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Resumo

SANTOS, Fernanda Carlini Cunha. Utilizacdo de extrato de prdpolis verde no
resfriamento de sémen equino. 2014. 30f. Dissertacdo (Mestrado) - Programa de
P6s-Graduagdo em Medicina Veterinaria. Universidade Federal de Pelotas, Pelotas.

O resfriamento seminal tem como intuito o prolongamento da viabilidade
espermatica e capacidade fecundante pela reducdo no metabolismo energético dos
espermatozoides, proporcionando periodo habil para transporte do sémen do
garanhdo até a égua. O processo de resfriamento pode resultar em alteracbes
ultraestruturais, bioquimicas e funcionais na célula espermatica. O objetivo deste
experimento foi avaliar o efeito do extrato de propolis verde adicionado ao diluente
para resfriamento de sémen equino a 5°C. Para isso, foram coletados 4 ejaculados
de 5 garanhfes da raca Crioula e Quarto de Milha (n=20). Estes ejaculados foram
submetidos aos seguintes tratamentos: controle (diluente a base de leite desnatado)
e grupos com adicdo de extrato de prépolis verde em diferentes concentracdes
(2,5ul/mL;  5pl/mL; 7,5ul/mL; 10ul/mL). As analises esperméaticas incluiram
motilidade, funcionalidade mitocondrial, integridade de membrana plasmatica, DNA e
acrossoma, sendo utilizados ejaculados contendo =70% de células integras as Oh.
As avaliacdes foram realizadas as 0; 30; 60; 120; 180; 240; 300; 360 e 1440 minutos
durante o resfriamento a 5°C. Os parametros seminais diminuiram de acordo com o
aumento do tempo em resfriamento em todos tratamentos (P<0,05). A motilidade
espermatica atingiu 0% em 360 minutos nos tratamentos com propolis. A adicdo de
extrato de prépolis verde ao diluente de resfriamento seminal manteve as
caracteristicas estruturais da célula espermatica equina, no entanto prejudicou as
carateristicas funcionais.

Palavras-chave: Diluente. Espermatozoide. Garanhao. Refrigerado.



Abstract

Santos, Fernanda Carlini Cunha. Utilizacdo de extrato de prépolis verde no
resfriamento de sémen equino. 2014. 30f. Dissertacdo de Mestrado - Programa de
Pos-Graduacdo em Medicina Veterinaria. Universidade Federal de Pelotas, Pelotas.

Seminal cooling aims to prolong spermatic lifespan and fertilizing capacity due to
reduction in energy metabolism of spermatozoa, providing enough period for
transportation from the stallion to the mare. Cooling process can result in
ultraestructural, biochemical and functional alterations to spermatozoa. The aim of
this study was to evaluate the effect of green propolis hydroalcoholic extract (GPHE)
added into equine semen extender and stored at 5°C. For that, semen was collected
from five stallions (Crioulo and Quarter horse) in four opportunities (n=20). These
ejaculates were submitted to the following treatments: control group (skim milk
glucose semen extender) and groups with the addition of green propolis extract in
different concentrations (2,5pl/mL; 5ul/mL; 7,5ul/mL; 10ul/mL). Seminal analyses
included motility, mitochondrial functionality, integrity of plasma membrane, DNA and
acrossome, being used ejaculates with =270% of intact cells. Evaluation was
performed at 0; 30; 60; 120; 180; 240; 300; 360 and 1440 minutes during cooled
storage at 5°C. Seminal parameters declined according to storage time in all
treatments (P<0.05). Sperm motility reached 0% in 360 minutes in the groups with
propolis. The addition of green propolis extract into the semen extender maintained
structural characteristics of stallion sperm cell, however it was detrimental no
functional characteristics.

Keywords: Cooling. Equine. Extender. Spermatozoa.
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1 INTRODUCAO

A industria equina exerce importante papel na economia brasileira. O Brasil
possui 0 maior rebanho de equinos da América Latina e o 3° maior rebanho do
mundo, perdendo apenas para China (1°) e México (2°). O rebanho efetivo é de
aproximadamente 8,5 milhdes de equinos e 1,2 milhdes de muares e jumentos. A
producdo de equinos gera 3,2 milhbes de empregos diretos e indiretos,
movimentando 7,3 bilhdes de reais/ano (MAPA, 2014). Esta crescente e constante
valorizagdo econdmica estimula investimentos na criagao de equinos.

Em relacdo a reproducdo equina, a principal biotecnologia € a inseminacgao
artificial (1A) (LOOMIS, 2006). Esta biotécnica consiste na coleta de sémen de um
garanhdo e manipulacdo do ejaculado para posterior deposicéo no trato reprodutivo
de uma égua. Em equinos, a IA pode ser realizada com sémen fresco, resfriado e
congelado, sendo que no Brasil destaca-se a realizacdo de inseminagdes com
sémen resfriado pela facilidade de transporte do material ao invés de transportar
garanhdes e éguas.

