
Revista Brasileira de  Farmacognosia 29  (2019) 389–399

ww w.elsev ier .com/ locate /b jp

Review

Brazilian  stingless  bee  propolis  and  geopropolis:  promising  sources  of

biologically  active  compounds

Flavia  C.  Lavinasa, Ellis  Helena  B.C.  Macedoa, Gabriel  B.L.  Sáb,  Ana  Claudia  F.  Amaral c,∗,
Jefferson R.A.  Silvad, Mariana  M.B.  Azevedoe, Bárbara  A. Vieira f, Thaisa  Francielle  S. Domingos f,
Alane  B.  Vermelhoe, Carla  S. Carneirog,  Igor  A.  Rodriguesa,g
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a  b  s t  r  a c t

Stingless  bee  products  such  as honey,  pollen, propolis, and geopropolis  have  been  used  for  centuries  in

traditional  medicine  for  the  treatment  of  several illnesses. Investigation  of  the  biological activity of stin-

gless bee  products,  especially  propolis  and  geopropolis,  has  revealed  promising therapeutic  properties.

About  20%  of total Neotropical  stingless bees  can  be  found in Brazil.  Despite  the  species  diversity,  studies

on  their biological activity are  scarce.  The present  review  focuses  on the  antioxidant  and  antimicrobial

activities  of  propolis  and  geopropolis  from Brazilian  stingless bees. In  addition,  the  toxicity of these  nat-

ural  products was addressed.  In  order to provide new evidences for  the  toxic potential of  propolis  and

geopropolis components,  an in silico  analysis  was performed  using the  ADMET  PredictorTM software.  We

observed  that  most of studies  evaluated  only  crude  ethanol extracts  of a  limited  number  of  stingless

bees  species.  Propolis  and geopropolis  displayed  antioxidant  capacity  and  antimicrobial  activity.  Con-

cerning  the  toxic  potential, the  extracts of stingless  bees  propolis  and  geopropolis  were considered safe.

Nonetheless,  in vitro  and  in vivo  toxicological  studies  are still  necessary.

© 2018  Published  by  Elsevier  Editora Ltda.  on behalf  of Sociedade  Brasileira de  Farmacognosia.  This is

an open access  article under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/

4.0/).

Introduction

Meliponines, also known as stingless bees (SLB), are the largest

group of eusocial bees in  the world. More than 600 species have

been described and they are spread throughout the tropical and

subtropical areas of the globe. They are found in South Amer-

ica, Central America, south of North America, Africa, Southeast

Asia and in Northern Oceania (Hrncir et al., 2016). More than 200

species in 29 genera are distributed throughout Brazil. According

to Pedro et al. (2014), about 89 species are endemic in Brazil, which

corresponds to approximately 20% of the total number of Neotrop-

ical stingless bees. Among the genera with the highest number of
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known species are: Plebeia, Trigona, Melipona, Scaptotrigona and

Trigonisca.

The SLB belong to the family Apidae, subfamily Meliponinae,

and they differ from honeybees (Apis mellifera, Apidae) in many

aspects, including colony size, nesting biology, brood comb dispo-

sure, bee queen production, stocking strategy, and bee recruitment

mechanisms (Hrncir et al., 2016). However, a  marked difference

between SLB and honeybees is the morphological aspect related to

the sting. This is  a  defense structure found in females of the Apis

mellifera species. On the other hand, the females of meliponines

have no sting or present an atrophied form of it.  The subfamily

Meliponinae developed other defense methods such as a strong

bite. In addition, some SLB present mandibular glands which are

able to produce formic acid, increasing the pain of the bite (Landim,

2009; Michener, 2013). Fig. 1 shows some species from subfamily

Meliponinae.

https://doi.org/10.1016/j.bjp.2018.11.007

0102-695X/© 2018 Published by  Elsevier Editora Ltda. on  behalf of Sociedade Brasileira de Farmacognosia. This is an  open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. Brazilian stingless bee. (A) Nannotrigona testaceicornis; (B) Tetragonisca

angustula;  (C) Scaptotrigona sp.; (D)  Melipona rufiventris; (E) Melipona quadrifasciata.

The ecological relevance of stingless bees is undeniable since

these insects are natural pollinators of native plants of  different

biomes. The species Melipona subnitida, for example, is endemic to

the Brazilian Northeast, more specifically to the semi-arid region,

where it is one of the most important pollinators of the Caatinga

biome (Felipe Neto, 2015). Moreover, SLB also display an impor-

tant socioeconomic role. Their performance as pollinators is not

restricted to the natural flora; and they have been used to  polli-

nate diverse species of cultivable plants (Villas-Bôas, 2012). The

honey collected from SLB constitutes an important product com-

monly commercialized in  some regions of Brazil due to its flavor and

medicinal attributes. In addition, other products can be obtained

from meliponiculture, such as bee colonies, pollen, cerumen and

propolis (Jaffé et al., 2015). Propolis and geopropolis obtained from

various SLB species have gained much attention from researchers

around the world due to their pharmacological potential. Some

of these biological properties of SLB propolis and geopropolis are

discussed below.

Propolis,  popularly known as bee glue, is  a  viscous bee product

made by mixing insect secretions (saliva and wax) with plant resins.

It is an important material related to the successful construction of

the nest and the health of the colony (Araújo et al., 2016a). Propolis

is used to seal the beehive, preventing air and undesired visitors to

enter. Moreover, the antimicrobial properties of propolis provide

a chemical defense against microbial action for the bees them-

selves and their honey (Campos et al., 2015). Apis mellifera bees

and SLB are able to produce propolis. However, some meliponines

mix the propolis with an extra material: clay or soil. The result of

this mixture is a less malleable resinous material when compared

to propolis. Geopropolis, as the soil-enriched resin is known, differs

from propolis samples due to its mineral and soil content and the

absence of plant trichomes (Barth and Luz, 2003). Despite differ-

ences in composition, geopropolis displays similar functions to the

hive (de Souza et al., 2018).

