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Propolis is a resinous product derived from honeybees and has been widely used by folk medicine
throughout the years for several purposes. A wide biological potential has been attributed to the use of
Brazilian red propolis, especially its antimicrobial activity which represents the mean of protection of
honeybees against microbial pathogens. This study aimed to assess the in vitro antibacterial activity of the
ethanolic extract of Brazilian red propolis produced by Apis mellifera against multidrug-resistant bacteria,
acquired from hospital infections. Five Escherichia coli isolates and seven Klebsiella pneumoniae ones
were used in this study, all of them presented either ESBL and/or KPC phenotypes. In vitro antimicrobial
assay was performed by microdilution method. The minimum inhibitory and bactericidal concentrations
(MIC and MBC) of the ethanolic extract of red propolis were determined for each bacterial strain and
exhibited bacteriostatic and bactericidal activities against multi-drug resistant strains of E. coli and K.
pneumoniae, presenting MIC of 2.05 and 0.13 mg/mL and MBC of 15.63 and 3.91 mg/mL, respectively.
These results confirmed the antibacterial activity of the Brazilian red propolis against multidrug-resistant
strains, highlighting its use as a potential therapeutic target for adjuvant treatment of multidrug-resistant
bacterial infections.

Keywords: antibacterial, propolis, folk medicine.

A propolis é um produto resinoso derivado das abelhas e tem sido amplamente utilizada pela medicina
popular ao longo dos anos para diversas finalidades. Um amplo potencial biolégico tem sido atribuido ao
uso da prépolis vermelha brasileira, principalmente sua atividade antimicrobiana, que representa o meio de
prote¢do das abelhas contra patégenos microbianos. Este estudo teve como objetivo avaliar a atividade
antibacteriana in vitro do extrato etanélico da prépolis vermelha brasileira produzida por Apis mellifera
contra bactérias multidroga-resistentes adquiridas em infec¢Ges hospitalares. Cinco isolados de Escherichia
coli e sete de Klebsiella pneumoniae foram utilizados neste estudo, 0s quais apresentaram os fenotipos
ESBL e/ou KPC. O ensaio antimicrobiano in vitro foi realizado pelo método de microdiluicdo. As
concentra¢fes minimas inibitorias e bactericidas (CIM e CBM) do extrato etan6lico da propolis vermelha
foram determinadas para cada cepa bacteriana e exibiu atividade bacteriostatica e bactericida contra cepas
multidroga-resistentes de E. coli e K. pneumoniae, apresentando a CIM de 2,05 e 0,13 mg/mL e CBM de
15,63 e 3,91 mg/mL, respectivamente. Estes resultados confirmaram a atividade antibacteriana da prépolis
vermelha brasileira contra cepas multidroga-resistentes, destacando seu uso como um potencial alvo
terapéutico para o tratamento adjuvante de infecgdes bacterianas multidroga-resistentes.

Palavras-chaves: antibacteriano, propolis, medicina popular.
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1. INTRODUCAO

The occurrence of resistance to antibacterial drugs in bacteria isolated from hospitalized
patients has considerably increased, as well as from other health care units, which worsens even
more the public health scenario [1, 2]. In this context, enterobacteria have been noticed as the
responsible agents for more than 50% of cases of infection related to health care. Usually being
associated to urinary tract infections, pneumonia, and sepsis [3-5] besides the fact of the
therapeutic challenges arisen due to an increase in the occurrences of hospital multi-drug resistant
bacterial strains [6, 7].

Some strains of enterobacteria can synthesize enzymes capable of hydrolyzing different
classes of antibiotics, and according to the work of Bush, Jacoby, and Medeiros [8] bacteria that
can hydrolyze high spectrum beta-lactams as ceftazidime, cefotaxime, or aztreonam, are classified
in the 2b/be group, which corresponds to the extended spectrum beta-lactamases bacteria (ESBL).

The main producers of ESBLs are Escherichia coli, Klebsiella pneumoniae, Enterobacter
spp., and Proteus spp. [9-11]. Which have already been disseminated worldwide in countries such
as Turkey [12], Spain, Portugal, Italy, United Kingdon, Poland, Bulgaria [13], Argentina, Chile,
Brazil [14], the United States and Canada [15], among others. This scenario highlights the
emergency in containing the spread of these pathogens into the community and hospital settings.

Besides the ESBL phenotype, another important resistance profile is represented by the
carbapenemase-producing Enterobacterales whose susceptibility to antibacterial drugs is
extremely limited, due to their ability to hydrolyze most beta-lactams drugs, such as carbapenems,
cephalosporins, penicillin and aztreonam, not to mention their capacity of commonly being
resistant to aminoglycosides, fluoroguinolones, ciprofloxacin [16]. The main representative of
carbapenemase enzyme and most prevalent is the Klebsiella pneumoniae-carbapenemase (KPC)
enzyme, first described in a K. pneumoniae isolate [17] but can also be found in different bacterial
species [18].

It is even more worrying the co-occurrence of both resistance phenotypes in the same bacterial
strain, a condition relatively common in the hospital setting and that demands a greater interest
when it comes to treatment options and patient care [19, 20].

In Brazil, it has been raised concern about the incidence of resistant enterobacteria, of which
E. coli and K. pneumoniae consist as the most prevalent bacteria species associated to hospital
infections [20]. Due to their ESBL and KPC phenotypes, the therapeutic approach applied to these
infections is very limited thus leading to patient’s death [21-25].

According to the actual perspective of bacterial resistance, it is needed the development of
new therapeutic alternatives that may fulfill the lack of pharmaceutical treatment options for these
resistant infections. In this regard, great effort has been attributed to find novel therapeutic options
in natural herbal products and their chemical constituents [26-28].

Propolis is a complex resinous mixture produced by Apis mellifera bees and that has been
extensively implemented in popular medicine throughout the years. The botanical source used by
bees to create the resin such as the period of collection altogether determine its chemical
constituents and directly influence its biological properties, thus classifying this resin into various
types such as green, brown, yellow, and red propolis [29-32]. Great biological potential has been
verified with the use of Brazilian propolis. Such as antibacterial activity [33], antifungal [34],
antiviral [35], antiparasitic [36, 37], anti-inflammatory [38], immunomodulatory [39, 40],
antitumoral [41], antioxidant [42, 43], cytotoxic [44], among others.