O principal objetivo do resfriamento seminal € prolongamento da viabilidade
espermatica e capacidade fecundante pela reducdo no metabolismo energético dos
espermatozoides, proporcionando periodo habil para transporte do sémen
(GRAHAM, 2011). As taxas de prenhez obtidas por IA com sémen resfriado a 5°C
por até 24h sdo semelhantes as obtidas com sémen fresco (JASKO et al., 1992).

Durante o periodo de resfriamento, o sémen € mantido em baixas
temperaturas apos diluicdo em diluente seminal especifico para espécie. As
principais fungBes dos diluentes de sémen incluem aumento no volume total do
ejaculado, protecdo contra choque térmico, protecdo contra alteragcdes no pH,
fornecimento de energia disponivel ao espermatozoide, balanco eletrolitico, balanco
osmotico e inibicdo do desenvolvimento bacteriano (VERSTEGEN et al., 2005).

O processo de criopreservagcdao pode causar danos ultraestruturais,
bioguimicos e funcionais na célula espermatica (WATSON et al.,, 2000). A
constituicdo da membrana plasmatica com elevada taxa de &acidos graxos

insaturados predispde ao choque térmico e aumenta a susceptibilidade dos
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espermatozoides frente danos oxidativos causados pelas espécies reativas de
oxigénio (ROS). Todos os componentes celulares incluindo lipidios, proteinas,
acidos nucleicos e acucares sao potenciais alvos do estresse oxidativo (AGARWAL
et al.,, 2008). Em baixa concentracdo, as ROS sdo consideradas fisiologicas,
atuando como mediadoras da fung¢do espermatica (GRIVEAU et al., 1997). Porém,
em alta concentracdo as ROS podem prejudicar a motilidade, capacidade de
fertilizacdo (BAUMBER et al., 2000), afetar vias metabdlicas relacionadas a
producdo de ATP (ARAMLI et al.,2013), diminuindo assim a disponibilidade de
energia para 0 metabolismo basal da célula espermatica. O processo de
resfriamento resulta em injlrias as organelas da célula espermatica, sendo que a
adicao de substancias com acao antioxidante ao meio diluidor auxilia na protecdo do
espermatozoide.

Os antioxidantes s&o substancias que atuam na regulacdo, remocédo e
supressao da formacéo de ROS (SIKKA, 2004; MANEESH & JAYALEKSHMI, 2006),
evitando o inicio ou a propagacéo das reacdes em cadeia de oxidacédo (DEGASPARI
& WASZCZYNSKYJ, 2004) na maioria dos tecidos e fluidos organicos (BARREIROS
et al.,, 2006). A adicdo de substancias antioxidantes em concentracdes adequados
ao diluente de resfriamento tem como intuito auxiliar o prolongamento da viabilidade
espermatica.

A propolis é uma substancia resinosa de composicdo complexa, coletada
pelas abelhas (Apis melifera) a partir de heterogéneos tipos de plantas, com amplo
espectro de atividades bioldgicas, tais como antibidtica, antifingica, antiviral, anti-
inflamatéria, antitumoral e antioxidante (CASTILHO et al., 2009). Esta substancia é
composta principalmente por 55% de resinas vegetais, 30% de cera de abelha, 10%
de Oleos essenciais e 5% de pélen (GHISALBERTI, 1979). A diferenca entre os tipos
de prépolis esta relacionada a origem boténica e a espécie de abelha. A propolis
verde € um composto encontrado somente no Brasil, principalmente na regido de
Sao Paulo e Minas, e esta associada a planta Baccharis dracunculifolia (PARK et al.,
2002). O arbusto alecrim-do-campo (Baccharis dracunculifolia) € considerado uma
invasora em varias regiées do pais, sendo a prépolis produzida por abelhas a partir
dos 4pices vegetativos desta planta (BANKOVA et al., 1999; OLIVEIRA & BASTOS,
1998).

A propolis possui mais de 160 componentes quimicos, dentre estes ha

flavanoides, acidos aromaticos, terpenoides, aldeidos, alcoois, acidos alifaticos e
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ésteres, aminoacidos, esterbides, acucares entre diversos outros (MARCUCCI,
1995). Em humanos, resultados evidenciam que a propolis tem capacidade de
proteger a célula espermatica frente a acao deletéria do estresse oxidativo (RUSSO,
et al.,, 2006). Em caprinos, estudos indicam que a propolis ndo apresenta efeito
benéfico na criopreservacdo seminal (CASTILHO et al., 2009). Em contrapartida,
OGRETMEN et al. (2014) avaliou o efeito deste composto na criopreservacdo de
sémen de carpas e verificou maiores taxas de motilidade espermatica e capacidade
de eclosdo de ovos nos grupos tratados com prépolis.

