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Chemical characterization and pharmacological action of Brazilian red propolis
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Abstract

Among natural products, Brazilian propolis stands out for being considered a source for the discovery of new bioactive
compounds. In the last decade, a new Brazilian propolis has been described, known as red propolis due to its reddish pigment.
Since then, numerous studies revealing its major components and pharmacological activity have been carried out. Thus, this
research had the aim of performing an integrative review of literature on the biological activity of Brazilian red propolis.
Scientific studies in the PubMed, SciELO and LILACS databases were reviewed and analyzed using an inductive approach and
indirect documentation technique. A total of 418 publications were found, and inclusion and exclusion criteria were
subsequently applied, selecting a total of 18 articles. Brazilian red propolis presents numerous pharmacological properties,
especially antibacterial, antifungal, antioxidant and anti-inflammatory effects. In addition, the chemical composition of this
substance is different from other types of propolis already reported in literature, presenting flavonoids never before described.
In this way, its chemical characteristics suggest probable therapeutic use for human consumption
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Caracterizacao quimica e acao farmacoldgica da propolis vermelha brasileira

Resumo

Dentre os produtos naturais, a propolis brasileira destaca-se por ser considerada uma fonte para a descoberta de novos compostos
bioativos. Na ultima década, foi descrita uma nova prépolis brasileira, conhecida como prépolis vermelha devido ao seu
pigmento avermelhado. Desde entdo, inGmeras pesquisas revelando seus componentes majoritarios e sua atividade
farmacologica tém sido descritas. Dessa forma, esta pesquisa teve o objetivo de realizar uma revisdo integrativa da literatura
sobre a atividade bioldgica da prépolis vermelha brasileira. Estudos cientificos nos bancos de dados PubMed, SciELO e LILACS
foram revisados e analisados utilizando-se uma abordagem indutiva e técnica de documentacgdo indireta. Foram encontradas 418
publicacdes, sendo posteriormente aplicados critérios de inclusdo e exclusdo, selecionando ao todo 18 artigos. A prépolis
vermelha brasileira apresenta inimeras propriedades farmacoldgicas, destacando-se os efeitos antibacteriano, antifingico,
antioxidante e anti-inflamatério. Além disso, a composicdo quimica desta substancia é diferente dos demais tipos de propolis ja
relatados na literatura, apresentando flavondides que ainda ndo tinham sido descritos. Dessa forma, suas caracteristicas quimicas
sugerem provavel uso terapéutico para o organismo humano.

Palavras-chave: Flavonoides, Apis mellifera, abelha.

metabolites, which are not involved in the vital processes of
cells and have as main function of increasing the probability
of survival of a living being by repelling or attracting other
organisms (Gurnani et al., 2014).

The consumption of drugs of natural origin has been the

Introduction

Medicinal plants are important for pharmacological
research and drug development, not only when their
constituents are directly used as therapeutic agents, but also as
raw materials for synthesis or models for pharmacologically

active compounds (WHO, 2014). According to the World
Health Organization (WHO), in developed countries, 25% of
medicines are derived from plants, and about 80% of
developing countries rely on traditional medicines where 85%
of these are produced from plant extracts (Xavier et al., 2015).
These products present small molecules known as secondary
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target of consumers and researchers in recent decades. The
search for treatment with low cost, efficacy and minimized
side effects has been the motivation of this growth (Van
Boeckel et al., 2014).

Almost all ancient civilizations knew and used bee-
derived products as valuable resources in their medicine
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(Wagh, 2013). Among apiculture products, propolis stands out
because it has been traditionally used for centuries (Tiveron et
al., 2016). It is a resinous substance with characteristic aroma,
whose color varies from yellowish, light greenish red to dark
brown, depending on its botanical origin. It is collected by
bees of the species Apis mellifera L., at different plant sites,
such as buds, flowers and resinous exudates (Marcucci, 1995).
The resin is transported to the hive, processed and added of
substances secreted from its metabolism like wax and salivary
enzymes (Bufalo et al., 2009).

Brazil is a major producer and exporter of propolis
collected by A.mellifera (Oldoni et al., 2015). In the last
decade, a new type of propolis produced in mangrove areas of
northeastern Brazil, known as red propolis due to its reddish
coloration, has been identified.

Knowing the importance of the discovery of natural
products with therapeutic effects, together with the lack of
scientific studies involving red propolis, this research had as
main aim to evaluate the biological activity of Brazilian red
propolis, gathering information about the general
characteristics, chemical composition and pharmacological
activity of this substance.