With reference to the Brazilian red propolis one of its most exploited biological properties is
its antibacterial potential due to its high content of isoflavones, which consist of molecules
belonging to the class of flavonoids, whose antimicrobial activity is attributed [45-48]. Such
feature highlights this type of propolis to the development of new therapeutic strategies against
bacterial infections if compared to other variants of propolis [49].

The antibacterial activity of Brazilian red propolis has been tested against bacterial agents of
clinical relevance such as Staphylococcus aureus [48, 50], Streptococcus mutans [51],
Enterococcus faecalis [52], E. coli and Pseudomonas aeruginosa [53]. Already suggesting its
promising use as a therapeutic target to treat infections concerning both, Gram-positive and Gram-
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negative bacteria. However, literature lacks studies that have approached the antibacterial activity
of Brazilian red propolis against multidrug-resistant bacteria isolated from hospital environment.

Therefore, the aim of this study was to evaluate the susceptibility of E. coli and K. pneumoniae
isolates, with ESBL and KPC phenotypes, to the ethanolic extract of Brazilian red propolis from
patients admitted to a teaching public hospital from Recife, Pernambuco/Brazil.

2. MATERIALS AND METHODS

Bacteria strains

Twelve recent isolated bacterial strains were used for the susceptibility assay. They were
obtained from urine samples, rectal swab, tissue fragment, surgical wound secretion, and tracheal
secretion. Which five of them were E. coli (three ESBL type, one KPC type, and one strain with
both resistance phenotypes) and seven K. pneumoniae (five ESBL type, one KPC type, and one
strain with both resistance phenotypes), collected between February and March of 2015. The
abovementioned strains were kindly donated by the laboratory of bacteriology of one hospital
from Recife, Pernambuco/Brazil (Table 1).

Table 1: Clinical samples and resistance phenotypes of enterobacteria isolated from cases of hospital
infection in Recife-PE/Brazil, from February to March of 2015.

Bacterial Strain Clinical Sample Resistance Phenotype
Escherichia coli 043 and 048 Urine ESBL
E. coli 055 Urine ESBL+KPC
E. coli 072 Tissue Fragment KPC
E. coli 073 Surgical Wound ESBL
Secretion
Klebsiella pneumoniae 032 Urine ESBL
K. pneumoniae 033 Rectal Swab ESBL
K. pneumoniae 070 Tracheal Secretion KPC
K. pneumoniae 071 Rectal Swab ESBL+KPC
K. pneumoniae 082, 083 and 084 Rectal Swab ESBL

ESBL.: extended spectrum beta-lactamase; KPC: Klebsiella pneumoniae carbapenemase.

Propolis sample

The powder extract of red propolis utilized (25% of pure red propolis; Lot Code: PADE0113-
SR) was kindly provided by PharmaNectar®. This propolis sample was produced by Apis
mellifera  honey bees and has  Dalbergia ecastophyllum  (checked  at:
http://www.theplantlist.org/tpl1.1/record/ild-1824 on February, 2019) as its botanical source. The
chemical composition of the propolis used in this work (Table 2), and the chemical constituents
of its botanical source (Table 3) have already been identified and quantified, through HPLC
methodology, by PharmaNectar® according to its COA - certificate of analyses and characterized
by Daugsch et al. (2008) [46].
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Table 2: Chemical constituents of the ethanolic extract of Brazilian red propolis (Cod: PADE0113-SR).

No. Compounds Retention Time Area Results (g L Results (%)
(min) )
1 Rutin 11.193 2123954 0.4 0,04
2 Liquiritigenin 17.157 1165116 0.4 0,04
3 Daidzein 20.225 7201263 0.4 0,04
9 Formononetin 31.819 22507429 2.6 0,26
12 Biochanin A 40.409 5216525 0.6 0,06

Total = 0,44 %

Source: PharmaNectar®

Table 3: Chemical constituents of Dalbergia ecastophyllum, botanical source of the ethanolic extract of
Brazilian red propolis (Cod: PADE(0113-SR)

No. Compounds Retention Time (min) Area Results (mg/mL)
1 Rutin 13.423 7344432 1.3
2 Liquiritigenin 16.991 19804160 7.1
3 Daidzein 22.347 83385299 4.3
4 Pinobanksin 23.199 8886438 6.0
5 Quercetin 24.593 9451717 1.9
6 Luteolin 28.395 17510819 2.1
7 Dalbergin 32.154 5049072 0.9
8 Isoliquiritigenin 34.619 34084540 121
9 Formononetin 36.967 167980291 19.5
10 Pinocembrin 42.296 8620282 7.1
11 Pinobanksin-3-acetate 42.950 4279493 2.6
12 Biochanin A 46.446 13339728 15

Source: PharmaNectar®

Antibiogram screening test

The antibiogram screening test was performed by disk diffusion methodology according to
standard protocol M100-S25 of the clinical and laboratory standards institute [54]. The
antibacterial drugs used are described as it follows: ampicillin (10 pg), amoxacillin + clavulanic
acid (20/10 ug), piperacillin + tazobactam (100/10 pg), cefepime (30 ug), cefotaxime (30 pug),
ceftazidime (30 pg), ceftriaxone (30 pg), cefuroxime (30 pg), meropenem (10 pg), nitrofurantoin
(300 ug), ciprofloxacin (5 pug) and gentamicin (10 pg). The bacterial inoculum was standardized
at the 0.5 McFarland scale, corresponding to 102 CFU/mL. Subsequently the inoculum was
smeared onto agar Mueller-Hinton plates in petri dishes and the antibiotic disks were placed on
the inoculated plates. The measurement of diameters of the inhibition halo formed around the
antibiotic disks was evaluated to determine the antimicrobial sensibility into three categories:
sensible, intermediate, or resistant.

The identification and confirmation of the ESBL and KPC resistance profiling were performed
by the laboratory of bacteriology of one hospital, using automated approach trough the BD
PhoenixTM automated microbiology system.