Na busca por novas alternativas de antioxidantes de origem natural, que nao
sejam toxicos para os espermatozoides, a propolis verde pode ser uma alternativa
na composicao de diluentes para o resfriamento de sémen equino com intuito de

melhorar a qualidade espermatica.



2 OBJETIVOS

2.1 OBJETIVO GERAL

Determinar o efeito da adi¢cao de extrato de propolis verde no diluente de

resfriamento de sémen equino.

2.2 OBJETIVO ESPECIFICO

Avaliar o efeito da adicao de diferentes concentracdes de extrato de propolis
verde em diluente de resfriamento de sémen equino sobre a preservagcédo da
motilidade, funcionalidade de mitocondria, integridade de membrana, DNA e

acrossoma.
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GREEN PROPOLIS EXTRACT IN STALLION SEMEN

3.1 Abstract

The aim of this study was to evaluate the effect of green propolis
hydroalcoholic extract (GPHE) added into equine semen extender and stored at 5°C.
It was performed 4 seminal collection from 5 fertile stallions (Crioulo and Quarter
horse), totalizing 20 ejaculates. These ejaculates were submitted to the following
treatments: control group (skim milk glucose semen extender) and groups with the
addition of green propolis extract in different concentrations (2,5ul/mL; 5Sul/mL;
7,5ul/mL; 10ul/mL). Seminal analyses included motility, mitochondrial functionality,
integrity of plasma membrane, DNA and acrosome at 0; 30; 60; 120; 180; 240; 300;
360 and 1440 minutes during cooled storage at 5°C. Parameters declined according
to storage time in all treatments. Motility reached 0% in 360 minutes in all groups with
GPHE. Addition of green propolis extract into the semen extender maintained
structural characteristics of stallion sperm cell, however it was detrimental to

functional characteristics during cooled storage.

Key-words: cooling, equine, extender, spermatozoa.

3.2 Introduction

Cooled-transported stallion semen is commonly used to breed horses but
fertility achieved from breeding with this material is frequently reduced, as compared
to breeding mares with fresh semen (Brinkerhoff et al., 2010). Many factors affect
fertility rate of cooled semen and this include semen processing and cooling
methodology, type of extender and individual differences inherent to stallions (Aurich,
2008). It is know that semen quality declines over time after collection, extension and
cooled storage.

Cooling process induces cellular injuries, which is associated with membrane
lipids disruption, resulting in mitochondrial damage and loss of plasma membranes
and acrosome integrity (Parks & Graham, 1992). These events are accompanied by

loss of maotility, viability and fertilizing capacity of spermatozoa, being this
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phenomenon called cold shock (Watson, 2000). Addition of antioxidants compounds
aims to reduce these physiological changes from occurring during cooling process.
Free radical induced oxidative damage to spermatozoa is one such condition which
has recently gained a considerable attention for its role in inducing poor sperm
function and infertility (Russo et al., 2006). Antioxidant activity of several compounds
are been researched, aiming to reduce this phenomenon and to prolong the lifespan
of cooled stallion semen (Ball et al., 2001; Ball, 2008).

Propolis is a natural resinous hive product with a complex chemical
composition, which is collected by honeybees (Apis mellifera) from buds of different
trees and modified in the beehive by addition of salivated secretions and wax. This
natural compound is composed mainly with 55% vegetable resins, 30% beeswax ,
10% essential oils and 5% pollen (Ghisalberti, 1979). The difference between the
types of propolis is related to the botanical origin and bee specie. Green propolis is a
compound found only in Brazil, in the S&o Paulo and Minas state, and it is associated
to the plant Baccharis dracunculifolia (Park et al., 2002). This compound presents
plenty of biological and pharmacological properties, such as immunomodulatory,
antitumor, antiinflammatory, antibacterial, antiviral, antifungal, antiparasite and
antioxidant activities (Sforcin et al., 2000; Gekker et al., 2005; Orsi et al., 2006;
Freitas et al., 2006).

The most common formulation is propolis ethanol extract and this compound
poses immunological properties in animals and humans (Frankiewicz & Scheller,
1984). In humans, results suggest that propolis possess the capacity to protect
sperm cells from deleterious effect of oxidative attack (Russo et al., 2006). In boar,
studies indicate that propolis did not possess positive effect on seminal
cryopreservation (Castilho et al., 2009). On the other hand, Ogretmen et al. (2014)
evaluated the effect of this compound in cryopreservation of carp sperm and reported
higher motility and hatching ability in the groups treated with propolis. Because of
these properties and the different uses of propolis, there is a renewed interest in its
anti-oxidant activities and in vitro methods are useful for preliminary investigation of
this natural product potential use (Heinrich et al., 2008).