Material and Methods

An integrative literature review was carried out with an
inductive approach using the indirect documentation
technique. Scientific studies available in primary database
index banks PubMed, SciELO and LILACS were reviewed
and analyzed. The terms used in the search with the Boolean
operator AND were: "Brazilian red propolis" AND
"pharmacological activity". The inclusion criteria of surveys
were: publication in the last five years (2013-2017); free
access (open source) and those relating Brazilian red propolis
and pharmacological activity. Exclusion criteria were:
duplicate versions of publications in the same database or
between different databases and studies that did not mention
the type of propolis related to the pharmacological effect.

Chemical characterization

The term propolis derives from the Greek pro "in front of,
at the entrance of", and polis, "community or city" (Castaldo
and Capasso, 2002; Salatino et al., 2005). This substance is
used by bees as a material to seal cracks and holes, preventing
the entry of light and microorganisms, while promoting
thermal insulation by reducing humidity. It is also used to line
combs in order to allow eggs to be deposited by the queen bee
and to embalm small dead animals (beetles and insects) that
bees could not take out of the hive, avoiding their putrefaction,
which could cause infections and diseases (Marcucci et al.,
1995; Burdock et al., 1998; Salatino et al., 2005).

Based on the physicochemical properties (color, texture,
chemical composition) and due to the diversity of the
Brazilian flora, it was possible to classify propolis produced
in Brazil into 12 distinct groups, according to the chemical
composition and biological activity (Park et al., 2000). The
most widely known is green propolis, originating from
Baccharis dracunculifolia and artepilin C was recognized as a
characteristic constituent of this type of propolis. Three major
types of propolis (brown, yellow and red) were characterized
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based on their secondary classes of metabolites. The brown
type is rich in polyisoprenylated benzophenone (PPB) and
originates from floral resin of Clusia rosea; the yellow type
contains triterpenoids belonging to oleanane, lupane, ursane
and lanostane skeletons and its probable botanical origin is
Populus spp.

In 2007, a new type of propolis described in scientific
literature stood out. It is the 13" type of Brazilian propolis, the
red propolis (Alencar et al., 2007; Silva et al., 2008).

In addition to Brazil, red propolis has also been described
in Cuba (Piccinelli et al., 2011), Mexico (Lotti et al., 2010)
and Venezuela (Trusheva et al., 2006). Its botanical origin was
identified as Dalbergia ecastophyllum (L.) Taub., a legume
species known for its intense red pigment due to the presence
of cationic C%° isoflavones. (Piccinelli et al., 2011) (Figure 1).

D. ecastophyllum, popularly known as rabo-de-bugio or
marmelo - do - mangue, is a scandent or semi-prostrate species
found associated with estuaries, mangroves and dunes,
assisting in the fixation of sand. It is well adapted to conditions
of high salinity and its fruits are able to float (Camargo, 2005).
According to Mata et al. (2014), the area of occurrence of D.
ecastaphyllum is very extensive, extending from southern
Florida to southern Brazil, as well as on the western coast of
Africa. In Brazil, its phytogeographic domains include the
Amazon and the Atlantic Forest, covering the Northern
(Roraima, Pard and Amazonas), Northeastern (Maranh&o,
Ceara, Rio Grande do Norte, Paraiba, Pernambuco, Alagoas
and Sergipe), Midwestern (Mato Grosso do Sul), Southeastern
(Espirito Santo, Sdo Paulo and Rio de Janeiro) and Southern
(Parana and Santa Catarina) regions of Brazil (Lima, 2012).

A. mellifera bees collect the red exudate from holes made
by insect on the surface of D. ecastophyllum trunk to produce
propolis (Bueno-Silva et al., 2013a).

Unlike other types of propolis, rich in phenolic acids and
esters (Pellati et al., 2011), red propolis has a specific chemical
composition and presents new components never before
reported in other varieties of propolis, such as vestitol and
neovestitol (Piccinelli et al., 2011; Bueno-Silva et al., 2013a)
and biochamine A, in addition to liquiritigenin, formononetine
and medicarpine (Piccinelli et al., 2011; Righi et al., 2011,
Frozza et al., 2013; L6pez et al., 2014).

Pharmacological action

Bueno-Silva et al. (2013a) believe that the chemical
composition of red propolis differentiated from other types of
propolis has been responsible for the main pharmacological
activities of this substance: antibacterial, antifungal,
antioxidant and anti-inflammatory (Table 1).