Microdilution assay

The entire microdilution assay was performed according to the M07-A9 protocol of the clinical
and laboratory standards institute [55]. Brain heart infusion (BHI) broth was the culture medium
used to maintain viable bacterial growth.
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About 2.5 g of red propolis powder ethanolic extract were diluted in 10mL of 70% ethanol to
obtain an initial concentration of 250 mg/mL. Then, the ethanolic extract of red propolis was
diluted in dimethylsulfoxide (DMSQO) 20% to obtain a range of 20 concentrations from
0.24 mg/mL to 125 mg/mL and from 0.004 mg/mL to 2.05 mg/mL.

Appropriately covered microtitration plates (TPP, Switzerland) containing 96 round-
bottomed wells were used in the study. A volume of 100 pL of BHI culture medium was placed
in each well of the plate. Additionally, 100 pL of the propolis extract were added to the wells,
varying the concentration from the first to the tenth well, according to the serial dilution
previously prepared. In the eleventh well there were placed 100 uL of broth BHI and the
standardized inoculum, whereas in the twelfth well it was added only broth BHI, which
corresponded to the bacterial growth culture and negative sterile controls, respectively.

The bacterial inoculum was adjusted to 0.5 McFarland scale and diluted in sterile distilled
water (1:20) to obtain a final concentration of 10* to 10® CFU/mL. Each horizontal column of the
microtitration plate corresponded to an individual bacterial strain. Aliquots of 10 pL of the
inoculum were added from the first to the eleventh wells. The plates were incubated at 37°C for
24h to verify the susceptibility to the ethanolic extract of Brazilian red propolis. Considering total
growth of the positive inoculum control, it was evaluated the bacterial growth reduction in wells
containing propolis extract. The inhibition of bacterial growth was verified through visual
observation, and it was also examined by measurement of the optical density of each well
suspension with a microplate spectrophotometer, second to the skanlt software 3.1. for multiskan
FC (Thermo Scientific) at 620 nm.

Minimum inhibitory and bactericidal concentration

The minimum inhibitory concentration (MIC) was determined by the lowest concentration of
propolis capable of total inhibition of macroscopic bacterial growth in the microtitulation plates.
To posterior evaluation of the bactericidal effect, aliquots of 50 puL of each MIC suspension were
smeared onto the surface of agar Mueller-Hinton petri plates, which were incubated at 37°C for
24h. Total absence of bacterial growth in petri plates represented by the lowest tested
concentration, determined the minimum bactericidal concentration (MBC). There were
determined the geometric mean of minimum inhibitory and bactericidal concentrations (GMMIC
and GMMBC, respectively) regarding the species and its respective resistance phenotype.

3. RESULTS

Results concerning the antibiogram screening test (AST) are described in table 4. All the E.
coli isolates were resistant to cefotaxime, and the E. coli 043/ESBL and E. coli 048/ESBL were
resistant to ceftazidime. Two isolates, E. coli 055/ESBL+KPC and E. coli 072/KPC, were both
resistant to meropenem. All the K. pneumoniae isolates were resistant to cefotaxime and to
ceftazidime, whilst the K. pneumoniae 070/KPC, K. pneumoniae 071/ESBL+KPC and K.
PNEUMONIAE 082/ESBL isolates were resistant to meropenem. All the E. coli and K.
pneumoniae isolates were resistant to ampicillin and to cefotaxime. The sensibility to ceftriaxone
was confirmed only to E. coli 048/ESBL. Resistance to at least 50% of the antibiotics used in this
approach was found to E. coli 043/ESBL. E. coli 073/ESBL, however E. coli 055/ESBL+KPC
was resistant to 83,33% of the antibiotic drugs. The K. pneumoniae 070/KPC and K. pneumoniae
071/ESBL+KPC isolates were resistant to all drugs tested in this study. K. pneumoniae 083/ESBL
was resistant to 50% of the drugs and the other isolates showed resistance to at least ten, out of
twelve antibacterial drugs used in the ATS.
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Table 4: In vitro Antibiogram Screening Test of Escherichia coli-ESBL/KPC and Klebsiella pneumoniae-
ESBL/KPC obtained from hospital infections in Recife-PE/Brazil.

Antibacterial Drugs
AMP AMC PPT CPM CTX CAZ CRO CRX MER NIT CIP GEN
S

Bacterial Strain

.coli 043
.coli 048
coli 055
.coli 072
.coli 073
. pneumoniae 032

)
(%)
)
Py
Py
)
(9]
)
(9]

. pneumoniae 033
. pneumoniae 070
. pneumoniae 071
. pneumoniae 082
. pneumoniae 083
. pneumoniae 084 R R R R R R R S R R

AMP: ampicillin; AMC: amoxicillin/clavulanic acid; PPT: piperacillin/tazobactam; CPM: cefepime; CTX:
cefotaxime; CAZ: ceftazidime; CRO: ceftriaxone; CRX: cefuroxime; MER: meropenem; NIT:
nitrofurantoin; CIP: ciprofloxacin; GEN: gentamicin; R: resistant; I: intermediate; S: susceptible.
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The ethanolic extract of Brazilian red propolis used in this study showed antibacterial activities
against all the isolates with ESBL and/or KPC resistance phenotype. The bacteriostatic activity
was determined in the concentration of 2.05 mg/mL for E. coli-ESBL+KPC and between 0.24-
2.05 mg/mL for K. pneumoniae-ESBL+KPC, whose GMMIC for E. coli was 2.05 mg/mL and for
K. pneumoniae it was 0.5 mg/mL. The bactericidal activity was observed ranging from 15.63 to
31.25 mg/mL and from 3.91 to 31.25 mg/mL, respectively, for the same bacterial phenotypes
abovementioned. The MBC for all the strains ranged from 3.91 to 31.25 mg/mL, being the
GMMBC value of 17.95 mg/mL for E. coli and K. pneumoniae (Table 5).

Table 5: Bacteriostatic and bactericidal activities of the Ethanolic extract of Brazilian red propolis
against clinical isolates of Escherichia coli and Klebsiella pneumoniae positive for KPC and ESBL
phenotype production of hospitalized patients from Recife-PE/Brazil.

