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Abstract: Geopropolis is a resin mixed with mud, produced only by stingless bees. Despite being
popularly known for its medicinal properties, few scientific studies have proven its biological
activities. In this context, the objective of this study was to determine the chemical composition and
antioxidant, anti-inflammatory, antimutagenic and antimicrobial activities of the Melipona orbignyi
geopropolis. The hydroalcoholic extract of geopropolis (HEGP) was prepared and its chemical
composition determined by high performance liquid chromatography coupled to diode array detector
and mass spectrometry (HPLC-DAD-MS). The antioxidant activity was determined by the capture
of free radicals and inhibition of lipid peroxidation in human erythrocytes. The anti-inflammatory
activity was evaluated by the inhibition of the hyaluronidase enzyme and the antimutagenic action
was investigated in Saccharomyces cerevisiae colonies. The antimicrobial activities were determined
against bacteria and yeasts, isolated from reference strains and hospital origin. The chemical
composition of HEGP included flavonoids, derivatives of glycosylated phenolic acids and terpenoids.
HEGP showed high antioxidant activity, it inhibited the activity of the inflammatory enzyme
hyaluronidase and reduced the mutagenic effects in S. cerevisize. In relation to the antimicrobial
activity, it promoted the death of all microorganisms evaluated. In conclusion, this study reveals
for the first time the chemical composition of the HEGP of M. orbignyi and demonstrates its
pharmacological properties.

Keywords: HPLC-DAD-MS 1; phenolic compounds 2; lipid peroxidation 3; hyaluronidase 4;
mutation 5; microorganisms 6

1. Introduction

Geopropolis is an apicultural product used in popular medicine for the treatment of digestive,
respiratory, visual, female fertility, and dermatosis problems, in addition to being antiseptic and
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immunostimulatory [1,2]. In Brazil, it is used by indigenous communities in the Amazon region [3]
and in the northeast of the country [4].

This material is exclusively produced by stingless bees (Hymenoptera, Apidae,
and Meliponinae) [5-7] found in the Neotropical region [8]. To produce geopropolis, bees
add their mandibular secretions and waxes to the exudates collected from plant materials and mix
mud into the result, conferring unique characteristics to this product [7]. This material is used in the
beehive to seal cracks, provide mechanical protection and prevent excessive entry of air [9].

In recent years, some scientific reports have described the therapeutic properties of the
geopropolis produced by different species of stingless bees, such as antimicrobial [5], anticancer [2],
antioxidant [7,10], anti-inflammatory [6,11], gastroprotective [12] and antiviral [13] activities.

Regarding its chemical composition, the presence of phenylpropanoids, flavonoids [10], phenolic
acids, hydrolysable tannins [7], triterpenes, saponins [14] and alkaloids [13] have been described,
compounds that may be related to the biological properties of this bee product. Despite the growing
interest in the pharmacological properties of the geopropolis produced by the Melipona, the data in
the literature remain very scarce compared to those on the propolis of the Apis mellifera species. In the
Chemical Abstract database, only 35 studies involving geopropolis were found, while more than
4000 papers studied the chemical composition and biological properties of Apis propolis [15].

Melipona orbignyi is among the species of bees that produce the geopropolis (Guérin, 1844),
popularly known in Brazil as Manduri-de-Mato-Grosso [9]. This species is found in South America,
specifically in Argentina, Bolivia, Paraguay and Brazil, in the latter being restricted to the states of
Mato Grosso and Mato Grosso do Sul [8]. In addition to geopropolis, other bee products are also
produced by this species, such as honey and propolis. Recently, Campos et al. [16] described the
chemical composition and biological activities of the propolis produced by M. orbignyi, in the only
study thus far reported on the products generated by this species.

In this context, the objective of this study was to investigate the chemical composition and
antioxidant, anti-inflammatory, antimutagenic and antimicrobial properties of the geopropolis
produced by M. orbignyi.

2. Results
2.1. Chemical Analysis

2.1.1. Determination of Phenolic Compounds and Flavonoids

The content of phenolic compounds present in the M. orbignyi geopropolis extract was
121 £+ 0.6 mg expressed in mg of gallic acid equivalents (GAE)/g of hydroalcoholic extract of
geopropolis (HEGP), and the total flavonoid content was 19.9 + 1.1 mg expressed in mg of quercetin
equivalent (QE)/g HEGP.

2.1.2. Chemical Composition of HEGP by High Performance Liquid Chromatography Coupled to
Diode Array Detector and Mass Spectrometry (HPLC-DAD-MS)

A complex composition of HEGP was observed by HPLC-DAD-MS analyses (Figure 1). Several
compounds exhibited UV absorption (Table 1, compounds 1-16) and thus conjugated chromophores,
including flavanones, flavanonols and glycosylated phenolic acid derivatives. The identification of
substances 3, 8, 10 and 13 was based on their UV spectra, which exhibited an absorption band centered
at 290 nm, compatible with flavanones and flavanonols [17]. The molecular formulas were confirmed
from deprotonated ions with accurate mass (Table 1). The structural characterizations were also based
on fragment ions yielded from B-ring cleavages and the loss of CO, as well as the losses of radical
methyl (15 u) for methylated compounds (Table 1). These fragmentation pathways are characteristic
of flavonoids [18,19]. Thus, compounds 3, 8, 10 and 13 were identified as aromadendrin, naringenin,
methyl aromadendrin and methyl naringenin, respectively. Flavonoids 3 and 8 were already identified
from the geopropolis of Melipona interrupta and Melipona seminigra [20,21].
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The glycosylated phenolic acid derivatives consisted of galloyl, cinnamoyl and coumaroyl
substituents exhibiting two or three O-phenolic acids in the structures. The peaks of 1, 2,
4, 5, 6, 9 and 12 showed a fragment ion at m/z 169 (C;Hs0s5)” in negative ion mode,
confirming the presence of galloyl in the structures. In addition, compounds 4, 6, 9 and
12 also showed product ions at m/z 313 (Ci;3H1309)” and 163 (CoH;O3)~ related to the ions
[M-H-coumaroyl-H,O]~ and [M-H-galloyl-hexosyl] ~, respectively. All this spectral information taken
together allowed the putative identification of the compounds as O-coumaroyl O-galloyl-hexoside
(1), O-coumaroyl O-galloyl-hexoside (2), di-O-galloyl O-coumaroyl-hexoside (4), O-cinnamoyl
O-galloyl-hexoside (5), di-O-galloyl O-cinnamoyl-hexoside (6), di-O-coumaroyl-hexoside (7),
di-O-coumaroyl O-galloyl-hexoside (9), O-cinnamoyl O-coumaroyl-hexoside (10) and O-cinnamoyl
O-coumaroyl O-galloyl-hexoside (12). All the data were compatible with data previously published
for these compounds [22].