The present study aimed to evaluate the effect of green propolis
hydroalcoholic extract (GPHE) in stallion sperm parameters during chilled storage at
5°C.
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3.3 Materials and Methods

It was performed 4 seminal collection from 5 fertile stallions (Crioulo and
Quarter horse), aged 3 to 7 years, totalizing 20 ejaculates.

All stallions were allocated in the city of Pelotas, Rio Grande do Sul (RS),
Brazil. The ejaculates were collected during reproductive season, after 2 days of
sexual arrest. A mare in estrus was used for semen collection using an artificial
vagina (Hannover model, Minitub, Tiefenbach, Germany) fitted with a nylon
micromesh filter (Animal Reproduction Systems, Chino, CA, USA). Ejaculates with
270% progressive motility and morphologically normal sperm were used in the
experiment (CBRA, 2013).

The green propolis was collected in S&o Paulo state, Brazil, by Apis Nativa
Produtos Naturais Ltda (PRODAPYS) and stored at 5°C. The extract was prepared in
Federal University of Pelotas (UFPel), according to the technique described by
Paulino et al. (2002) modified. A sample of propolis was frozen at -70°C for later
grinding. Extraction was performed in a solution with alcohol 96° GL, under stirring, at
37°C for 24 hours. Next, the solvent was evaporated and the resulting dry matter was
dissolved in phosphate buffer (pH 6.2) at a final concentration of 40 mg/mL (Fischer
et al., 2010). Chemical composition was determined by high performance liquid
chromatography (HPLC) with a device Hitachi-Merck (Germany) equipped with a
pump (Model L-7100 Merck-Hitachi) and a detector drag (L-7455, Merck-Hitachi).
Separation was performed on a Lichrochart 125-4 column (Merck, Darmstadt,
Germany) as described by Marcucci et al. (2001). Components detection were
monitored at 280 nm and standard compounds were co-chromatographed with the
extract. Data analysis was performed on Merck-Hitachi D-7000 (Chromatography
Data Station - DAD Manager). Green propolis extract composition is exposed in
Table 1. The GPHE pH was 3.9 and was adjusted to 6.7, similar to the base
extender.

Semen samples were diluted in skim glucose-milk base extender (Kenney,
1975) at concentration of 50x10° spermatozoa/mL. Next, semen samples were
submitted to the following treatments: control group (only skim milk glucose semen
extender) and groups with the addition of green propolis extract in different
concentrations (2.5ul/mL; 5pl/mL; 7.5ul/mL; 10pl/mL). After submission to treatment,

semen samples were stored at 5°C in a commercial refrigerator (Minitub™).
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Samples were evaluated immediately after warming-up, in a 37 °C water bath
for 5 minutes prior to analysis, following 0; 30; 60; 120; 180; 240; 300; 360 and 1440
minutes of storage at 5°C. Parameters analyzed were: motility, mitochondrial
functionality, integrity of plasma membrane, DNA and acrosome of stallion

spermatozoa.

Table 1. Green propolis hydroalcoholic extract composition.

Compound Concentration (mg/g)
P-coumaric acid 4.673
3-prenyl-4-hydroxycinnamic acid 1.951
Canferide 5.623
3,5-diprenyl-4-hydroxycinnamic acid 16.322
Cinnamic acid derivative 6.692
6-propenoic acid-2 ,2-dimethyl-8-prenyl-2H-1-benzopyran 0.163

Sperm concentration was determined using a Neubauer chamber in an optic
microscope at 400x magnification. Morphology was assessed in a slide covered with
a coverslip in a phase-contrast microscope at 1000x magnification. Motility was
assessed by a single trained person, in a heated slide covered with a coverslip in
phase-contrast microscopy at 200x magnification (BX 41 Olympus Ameérica, Inc., Sao
Paulo, SP, Brazil). Mitochondrial functionality was examined by staining the cells with
Rhodamine 123 (Sigma 83702), which is selectively accumulated by the
mitochondria. Intense green accumulate in the intermediate piece was consider intact
and mat green was considered damaged (Grasa et al., 2004). Plasma membrane
integrity was evaluated using the fluorescent probes carboxyfluorescein diacetate
(Sigma C5041) and propidium iodide (Sigma P4170), as described by Harrison and
Vickers (1990). Green and red fluorescence were interpreted as an intact and
damaged membrane, respectively. The DNA integrity was evaluated with acridine
orange (Sigma A6014) test. Green and red fluorescence were interpreted as an
intact and damaged DNA, respectively (Bencharif et al., 2008). Acrosome integrity
was evaluated with propidium iodide and FITC-PNA (Sigma L7381) dyes as
described by Garcia-Macias et al. (2007). Sperm were classified as having an intact
acrosome when this local was stained homogeneous fluorescent green, and a

reacted acrosome when the fluorescent green was present in the sperm equatorial
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region or when it was absent from the head. These parameters were analyzed in an
epifluorescence microscope (Olympus BX 51, América INC, Sdo Paulo, Brazil) at
1000x magnification and 100 spermatic cells were counted.