Bacterial Strain MIC (mg/mL) MBC (mg/mL)
E. coli 043 2.05 31.25
E. coli 048 2.05 15.63
E. coli 055 2.05 15.63
E. coli 072 2.05 15.63
E. coli 073 2.0 15.63
K. pneumoniae 032 0.24 3.91
K. pneumoniae 033 2.05 15.63
K. pneumoniae 070 1.02 15.63
K. pneumoniae 071 2.05 31.25
K. pneumoniae 082 0.26 31.25
K. pneumoniae 083 0.26 31.25
K. pneumoniae 084 0.13 15.63

MIC: Minimum inhibitory concentration; MBC: Minimum bactericidal concentration.
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4. DISCUSSION

The determination of E. coli and K. pneumoniae producers of ESBL is widely documented
with worrying occurrence ratios [56]. In countries such as Argentina, Brazil, Chile and Mexico,
the percentage of detection of ESBL-producing E. coli varied from 12 to 49% and of ESBL-
producing K. pneumoniae from 49 to 61% [57].

The dissemination of kpc phenotype bacteria in Brazil has been found in various regions of
the country [18], as well as by our results in Recife. According to the work of Biberg et al. (2015)
[58], in Mato Grosso do Sul, 44 cases of KPC-producing K. pneumoniae were documented from
infections in hospitalized patients, of whom 43,2% died. According to Lepeule et al. (2014) [59],
a great amount of ESBL or KPC phenotypes infectious diseases are treated with carbapenems,
without previous antibiogram screening, which can cause the selection of resistant bacterial
strains, contributing to the spread of multidrug-resistant bacteria within the hospital setting.

Although the biological activities of propolis have been of worldwide knowledge, this is the
first scientific documentation that proves the effective bacteriostatic and bactericidal activities of
the ethanolic extract of Brazilian red propolis against ESBL/KPC-producing E. coli and
ESBL/KPC-producing K. pneumoniae isolated from hospitalized patients.

The antibacterial activity of propolis has been one of its most explored biological activities in
scientific field due to the possibility of providing an important therapeutic alternative to  non-
effective antibiotics as well as its therapeutic efficacy against resistant bacterial infections to
current treatment courses [60, 61].

The antibacterial effect of Brazilian green and red propolis/PharmaNectar® has already been
documented in literature against staphylococcus aureus, whose authors emphasized that the
antibacterial activity of red propolis was better than the green one [33]. Regarding the antibacterial
activity of the propolis used in this work, we could determine that this effect was obtained in
lower concentrations than those related by other authors. The mic of brown propolis from Mato
Grosso, Brazil for E. coli varied from 125 silvato 1000mg/ml (Bastos, Galbiati, Loureiro &
Scoaris, 2011). Also, there was no growth inhibition of e. Coli, k. Pneumoniae and pseudomonas
aeruginosa in a concentration of 10mg/ml of the ethanolic extract of red propolis from Alagoas,
Brazil [62].

Nonetheless, the need of elevated concentrations of propolis extract to inhibit the growth of
Gram-negative bacteria, when compared to the concentrations used to inhibit Gram-positive ones
[46, 60, 63] was also noticed by Santos et al. (2015) [64]. These authors demonstrated that the
hexane extract of red propolis at concentrations of 1 to 10% were not enough to inhibit the growth
of Gram-negative bacteria but inhibited gram-positive ones.

Several authors related that the antibacterial activity of red propolis is very efficient against
Gram-positive bacteria and less effective against Gram-negative ones [60, 65-67]. This fact can
be partially explained by the presence of the external lipid membrane present in Gram-negative
bacteria, which may possibly difficult the permeability to a variety of molecules [68]. Such
explanation can somewhat justify the need of higher concentrations of the red propolis extracts to
obtain the antibacterial effect against these pathogens. It is important to notice that the resistance
phenotypes of the bacterial isolates used in this study as well as their high pathogenicity status
for being isolated directly from hospital infections may have influenced somehow the
achievement of the antibacterial effect in lower concentrations. In addition, the use of the extract
of red propolis and not its chemical constituents per se certainly contributed to the MIC and MBC
concentrations obtained in this work.

Although the active compounds of the antibacterial effect of propolis have not been totally
elucidated yet and despite the complexity of its composition, its activity may be attributed to the
presence of flavonoid compounds, as neovesitol, vesitol, rutin, liquiritigenin, biochanin A and
formononetin [69, 70]. A study developed by Liu et al. (2011) [71] assessed the synergism
between biochanin A and ciprofloxacin, and found it was able to inhibit the growth of methicillin-
resistant Staphylococcus aureus (MRSA) reaching lower mic concentrations than the values for
biochanin A or the drug alone. In addition, Bueno-Silva et al. (2013) [72] have proven that
neovesitol and vesitol showed potent bacteriostatic activity ranging from < 6.25 mg/ml to 25-50
mg/ml and from 25-50 mg/mL to 50-100 mg/ml, respectively, as well as MBCs of 25-50 mg/ml



A.L. Xavier et al., Scientia Plena 19, 044501 (2023) 8

to 50-100 g/L for neovesitol and a range of 100-200 mg/ml to > 1600 mg/mL for vesitol. Also,
das Neves et al. (2016) [73] reported that the antibacterial activity of formononetin isolated from
the acetate fraction of Brazilian red propolis against S. aureus, S. epidermidis and P. aeruginosa
achieved mic values of 200 mg/ml, whilst the bactericidal activity had only been confirmed in the
hexane fraction of the same propolis sample (MBC of 1024 mg/mL) of which pinocembrin,
luteolin and formononetin were the most prevailing compounds.

Moreover, efforts to find new therapeutic alternatives to treat a great variety of multidrug-
resistant infections have extensively been explored in herbal medicine due to the diversity of
molecules and chemicals found in these natural sources, thus demonstrating their biologically
active compounds [27, 74, 75]. Al-Mariri and Safi (2014) [76] demonstrated the antibacterial
activity of syrian oils and extracts against Gram-negative bacteria, such as Proteus spp., K.
pneumoniae, Yersinia enterocolitica and E. coli. However, the MICs, for E. coli was at least two-
folds higher than that found for K. pneumoniae isolates. These results agree with our findings,
once the antibacterial activity of red propolis ethanolic extract we used was more effective against
K. pneumoniae isolates than against E. coli ones.