Different biological activities of SLB propolis and geopropo-

lis ((geo)propolis) have been investigated worldwide, including

antioxidant (Cao et al., 2017; Ferreira et al.,  2018), anti-

inflammatory (Santos et al., 2017a; Guzmán-Gutiérrez et al., 2018),

anticancer (Kustiawan et al., 2015; Bartolomeu et al., 2016),

and antimicrobial activities (Molnár et al., 2017; Santos et al.,

2017a,b,c). It  is  worth mentioning that the biological activities of

geopropolis produced by SLB have been attributed to their phy-

tochemical composition. The influence of the inorganic content

(minerals, soil/clay particles) or even organic material associated

to geopropolis, such as native microbiota or decomposing organ-

isms, has not been addressed in the literature. This review focuses

on the chemical profile and biological effects (antioxidant capac-

ity, antimicrobial, and toxic potentials) of (geo)propolis produced

by SLB native to  Brazil. Moreover, major (geo)propolis components

pointed here were subjected to  toxicological analysis in silico in

order to  provide additional evidences of their safe use.

Methodology

Study design

This study consists in  a  narrative review. Literature data were

prospected freely with no time limiting during the search due to

the few number of studies evaluating the biological activity of

Brazilian SLB (geo)propolis. Web  of Science, PubMed and Scielo

databases were used as search tools. The following search terms

were used alone or in combination: Brazilian stingless bee, propolis,

geopropolis, chemical composition antioxidant capacity, antimi-

crobial activity, antifungal activity, antivirus activity, antiprotozoal

activity, cytotoxic effects, and toxicity in vivo.

In silico analysis

Main  compounds of Brazilian stingless bee (geo)propolis

prospected here were subjected to in silico toxicity analysis

using the ADMET PredictorTM (Simulation Plus, Lancaster, CA)

software. Toxicity endpoints evaluated were: skin sensitization,

cardiotoxicity, acute toxicity, reproductive toxicity, hepatotoxic-

ity, mutagenicity and carcinogenicity. Hepatotoxicity parameters

were specifically studied using relevant biomarkers such as alka-

line phosphatase (ALP), serum glutamic oxaloacetic transaminase

(SGOT), serum glutamic pyruvic transaminase (SGPT), gamma-

glutamil transferase (GGT) and lactate dehydrogenase (LDH). In

addition, mutagenicity was evaluated in  five individual strains

of Salmonella typhimurium with or without metabolic activation

and/or Escherichia coli.

Chemical  composition of SLB (geo)propolis

An overview of relevant studies has shown that not all trees

resins attract stingless bees. However, the terpenoids, mainly

the mono and sesquiterpenoids in  these resins are important for

these bees. Despite the few studies with stingless bees until now,

these chemical compounds, mentioned above, are  considered the

principal volatile constituents of (geo)propolis produced by  SLB.

In addition, diterpenoids, triterpenoids and phenolic compounds,

mainly flavonoids, are found in different genera of stingless bees.

The genus Melipona is  the most studied in  terms of Brazilian geo-

propolis. The publications of Bankova et al. (1998, 1999) described

the results obtained by  a  GC–MS investigation of silylated ethanol

extracts of two geopropolis samples, collected from different bee

species Melipona compressipes (Piauí State) and Melipona quadrifas-

ciata anthidioides (Paraná State, South Brazil). Both species have a

complex chemical mixture of  compounds with significant amounts
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of fatty acids. Other constituents like phenolic compounds, ter-

penoids and sugars are found in  both species of Melipona. However,

flavonoids are present only in M. compressipes, and the diterpenoids

are more strongly represented in  M.  quadrifasciata (Bankova et al.,

1998). The major compounds in the essential oils  of M. com-

pressipes and M.  quadrifasciata are  ethylphenol and p-cimen-8-ol,

respectively (Bankova et al.,  1999). Studies with propolis from M.

quadrifasciata anthidioides have shown three ent-kaurene diter-

penoids, one of them, ent-kaur-16-en-19-oic acid (1) has moderate

antibacterial activity (Velikova et al., 2000b). Two other works with

this last bee species collected from the state of Mato Grosso do

Sul (central-west Brazil) showed phytosterols, terpenes, phenolic

compounds, and tocopherol after GC–MS and HPLC-DAD and HPLC-

DAD-MS/MS analyses. The main compounds described by Santos

et al. (2017b) were galloyl-hexoside derivatives and by  Bonamigo

et al. (2017a) are �-amyrin, �-amyrin acetate, tocopherol, cinnamic

acid and apigenin.

The  phytochemical approach to analyze geopropolis of M.  subni-

tida from Paraiba state (north eastern Brazil) involves a  partitioning

process with solvents of increasing polarities. This process man-

aged to separate flavonoids and phenylpropanoids from the ethyl

acetate fraction by different column chromatography. Among the

isolated substances, 6-O-p-coumaroyl-D-galactopyranose (2), a

new phenylpropanoid was identified (Souza et al., 2013). Recently,

de Souza et al. (2018) described a work with nine samples, collected

in different months, of M. subnitida geopropolis analyzed by UPLC

DADQTOF MS/MS. This analysis resulted in the characterization of

51 phenolic compounds, including ellagic acid (3), acyl hexosides,

acyl galloyl hexosides and flavonoids. The authors did not  mention

the amount of each compound found but seven of them were iden-

tified by comparison to  standard samples and two  using NMR  (de

Souza et al., 2018).

Geopropolis of Melipona interrupta and Melipona seminigra

(Amazon state, North Brazil) and Melipona orbignyi (Mato Grosso

do Sul State) present phenolic and terpenoid compounds, respec-

tively, that are commonly found in plant species (Silva et al., 2013a

Campos et al., 2014). Santos et al. (2017a) described the chemi-

cal composition related to flavonoids, terpenoids and glycosylated

phenolic acids of  the hydroalcoholic extract of M. orbignyi geo-

propolis (Mato Grosso do Sul state) analyzed by HPLC-DAD-MS.