All variables were normally distributed according to the Shapiro-Wilk test. The
combinations effects of Time x Treatment on the responses were tested by ANOVA,
with comparisons of means performed with Tukey’s test. The program Statistix 9°
(Statistix, Statistix 9 for Windows, Analytical Software, Tallahassee, FL, USA, 2008)
was used for statistical analyses. Significance was assigned to all values P<0.05.

This experiment used animals in the experimental model and had the approval
of the Institutional Research Ethics Committee of UFPel by the number 1946.

3.4 Results

From 60 minutes, motility declined significantly in all treatments. Since 30
minutes, motility in treated groups were inferior to the control (P<0.05). After 360
minutes of cooled storage, motility reached 0% in the treatments with propolis (Table
2).

Table 2. Motility (mean+standard error mean) of stallion semen (n=20) submitted to different

treatments with green propolis hydroalcoholic extract (GPHE) into extender and stored at 5°C for 1440

minutes.
Minutes Control 2.5ul/mL Sul/mL 7.5ul/mL 10pl/mL
0 94.0 + 0.4"¢ 94.0 + 0.4"¢ 94.0 + 0.4"% 94.0 + 0.47° 94.0 + 0.47°
30 92.0 +0.5"*® 75.0+1.7°%% 752+1.9°%% 73.0+1.3°° 65.7 +3.7°%
60 91.5+05"**  60.5+3.6°" 53.5+4.4°" 520+36°"° 475+39°"
120 90.0+0""™ 445 +35°%%% 442 +39°%°  435+45°°° 395+4.1°°
180 89.5 + 0.3 34.7 +4°° 322+3.2°8%  330+3.2°8" 28.5 +3 B
240 88.0+05"%  28.2+42° 23.7 +2 5% 22.7+1.7°° 197 +22°"
300 88.0+05"  10.0+1.4°% 7.7+1°%€ 9+1.2°%% 7.2+1.4°%%¢
360 88.0 + 0.5 0.0+0.0°% 0.0+0.0°% 0.0+0.0°% 0.0+0.0°%%
1440 54.0 + 4.1 "¢ 0.0+0.0°%¢ 0.0+0.0°%¢ 0.0 +0.0°¢ 0.0 +0.0°¢

ab,c.de

AB Different letter indicates statistical difference in lines (ANOVA, P<0.05)

Different letter indicates statistical difference in columns (ANOVA, P<0.05)

Control group (only skim milk glucose semen extender) and groups with the addition of GPHE

in different concentrations 2.5ul/mL; 5ul/mL; 7.5ul/mL; 10ul/mL

Regarding mitochondrial functionality, cooling process reduced this organelle

quality with no statiscal difference between all treatments (Table 3).
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Table 3. Mitochondrial functionality (mean+standard error mean) of stallion semen (n=20)

submitted to different treatments with green propolis hydroalcoholic extract (GPHE) into extender and

stored at 5°C for 1440 minutes.

Minutes Control 2.5ul/mL S5ul/mL 7.5ul/mL 10pl/mL
0 75.4+3.8° 75.4+3.8° 75.4 + 3.8° 75.4 + 3.8° 75.4 + 3.8°
30 60.3+6.1% 541+73% 54.7+7.0% 55.8+6.9% 52.1+6.8%
60 57.5+55% 51.4 +6.9*° 43.6 +6.4%° 50.5+6.7% 46.8+6.1%
120 436 +5.7" 42.6+5.4° 37.2+55" 43.3+53" 41.8+6.1"
180 37.9+6.2" 37.5+54% 39.9+6.0% 35.1 +7.6" 33.1+6.9°
240 36.3+6.2" 32.4+6.9° 34.4+53% 39.0+6.4" 34.4+6.4"
300 443 +4.9" 36.3 +5.7 °™ 38.6+7.1" 40.4 +7.4"° 37.2+7.3
360 415+ 4.8 29.7 + 4.6 °° 34.5 +7.4" 37.7 +7.2" 33.8 + 6.8
1440 21.4+3.4° 124+30° 17.3+4.0° 15.9 + 3.8° 185+5.7°
ab,c,de

Different letter indicates statistical difference in columns (ANOVA, P<0.05)

Control group (only skim milk glucose semen extender) and groups with the addition of GPHE

in different concentrations 2.5pl/mL; 5ul/mL; 7.5ul/mL; 10ul/mL

From 300 minutes, plasma membrane integrity declined significantly in the

control group and no period of time there was difference between all treatments

(Table 4).