The compounds at the end of the chromatogram did not absorb in the UV region and had a
molecular constitution typical of terpene derivatives; they belong to the classes of sesquiterpenes
(compound 19), diterpenes (compounds 17, 18 and 20) and triterpenes (21, 22, 23 and 25), which are
common in propolis and geopropolis [16,23-25]. Due to the huge variety in the skeleton arrangement
of these classes and the lack of systematic information about fragmentation by ESI in the literature,
these compounds were not completely identified.
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Figure 1. Base peak chromatogram in negative ion mode and UV spectrum in the range of 270-300 nm
of the Melipona orbignyi geopropolis extract. Peaks 1 to 26 are identified in Table 1.
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Table 1. Compounds identified from Melipona orbignyi geopropolis extract by high performance liquid chromatography coupled to diode array detector and mass
spectrometry (HPLC-DAD-MS).

Peak Identification Molecular Formula RT (min) UV (nm) [M-H]~ m/z Error (ppm) MS/MS ml/z
1 O-coumaroyl O—galloyl-hexoside CpoHp»O1n 241 289 and 309 477.1029 2.0 313 (C13H1309) 7, 271 (C11H1108) ~, 169 (C;H505)~
g . E . 313 (C13H1309) ™, 265 (C13H1306) ~, 235 (C12H1105) 7,
2 O-coumaroyl O-galloyl-hexoside CyoH»O1p 24.8 289 and 309 477.1022 34 205 (C1HgOy)~, 169 (C;HsOs)
3 Aromadendrin Ci5Hi,04 252 289 287.0553 27 259 (C14H1105) ™, 177 (C19HeO3)~
i-O- _ i 465 (CoH17013) ™, 459 (C2H19011) ™, 313 (C13H1309) 7,
4 Di-O-galloyl Ocoumaroyl-hexoside C9Hp016 26.1 286 and 308 629.1122 42 271 (C1yHy,Og)~, 169 (CyHsOs)~
5 O—cinnamoyl O—galloyl—hexoside CZZHZZOH 30.8 280 461.1085 1.0 211 (C9H7O6)7, 169 (C7H5O5)7, 161 (C10H902)7
i-O- —ci B ; 465 (C2H17013) 7, 313 (C13H1300) ™, 271 (C11H11Og) ™,
6 Di-O-galloyl O-cinnamoyl-hexoside Cy9Hy6015 32 280 613.1186 21 211 (CoHyO4)~, 169 (C;H5O5)~
A R . 325 (Cy5H1708) ™, 307 (C15H1507) ™, 265 (C13H1306)
7 Di-O-coumaroyl-hexoside Cy4H4019 324 299 and 311 471.1287 2.0 163 (CoH,O3)~, 145 (CoHsOp)
Naringenin C15H1205 329 284 271.0614 0.9 -
. . R : 459 (C2H19011) 7, 313 (C13H1309) 7, 271 (C11H11Og) 7,
9 Di-O-coumaroyl O-galloyl-hexoside C31Hp8014 34.3 290 and 311 623.1405 0.2 211 (CoHyOg)~, 169 (C;Hs05)~,163 (CoHyOs)
: 273 (C15H1305) 7, 240 (C14HgO4) ™, 179 (CsH305) 7,
10 Methyl aromadendrin C16H140¢ 35.3 290 301.0721 1.0 165 (CgH5O3)
11 O-Cinnamoyl-O-coumaroyl-hexoside Cp4Hp409 38 285 and 310 455.1359 25 163 (C9H;03)~, 145 (CoH50,) ™
O-Cinnamoyl O-coumaroyl 461 (CppH»1011)~, 443 (CoH19019) ~, 313 (C13H1309)~,
12 O-Galloyl-hexoside Ca1H25013 388 285 and 310 607.1462 08 271 (Cy3Hy Og)—, 211 (CoHyOg)~, 169 (C;HsOs)~
13 Methyl naringenin C16H1405 40.3 285 285.0777 29 165 (CgH504) ™
14 Unknown CpsHpO5 409 293 421.1289 1.0 393 (Co3Hay Og)~
15 Unknown C24H2207 42.1 295 421.1288 0.9 393 (C23H21 05)7
16 Unknown CosH O 453 288 405.1337 16 -
17 Diterpene CyoH3,03 45.8 - 319.2260 34 -
18 Diterpene CyoH3,03 46.3 - 319.2261 0.9 -
19 Sesquiterpene C15H» Oy 46.9 - 265.1454 3.3 -
20 Diterpene ester CpH3404 51.9 280 361.2356 4.0 301 (CopH290,) ™
21 Triterpene C30Hyg04 54 - 471.3459 44 -
22 Triterpene C30Hyg04 55.3 - 471.3464 33 -
23 Triterpene C30HyO4 55.6 - 469.3305 39 -
24 Unknown C24H3803 58.8 - 373.2736 3.3 329 (C23H37O)7
25 Triterpene C31Hyg03 62.7 - 467.3509 4.6 -
26 Unknown CaaH3605 64 - 371.2580 3.0 327 (Co3H350)~

RT: retention time; —: non observed /detected means.
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2.2. Antioxidant Activity

2.2.1. Capture of Free Radicals DPPH*® and ABTS**

HEGP inhibited 50% of the free radicals (ICsp) at a concentration approximately six times higher
than the ascorbic acid control, in both the DPPH*® radical capture assay and the ABTS®**. In turn,
it presented results similar to the reference antioxidant BHT in both trials (Table 2).