Among the flavonoids, aromadendrin (4) and naringenin (5) have

also been found in the geopropolis of M. interrupta and M. semini-

gra.
Analyses of the geopropolis extract of  M.  fasciculata by HPLC-

DAD-ESI-MS/MS showed the efficacy of the technique to identify

more polar substances. The chromatogram analysis of a 70% ethanol

extract  of this geopropolis collected from Maranhão state showed

ellagic acid as the main substance of a complex mixture of tannins

and other phenolic compounds (Dutra et al., 2014). The 70% ethanol

extract of  geopropolis from M. fasciculata (Maranhão, northeast

Brazil) showed after silylation and GC–MS analysis constituents like

carbohydrates, triterpenes, phenolics and sugar alcohols. The main

components were the triterpene lupeol and the phenolic anacardic

acid (6) (Araújo et al., 2015).

The bioguided fractionation of the ethanol extract from geo-

propolis of  M. scutellaris (Bahia state, Northeast Brazil) carried

out by Cunha et al. (2015) resulted in the isolation of cinnamic

acid esters and coumarins. This bioguided work showed the char-

acterization of two potentially active coumarins, mammeisin (7)

and mammein (8), against colon cancer cell lines (Cunha et al.,

2015). Torres et al. (2018) presented chemical characterization

of an 80% ethanol extract from M. quadrifasciata quadrifasciata

geopropolis (Rio Grande do Sul state, south Brazil) using UPLC-

QTOf-MS analyses and standard samples. The authors characterized

diterpenoids and flavonoids as the principal components of the

extract.

The propolis produced by the stingless bee Frieseomelitta

longipes  collected in  the city of Belém, state of Pará, presented in  its

chemical composition an expressive amount of terpenes, mainly

monoterpenes and sesquiterpenes. This analysis was performed

by GC–MS with the essential oil obtained from F. longipes, and �-

caryophyllene (34.5%) was found to be the major compound. The

polar extract obtained by maceration of this propolis with ethanol

was analyzed by LC–ESI-MS/MS with interesting results concerning

its chemical composition, since the polyprenylated benzophenones

identified are uncommon in  Brazil propolis (Souza et al., 2018b).

Reports  of propolis produced by Frieseomelitta bees are scarce;

however, an interesting study by Patricio et al. (2002) presented

the chemical composition of the posterior tibia of foraging workers

of three species of Frieseomelitta,  F. silvestrii, F.  silvestrii languida and

F. varia. In that study, the GC–MS chromatogram analyses showed

monoterpene, �-pinene, the sesquiterpenes �-caryophyllene, �-

cubebene, �- and �-muurolene, �-cadinene, germacrene-D, and

elemol and the diterpenes manool and totarol. These substances are

collected by the bees to  produce the propolis that will be deposited

around the entrance of their nests.

The geopropolis produced by Scaptotrigona postica is  used by

natives of  the state of Maranhão (Northeast Brazil) as an oint-

ment in the treatment of tumors and wound healing (Coelho

et al., 2015). Analyses of geopropolis from S. postica using

HPLC-DAD-ESI-MS/MS indicated the presence of di-C-glycosides

flavones, showing vicenin-2 as the major constituent together with

pyrrolizidine alkaloids such as 7  (3-methoxy-2-methylbutyryl)-

9-echimidinylretronecine and caffeoylquinic acid-O-arabinoside.
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The results of the analysis by  HPLC-DAD-MS/MS demonstrated a

chromatographic profile consisting mainly of flavonols, such as

quercetin methyl ethers, and methoxychalcones. In addition, the

authors suggested that from the robust evidence that the source of

the chemical constituents for the production of the S. postica geo-

propolis resin was the plant species Mimosa tenuiflora, popularly

known as the “jurema-preta”. The propolis of Scaptotrigona depilis

bees analyzed by GC-MS and HPLC-DAD showed phytosterols,

terpenes, phenolic compounds, and tocopherol (Bonamigo et al.,

2017a). Scaptotrigona bipunctata bees produce a  propolis whose

chemical characterization performed by UPLC-ESI-QTOF/MS/MS

analyses revealed the uncommon presence of piperidinic alkaloids

together with C-glycoproteinide flavonoids (Cisilotto et al., 2017).

Freitas  et al. (2008) reported the identification and isolation of

cycloartane triterpenes and flavonoids as  the main constituents

from the nest of Trigona spinipes, a species commonly found in

Brazil Northeast region. The authors suggested that one of  the plant

species that served as the source of the chemical constituents for

the production of propolis by T.  spinipes was Eucalyptus citriodora.

Sawaya  et al. (2007) demonstrated that Tetragonisca angustula

is a selective bee, compared to A. mellifera, in  the choice of veg-

etal species as the source of the chemical constituents necessary

for the production of propolis. In  that study, in spite of the dif-

ferent geographical locations, Minas Gerais, Santa Catarina and

Bahia states, and, equally important, the variety of plant species

in these locations, T. angustula visited and collected preferably the

exuded resin of Schinus terebenthifolius, a plant popularly known as

“aroeira-vermelha”. However, despite this preference, worker bees

of T. angustula visited and collected resins from other plant species,

for example Euphorbia milii and Clusia fluminensis (Gastauer et al.,

2011). There are some interesting works analyzing the chemical

composition of the geopropolis produced by T.  angustula. Miorin

et al. (2003) described a study using HPLC-DAD to  compare the

chemical composition of propolis produced by the stingless bees,

T. angustula, and those produced by the honeybee with A. mellifera.

The sampling sites were the states of Minas Gerias and Paraná, and

the results showed the difference in  the chemical composition of

the propolis produced by  the two species of bees (Sawaya, 2007).

These results were also substantiated by  the work of Pereira et al.

(2003) that showed by HT-HRGC/MS the similarity of the chemi-

cal constituents present in  the dichloromethane extracts obtained

from the propolis of those two species of bees. The extracts of

greater polarity exhibited significant differences in  their chemi-

cal compositions. The studies of Sawaya et al. (2006, 2007) with

bees provide additional information about the chemical composi-

tion of propolis produced by A.  mellifera, and stingless T. angustula.