Table 4. Plasma membrane integrity (meanz+standard error mean) of stallion semen (n=20)
submitted to different treatments with green propolis hydroalcoholic extract (GPHE) into extender and

stored at 5°C for 1440 minutes.

Minutes Control 2.5ul/mL Sul/mL 7.5ul/mL 10pl/mL
0 82.8+17° 82.8+1.7° 82.8+17° 82.8+1.7° 82.8+1.7°
30 79.7+28% 83.3+24°% 80.3+3.2% 776 +37% 79.6 +2.8%
60 755+2.9%® 76.1+4.7% 79.0 +3.7% 76.2 +3.9° 76.9 +3.8%
120 68.8 + 3.0 69.4 +2.9 % 71.3+3.0*° 69 +3.2% 67.9 +3.8%°
180 58.9+4.2" 60.5 + 4.2 66.6 + 4.6 60.5+4.6 ™ 57.7 + 4.3%
240 65.2+3.6*° 53.7 + 6.3 50.4 +6.2% 46.3+5.7" 54.7 + 6.1°
300 525+55° 39.7+52° 41.7 +55° 435+6.3° 43.2+7.0°
360 51.1+58° 38.2+56"° 41.6+6.4° 43.6 +6.8° 38.9 +6.3°
1440 52.2+36° 36.6 +4.5° 432+46° 37.6 +4.3° 37.6+5.1°

abtde pifferent letter indicates statistical difference in columns (ANOVA, P<0.05)

Control group (only skim milk glucose semen extender) and groups with the addition of GPHE

in different concentrations 2.5ul/mL; 5ul/mL; 7.5ul/mL; 10ul/mL

DNA integrity declined during the evaluation period with no statiscal difference

between treatments (Table 5).
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Table 5. DNA integrity (mean+standard error mean) of stallion semen (n=20) submitted to

different treatments with green propolis hydroalcoholic extract (GPHE) into extender and stored at 5°C

for 1440 minutes.

Minutes Control 2.5ul/mL S5ul/mL 7.5ul/mL 10pl/mL
0 99.1+0.1° 99.1+0.1°2 99.1+0.1°2 99.1+0.1° 99.1+0.1°
30 82.4+6% 83+6.2%° 80.7 +6.2"° 82.4 + 5.4 76.5+7.0%
60 83+4.3% 87.6 +3.2%° 84.8 + 4.0 87.8 + 6.3 83.5+4.6%
120 80.9 +3.8" 84.4 + 35" 84.9 +4.2"° 87.8 + 3.6 87.7 +3.4"
180 89.9+28% 87.7+4.8% 92.9+26% 87.1 +4.6%° 91.7 +3.2%
240 87 +4.3% 92.1 +23% 84.6 +56% 89.8+3.7% 85.1+55%
300 86.9 +3.6" 84.3 +5.0%° 88.0 + 4.4%° 85.9 + 4.2%% 86.7 +5.1%°
360 82.3+36" 78.0+5.0° 84.4 + 43" 81.8+3.7% 80.9 + 5.4
1440 83.1+3.4° 77.2+45° 82.3+39° 80.7 + 3.6¢ 77.9+46°
ab,c,de

Different letter indicates statistical difference in columns (ANOVA, P<0.05)

Control group (only skim milk glucose semen extender) and groups with the addition of GPHE

in different concentrations 2.5ul/mL; 5ul/mL; 7.5ul/mL; 10pl/mL

Acrosome integrity decreased according to increased storage time with no

statistical difference between treatments (Table 6).

Table 6. Acrosome integrity (mean+standard error mean) of stallion semen (n=20) submitted

to different treatments with green propolis hydroalcoholic extract (GPHE) into extender and stored at

5°C for 1440 minutes.

Minutes Control 2.5ul/mL Sul/mL 7.5ul/mL 10pl/mL
0 73.0 + 6.3° 73.0 +6.3° 73.0 + 6.3° 73.0 +6.3° 73.0 +6.3°%
30 587 +7.2% 78.1+4.0° 62.9+6.6°% 67.5+6.6° 60.4 +7.1%
60 54.6 + 6.7% 59.1+7.5% 54.0+7.7% 67.5+50% 68.7 +4.2%
120 575+7.6% 70.0 +5.9% 66.3+7.0% 63.7 +6.4% 61.7 +8.3%
180 575+55% 70.1+54°% 54.4+7.4°% 69.2+6.2° 73.3+4.9%
240 55.7 +5.9% 493+7.9% 60.7 +6.9% 46.7+7.9% 70.9 +8.4%
300 49.7 +7.2% 51.6 +8.7% 63.3+7.8% 46.1+7.3% 60.3+7.3%
360 431+72° 53.3+7.9% 60.7+7.0% 39.8+6.6" 61.0+58%

