contact Topical use of propolis essence.  Erythema multiforme-like

dermatitis caused by propolis.

contact dermatitis.
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formulation with ethanolic propolis extract and polymers like
Carbopol 934P, poloxamer 407, or gelatine were designed for the
treatment of oral mucosa diseases and the data obtained indicate a
potentially useful role in this treatment (Wagh, 2013).

Another type of use for propolis is lozenges and
toothpaste. There are reports that this kind of formulation causes
acute oral mucositis with ulceration. Because of allergic reactions
in some people, the use of these products should be done with
care. A case report of a 77-year-old man draws attention to the
side effects because at time of the examination, the tongue was
reddened and painful and there was desquamation of mucosal
surface of the lower lip with tags of detached tissue, and the lips
were swollen and inflamed (Hay and Greig, 1990).

SIDE EFFECTS OF PROPOLIS

The uses of both oral and topical propolis has been
considered overall safe, and propolis has been considered nontoxic
at doses of approximately 1.4 mg/kg and day or 70 mg/day.

It is interesting to note that the genotoxic activity that
has been tested on propolis has been deemed to be non-genotoxic.
The ethanolic extract of Brazilian propolis has been subjected to
such studies in different models, such as Allium cepa (Roberto
et al., 2016) and Chinese hamster ovary cells mammalian cells
(Santos et al., 2014). In the former work, the genotoxic activity
of ethanolic extract of propolis was assessed by the presence of
micronuclei and chromosomal aberrations. Not only propolis did
not induce genotoxic damage but also it protected against methyl
methanesulfonate. The work by Santos er al. (2014) analyzed
several aspects of the ethanolic extract of propolis, in addition to
the genotoxic potential. This extract was considered to be non-
genotoxic and even to show some protective activity against
gamma-irradiation-induced DNA damage (50% reduction). As for
cytotoxicity, at lower concentrations tested (50 pg/ml), propolis
seemed to induce cell proliferation or at least to reduce irradiation-
induced necrosis. Interestingly, post-irradiation treatment with
higher concentrations (200 pg/ml) induced necrosis at 24 and 48
hours, but not at 72 hours. Although further studies are clearly
necessary, these results indicate that propolis may not be safe in
all the possible settings.

There have been cases of allergies to propolis reported
(Table 2). These cases are most frequently contact dermatitis,
found in beehive handlers, but other reports are also available.
Matos et al. (2014) reported a case of contact dermatitis at the
temporal portions of the face, forehead, and cheeks of a 69-year-
old woman. She had used honey for cosmetic purposes, and
dermatitis was confirmed with patch application. Later, when
questioned, the beekeeper/honey producer admitted adding
propolis to the honey provided, as a means of preservative, due
to its antimicrobial activity. Two different other cases of cheilitis
due to allergic reaction to propolis (as confirmed by patch test for
3—7 days) have been reported in patients who consumed honey
(Nyman and Hangvall, 2016; Pasolini et al., 2004). It should be
pointed that although propolis is not commonly found in honey,
the addition of propolis to this food and use in cosmetic products
has been increasing. Two additional cases of stomatitis were
reported by Garrido Fernandez et al. (2004) when propolis was
given as oral tablets. In these cases, symptoms were resolved with
glucocorticoids and anti-histaminic medication.

Whether propolis by itself could serve a sensitizing
agent is debatable. Since propolis composition may vary, some
types of propolis may have the potential to cause an allergic
reaction, whereas others may not. It is believed that among the
known components of some propolis, 3-methyl-2-butenyl-caffeate
and phenyl-ethyl caffeate may play a direct role in sensitization.
Other components such as benzyl salicylate and benzyl cinnamate
may have a supporting role (de Groot 2013).

Propolis-induced dermatitis had previously only been
known to beekeepers, and in most cases, the occurrence of such
cases was underreported. A series of reports have addressed the
frequency of allergic reactions both in beekeepers as well as in the
general population, and the prevalence of positive patch test reactions
to propolis has reached 1.9%-3.5%. This has led the authors of
these reports to advocate propolis inclusion in the baseline series
(Henschel et al., 2002; Rajpara et al., 2009; Wilkinson et al., 2019).
With the increasing inclusion of propolis in cosmetic products,
it will be interesting to follow up the reports on allergic reactions,
both in beekeepers as well as in the general population. As a final
note to propolis-induced allergies, propolis, and mainly, two of its
most frequently found components (pinocembrin and chrysin), have
been reported to combat allergic reactions in in vitro and in vivo
models. (Choi et al., 2017; Gu et al., 2017; Hanieh et al., 2017). The
use of propolis to treat allergic reactions, although promising and
interesting, is still incipient and falls beyond the scope of this review.

FINAL CONSIDERATIONS

Propolis may be a promising alternative in the treatment
of some diseases according to a number of studies that have proven
many of its therapeutic activities. Some studies, however, are
still missing. For instance, it is not known if propolis could have
teratogenic activity, thus preventing its usage by pregnant women.
Additionally, given the existing cases of contact dermatitis, it
would be beneficial to investigate whether constant exposure would
increase the cases of allergic reactions, and if so, in which conditions.

On the other hand, the antioxidant, healing, antibacterial,
antitumor, and anti-inflammatory activities of propolis may
be more effectively used in the development of new research.
Particularly, the pharmaceutical and cosmetic areas could benefit
from this product, which could result in better disease treatment
and the improvement of cosmetics with esthetic aspects, in regard
to photoprotection and possibly make-up with anti-aging purposes.
As propolis is a natural substance and with various activities, as
already has been seen in existing publications, it is expected that it
will be used in new pharmaceuticals and/or cosmetics available to
the population, thus offering effective and safe treatment options.
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