5. CONCLUSION

Our study corroborates with previous works in literature abovementioned, suggesting
Brazilian red propolis as a promising natural source for development of new synergistic
therapeutic adjuvants to treat infections of resistant etiologies. Thus, our results revealed that the
Brazilian red propolis ethanolic extract presents significant bacteriostatic and bactericidal
potential against ESBL/KPC-producing E. coli and ESBL/KPC-producing K. pneumoniae from
different sources of infections in hospitalized patients, which highlights its possible use as a novel
therapeutic adjuvant for treatment of infections caused by these Gram-negative multidrug
resistant bacterial species. In this case, further research is needed to identify the constituent of this
propolis with antibacterial capacity such as its mechanism of action against multidrug-resistant
clinically relevant pathogens.

6. ACKNOWLEDGEMENTS

The authors thank the laboratory of bacteriology of the Hospital das Clinicas/UFPE, for having
kindly donated the bacterial isolates used in this study, especially Maria Mirian Oliveria de
Queiroz, Maria do Carmo Monteiro Vilar and Carlos Alberto das Neves Andrade for the technical
support and PharmaNectar® for providing the propolis samples therefore contributing with this
research.

7. FUNDING INFORMATION

This work was supported by the Pernambuco State Science and Technology Support
Foundation/FACEPE (Grant number BIA-0131-9.06/14).

8. REFERENCIAS BIBLIOGRAFICAS

=

Rossi F. The Challenges of antimicrobial resistance in Brazil. Clin Infect Dis. 2011;52(9):1138-43.

2. Trubiano JA, Padiglione AA. Nosocomial infections in the intensive care unit. Anaesth Intensive Care
Med. 2015;16(12):598-602. doi: 10.1093/cid/cir120

3. Kiffer CRV, Mendes C, Oplustil CP, Sampaio JL. Antibiotic resistance and trend of urinary pathogens
in general outpatients from a major urban city. Int Braz J Urol. 2007;33(1):42-9. doi: 10.1590/s1677-
5538200700010000

4. Nweze E, Ezute S, Emeka NCC, Ogbonna C, Eze C. Bacteria etiological agents causing respiratory

tract infections in children and their resistance patterns to a panel of ten antibiotics. Asian Pacific J Trop

Dis. 2012;2(1):18-23. doi: 10.1016/S2222-1808(12)60005-X



A.L. Xavier et al., Scientia Plena 19, 044501 (2023) 9

5. Seki LM, Pereira PS, de Souza Concei¢do M, Souza MJ, Marques EA, Carballido JM, et al. Molecular
epidemiology of CTX-M producing Enterobacteriaceae isolated from bloodstream infections in Rio de
Janeiro, Brazil: emergence of CTX-M-15. Brazilian J Infect Dis. 2013;17(6):640-6. doi:
10.1016/j.bjid.2013.03.012

6. Cortivo GD, Gutberlet A, Ferreira JA, Ferreira LE, Deglmann RC, Westphal GA, et al. Antimicrobial
resistance profiles and oxacillinase genes in carbapenem-resistant Acinetobacter baumannii isolated
from hospitalized patients in Santa Catarina, Brazil. Rev Soc Bras Med Trop. 2015;48(6):699-705. doi:
10.1590/0037-8682-0233-2015

7. Wikaningtyas P, Sukandar EY. The antibacterial activity of selected plants towards resistant bacteria
isolated from clinical specimens. Asian Pac J Trop Biomed. 2016;6(1):16-9. doi:
10.1016/j.apjtbh.2015.08.003

8. Bush K, Jacoby GA, Medeiros AA. A functional classification scheme for beta-lactamases and its
correlation with molecular structure. Antimicrob Agents Chemother. 1995;39(6):1211-33. doi:
10.1128/AAC.39.6.1211

9. Lago A, Fuentefria SR, Fuentefria DB. Enterobactérias produtoras de ESBL em Passo Fundo, estado
do Rio Grande do Sul, Brasil. Rev Soc Bras Med Trop. 2010;43(4):430-4. doi: 10.1590/S0037-
86822010000400019

10. Arnold RS, Thom KA, Sharma S, Phillips M, Kristie Johnson J, Morgan DJ. Emergence of Klebsiella
pneumoniae carbapenemase-producing bacteria. South Med J. 2011;104(1):40-5. doi:
10.1097/SMJ.0b013e3181fd7d5a

11.Enoch DA, Brown F, Sismey AW, Mlangeni DA, Curran MD, Karas JA, et al. Epidemiology of
extended-spectrum beta-lactamase-producing Enterobacteriaceae in a UK district hospital, an
observational study. J Hosp Infect. 2012;81(4):270-7. doi: 10.1016/j.jhin.2012.05.006

12. Yiiksel S, Oztiirk B, Kavaz A, Ozcakar ZB, Acar B, Giiriz H, et al. Antibiotic resistance of urinary tract
pathogens and evaluation of empirical treatment in Turkish children with urinary tract infections. Int J
Antimicrob Agents. 2006;28(5):413-6. doi: 10.1016/j.ijantimicag.2006.08.009

13.Coque TM, Baquero F, Canton R. Increasing prevalence of ESBL-producing Enterobacteriaceae in
Europe. Euro Surveill. 2008;13(47):1-11.

14. Guzmén-Blanco M, Labarca JA, Villegas MV, Gotuzzo E. Extended spectrum B-lactamase producers
among nosocomial Enterobacteriaceae in Latin America. Brazilian J Infect Dis. 2014;18(4):421-33. doi:
10.1016/j.bjid.2013.10.005

15. Lob SH, Nicolle LE, Hoban DJ, Kazmierczak KM, Badal RE, Sahm DF. Susceptibility patterns and
ESBL rates of Escherichia coli from urinary tract infections in Canada and the United States, SMART
2010-2014. Diagn Microbiol Infect Dis. 2016;85(4):459-65. doi: 10.1016/j.diagmicrobio.2016.04.022

16. Abreu AG, Marques SG, Monteiro-Neto V, de Carvalho RML, Gongalves AG. Nosocomial infection
and characterization of extended-spectrum B-lactamases-producing Enterobacteriaceae in Northeast
Brazil. Rev Soc Bras Med Trop. 2011;44(4):441-6. doi: 10.1590/S0037-86822011000400008

17.Yigit H, Queenan AM, Anderson GJ, Domenech-Sanchez A, Biddle JW, Steward CD, et al. Novel
carbapenem-hydrolyzing-lactamase, KPC-1, from a carbapenem-resistant strain of Klebsiella
pneumoniae. Antimicrob Agents Chemother. 2001;45(4):1151-61. doi: 10.1128/AAC.45.4.1151-
1161.2001