In that work, the authors analyzed the propolis produced by the

two species of bees by  ESI-MS, elaborating elucidative fingerprints

not only with respect to the different chemical compositions in the

samples analyzed, but also on the origin of  the vegetal species that

serve as sources of the chemical constituents for the production of

the geopropolis. Recently, Santos et al. (2017b) presented the chem-

ical profile by HPLC of the aqueous and hydroalcoholic extracts

obtained from the propolis produced by T. angustula. The aqueous

extract showed phenols, tannins, flavones, flavonols, xanthones,

steroids and triterpenes, whereas the hydroalcoholic extract pre-

sented the same substances and catechins.

Antioxidant capacity

The  antioxidant capacity of a compound can assist in  the pre-

vention of diseases related to oxidative stress, which is caused by

an imbalance between the formation and neutralization of free

radicals in the body through enzymatic and non-enzymatic antiox-

idants (Fang et al., 2002; Campos et al., 2014). An excess of free

radicals  in the body can result in  cell membrane phospholipid oxi-

dation, DNA and protein damage and tissue injury (Zhu et al., 2011;

Campos et al., 2014). Therefore it is important to  identify natu-

ral compounds and/or new substances that can neutralize these

free radicals to  prevent oxidative stress (Bonamigo et al., 2017b).

Studies have been conducted on the propolis of different species

of Brazilian stingless bees to evaluated their ability to scavenge

free radicals and protect against the damage caused by oxidizing

agents (Sawaya et al., 2009; Campos et al.,  2014, 2015; Bonamigo

et al., 2017; Torres et al., 2018). The main methods to determine

antioxidant activity as well as the results of recent studies of  the

propolis from Brazilian stingless bee are described below.

The  analytical methods and biological assays are based on the

research of  propolis that has evolved over the years, and has been

driven to ensure the identification of the components responsible

for their biological activity as well as to certify the quality of  the

products that can be used (Sawaya et al.,  2011). These methods can

be applied in different areas of research such as food, cosmetics and

medicine (Mishra et al.,  2012).

The  chemical compounds in propolis found in Brazil vary

due to the different climates in the country such as equato-

rial, tropical and subtropical. The presence of flavonoids and

phenolic compounds are related to  the antioxidant activity. The

choice of the method used to evaluate this biological activity

may influence the results; therefore it is recommended to use

more than one method in order to ensure the results (Sawaya

et al., 2011). Currently the main methods used are: the cap-

ture of free radicals DPPH (2,2-diphenyl-1-picrylhydrazyl) and

ABTS+� (2,2-azinobis-(3-ethylbenzothiazole-6-sulphonate); FRAP

(ferric reducing antioxidant power) method; the oxidative hemol-

ysis inhibition assay and evaluation of the inhibition of  lipid

peroxidation in  human erythrocytes (Sawaya et al., 2011; Mishra

et al., 2012; López-Alarcón and Denicola, 2013; Silva et al., 2013;

Shahidi and Ambigaipalan, 2015).

Antioxidant capacity of SLB (geo)propolis

Box 1 summarizes the literature data searched concerning the

antioxidant capacity of Brazilian stingless bee propolis.

Sawaya et  al. (2009) compared samples of propolis collected

monthly from three species of Scaptotrigona bees from two distinct

regions in  Brazil (States of Maranhão and São Paulo - Northeastern

and South eastern, respectively). Ethanol extracts of the propo-

lis samples were prepared and evaluated for their antioxidant

activity by the 2,2-diphenyl-1-picrylhydrazyl free radical scaveng-

ing method (DPPH). Antioxidant activity varied monthly for each

species, with the highest activity (lowest Effective Dose (ED50)

results) observed in the spring. The propolis of the species S.  bipunc-

tata presented the highest antioxidant activity and that of  the

species S.  depilis presented the lowest activity. The authors reported

that seasonality and geographic origin affected the composition and

thus the antioxidant activity of Scaptotrigona bee propolis.

In  a  study carried out by Campos et al. (2014) the ethanol

extract of propolis of M. orbignyi showed antioxidant activity

by scavenging free radicals and exhibited anti-hemolytic action

and protective actions against lipid peroxidation when incubated

with human erythrocytes in the presence of the oxidizing agent

2,2′-azobis (2-amidinopropane) dihydrochloride (AAPH). The free

radicals scavenging ability demonstrated by the M. orbigny propolis

was similar to the results observed for propolis from the bee species

Apis mellifera (Mercan et al., 2006). The results are mainly related to

the presence of phenolic compounds (Campos et al., 2014). These

compounds have been reported to  be important antioxidants that

act as hemolysis inhibitors in erythrocytes under conditions of

oxidative stress (Valente et al., 2011). They are capable of  donating

electrons, leading to  the stabilization of  the radical and can also
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stimulate antioxidant enzyme activities in erythrocytes (Campos

et al., 2014). The authors concluded that taken together, the results

indicate that propolis from M. orbignyi has therapeutic potential

for the treatment and/or prevention of diseases related to oxidative

stress.

Propolis from the stingless bees Tetragonisca fiebrigi is  used in

folk medicine for its nutritional and therapeutic properties. This

species is present in  a large part of Brazil. However, until recently

there were no scientific records evidencing such properties. In the

only study so far reported on the propolis generated by this species,

Campos et al. (2015) evaluated the effects of the ethanol extract of

propolis of this stingless bee. The ethanol extract showed antioxi-

dant activity by evaluating its free radical scavenging effect on the

2,2′-azinobis-(3-ethylbenzothiazoline6-sulfonicacid) (ABTS) radi-

cal. The authors also observed the protective effect of the extract by

inhibiting hemolysis and lipid peroxidation in  human erythrocytes

incubated with the AAPH oxidizing agent.