The mechanism of antibacterial activity of the substance
can be mainly attributed to cytoplasmic membrane damage
caused by the lower membrane fluidity, inhibition of nucleic
acid synthesis caused by inhibition of topoisomerase,
inhibition of metabolism caused by inhibition of NADH-
cytochrome ¢ reductase or inhibition of biofilm formation.
These mechanisms are related to the presence of flavonoids in
red propolis (Bueno-Silva et al., 2013a; Yixi, 2015). Xie et al.
(2015) and Freires et al. (2016) also believe that the
mechanism of action of this substance is related to damage to
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the plasma membrane of the microorganism, reducing its
fluidity and inhibiting the adequate functioning and energetic
supply of the cell as it prevents the exchange of nutrients and
metabolites.

Figure 1. Dalbergia ecastophyllum, the botanical origin
of red propolis (A). Reddish exudate at the core of D.
ecastophyllum (B). Apis mellifera bees using red propolis
to seal cracks and holes in the hive (C). Source: Edivaldo
Pacheco Filho.

The antioxidant activity of this substance is related to the
prevention of formation, neutralization and removal of free
radicals associated to the inhibition of the chain of oxidative
reactions by red propolis (Oldoni et al., 2011; Frozza et al.,
2013). Trusheva et al. (2006) reported that the caffeic extract
isolated from red propolis from Alagoas presented antioxidant
activity up to 85% compared to positive control
phenylhydrazine. In a study involving organic propolis from
southern Brazil, Tiveron et al. (2016) reported high
antioxidant activity of their alcoholic extracts. Other authors
evaluated the antioxidant effect of the alcoholic extract of red
propolis. Oldoni et al. (2011) evaluated the antioxidant
activity of red propolis from Maceié (Alagoas) in its
hydroalcoholic extract, as well as its isolated chemical
compounds, Vestitol, Neovestitol and Isoliquiritigenin. The
authors reported higher antioxidant activity of vestitol,
followed by the hydroalcoholic extract, neovestitol and
isolquiritigenin. In fact, isoflavonoids have already been
considered the compounds with the highest antioxidant
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potential (Lee et al., 2005). Silva et al. (2017) evaluated the
antioxidant effect in the hydroalcoholic extract of red propolis
from Aracaju (Sergipe) and concluded that this effect is
concentration-dependent.

Regarding the antifungal activity, the effect of red propolis
appears to be associated with the damage caused to the fungal
membrane, affecting the membrane ergosterol and altering its
permeability (Pippi et al., 2015, Freires et al., 2016). Neves et
al. (2016) studied the crude ethanolic extract of this substance
in comparison to its fractionated derivatives in Candida
albicans and Candida tropicallis species. The authors
concluded that formononetin is an important compound for
the antifungal activity demonstrated by red propolis.

As for the anti-inflammatory and immunomodulatory
effects, different models of acute and chronic study using red
propolis have been studied. Inhibition of prostraglandin,
inhibition of prostanoids (especially PGE2) and pro-
inflammatory cytokines (Lustosa et al., 2008), reduction of
nitrous oxide pathway, reduction of leukocyte adhesion
(Bueno-Silva et al., 2013b) and enzymatic activity during the
healing process and inhibition of TNF-a should be considered
as different mechanisms used by this substance; however,
specific mechanisms of its anti-inflammatory activity have not
been yet well understood. In addition, the healing of cutaneous
wounds in rodents with the use of red propolis appears to be
facilitated by the suppression of the NFkB transcription factor
associated with inflammation (Oldoni et al., 2011).

In this context, Bueno-Silva et al. (2016) reported that the
ethanolic extract of red propolis subcutaneously administered
in mice (10 mg / kg), was able to reduce the chemotaxis of
neutrophils by blocking calcium channels and inflammatory
chemical mediators were significantly reduced. Franchin et al.
(2016a) reported that Neovestitol, an isoflavonoid isolated
from red propolis, reduced acute and chronic inflammation in
mice when subcutaneously administered at dose of 3 and 10
mg / kg. The same authors suggested an anti-inflammatory
effect for Vestitol, another isoflavonoid isolated from red
propolis at dose of 3 and 10 mg / kg, subcutaneously
administered (Franchin et al., 2016b). In addition, a study
using formononetin isolated from Brazilian red propolis
reported that the administration of this compound in
experimental inflammation models in mice reduced leukocyte
migration and edema formation (Cavendish et al., 2015).

Factors influencing the red propolis composition

The constituents of propolis and its pharmacological
activity may vary widely from region to region according to
local flora, collection season and extraction method (Park et
al., 1998; Park et al., 2002; Massaro et al., 2014). Regueira
Neto et al. (2017) studied the variation in the concentration of
red propolis compounds according to the seasonality.