18. Tavares CP, Pereira PS, Marques EA, Faria C, de Souza MPAH, de Almeida R, et al. Molecular
epidemiology of KPC-2—producing Enterobacteriaceae (non—Klebsiella pneumoniae) isolated from
Brazil. Diagn Microbiol Infect Dis. 2015;82(4):326-30. doi: 10.1016/j.diagmicrobio.2015.04.002

19.Panda PK, Jhon N, Sao S. Antibiogram, ESBL production and carbapenemase detection of Klebsiella
spp. in hospital-acquired infection. Apollo Med. 2016;13(3):156-62. doi: 10.1016/j.apme.2015.10.003

20. Sampaio JLM, Gales AC. Antimicrobial resistance in Enterobacteriaceae in Brazil: focus on -lactams
and polymyxins. Brazilian J Microbiol. 2016;47:31-7. doi: 10.1016/j.bjm.2016.10.002

21.Beirdo EM, Furtado JID, Girardello R, Filho HF, Gales AC. Clinical and microbiological
characterization of KPC producing Klebsiella pneumoniae infections in Brazil. Brazilian J Infect Dis.
2011;15(1):69-73. doi: 10.1590/S1413-86702011000100013

22.Wollheim C, Guerra IMF, Conte VD, Hoffman SP, Schreiner FJ, Delamare APL, et al. Nosocomial and
community infections due to class A extended-spectrum B-lactamase (ESBLA)-producing Escherichia
coli and Klebsiella spp. in southern Brazil. Brazilian J Infect Dis. 2011;15(2):138-43.

23.Girntke S, Kohler C, Steinmetz I, Pfeifer Y, Eller C, Gastmeier P, et al. Molecular epidemiology of
extended-spectrum beta-lactamase (ESBL)-positive Klebsiella pneumoniae from bloodstream
infections and risk factors for mortality. J Infect Chemother. 2014;20(12):817-9. doi:
10.1016/j.jiac.2014.08.012



A.L. Xavier et al., Scientia Plena 19, 044501 (2023) 10

24, Esteve-Palau E, Solande G, Sanchez F, Sorli L, Montero M, Guerri R, et al. Clinical and economic
impact of urinary tract infections caused by ESBL-producing Escherichia coli requiring hospitalization:
A matched cohort study. J Infect. 2015;71(6):667-74. doi: 10.1016/j.jinf.2015.08.012

25. Costabeber AM, Mattos AA, Sukiennik TCT. Prevalence of bacterial resistance in hospitalized cirrhotic
patients in Southern Brazil: a new challenge. Rev Inst Med Trop Sao Paulo 2016;58(1):1-7. doi:
10.1590/51678-9946201658036

26.Xu H, Lee SF. Activity of plant flavonoids against antibiotic-resistant bacteria. Phyther Res.
2001;15(1):39-43. doi: 10.1002/1099-1573(200102)15:1<39::aid-ptr684>3.0.c0;2-r

27.Lin R-D, Chin Y-P, Lee M-H. Antimicrobial activity of antibiotics in combination with natural
flavonoids against clinical extended-spectrump-lactamase (ESBL)-producing Klebsiella pneumoniae.
Phyther Res. 2005;19(7):612-7. doi: 10.1002/ptr.1695

28. Adwan G, Abu-Shanab B, Adwan K. Antibacterial activities of some plant extracts alone and in
combination with different antimicrobials against multidrug—resistant Pseudomonas aeruginosa strains.
Asian Pac J Trop Med. 2010;3(4):266-9. doi: 10.1016/51995-7645(10)60064-8

29. Cuesta-Rubio O, Piccinelli AL, Campo Fernandez M, Mérquez Hernandez I, Rosado A, Rastrelli L.
Chemical characterization of Cuban propolis by HPLC-PDA, HPLC—MS, and NMR: the brown, red,
and yellow Cuban Varieties of Propolis. J Agric Food Chem. 2007;55(18):7502-9. doi:
10.1021/jf071296w

30.Zhang T, Omar R, Siheri W, Al Mutairi S, Clements C, Fearnley J, et al. Chromatographic analysis with
different detectors in the chemical characterisation and dereplication of African propolis. Talanta.
2014;120:181-90. doi: 10.1016/j.talanta.2013.11.094

31.Chasset T, Habe TT, Ristivojevic P, Morlock GE. Profiling and classification of French propolis by
combined multivariate data analysis of planar chromatograms and scanning direct analysis in real time
mass spectra. J Chromatogr A. 2016;1465:197-204. doi: 10.1016/j.chroma.2016.08.045

32.Maraschin M, Somensi-Zeggio A, Oliveira SK, Kuhnen S, Tomazzoli MM, Raguzzoni JC, et al.
Metabolic Profiling and Classification of Propolis Samples from Southern Brazil: An NMR-Based
Platform  Coupled with  Machine Learning. J Nat Prod. 2016;79(1):13-23. doi:
10.1021/acs.jnatprod.5b00315

33.Grenho L, Barros J, Ferreira C, Santos VR, Monteiro FJ, Ferraz MP, et al. In vitro antimicrobial activity
and biocompatibility of propolis containing nanohydroxyapatite. Biomed Mater. 2015;10(2):025004.
doi: doi: 10.1088/1748-6041/10/2/025004

34. Freires 1A, Queiroz VCPP, Furletti VF, Ikegaki M, de Alencar SM, Duarte MCT, et al. Chemical
composition and antifungal potential of Brazilian propolis against Candida spp. J Mycol Med.
2016;26(2):122-32. doi: 10.1016/j.mycmed.2016.01.003

35. Shimizu T, Takeshita Y, Takamori Y, Kai H, Sawamura R, Yoshida H, et al. Efficacy of Brazilian
propolis against herpes simplex virus type 1 infection in mice and their modes of antiherpetic efficacies.
Evidence-Based Complement Altern Med. 2011;2011:1-9. doi: 10.1155/2011/976196

36. Pontin K, da Silva Filho AA, Santos FF, Silva MLAE, Cunha WR, Nanayakkara NPD, et al. In vitro
and in vivo antileishmanial activities of a Brazilian green propolis extract. Parasitol Res.
2008;103(3):487-92. doi: 10.1007/s00436-008-0970-z