Bonamigo et al. (2017b) demonstrated the antioxidant activity

in vitro of the propolis from the species Plebeia droryana found in the

Cerrado biome, in the Midwest region of Brazil. The ethanol extract

of the propolis of this specie was able to inhibit the DPPH free radi-

cal. These authors also tested the antioxidant activity of the extracts

of this propolis by analyzing its protection against oxidative hemol-

ysis and the ability to reduce the levels of  malondialdehyde (MDA).

MDA is a product of lipid peroxidation due to oxidative stress. How-

ever, this extract was not able to inhibit the MDA  content generated

by the oxidizing agent AAPH. These results may  be related to the

chemical composition of this propolis.

Torres et al. (2018) investigated the antioxidant properties of

an ethanol extract of propolis from M.  quadrifasciata quadrifasci-

ata and T. angustula. The DPPH free radical scavenging activity was

measured and the inhibitory concentration (IC50) was determined.

The authors observed that both extracts of propolis had dose-

dependent antioxidant activity. However the extract of propolis

from M.  quadrifasciata quadrifasciata was ten-fold more potent in

promoting antioxidant activity than the T. angustula extract. Ana-

lyzing the chemical composition of propolis from both species,

these authors demonstrated out that the propolis extract of M.

quadrifasciata quadrifasciata presented a higher concentration of

total phenols and flavonoids, reinforcing the direct correlation

between phenol concentration and antioxidant activity established

in the literature (Duthie et al., 2003).

The above studies showed that the antioxidant activity present

in propolis seems to  depend on the genus and species of bees. That

is, the genetic variability of  the bee species influences the chemical

composition of propolis, resulting in different biological activities

(Torres et al., 2018). The differences in the chemical composition

of propolis extracts in the same region may  be related to species of

bees and the preference for a  particular plant species to  elaborate

the propolis (Bankova et al.,  2014; Bonamigo et al., 2017b).

Together, the results presented in this review show that the

propolis produced by  the Brazilian stingless bee possesses antioxi-

dant activity, indicating that this natural product exhibits promise

for the treatment and/or prevention of various diseases related to

oxidative stress. Consequently, this bee product is of great interest

to the pharmaceutical and food industries.

Antimicrobial activity of (geo)propolis

(Geo)Propolis against bacteria

The  study conducted by Santos et al. (2017c) demonstrated that

the butanol fraction of geopropolis (BFGP) from M. mondury had

bacteriostatic and bactericidal activity against Pseudomonas aerug-

inosa, Staphylococcus aureus, and methicillin-resistant S. aureus

(MRSA)  with minimal inhibitory concentrations ranging from 5

to 500 �g/ml. The S.  aureus ATCC 29213 strain was  the most

sensitive microorganism to BFGP with a minimum bactericidal con-

centration (MBC) of 25 �g/ml. This fraction also presented high

amounts of phenolic compounds and a high antioxidant capacity

(Santos et al., 2017c). Previously, Fianco et al. (2013) attributed the

polyphenol content of S.  bipunctata propolis to  the antibacterial

activity detected against E. coli and S. aureus.

Souza et al. (2018b) reported that Bacillus cereus INCQS 00003

(ATCC 11778), S.  aureus INCQS 0057 (ATCC 43300), P. aeruginosa

INCQS 00025 (ATCC 15442) and E. coli INCQS 00051 (ATCC 13863)

were sensitive to F. longipes propolis with MIC  values ranging from

7.8 to 250 �g/ml. B. cereus inhibition by propolis (sample FL3) was

comparable to that observed for the reference drug ampicillin (MIC

7.8 �g/ml). Another recent study showed the antibacterial activity

of the propolis ethanol extracts of M. quadrifasciata quadrifasciata

and T. angustula against Gram-positive and Gram-negative bacteria.

The Gram-positive bacteria S. aureus ATCC 25923, MRSA (clinical

isolate) and E. faecalis (ATCC 29212) were shown to be sensitive

to the extracts; however, the best results were obtained with the

propolis ethanol extract from M.  quadrifasciata quadrifasciata. The

authors demonstrated that the mode of action may  involve damage

to the bacterial cell membrane (Torres et al., 2018). Similar results

were previously described by Campos et al. (2015) when Gram-

positive and Gram-negative bacteria were treated with propolis

ethanol extracts from T.  fiebrigi. The extract was  more active against

the Gram-positive bacteria (MIC and MBC  ranging from 0.55 ±  0.05

to 1.02 ± 0.12 mg/ml  and 1.50 ±  0.14 to 5.00 ± 0.14 mg/ml, respec-

tively). The inhibition observed followed the sequence: S.  aureus >

S.  epidermidis >  E. faecalis >  Proteus mirabilis >  Klebsiella pneumonia

> P. aeruginosa.

Campos et al. (2011) evaluated the anti-S. aureus and anti-

B. subtillis activity of a chloroform solution of propolis produced

by F.  varia. The main substance was  identified as 3,5-diprenyl-

4-hydroxycinnamic acid with MIC  values against B. subtillis and

S. aureus of  62.5 and 250 �g/ml, respectively. However Lee et al.

(2018) related a severe allergic contact dermatitis associated to this

propolis for a  14-year-old girl.

(Geo)Propolis against fungi

Propolis  from the stingless bee M. orbignyi displays a  broad

biological activity, suggesting that this natural product could be

a promising agent for the treatment and/or prevention of various

infectious diseases. M. orbignyi propolis (ethanol extract) demon-

strated antibacterial and antifungal potential, and was active

against S. aureus and Candida albicans. Interestingly, the extract was

able to inhibit C. albicans growth at 3.1 mg/ml (MIC), but the min-

imum fungicidal concentration (MFC) was detected at 50 mg/ml

(Campos et  al., 2014). Araújo et al. (2016b) compared the anti-

Pythium insidiosum (the causative agent of pythiosis) activity of

honeybee propolis and M. compressipes fasciculata geopropolis col-

lected in  southeast and northeast Brazil, respectively. The authors

demonstrated that hydroalcoholic extract of propolis from honey-

bees exerted fungicidal activity against three isolates at 1 mg/ml

after 24 h treatment and all other isolates at 3.4 mg/ml. The geo-

propolis hydroalcoholic extract of propolis from M. compressipes

was able to inhibit two isolates at 3.4 mg/ml  under the same condi-

tions, but in this case a fungistatic effect was  observed. The chemical

composition of both samples (propolis and geopropolis) was  not

given. The phytochemical analysis is an elucidative tool to iden-

tify biologically active substances and will be necessary in  further

investigations of these samples.
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Box 1
Antioxidant activity of the Brazilian propolis produced by different species of stingless bee.