Table 2. IC5p and maximum activity of reference antioxidants and treatments with HEGP.

DPPH® ABTS®**
Maximum Activity Maximum Activity
Samples ICsp (ng/mL) ICs0 (ug/mL)
% pug/mL % ug/mL
AS::‘;"C 32409 93+21 10 1.8 £ 0.05 96 + 2.4 5
BHT 203 £5.6 79 £2.6 50 8.1+0.7 98 +£0.2 50
HEGP 183 + 2.8 95+ 0.5 50 10.3 £ 0.5 98 0.1 50

Values are means + standard error of the mean (SEM).

2.2.2. Hemolytic Activity and Inhibition of Oxidative Hemolysis

In this assay, the hemolytic activity of HEGP and its ability to protect erythrocytes against
hemolysis induced by the oxidizing agent 2,2'-azobis (2-methylpropionamidine) dihydrochloride
(AAPH) were evaluated. When erythrocytes were incubated only with HEGP, in the absence of AAPH,
no hemolysis was observed throughout the experimental period at the concentrations evaluated
(Figure 2).
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Figure 2. Hemolytic activity of ascorbic acid and HEGP (5-125 pg/mL), incubated with erythrocytes
and 0.9% NaCl solution for 240 min, without the presence of AAPH. The control consists of erythrocytes
incubated only with 0.9% NaCl solution. —: absence; +: presence.

In evaluating the extract’s ability to protect erythrocytes against AAPH-induced hemolysis, HEGP
was able to inhibit oxidative hemolysis for up to 240 min of incubation (Figure 3A-C). At concentrations
of 25 and 50 ug/mL, the extract reduced hemolysis by 40.9% =+ 8.0% and 93.2% =+ 0.8%, respectively,
after 240 min of incubation compared to the control incubated with the AAPH oxidizing agent alone.
The HEGP presented higher anti-hemolytic action than the ascorbic acid control, which reduced
hemolysis by 26.7% =+ 4.9% (25 pg/mL) and 45.7% =+ 8.0% (50 pg/mL) (Figure 3A-C).
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consists of erythrocytes incubated only with AAPH solution (50 mM). * p < 0.05 when the treated
groups were compared to the AAPH control group. —: absence; +: presence.
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2.2.3. Dosage of Malondialdehyde

HEGP demonstrated the concentration-dependent reduction of MDA levels and presented better
activity than the ascorbic acid control (Figure 4). At the concentration of 50 ng/mL, the extract
reduced MDA levels by 89.75% =+ 2.1%, while the ascorbic acid control presented a reduction of only
49.45% =+ 3.5% under the same conditions.
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Figure 4. Concentration of malondialdehyde (nM/mL) in erythrocytes incubated with ascorbic acid
and HEGP (5-125 pg/mL) for 240 min. The control consists of erythrocytes incubated only with AAPH
solution (50 mM). * p < 0.05 when the treated groups were compared to the AAPH control group.

- absence; +: presence.

2.3. Anti-Inflammatory Activity

The anti-inflammatory property of HEGP was assessed indirectly by its inhibition of the activity of
the hyaluronidase enzyme. HEGP exhibited a concentration-dependent inhibition of enzyme activity,
demonstrating inhibition of 35.6% =+ 2.4% at the concentration of 75 mg/mL (Figure 5).

50
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Figure 5. Percentage inhibition of hyaluronidase enzyme activity by HEGP (0.2-75 mg/mL).

2.4. Antimutagenic Activity

HEGP was able to reduce the survival of S. cerevisiae D7 (ATCC 201137) by 48.1% =+ 1.1% and
60.3% =+ 3.9% at concentrations of 1.5 and 3.0 mg/mL, respectively (Table 3). When yeasts were
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incubated only with the mutagen EMS, there was an increase in the conversion of genes and in
the quantity of mutant colonies. When incubated with HEGP in the presence of EMS, 14.6% =+ 5.4%
(1.5 mg/mL) and 27.5% =+ 2.5% (3.0 mg/mL) reductions of gene conversion were observed. In addition,
HEGP was able to reduce the amount of mutant colonies by 81.1% £ 1.1% (1.5 mg/mL) and
86.3% + 0.4% (3.0 mg/mL) (Table 3).

Table 3. Effect of the hydroethanolic extract of geopropolis of Melipona orbignyi (HEGP) on the survival
percentage of yeast cells Saccharomyces cerevisiae (diploid line D7 ATCC 201137), conversion of genes
and mutant colonies.

Treatments .
Survival (%) Gene Conversion Colonies/10% Mutant Colonies/10®
HEGP (mg/mL) EMS (mg/mL)
0.0 0.0 96.2 +2.35 0.77 +0.02 0.49 + 0.01
0.0 5.0 852 +2402 51.3 +0.442 3913 +7.80°2
15 5.0 498 +1.11° 438 +2.79" 73.7 +4.35°
3.0 5.0 38.1+379¢ 372+ 1.32° 5324 1.71°

a, b, c: Means with different superscripts are significantly different for each attribute (p < 0.05). Values are
means &+ SEM. EMS, Ethyl methanesulfonate.