37.0mar RMK, Igoli J, Gray Al, Ebiloma GU, Clements C, Fearnley J, et al. Chemical characterisation of
Nigerian red propolis and its biological activity against Trypanosoma brucei. Phytochem Anal.
2016;27(2):107-15. doi: 10.1002/pca.2605

38. Lima Cavendish R, de Souza Santos J, Belo Neto R, Oliveira Paixdo A, Valéria Oliveira J, Divino de
Araujo E, et al. Antinociceptive and anti-inflammatory effects of Brazilian red propolis extract and
formononetin in rodents. J Ethnopharmacol. 2015;173:127-33. doi: 10.1016/j.jep.2015.07.022

39.0rsi RO, Sforcin JM, Funari SRC, Bankova V. Effects of Brazilian and Bulgarian propolis on
bactericidal activity of macrophages against Salmonella typhimurium. Int Immunopharmacol.
2005;5(2):359-68. doi: 10.1016/j.intimp.2004

40. Sforcin JM, Orsi RO, Bankova V. Effect of propolis, some isolated compounds and its source plant on
antibody production. J Ethnopharmacol. 2005;98(3):301-5. doi: 10.1016/j.jep.2005.01.042

41. Sforcin JM, Bankova V. Propolis: Is there a potential for the development of new drugs? J
Ethnopharmacol. 2011;133(2):253-60. doi: 10.1016/j.jep.2010.10.032

42.Righi AA, Alves TR, Negri G, Marques LM, Breyer H, Salatino A. Brazilian red propolis: unreported
substances, antioxidant and antimicrobial activities. J Sci Food Agric. 2011;91(13):2363-70. doi:
10.1002/jsfa.4468

43.Coelho J, Falcdo SI, Vale N, Almeida-Muradian LB, Vilas-Boas M. Phenolic composition and
antioxidant activity assessment of southeastern and south Brazilian propolis. J Apic Res. 2017;56(1):21-
31. doi: 10.1080/00218839.2016.1277602



A.L. Xavier et al., Scientia Plena 19, 044501 (2023) 11

44, da Silva Frozza CO, Garcia CSC, Gambato G, de Souza MDO, Salvador M, Moura S, et al. Chemical
characterization, antioxidant and cytotoxic activities of Brazilian red propolis. Food Chem Toxicol.
2013;52:137-42. doi: 10.1016/j.fct.2012.11.013

45. Alencar SM, Oldoni TLC, Castro ML, Cabral ISR, Costa-Neto CM, Cury JA, et al. Chemical
composition and biological activity of a new type of Brazilian propolis: red propolis. J Ethnopharmacol.
2007;113(2):278-83. doi: 10.1016/j.jep.2007.06.005

46. Daugsch A, Moraes CS, Fort P, Park YK. Brazilian red propolis-chemical composition and botanical
origin. Evidence-Based Complement Altern Med. 2008;5(4):435-41. doi: 10.1093/ecam/nem057

47.Cabral ISR, Oldoni TLC, Prado A, Bezerra RMN, de Alencar SM, lkegaki M, et al. Composicdo
fenodlica, atividade antibacteriana e antioxidante da prépolis vermelha brasileira. Quim Nova.
2009;32(6):1523-7. doi: 10.1590/S0100-40422009000600031

48.do Nascimento TG, Silva AS, Lessa Constant PB, da Silva SAS, Fidelis de Moura MAB, de Almeida
CP, et al. Phytochemical screening, antioxidant and antibacterial activities of some commercial extract
of propolis. J Apic Res. 2018;57(2):246-54. doi: 10.1080/00218839.2017.1412563

49. Bastos EMAF, Simone M, Jorge DM, Soares AEE, Spivak M. In vitro study of the antimicrobial activity
of Brazilian propolis against Paenibacillus larvae. J Invertebr Pathol. 2008;97(3):273-81. doi:
10.1016/j.jip.2007.10.007

50. Bittencourt MLF, Ribeiro PR, Franco RLP, Hilhorst HWM, de Castro RD, Fernandez LG. Metabolite
profiling, antioxidant and antibacterial activities of Brazilian propolis: use of correlation and
multivariate analyses to identify potential bioactive compounds. Food Res Int. 2015;76:449-57. doi:
10.1016/j.foodres.2015.07.008

51. Oldoni TLC, Cabral ISR, D’Arce MABR, Rosalen PL, Ikegaki M, Nascimento AM, et al. Isolation and
analysis of bioactive isoflavonoids and chalcone from a new type of Brazilian propolis. Sep Purif
Technol. 2011;77(2):208-13. doi: 10.1016/j.seppur.2010.12.007

52. Vasconcelos WA, Braga NMA, Chitarra VR, Santos VR, Andrade AL, Domingues RZ. Bioactive glass-
green and red propolis association: antimicrobial activity against oral pathogen bacteria. Nat Prod Chem
Res. 2014;2(6):1-5. doi: 10.4172/2329-6836.1000154

53. Regueira MS, Tintino SR, da Silva ARP, Costa MS, Boligon AA, Matias EFF, et al. Seasonal variation
of Brazilian red propolis: antibacterial activity, synergistic effect and phytochemical screening. Food
Chem Toxicol. 2017;107:572-80. doi: 10.1016/j.fct.2017.03.052

54. Clinical and Laboratory Standards Institute. Performance standards for antimicrobial susceptibility
testing; twenty-fifth informational supplement an informational supplement for global application
developed through the clinical and laboratory standards institute consensus process. Wayne (PA):
Clinical and Laboratory Standards Institute; 2015.

55. Clinical and Laboratory Standards Institute. Methods for dilution antimicrobial susceptibility tests for
bacteria that grow aerobically; approved standard. Wayne (PA): Clinical and Laboratory Standards
Institute; 2012.