Reference SLB species

(location)

Methods of determining antioxidant capacity

DPPH ABTS +

(radical scavenging

assay)

Oxidative hemolysis

inhibition assay

(protective effect)

Evaluation of the

inhibition  of lipid

peroxidation  in human

erythrocytes

Torres et al. (2018) Melipona quadrifasciata

quadrifasciata

Tetragonisca  angustula

(Rio  Grande do  Sul)

M.  quadrifasciata

quadrifasciata

IC50 = 241.8 �g/ml

T. angustula

IC50 = 2433.0 �g/ml

–  –  –

Bonamigo et al. (2017a,b) Plebeia droryana

(Mato  Grosso do  Sul)

At  a  concentration of

500  �g/ml the extract

exhibited  an IC50 of

182.4 ± 58.9 �g/ml and a

maximum inhibition of

94.6  ± 0.9%. The standard

(ascorbic acid), exhibited a

IC50 of 3 ± 0.4 �g/ml and a

maximum inhibition of

98  ± 0.4% at  10 �g/ml

–  –  Was  not able to

inhibit  the MDA

content generated by

the  action of the

oxidizing  agent AAPH.

Campos et al. (2015) Tetragonisca fiebrigi

(Mato  Grosso do  Sul)

–  The IC50 of extract

(119.6 ± 20.5 �g/ml)

was  approximately 5

times higher than that

of  synthetic

antioxidant BHT

(standard).

After  a  240 min

incubation with agent

AAPH  (50 mM), a

reduction of 46  ± 3.6%

of  hemolysis was

observed in the highest

concentration  of

extract  (125 �g/ml)

Reduced  MDA levels at

all  concentrations

tested (50–125 �g/ml)

when erythrocytes that

were  incubated with

the  oxidizing agent

AAPH  (50 mM).

Campos et al. (2014) Melipona orbignyi

(Mato  Grosso do  Sul)

At  a  concentration of

100  �g/ml the extract

exhibited  an IC50 of

40 ± 4.8 �g/ml and a

maximum  inhibition of

96  ± 0.6%. The standard

(ascorbic acid), exhibited a

IC50 of 3 ± 0.4 �g/ml and a

maximum inhibition of

98  ± 0.4%.

–  Protected erythrocytes

from  the action of the

hemolysis  inducing

agent  AAPH (50 mM)

during the first

120  min of incubation.

Reduced  MDA levels at

all  concentrations

tested (50–125 �g/ml)

when erythrocytes that

were  incubated with

the  oxidizing agent

AAPH  (50 mM).

Sawaya et al. (2009) S. bipunctata and S.

depilis

(São  Paulo)

Scaptotrigona ssp.

(Maranhão)

The  average ED50 value for

S.  bipunctata samples was

183  �g/ml, followed by

Scaptotrigona ssp. with an

average of 310 �g/ml and

by S. depilis with

593  �g/ml.

–  –  –

DPPH, 2,2-diphenyl-1-picrylhydrazyl (free radical); ABTS, 2,2-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid); AAPH, 2,2′-azobis(2-amidinopropane) dihydrochloride (oxi-

dizing  agent); MDA, Malondialdehyde (marker of oxidative damage of  the membrane lipids); IC50, Inhibitory Concentration; ED50, Effective Dose (As the ED50 value represents

the concentration of propolis that reduces the absorbance of DPPH by 50%; the lower the concentration, the higher the antioxidant activity of the sample); –  Not performed.

(Geo)Propolis against virus

The  antiviral potential of SLB (geo)propolis has received a  cer-

tain amount of attention from some research groups in Brazil, due

the clinical relevance of pathogenic species that afflicts both human

and veterinary health. Peter et al. (2017) reported the antiviral

and virucidal effects of three hydroalcoholic extracts of propo-

lis: two of them from A. mellifera (brown and green propolis) and

one from T. angustula against bovine herpesvirus type-1 (BoHV-

1) and bovine viral diarrhea Virus (BVDV). The treatment of the

pre-infected MDBK cell line resulted in low viability of these cells,

indicating that all the propolis samples were not able to eliminate

the virus. However, the pre-treatment of  MDBK cell line with all of

these propolis samples assured their survival. The best results were

observed for the pre-treatment with 0.39 �g/ml of the T. angus-

tula propolis extract. The authors hypothesized that the samples

might be able to cause changes in the MDBK membrane receptors

preventing the virus entry. In another study, the hydromethanol

extract of geopropolis (HMG) from S.  postica was  evaluated as an

antiviral agent against McIntyre Antiherpes simplex virus (HSV-1).

The authors evaluated three systems of treatment, which included

1 h pre-treated cells, post-treated cells and pre-treated virus with

different  HMG  concentrations (1, 10 and 100 �g/ml). In all treat-

ment systems and concentrations tested the number of  virus DNA

copies dropped drastically (about 98%). This effect was  attributed

to the known antiviral activity of C-glycosylflavones, catechin-3-

O-gallate, and 3,4-dicaffeoylquinic acid also identified in the HMG

assay (Coelho et al., 2015).

Overall  there are few studies about the uncommon geopropolis

produced by SLB in Brazil. Based on the data searched in this review,

in relation to  the antimicrobial activity, the available information

concerning these natural products appears to be concentrated in

the antibacterial potential. One hypothesis is related to the easier

management of bacteria species and relative simple antibacterial

screening assays. Moreover, no study concerning the antiprotozoal

activity of Brazilian (geo)propolis produced by SLB was found in  the

literature search. Table 1 summarizes the antimicrobial activity of

Brazilian SLB (geo)propolis.