2.5. Antimicrobial Activity

HEGP demonstrated antimicrobial activity against all evaluated microorganisms. Gram-positive
bacteria were more sensitive to the action of the extract than gram-negative bacteria. The inhibition
observed against the evaluated microorganisms followed the sequence: S. aureus > E. faecalis > E. coli >
P. aeruginosa > C. neoformans > C. albicans. HEGP also showed action against all microorganisms resistant
to antimicrobial drugs, at concentrations similar to the reference strains. In addition to inhibitory
activity, HEGP showed bactericidal and fungicidal activity against all microorganisms evaluated in
this study, ranging from 8.50 & 0.28 mg/mL for S. aureus ATCC 6538™ to 36.1 = 0.50 mg/mL for
amphotericin B-resistant C. albicans ESA 97 from biological fluid (Table 4).

Table 4. Minimum inhibitory concentration (MIC), minimum bactericidal concentration (MBC), and
minimum fungicidal concentration (MFC) for HEGP from M. orbignyi.

Microorganisms HEGP (mg/mL) Gentamicin (ug/mlL)
Gram-positive bacteria MIC MBC MBC
Staphylococcus aureus ATCC 6538™ 6.13 £ 0.10 8.50 £+ 0.28 2.00 +£0.28
S. aureus ESA 175 Methicillin-resistant 6,42 £+ 0.46 8.75 + 0.62 2.67 +0.16
S. aureus ESA 159 Methicillin-resistant 6.92 £+ 0.30 9.08 £+ 0.58 2.50 +0.28
Enterococcus faecalis ATCC 43300™ 7.08 + 0.58 10.5 +0.22 2.83 £0.30
E. faecalis ESA 201 Vancomycin-resistant 8.17 £ 0.44 10.9 £ 0.30 325£0.14
E. faecalis ESA 361 Vancomycin-resistant 9.08 £ 0.08 11.2 +0.38 3.33 £0.16
Gram-negative bacteria

Escherichia coli ATCC 29998™ 10.5 +0.82 13.2 4+ 0.52 4.58 £0.30
E. coli ESA 37 Cephalosporins-resistant 11.2 £0.32 13.8 £0.72 4.67 £0.22
E. coli ESA 54 Cephalosporins-resistant 11.5+0.76 13.7 +0.90 492 £0.08
Pseudomonas aeruginosa ATCC 15442™ 12.9 £ 0.50 16.5 £ 0.30 5.00 +0.28
P.aeruginosa ESA 22 Imipenem-resistant 13.3 £ 0,60 17.0 £1.08 6.17 £ 0.16
P.aeruginosa ESA 23 Imipenem-resistant 13.5£1.22 17.7 £1.02 6.50 £+ 0.28
Microorganisms HEGP (mg/mL) Amphotericin-B (ug/mL)
Fungi MIC MEFC MEFC
Cryptococcus neoformans ATCC 32264 ™ 19.3 £ 0.60 25.0 = 1.04 0.13 £ 0.07
C. neoformans ESA 211 Amphotericin-B resistant 20.9 £0.79 26.0 £1.04 0.25+0.14
C. neoformans ESA 105 Amphotericin-B resistant 21.4+1.10 26.1 +£1.58 0.38 +0.22
Candida albicans ATCC 10231™ 23.0 £1.06 340+1.12 0.29 +0.16
C.albicans ESA 100 Amphotericin-B resistant 23.7£1.29 35.0+£1.23 0.14 + 0.08
C.albicans ESA 97 Amphotericin-B resistant 244 +1.83 36.1 £0.50 0.25 +0.14

Values are means + SEM.
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3. Discussion

Geopropolis is a beehive material of complex composition, produced specifically by species of
stingless bees of the Neotropical region and popularly known for its therapeutic properties. However,
despite the great diversity of species of bees capable of generating this product, few studies have
investigated and described its chemical and pharmacological properties.

In this study, when investigating the chemical composition of M. orbignyi HEGP, different
compounds were identified from the ones found in geopropolis produced by other species of stingless
bees, such as derivatives of glycosylated phenolic acids. The chemical composition of geopropolis from
the M. fasciculata and M. scutellaris bees presented great differences from the composition observed in
this work for the M. orbignyi species, including benzophenones, hydrolyzable tannins (gallotannins and
ellagitannins) and gallic and ellagic acid substances [7,26]. These differences in chemical composition
suggest that M. orbignyi uses different plant sources of raw material to produce its geopropolis and/or
that the production process significantly changes the composition of this material, as the genetic
variability of bee species may influence this chemical composition [21]. Thus, these bioproducts from
these stingless bees are unique, increasing the possibilities of identifying new bioactive compounds
with pharmacological properties.

The total phenol content observed for HEGP was similar to the value obtained for the geopropolis
of M. scutellaris (127 = 1.9 mg GAE/g of extract) but higher than that for M. fasciculata (47.78 &= 0.04 mg
GAE/g of extract) and that for M. interrupt and M. seminigra (419 to 4378 ug GAE/g of extract) [7,11,21].
HEGP demonstrated potent antioxidant activity, being able to inhibit the free radicals DPPH® and
ABTS**. The ethanolic extracts from the geopropolis of M. interrupt and M. seminigra exhibited almost
40 and 30 times higher total phenol content than those from HEGP (121 £ 0.6 mg GAE/g HEGP),
but the antioxidant activities of DPPH® were 10 & 0.5 and 26.3 & 3.9 ug/mL, respectively [21]. This
result demonstrates the great antioxidant potency of the compounds of HEGP, even though it had
a lower total phenol content, its antioxidant activity in DPPH® was 18.3 £ 2.8 pg/mL. In addition,
as the chemical compositions of these geopropolis types and HEGP were different, especially with
respect to the glycosylated derivatives of phenolic acids, this result demonstrates the importance of
the structural characteristics of the constituents for this activity. The phenolic acids and flavonoids
have hydroxyl groups in their rings [7], conferring the ability to stabilize unpaired electrons, which are
typical of free radicals, thus acting as antioxidants [27].