56. Chopra T, Marchaim D, Johnson PC, Chalana IK, Tamam Z, Mohammed M, et al. Risk factors for
bloodstream infection caused by extended-spectrum B-lactamase—producing Escherichia coli and
Klebsiella pneumoniae: A focus on antimicrobials including cefepime. Am J Infect Control.
2015;43(7):719-23. doi: 10.1016/j.ajic.2015.02.030

57. Gales AC, Castanheira M, Jones RN, Sader HS. Antimicrobial resistance among Gram-negative bacilli
isolated from Latin America: results from SENTRY Antimicrobial Surveillance Program (Latin
America, 2008-2010). Diagn Microbiol Infect Dis. 2012;73(4):354-60. doi:
10.1016/j.diagmicrobio.2012.04.007

58. Biberg CA, Rodrigues ACS, do Carmo SF, Chaves CEV, Gales AC, Chang MR. KPC-2-producing
Klebsiella pneumoniae in a hospital in the Midwest region of Brazil. Brazilian J Microbiol.
2015;46(2):501-4. doi: 10.1590/S1517-838246246220140174

59. Lepeule R, Leflon-Guibout V, Vanjak D, Zahar J-R, Lafaurie M, Besson C, et al. Clinical spectrum of
urine cultures positive for ESBL-producing Escherichia coli in hospitalized patients and impact on
antibiotic use. Médecine Mal Infect. 2014;44(11-12):530-4. doi: 10.1016/j.medmal.2014.09.004

60. Silva JC, Rodrigues S, Feéas X, Estevinho LM. Antimicrobial activity, phenolic profile, and role in the
inflammation of propolis. Food Chem Toxicol 2012;50(5):1790-5. doi: 10.1016/j.fct.2012.02.097

61. Bastos EMA, Galbiati C, Loureiro E, Scoaris D. Indicadores fisico-quimicos e atividade antibacteriana
de prdpolis marrom frente a Escherichia coli. Arq Bras Med Veterinaria e Zootec 2011;63(5):1255-9.
doi: 10.1590/S0102-09352011000500032

62. Bispo Junior W, Miranda EO, Alvino V, Araujo B, Silva DW, Porfirio Z. Atividade antimicrobiana de
fracOes da propolis vermelha de Alagoas, Brasil. Semin Ciéncias Biolégicas e da Saude. 2012;33(1):3-
10. doi: 10.5433/1679-0367.2012v33n1p03



A.L. Xavier et al., Scientia Plena 19, 044501 (2023) 12

63. Machado CS, Mokochinski JB, de Lira TO, de Oliveira FDCE, Cardoso MV, Ferreira RG, et al.
Comparative Study of chemical composition and biological activity of yellow, green, brown, and red
Brazilian propolis. Evidence-Based Complement Altern Med. 2016;2016(type 12). doi:
10.1155/2016/6057650

64.dos Santos FHP, Reis AS, da Silva JF, Junior BRS, da Silva SB, Andre ACGM, et al. Avaliacdo
antibacteriana dos extratos hexanico e metandélico de prépolis vermelha encontrada no municipio Barra
de Santo Antonio/AL. Cad Grad - Ciéncias Bioldgicas e Da Saude - UNIT — Alagoas. 2015;2(3):33-44.

65. de Vargas AC, Loguercio AP, Witt NM, da Costa MM, e Silva MS, Viana LR. Atividade antimicrobiana
“in vitro” de extrato alcdolico de propolis. Ciéncia Rural. 2004;34(1):159-63. doi: 10.1590/S0103-
84782004000100024

66. Choudhari MK, Punekar SA, Ranade RV, Paknikar KM. Antimicrobial activity of stingless bee
(Trigona sp.) propolis used in the folk medicine of Western Maharashtra, India. J Ethnopharmacol.
2012;141(1):363-7. doi: 10.1016/j.jep.2012.02.047.

67. Campos JF, dos Santos UP, Macorini LFB, de Melo AMMF, Balestieri JBP, Paredes-Gamero EJ, et al.
Antimicrobial, antioxidant and cytotoxic activities of propolis from Melipona orbignyi (Hymenoptera,
Apidae). Food Chem Toxicol. 2014,65:374-80. doi: 10.1016/j.fct.2014.01.008.

68. Blair IMA, Webber MA, Baylay AJ, Ogbolu DO, Piddock LJV. Molecular mechanisms of antibiotic
resistance. Nat Rev Microbiol. 2015;13(1):42-51. doi: 10.1038/nrmicro3380

69. Orhan DD, Ozgelik B, Ozgen S, Ergun F. Antibacterial, antifungal, and antiviral activities of some
flavonoids. Microbiol Res. 2010;165(6):496-504. doi: 10.1016/j.micres.2009.09.002.

70.Zhao X, Mei W, Gong M, Zuo W, Bai H, Dai H. Antibacterial activity of the flavonoids from Dalbergia
odorifera on Ralstonia solanacearum. Molecules. 2011;16(12):9775-82. doi:
10.3390/molecules16129775

71.Liu G, Liang J-C, Wang X-L, Li Z-H, Wang W, Guo N, et al. In vitro synergy of biochanin a and
ciprofloxacin against clinical isolates of Staphylococcus aureus. Molecules. 2011;16(8):6656-66. doi:
10.3390/molecules16086656

72.Bueno-Silva B, Alencar SM, Koo H, Ikegaki M, Silva GVJ, Napimoga MH, et al. Anti-inflammatory
and antimicrobial evaluation of neovestitol and vestitol isolated from Brazilian red propolis. J Agric
Food Chem. 2013;61(19):4546-50. doi: 10.1021/jf305468f.

73.das Neves MVM, da Silva TMS, Lima EO, da Cunha EVL, Oliveira EJ. Isoflavone formononetin from
red propolis acts as a fungicide against Candida sp. Braz J Microbiol. 2016;47(1):159-66. doi:
10.1016/j.bjm.2015.11.009

74. Miyasaki Y, Nichols WS, Morgan MA, Kwan JA, Van Benschoten MM, Kittell PE, et al. Screening of
herbal extracts against multi-drug resistant Acinetobacter baumannii. Phyther Res. 2010;24(8):1202-6.
doi: 10.1002/ptr.3113

75.Dey D, Ray R, Hazra B. Antitubercular and antibacterial activity of quinonoid natural products against
multi-drug resistant clinical isolates. Phyther Res. 2014;28(7):1014-21. doi: 10.1002/ptr.5090

76. Al-Mariri A, Safi M. In vitro antibacterial activity of several plant extracts and oils against some gram-
negative bacteria. Iran J Med Sci. 2014;39(1):36-43.