The authors evaluated that the concentration of
chlorogenic acid, caffeic acid and ellagic acid is twice as high
in the dry period and the concentration of luteolin and apigenin
increases during the rainy season. The authors believe that this
is due to the influence of seasonality on the production of
secondary metabolites in the D. ecastophyllum resin.
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Table 1. Main chemical components of Brazilian red propolis and its pharmacological effects.

Chemical Component Source Geographical Biological ‘
P (Extract/Fraction) Origin Activity Reference
Medicarpine Trusheva et al. (2006)
; ; Alencar et al. (2007)
Ethanolic extract Maceié (AL) Agt:g?ﬁ;erﬁ” Piccinelli et al. (2011)
g Frozza et al. (2013)
Quercetin
OH
OH H i
O Ethanolic extrac_t/ Macei (AL) ~Anti Alencar et al. (2007)
HO O ) chloroform fraction inflammatory
|
OH
OH ©O
Daidzein
HO o H
= | Ethanolic extrac_t/ Macei6 (AL) Antioxidant Alencar et al. (2007)
. chloroform fraction
s}
OH
Vestitol

Antibacterial,

Oldoni et al. (2011)

Ethanolic extract / I\D/I:(r)z%hril anticaries, anti- Pigi”e"i Se.tlal' (t20|11)
chloroform fraction inflammatory ueno-stva et al.
(AL) - (2013)
and antioxidant
Neovestitol ; i Lotti et al. (2010)
OH Ethanolic extract / Marechal aﬁ?é:;?g;egﬁ,:’i_ Oldoni et al. (2011)
O Methanolic extract / Deodoro in flammétory Piccinelli et al. (2011)
i - Bueno-Silva et al.
. | ] L Chloroform fraction (AL) and antioxidant 2013
3
Formononetin
Lotti et al. (2010)
; i : ; ; Piccinelli et al. (2011)
Ethanolic extract Macei6 (AL) Antiproliferative Frozza et al. (2013)
Lotti et al. (2010)
Ethanolic extract ~ Macei6 (AL)  Antiproliferative  Ficcinellietal. (2011)

Frozza et al. (2013)

Ferulic acid
Q i . . Alencar et al. (2007
H3CO 2 Ethanolic extract / Maceid (AL) Antioxidant (2007)
OH chloroform fraction
HO
Liquiritigenin
OH
HO o ©/ ; i i Piccinelli et al. (2011)
\q‘j- Ethanolic extract Maceio (AL) Antioxidant Frozza et al. (2013)
0

Mendonca et al. (2015) collected 12 red propolis samples
throughout the year in the state of Sergipe. The authors
performed extraction with 70% ethanol and evaluated the
variation of color and chemical constituents as a function of
climatic variation. It was concluded that there is a gradual
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variation in color and chemical composition of red propolis,
with better yields between the months of April and June. On
the other hand, Sforcin et al. (2000), pointed out that propolis
in Brazil shows no variation in the chemical
constitution as a function of time and collection region.

collected
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According to Park et al. (2002), the biological activity of
propolis is greater in tropical areas of the planet due to the high
plant diversity of these regions.

In addition, propolis extracts can be obtained by different
extraction methods. The conventional technique uses ethanol
as solvent, while alternative methods, such as extraction of
supercritical fluids, have also been described. The extraction
method directly affects the yield and selectivity of some
components (Machado et al., 2015, Machado et al., 2016).
Importantly, propolis obtained by aqueous extraction contains
amino acids, organic matter and carbohydrates, which are not
present in the ethanol extraction. Aqueous extraction is widely
used as additives in food and cosmetics due to its properties
and for causing minimal olfactory stimulation. On the other
hand, ethanolic extraction provides lipophilic compounds,
which are in large amounts and attracts considerable interest
from researchers (Machado et al., 2016).

The interest of researchers to know better the usefulness of
the different types of propolis has increased, and for this
reason, researches in different parts of the world have been
carried out and satisfactory results have been found. Its
antiseptic, antimycotic, bacteriostatic, astringent, spasmolytic,
anti-inflammatory and anesthetic properties have enabled this
substance to be used in folk medicine and in the biocosmetic
industry, being found commercially in the form of sprays,
dentifrices, lotions, tablets, solutions, capsules, creams and
chewing gums (Burdock, 1998). However, the medicinal and
nutraceutical use of this substance must be certified by an
official regulatory agency.

Conclusion

Due to its distinct chemical composition, red propolis
exhibits several biological properties, highlighting its
antibacterial, antifungal, antioxidant and anti-inflammatory
activity. This substance is promising in the development of
health research, adding clinical and commercial benefits.
However, considering the variability of existing propolis
extracts, it is believed that the standardization on geographical
location and forms and solvents used can positively contribute
to the quality control, ensuring better biological activity.
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