In addition, HEGP presented in vitro antioxidant action in a human biological model by inhibiting
lipid peroxidation in erythrocytes induced by an oxidizing agent. The extract showed better results
than the standard antioxidant ascorbic acid, in terms of both anti-hemolytic action and the reduction
of MDA levels, exhibiting a greater protective effect. This result can be attributed to the synergistic
action of its compounds, including the different types of phenolic constituents, which offer excellent
cellular protection against lipid peroxidation, acting as hydrogen donor agents, singlet oxygen reducers
and superoxide radicals, antioxidant enzyme activators and metal chelators [27,28]. Some authors
classify glycosylated derivatives of phenolic acids as a new type of hydrolysable tannin, similar
to the ones described in plants such as Balanophora harlandii (Balanophoraceae) [29]. Among the
phenolic compounds identified in the HEGP, tannins are described as acting as metal ion chelators [30]
and have many hydroxyl groups in their phenolic rings, promoting the antioxidant activity of these
compounds [31].

In addition, the terpenes constitute another class of compounds that display important antioxidant
action. Triterpenes, one of the terpene subtypes identified in HEGP, are described as acting to capture
free radicals, including superoxide anion and hydroxyl radical, and acting to protect against the lipid
peroxidation process [32]. In addition, they are capable of modulating the activity of antioxidant
enzymes, such as superoxide dismutase, catalase and glutathione peroxidase [33]. Mechanisms similar
to the ones described for sesquiterpenes [34], compounds also identified in HEGP.

The excess of free radicals in the body, without an efficient system to neutralize antioxidant
agents, triggers the process of oxidative stress, which is responsible for damage to various cellular
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biomolecules, such as nucleic acids, proteins and DNA [35]. This process is often related to the
development of neurodegenerative diseases such as Alzheimer’s and Parkinson’s, as well as cancer,
diabetes, atherosclerosis [36] and chronic inflammation [37].

Inflammation is due to the action of several mediators that promote vascular and cellular
events [38]. Inflammatory cells produce mediators, such as arachidonic acid metabolites, cytokines
and chemokines, which aid in the production of reactive species [37]. Under normal physiological
conditions, these oxidative and immunological processes aid in the response against stressors and
pathogens [39]. However, the constant activation of these processes may lead to an increased risk of
more serious diseases [37,39], such as diabetes [40] and obesity [41].

Natural products have been the objects of studies for the development of new anti-inflammatory
drugs [6]. Among them, geopropolis has presented satisfactory results, such as the geopropolis extract
of Melipona scutellaris, which promoted anti-inflammatory action through the inhibition of IL-1B
and TNF-« [11] and decreased neutrophil migration in vivo [6]. In this study, HEGP demonstrated
anti-inflammatory activity by inhibiting the enzyme hyaluronidase, reducing the degradation of
hyaluronic acid. This polysaccharide performs important biological functions in the organism, such as
cell proliferation, differentiation and tissue repair [42]. According to Pascoal et al. [43], the degradation
of hyaluronic acid by the enzyme hyaluronidase can lead to bone loss, pain and inflammation.

Sesquiterpenes are among the compounds with anti-inflammatory potential reported in HEGP;
they inhibit the pro-inflammatory transcription factors NF-kB and STAT3 [44]. In addition,
phenolic compounds are described as anti-inflammatory agents because they modulate the
expression of cytokines [45] and pro-inflammatory enzymes [46], such as nitric oxide synthase
and cyclooxygenase-2 [47]. Of the phenolic compounds present in HEGP, aromadendrin exerts
anti-inflammatory action by reducing the release of inflammatory factors MCP-1 and IL-8 in normal
keratinocytes stimulated with interferon and histamine [48]. In addition, methyl aromadendrin
(4'-methyl ether), a compound also present in HEGP and commonly found in green propolis
produced by Apis mellifera, can reduce reactive species produced by neutrophil metabolism during the
inflammatory process [49].

The reactive species generated during the process of chronic inflammation may contribute to
the onset of mutagenesis and carcinogenesis [50]. In this way, the identification of compounds with
antioxidant and antimutagenic properties may have great therapeutic importance. Substances with
such activities have been found in many natural products, such as plants [51] and bee products [42].

In addition to antioxidant properties, M. orbignyi HEGP demonstrated antimutagenic potential.
In this study, the extract decreased the survival of yeast S. cerevisize, which may be related to its
fungicidal action. However, it was able to reduce the frequency of gene conversion and the amount of
mutant colonies induced by the mutagenic agent EMS. Some studies suggest that the antimutagenic
activity of Apis mellifera propolis is related to its antioxidant activity [52]. Phenolic compounds and
terpenes are well known for their antioxidant properties as well as for acting as antimutagenic agents.
In addition, their intake is related to the reduction of cancer risks [53]. Diterpenes are described as
being capable of repairing DNA errors, also related to their anticancer activity [54].

Another biological activity presented by HEGP was antimicrobial action, including
effectiveness against hospital strains resistant to antimicrobial drugs, such as methicillin-resistant
Staphylococcus aureus gram-positive bacteria, cephalosporin-resistant Escherichia coli gram-negative
bacteria, and amphotericin B-resistant Candida albicans yeast. Currently, the intensive use of
antimicrobial drugs, both for therapeutic and prophylactic purposes, has resulted in the development
of multiresistant strains, becoming a worldwide problem [55].