1440 58.7+6.9% 33.8+6.6" 47.8+7.0°% 39.7+7.0% 59.5+51%
ab,c,d,e

Different letter indicates statistical difference in columns (ANOVA, P<0.05)

Control group (only skim milk glucose semen extender) and groups with the addition of GPHE

in different concentrations 2.5ul/mL; 5ul/mL; 7.5ul/mL; 10pl/mL

3.5 Discussion
Cooled semen is worldwide used in equine breeding management and the

addition of antioxidants is been researched aiming to provide better sperm quality

during cooled storage at 5°C. In the present experiment, addition of green propolis
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extract at 2.5-10ul/mL did not improve sperm parameters during cooling. The
concentrations used were established based on previous results obtained in our lab
(unpublished data). Laboratorial evaluation was performed for 1440 minutes once
equine semen can be maintained refrigerated at 5°C for up to 24h. Supplementation
with antioxidants has been reported to improve the viability and motility of
cryopreserved spermatozoa of several mammalian species (Pomaraes et al., 1995;
Maxwell & Stojanov, 1996; Foote, 2002; Funahashi & Sano, 2005).

In goats, Castilho et al. (2009) researched about propolis and ascorbic acid on
semen cryopreservation and found that general means of sperm motility, vigor,
eosin-nigrosin test and hyposmotic swelling test obtained after thawing were
different, so that the extender with ascorbic acid and the control were similar and
higher than the extenders containing propolis. Authors concluded that propolis was
not effective in maintaining sperm integrity after thawing and consider this compound
toxic to goat spermatozoa.

In contrast with the present results, a study by Russo et al. (2006) indicated
that Chilean propolis hydroalcoholic extract has the capacity to protect human
spermatozoa from the genotoxic action of benzo[a]pyrene in vitro, and to contrast
strong oxidative attack, inhibiting lipid peroxidation and LDH release, which
decreasing membrane fluidity is involved in the reduction of fertilization capacity.
These authors reported the antioxidant action of propolis and its beneficial effect in
human spermatozoa regarding free radical release and this action was mainly
attributed to phenolic compounds.

Ogretmen et al. (2014) evaluated the effect of propolis on cryopreservation
and fertilization ability of carps (Cyprinus carpio) and observed that extenders
containing propolis exhibited higher percentage motility and motility duration than
control group. Concentrations of 0.8 mg ml™ and 1 mg ml* showed significant
positive effects on post thaw motility and hatching ability. These authors concluded
that propolis maintained spermatozoa integrity during fish semen cryopreservation
process.

In our study, it was investigated the effect of propolis on motility, mitochondrial
functionality, plasma membrane, DNA and acrosome integrity of stallion spermatozoa
stored at 5°C for 1440 minutes. In our conditions, no improvement in sperm
parameters was obtained by the addition of 2.5-10ul/mL of propolis into the cooling

extender.
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All treatments with propolis addition presented motility equal to 0% after 360
minutes of cooled storage. Stallion sperm need to sustain motility to reach and
fertilize the oocyte in the mare. The main energetic source for motility is ATP,
produced by mitochondria in the mid piece by aerobic respiration (Travis et al.,
1998). In low concentrations, ROS are considered physiological, acting as mediator
of sperm functions (Griveau et al., 1997). However, in high concentrations ROS may
affect negatively motility, fertilizing capacity (Baumber et al., 2000) and metabolic
pathways related to ATP production (Aramli et al., 2013), thus it may induce cellular
death due to lack of energy to basal metabolism of the cell. GPHE was able to
maintain morphological characteristics of stallion spermatozoa, although different

action of this compound was observed in functional characteristics.

3.6 Conclusion

Green propolis hydroalcoholic extract into stallion semen extender did not
compromised mitochondria functionality, integrity of plasma membrane, DNA and
acrosome of chilled-stored stallion spermatozoa at 5°C, however it induced a decline

in sperm motility.

3.7 Acknowledgements
This research was funded by CAPES and CNPqg. The authors thank the

stallions owner for providing semen samples.

3.8 References

Brinkerhoff, J.M.; Love, C.C.; Thompson, J.A.; Blodgett, G.; Teague, S.R;
Varner, D.D. Influence of mare age, pre-breeding mare status, breeding method, and
stallion on first-cycle pregnancy rates on a large commercial breeding farm. Anim.
Reprod. Sci. 2010, 121, 159-60.

Aurich, C. Recent advances in cooled-semen technology. Anim Reprod. Sci.
2008, 107, 268-75.

Parks, J.E.; Graham, J.K. Effects of cryopreservation procedures on sperm
membranes. Theriogenology. 1992, 38, 209-22.