In  vitro and in  vivo toxicity of stingless bee (geo)propolis

The hypothesis that natural products are safe for use must be

examined carefully. Despite been a  promising approach, natural

product-based drug discovery requires much attention due the
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Box 2
In  silico toxicity analysis of the Brazilian stingless bees propolis compounds using ADMET Predictor.

# Compounds In silico toxicity

3 Ellagic acid Mutagenicity, Skin sensibilization

9 2,2-Dimethyl-8-prenyl-2 H-1-benzopyran-6-propenoic acid Hepatotoxicity

10 2-Heptanol Reproductive problems, Hepatotoxicity

11 2-Heptanone Skin sensibilization, Reproductive problems, Hepatotoxicity

12  3,5-Diprenyl-4-hydroxycinnamic acid Skin sensibilization, Hepatotoxicity

13  3-Phenyl-p-coumaric acid Hepatotoxicity

14  3-Prenyl-4-hydroxycinnamic acid Skin sensibilization, Hepatotoxicity

15  4-Methoxybenzoic acid -

16  Benzaldehyde Skin sensibilization, Reproductive problems, Hepatotoxicity

17  Benzoic acid Hepatotoxicity

18  Benzyl caffeate Skin  sensibilization, Hepatotoxicity

19  Cinnamic acid Hepatotoxicity

20  Cinnamyl caffeate Skin sensibilization, Hepatotoxicity

21  cis-Linalool oxide Reproductive problems, Hepatotoxicity

22 Di-hexahydroxydiphenic-galloylglucose Skin sensibilization, Hepatotoxicity

23  Di-hexahydroxydiphenic-glucose (pedunculagin) Mutagenicity, Skin sensibilization, Hepatotoxicity

24  Ethyloctanoate Skin sensibilization

25  Gallic acid Skin sensibilization, Hepatotoxicity

26  Galloyl-hexahydroxydiphenic-glucose (corilagin) Skin sensibilization

27  Hexahydroxydiphenic acid Skin sensibilization

28  Hexahydroxydiphenic-digalloylglucose (tellimagrandin I)  Skin sensibilization, Hepatotoxicity

29  Hexahydroxydiphenic-glucose acid Mutagenicity

30 Hotrienol Skin sensibilization, Reproductive problems, Hepatotoxicity

31  Kaurenoic acid Reproductive problems, Acute toxicity

32 p-Coumaric acid Skin sensibilization, Hepatotoxicity

33  p-Cymene Skin sensibilization

34  Thuja-2,4(10)-diene Skin sensibilization, Reproductive problems, Hepatotoxicity

35  trans-Linalool oxide (furanoid) Reproductive problems, Hepatotoxicity

36 Trigalloylglucose Skin sensibilization

37  Trigalloyl-hexahydroxydiphenic-glucose (tellimagrandin II)  Skin sensibilization, Hepatotoxicity

38  Valoneic acid dilactone Skin sensibilization, Hepatotoxicity, Mutagenicity

possibility of toxic effects. In fact, natural medicines, as well as

allopathic medicines, can have adverse effects on health, which

may occur immediately after their ingestion or in the long term,

including hepatotoxic, carcinogenic and nephrotoxic effects (Zeng

and Jiang, 2010). Frequently, in vitro assays using appropriate

cellular models are chosen as the first step to assure safety

of further drug tests. Various works seeking biological activi-

ties of natural products try to demonstrate that the effective

concentrations exert low or  zero toxicity for mammalian cells.

Studies evaluating Brazilian SLB (geo)propolis cytotoxicity are few.

Kujumgiev et al. (1999) screened propolis samples from different

parts of the world for antimicrobial and cytotoxic activities. The

cytotoxicity of propolis samples produced by  meliponines col-

lected in Brazil, M.  compressipes and M.  quadrifasciata anthidioides,

was evaluated against primary chick embryo fibroblast (CEF). M.

compressipes propolis, rich in flavonoids, was the less toxic with a

selective index of 35.  More recently, Peter et al. (2017) showed that

T. angustula propolis was less toxic (minimal toxic concentration

of 1.75 �g/ml) than honeybee brown and green propolis (0.39 and

0.78 mg/ml) for the Madin–Darby bovine kidney (MDBK) cell line.

Moreover, all propolis samples in that study displayed cytotoxic

effects but in very low concentrations. Dos Santos et al. (2017) car-

ried out a preliminary assessment of the toxicity of the aqueous and

hydro-alcoholic extracts from the Brazilian stingless bee Melipona

quadrifasciata using the methodology proposed by Acharyya et al.

(2009) with adaptations. The level of  hemolysis of human

erythrocytes is considered a determinant of cytotoxicity.

All samples presented low percentage of hemolysis at the

lowest concentration tested (125 �g/ml), and the hydro-

alcoholic extract was the extract with the lowest hemolytic

activity (0.79% ± 0.10).

In  vivo assays may  be important to  accesses the toxicity of nat-

ural products since pluricellular organisms with several cellular

differentiation levels could provide concise information of the toxic

potential of drug candidates. The brine shrimp (Artemia salina)

lethality  assays is  an advantageous method as there is  no need to

take into account any aseptic techniques, the results are acquired

rapidly and it is  low cost (Rajabi et al., 2015). This model was applied

by Velikova et al. (2000a) to  evaluate the propolis toxicity of  21

Brazilian SLB. The samples presented different levels of toxicity

with 50% lethal dose (LD50) ranging from 0.3 ±0.2 to >1000 �g/ml.

Interestingly the less toxic and the most toxic samples belonged

to the same species: M. quadrifasciata. Those samples differ in only

the collection sites, Araripina (Pernanbuco State) and Prudentopo-

lis (Paraná State), respectively (Velikova et al., 2000a). In fact, this is

a typical example which reinforces that propolis composition, and

consequently its bioactivity, is  mostly dictated by the local flora.