Antimicrobial resistance is a worrisome public health issue, especially in hospital
environments [56]. The efficacy of antibiotics in the treatment of common infections has decreased in
recent years [57], resulting in outbreaks of multiresistant strains [58]. Natural products are among the
alternative agents against microbial action, considering the synergistic effects of their compounds [55].
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Among the natural substances that present antimicrobial action, phenolic compounds act through
the permeabilization of the microbial cytoplasmic membrane, inhibition of the synthesis of nucleic acids
of gram-negative and gram-positive bacteria [59], inhibition of the synthesis of ATP and interruption
of electron transport [60]. In addition to these mechanisms, flavonoids form complexes with proteins
through hydrogen bonds, and their antimicrobial activity is related to the inhibition of microbial
adhesins, enzymes and protein transport [28].

Among the flavonoids present in HEGP, flavanone naringenin promotes the inhibition of
bacterial cytoplasmic membrane function, reducing its motility [59], even against methicillin-resistant
Staphylococcus aureus [28]. In addition, glycosylated phenolic derivatives are present in the extract and
are described by some authors as new types of hydrolysable tannins, which exert antimicrobial action
by breaking the permeability of the membrane of different microbial strains [61].

4. Materials and Methods

4.1. Preparation of the Hydroethanolic Extract of Geopropolis

Samples of geopropolis were obtained in Mato Grosso do Sul, Brazil (22°13'12" S-54°49'2" W).
The hydroethanolic extract of geopropolis (HEGP) was prepared in the proportions of 240 mL of
70% ethanol for each 80 g of powder geopropolis. The solution was then kept shaking in a closed
container for 24 h at room temperature. Subsequently, the extract was filtered, concentrated in a rotary
evaporator (Gehaka, Sao Paulo, SP, Brazil) at 40 °C and lyophilized to obtain the dry extract. The yield
of HEGP was 3.49%, and the final freeze-dried was stored at —20 °C protected from light.

4.2. Determination of Phenolic Compounds and Flavonoids

4.2.1. Phenolic Compounds

The concentration of phenolic compounds present in HEGP was determined by the
Folin—Ciocalteu colorimetric method. For this purpose, 0.5 mL of HEGP (100 png/mL) was added
to 2.5 mL of the Folin—Ciocalteau reagent and 2.0 mL of 14% sodium carbonate (Nap;COj3) solution.
Absorbance reading was performed at 760 nm after 2 h of incubation at room temperature in the dark.
To produce the calibration curve, gallic acid (0.4-16 pg/mL) was used as a standard. The average of
three readings was used to determine the content of phenolic compounds expressed in mg of GAE/g
of HEGP.

4.2.2. Total Flavonoids

To verify the concentration of flavonoids present in the extract, 0.5 mL of HEGP (100 ug/mL)
was mixed with 4.5 mL of methanolic solution of aluminum chloride hexahydrate 2% (AICl3-6H,0)
and incubated for 30 min at room temperature in the dark. After this period, absorbance reading
was performed at 415 nm. To produce the calibration curve, quercetin (0.4-16 ng/mL) was used as a
standard. The average of three readings was used to determine the flavonoid content expressed in mg
of QE/g of HEGP.

4.3. HPLC-DAD-MS Analyses

The HEGP (1 mg/mL) was injected into an ultra-fast liquid chromatograph UFLC (LC-20AD,
Shimadzu) coupled to a diode array detector operating at 240-800 nm and a mass spectrometer with
electrospray ionization (ESI) and the analyzers quadrupole-Time-of-Flight (QTOF) (micrOTOF-Q III,
Bruker Daltonics) monitoring between m/z 120 and 1200 in negative and positive ion mode, equipped
with a C-18 column (Kinetex, 150 x 2.2 mm id, 2.6 um) and using an oven temperature of 50 °C.
The mobile phase was deionized water (A) and acetonitrile (B), both with 0.1% formic acid (v/v), under
the following gradient profile: 0-8 min 3% B, 8-30 min 3-25% B, and 30-60 min 25-80% B, followed by
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washing and reconditioning of the column (8 min). The flow rate was 0.3 mL/min, and the injection
volume was 1 ul.

4.4. Antioxidant Activities

4.4.1. DPPH® Free Radical Capture Activity

For this experiment, 200 puL of the HEGP was mixed with 1800 pL of 0.11 mM
2,2-diphenyl-1-picrylhydrazyl (DPPH®) radical solution in 80% ethanol. The final concentrations
of the extract ranged from 0.1 to 200 png/mL. The mixture was incubated at room temperature in
the dark for 30 min. The absorbance was measured at 517 nm in a T 70 UV /VIS spectrophotometer
(PG Instruments Limited, Leicestershire, UK). Ascorbic acid and butylated hydroxytoluene (BHT)
were used as reference antioxidants. As control, 200 uL of the solvent (80% ethanol) was incubated
with 1800 uL of the DPPH® solution. Three independent experiments were performed in triplicate.
The percent inhibition was calculated from the control using the following equation:

Capture activity of DPPH® (%) = (1 — Absgample/ AbScontrol) % 100 1)

4.42. ABTS** Free Radical Capture Activity

The 2,2-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS**) radical was prepared from a
mixture of 5 mL of ABTS (7 mM) and 88 uL of potassium persulfate (140 mM) and incubated for 12-16 h
at room temperature in the dark. After this period, the ABTS** radical solution was diluted in absolute
ethanol until an absorbance of 0.70 &= 0.05 at 734 nm was obtained in a T 70 UV / VIS spectrophotometer
(PG Instruments Limited, Leicestershire, UK). Then, 20 uL. of HEGP was added to 1980 uL of the
ABTS** radical. The final concentrations of the extract ranged from 0.1 to 200 ug/mL. The mixture
was incubated at room temperature in the dark for 6 min. The absorbance was evaluated at 734 nm in
a T 70 UV/VIS spectrophotometer (PG Instruments Limited, Leicestershire, UK). Ascorbic acid and
BHT were used as positive controls. As control, 20 pL of the solvent (80% ethanol) was incubated
with 1980 pL of the ABTS®*" radical. Two independent experiments were performed in triplicate.
The percentage of ABTS®* radical inhibition was calculated according to the following equation:

Inhibition of the radical ABTS®" (%) = ((AbScontrol — AbSsample)/ AbScontrol) X 100 )

4.4.3. Antioxidant Assays in Human Erythrocytes

Preparation of the Erythrocyte Suspensions

Human erythrocyte assays were performed after receiving approval from the Research Ethics
Committee (Comité de Etica em Pesquisa, CEP) of the University Center of the Grande Dourados (Centro
Universitario da Grande Dourados, UNIGRAN), Brazil (CEP process number 123/12). Peripheral blood
from healthy donors was collected and placed in tubes containing sodium citrate. The tubes were
then centrifuged at 700x g for 10 min, and the blood plasma and leukocyte layer were discarded.
The erythrocytes were washed three times with 0.9% sodium chloride (NaCl) solution, and then, a 10%
erythrocyte suspension in 0.9% NaCl solution was prepared for the inhibition assays of oxidative
hemolysis and malondialdehyde, determined using the method described by Campos et al. [62].

Inhibition of Oxidative Hemolysis

The protective effect of HEGP was evaluated according to the method described by
Campos et al. [55]. Erythrocytes were pre-incubated at 37 °C for 30 min in the presence of different
concentrations of HEGP (5-125 pg/mL). After this period, the samples received only 0.9% NaCl
solution to investigate the hemolytic action of the extract or 50 mM AAPH to evaluate its anti-hemolytic
activity. As a negative control, erythrocytes were incubated with ethanol at a final concentration of 1%,
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and ascorbic acid was used as a positive control at the same concentrations as HEGP. The treatments
were incubated at 37 °C with periodic homogenization. The hemolysis content was determined after 120,
180 and 240 min of incubation. Samples were centrifuged at 400x g/10 min, and the supernatant was
transferred to tubes containing 0.9% NaCl solution to perform the reading at 540 nm ina T 70 UV/VIS
spectrophotometer (PG Instruments Limited, Leicestershire, UK). As a control of total hemolysis, human
erythrocytes were incubated with distilled water. Three independent experiments were performed in
duplicate. The percentage of hemolysis was calculated according to the following equation:

Hemolysis (%) = (Abssample/ Absiotal hemolysis) x 100 3)

Dosage of Malondialdehyde (MDA)

The ability of HEGP to inhibit the lipid peroxidation process was investigated in human
erythrocytes incubated with the oxidizing agent AAPH, and the MDA concentration was determined
as described by Campos et al. [55]. For this experiment, the erythrocytes were pre-incubated at 37 °C
for 30 min with different concentrations of HEGP (5-125 pg/mL). Erythrocytes incubated with ethanol
at the final concentration of 1% were used as a negative control, and ascorbic acid was used as a
positive control at the same concentrations as HEGP. Then, AAPH solution (50 mM) was added and
the samples incubated at 37 °C for 4 hours with periodic homogenization. After this time, the samples
were centrifuged at 700x g/10 min, and 0.5 mL of the supernatant was mixed with 1 mL of 10 nmol
thiobarbituric acid (TBA) dissolved in 75 mM potassium phosphate monobasic buffer at pH 2.5. As a
standard control, 0.5 mL of MDA solution (20 uM) was incubated with 1 mL of TBA. Samples were
maintained at 96 °C for 45 min. After cooling the solution, 4 mL of n-butyl alcohol was added, followed
by centrifugation at 1600x g/5 min. The supernatant from the samples was analyzed at 532 nm in
a T 70 UV /VIS spectrophotometer (PG Instruments Limited, Leicestershire, UK). Two independent
experiments were performed in duplicate. The MDA levels of the samples were expressed in nmol/mL,
obtained by the following formula:

MDA (nmol/mL) = ABSsample x ( 20 x 220.32 )

ABSstandardMDA )

4.5. Anti-Inflammatory Activity—Hyaluronidase Assay

Inhibition of the activity of the hyaluronidase enzyme was determined using the method described
by Silva et al. [63] The reaction mixture consisted of 50 uL of HEGP (0.2-75 mg/mL) and 50 pL of
the enzyme hyaluronidase (350 units) (type IV-S: bovine tests, Sigma, St. Louis, MO, USA) incubated
at 37 °C for 20 min. Then, 1.2 uL of calcium chloride solution (2.5 x 103> M) was added to activate
the enzyme and kept at 37 °C for 20 min. After this period, 0.5 mL of hyaluronic acid sodium salt
substrate (0.1 M) was added and the solution incubated at 37 °C for 40 min. Subsequently, 0.1 mL of
potassium tetraborate (0.8 M) was added and the solution incubated at 100 °C for 3 min. The solution
was then cooled, and 3 mL of p-dimethylaminobenzaldehyde was added, followed by incubation at
37 °C for 20 min. Finally, the absorbance was measured at 585 nm in a T 70 UV / VIS spectrophotometer
(PG Instruments Limited, Leicestershire, UK), using distilled water as a control. The experiments were
performed in triplicate. The percentage of hyaluronidase enzyme inhibition was calculated according
to the following equation:

Inhibition of the enzyme hyaluronidase (%) = ((AbScontrol — AbSsample)/ AbScontrol) X 100 (5)