The geopropolis of M.  fasciculata, a  common SLB found in the North

and Northeastern regions of  Brazil, were formulated into a  gel base

and tested in a  murine model in order to investigate eventual toxic

effects after its efficacy against oral pathogens was confirmed. The

geopropolis-based gel applied to the oral cavity of  mice for 4 days

did not show any significant alterations to the weight of their inter-

nal organs or to their histopathological analyses. In addition, the

geopropolis-based gel significantly reduced cholesterol and triglyc-

eride levels probably due the antioxidant content of  M.  fasciculata

geopropolis (Liberio et al., 2011). In 2011, Araújo and co-workers

performed an acute toxicological evaluation of a propolis hydroal-

coholic extract (PHE) produced by Scaptotrigona aff.  postica since

propolis from this specie is  used for the treatment of many dis-

eases, and the breeding of stingless native bees is an activity heavily

related to the economic development of Maranhão State in  Brazil

(Araújo et al.,  2011; Maia Filho et al., 2008). The acute toxicity test

of PHE ingested orally showed that it did not induce death in the

animals (male and female Swiss mice, 120 days old and weighing

25–35 g), even when receiving high doses (1000, 2000 and 4000 mg

kg−1). Even though no death was caused, the study of acute toxicity

with PHE showed that it did induce lower mobility in  all the ani-

mals. However, females treated with the highest dose also showed

other signs of toxicity, such as bristly hair, convulsions, tremors,
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hyperaemia, a runaway reaction and aggression, in the first 4 h of

observation.

In silico insights of SLB (geo)propolis toxicity

Animal models have been used for a long time for toxicity

testing. However, in vivo assays tests are constrained by  time, finan-

cial costs and ethical issues (Parasuraman, 2011; Raunio, 2011;

Boekelheide et al., 2015; Parthasarathi and Dhawan, 2018). Due

to technological process, in silico (computational) methods been

developed for testing of drugs and chemicals (Mushtaq et al., 2018).

In silico tests follow the strategy of 4 Rs  (Reduction, Refinement,

Replacement and Responsibility), for the laboratory use of animals

(Arora et al., 2011; Ranganatha and Kuppast, 2012).

In  silico toxicology employs computational resources to orga-

nize, analyze, model, simulate, visualize and predict toxicity of

chemicals (Valerio, 2009; Deeb and Goodarzi, 2012; Raies and Bajic,

2016). In silico methods aim to complement in vitro and in vivo tox-

icity assays to minimize the need for animal testing, reduce the

cost and time of  tests, and improve toxicity prediction and safety

assessment (Parthasarathi and Dhawan, 2018).

In this study, the ADMET PredictorTM software was  used in  order

to evaluate the toxicity potential of some compounds of Brazilian

stingless bee propolis (Box 2)  in silico. For the hepatotoxicity stud-

ies, all compounds presented liver problems, since they showed

elevated levels of ALP, SGOT, SGPT, GGT or LDH. On the other hand,

none of them showed carcinogenic potential and cardiotoxicity and

only kaurenoic acid presented acute toxicity in  rats. In mutagenic-

ity, 65% did not present mutagenic risk (compounds numbered as

3, 9–18, 20, 24, 25, 30–35); 32% did not  present skin sensitization

(compounds numbered as 3, 9, 11, 14, 16, 18, 20, 29, 31, 35); and

71% did not show reproductive toxicity (compounds numbered as

3,11–14, 16–19, 21–23, 25–29, 3236–38 in Box 2).

Therefore, the in silico analyses were able to predict com-

pound toxicity in  a rational drug development process, minimizing

animal use and cost/time according to  the 4 Rs strategy. Most

of the compounds exhibited some toxic potential, highlighting

kaurenoic acid, which presented acute toxicity in  rats. Eleven com-

pounds of third-one may  be potential natural drugs, since they

presented none or one toxicity parameter. Three toxicity param-

eters are expected for about 10% of the focused World Drug

Index (WDI).

Most  of the Brazilian stingless bee propolis compounds revealed

a low profile for toxicity analysis in silico, indicating that com-

pounds are potentially safe natural drugs. Pre-clinical studies are

required to achieve a better understanding of Brazilian stingless

bee propolis compounds, and this study is at an early stage of drug

development.

Both propolis and geopropolis are widely consumed by dif-

ferent populations that use them in  the treatment of several

illnesses. However, as evidenced above, the (cyto)toxicity of these

SLB products is controversial. The lack of studies focusing on

the toxicological profile of Brazilian SLB (geo)propolis revels that

this is a promising field of research within the natural products

field.

Research into (geo)propolis in Brazil appears to be a  promis-

ing field since many questions still wait for answers. The studies

presented here tested crude extracts or performed initial steps

of extract partitions. Literature lacks studies describing the mode

of action of these extracts and the substances responsible for

their biological activities. Our attention was called to the low

number of toxicological and antimicrobial studies considering

the traditional use of (geo)propolis. Thus, we hope that this

review will stimulate further investigations into Brazilian SLB

(geo)propolis.

Conclusion

The biological potential of Brazilian native SLB (geo)propolis was

demonstrated. As described in detail in the present review species

of the genus Melipona, Frieseomelitta, Scaptotrigona, Trigona and

Tetragonisca produce propolis with similar chemical profiles, con-

stituted mainly by terpenoids and phenolics, notably flavonoids. In

contrast, species with atypical constituents in the chemical con-

stitution of propolis produced by stingless bees are Frieseomelitta

longipes and Scaptotrigona bipunctata. In this context, the propolis of

Frieseomelitta longipes presented polyphenylated benzophenones,

whereas the propolis produced by S. bipunctata contains piperidinic

alkaloids. The findings compiled here provide strong evidences that

the propolis and their chemical constituents display interesting

antioxidant capacity and antimicrobial effects. Despite the contro-

versial data concerning the toxic potential of (geo)propolis, the in

silico analysis performed in this review suggests that most of the

substances found in these products are safe for consumption.
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