4.6. Antimutagenic Activity

To investigate the antimutagenic potential of HEGP, strains of Saccharomyces cerevisiae D7 diploid
(American Type Culture Collection, ATCC 201137) were used, according to the method described by
Pascoal et al. [43]. The S. cerevisiae colonies were evaluated for the frequency of spontaneous gene
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conversions at the tryptophan locus and reverse mutations at the isoleucine locus, before experimental
use. Culture cells with low spontaneous gene conversion and low reverse mutation frequency were
cultured in liquid medium at 28 °C until they reached the stationary growth stage. They then
underwent sedimentation and were resuspended in sterile potassium phosphate buffer (0.1 M), pH 7.4,
until a final value of 2 x 10® cells/mL was obtained. The mutagenic agent ethyl methanesulfonate
(EMS) (5 mg/mL) was added together with HEGP, evaluated at concentrations of 1.5 and 3.0 mg/mL.
The mixture was incubated with stirring for 2 h at 37 °C. After this period, the cells were plated in
complete and selective medium to determine yeast survival, tryptophan converters and isoleucine
reversers. The experiments were performed in triplicate.

4.7. Antimicrobial Activity

The antimicrobial activity of HEGP was investigated in microorganisms collected from biological
fluids at the Hospital Center and identified in the Microbiology Laboratory of Escola Superior
Agraria (ESA) de Braganca, Portugal. Reference strains were obtained from the authorized
ATCC distributor (LGC Standards SLU, Barcelona, Spain). The microorganisms used were
Staphylococcus aureus ATCC 6538™, methicillin-resistant S. aureus ESA 175, methicillin-resistant
S. aureus ESA 159, Enterococcus faecalis ATCC 43300™, vancomycin-resistant E. faecalis ESA 201,
vancomycin-resistant E. faecalis ESA 361, Escherichia coli ATCC 29998™, cephalosporin-resistant E. coli
ESA 37, cephalosporin-resistant E. coli ESA 54, Pseudomonas aeruginosa ATCC 15442, imipenem-resistant
P. aeruginosa ESA 22, imipenem-resistant P. aeruginosa ESA 23, Cryptococcus neoformans ATCC 32264,
amphotericin B-resistant C. neoformans ESA 211, amphotericin B-resistant C. neoformans ESA 105,
Candida albicans ATCC 10231™, amphotericin B-resistant C. albicans ESA 100 and amphotericin
B-resistant C. albicans ESA 97.

The microorganisms were stored in Muller-Hinton medium supplemented with 20% glycerol at
70 °C prior to experimental use. The inoculum was then prepared by dilution of the cell mass in 0.85%
NaCl solution, adjusted to 0.5 on the MacFarland scale, as confirmed by spectrophotometric reading
at 580 nm for bacteria and 640 nm for yeast. Antimicrobial assays were performed as described by
Silva et al. [63] using Nutrient Broth (NB) for bacteria or Yeasts Peptone Dextrose (YPD) for yeast
in microplates (96 wells). The HEGP was diluted in dimethylsulfoxide (DMSO) and transferred to
the first well, followed by serial dilution. The inoculum was added to all wells (104 Colony Forming
Units (CFU)/mL), and the plates were incubated at 37 °C for 24 h for bacteria and at 25 °C for 48 h for
yeast. Gentamicin and amphotericin B were used as antibacterial and antifungal controls, respectively.
A negative control (medium only), a positive control (inoculated medium) and a DMSO control
(DMSO with inoculated medium) were performed in each experiment. After the incubation period, the
antimicrobial activity was detected by the addition of 20 pL of 2,3,5-triphenyl-2H-tetrazoliumchloride
(TTC) solution (5 mg/mL). The minimum inhibitory concentration (MIC) was defined as the lowest
concentration of HEGP that visibly inhibited the growth of microorganisms, as indicated by TTC
staining, which marks viable cells.

To determine the minimum bactericidal concentration (MBC) and minimum fungicidal
concentration (MFC), 20 pL of the last well where growth was observed and from each well where no
color changes were seen was seeded in NB or YPD and incubated for 24 h at 37 °C for bacteria growth
and 48 h for yeast growth. The lowest concentration that did not result in growth (<10 CFU/plate)
after this subculture process was considered the MBC or MFC. The experiments were performed in
triplicate, and the results were expressed in mg/mL.

4.8. Statistical Analyses

The data are shown as the mean 4= SEM and were analyzed for statistically significant differences
between groups using one-way analysis of variance (ANOVA) followed by Dunnett’s test for the
comparison of more than two groups using the Prism 5 GraphPad Software (GraphPad Software Inc.,
San Diego, CA, USA). The results were considered significant when p < 0.05.
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5. Conclusions

In conclusion, this study demonstrates the presence of bioactive compounds in the hydroethanolic
extract of M. orbignyi geopropolis, as well as its antioxidant, anti-inflammatory, antimutagenic and
antimicrobial activities.
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AAPH 2,2'-Azobis (2-methylpropionamidine) dihydrochloride
ABTS** 2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)
ATCC American Type Culture Collection

BHT Butylated hydroxytoluene

DPPH*® 2,2-Diphenyl-1-picrylhydrazyl

EMS Ethyl methanesulfonate

ESA Escola Superior Agraria

GAE Gallic acid equivalents

HEGP Hydroalcoholic extract of geopropolis
MDA Malondialdehyde

MBC Minimum bactericidal concentration
MIC Minimum inhibitory concentration
MEFC Minimum fungicidal concentration

M. orbignyi Melipona orbignyi

NaCl Sodium chloride

QE Quercetin equivalents

SEM Standard error of the mean

TBA Thiobarbituric acid

TTC 2,3,5-Triphenyl-2H-Tetrazoliumchloride
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