Watson, P.F. The causes of reduced fertility with cryopreserved semen. Anim.
Reprod. Sci. 2000, 60-61, 481-492.



24

Russo, A.; Troncoso, N.; Sanchez, F. Propolis protects human spermatozoa
from DNA damage caused by benzo[a]pyrene and exogenous reactive oxygen
species. Life Sci. 2006, 78, 1401-1406.

Ball, B.A. Oxidative stress, osmotic stress and apoptosis: Impacts on sperm
function and preservation in the horse Anim. Reprod. Sci. 2008, 107, 3-4, 257-267.

Ball, B.A.; Medina, V.; Gravance, C.G.; Baumbe J. Effect of antioxidants on
preservation of motility,viability and acrosomal integrity of equine spermatozoa during
storage at 5 degrees C.Theriogenology. 2001, 56, 4, 577-589.

Ghisalberti, E.L. Propolis: A Review. B. World, 1979, 60, 59-84.

Park, Y.K.; Alencar, S.M.; Aguiar, C.L. Botanical origin and chemical
composition of brazilian propolis. J. Agric. Food. Chem. 2002, 50, 2502-2506.

Sforcin, J.M.; Fernandes J.A.; Lopes, C.A.M.; Bankova, V.; Funari, S.R.C.
Seasonal effect on Brazilian propolis antibacterial activity. J. Ethnopharm. 2000, 73,
243-249.

Gekker, G.; Hu, S.; Spivak, M.; Lokensgard, J.R.; Peterson, P.K. Anti-HIV-1
activity of propolis in CD4(+) lymphocyte and microglial cell cultures. J.
Ethnopharmacol. 2005, 102, 158-163.

Orsi, R.O.; Funari, S.R.C.; Barbattini, R.; Giovani, C.; Frilli, F.; Sforcin, J.M.;
Bankova, V. Radionuclides in honeybee propolis (Apis mellifera L.). Bull. Environ.
Contam. Toxicol. 2006, 76, 637—-640.

Freitas, S.F.; Shinohara, L.; Sforcin, J.M.; Guimaraes, S. In vitro effects of
propolis on Giardia duodenalis trophozoites. Phytomedicine. 2006, 13, 170-175.

Frankiewicz, L.; Scheller, S. Bienen-kittharz stimuliet das immunsystem.
Arzneimittel. Prax. 1984, 2869-2872.

Castilho, E.F.; Guimaraes, J.D.; Martins L. F.; Pinho R.O.; Guimaraes, S.E.F.;
Espeschit, C.J.B. Uso de propolis e acido ascoérbico na criopreservagdo do sémen
caprino. Rev. Bras. Zootecn. 2009, 8, 12, 2335-2345.

Ogretmen, F.; Inanan, B.E., Oztiirk, M.Protective effects of propolis on
cryopreservation of common carp (Cyprinus carpio) sperm. Cryobiology. 2014, 68,
107-112.

Heinrich, M.; Modarai, M.; Kortenkamp, A. Herbal extracts used for upper
respiratory tract infections: are there clinically relevant interactions with the
cytochrome P450 enzyme system? Planta Med. 2008, 74, 6, 657-660.


http://www.ncbi.nlm.nih.gov/pubmed?term=%C3%96%C4%9Fretmen%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24440871
http://www.ncbi.nlm.nih.gov/pubmed?term=Inanan%20BE%5BAuthor%5D&cauthor=true&cauthor_uid=24440871
http://www.ncbi.nlm.nih.gov/pubmed?term=%C3%96zt%C3%BCrk%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24440871

25

Colégio Brasileiro de Reproducdo Animal. Equinos. In: Manual para exame
androlégico e avaliacdo de sémen animal. 3 ed. CBRA, Belo Horizonte:, 2013, 43-
46.

Kenney, R.M.; Berman, R.V; Cooper, W.L. Minimal contamination techniques
forbreeding mares: technique and preliminary findings. Boston. Proc. AAEP. 1975,
21, 327-336.

Paulino, N.; Scremin, F.M.; Raichaski, L.B.; Marcucci, M.C.; Scremin. A.;
Calixto, J.B. Mechanisms involved in the relaxant action of the ethanolic extract of
propolis in the guinea-pig trachea in-vitro. J. Pharm. Pharmacol. 2002, 54, 1-9.

Fischer, G.; Paulino, N.; Marcucci, M.C.; Siedler, B.S.; Munhoz, L.S.; Finger,
P.F.; Vargas, G.D.; Hubner, S.O.; Vidor, T.; Roehe, P.M. Green propolis phenolic
compounds act as vaccine adjuvant, improving humoral and cellular responses in
mice inoculated with inactivated vaccines. Mem. Inst. Oswaldo Cruz. 2010, 105, 7,
908-913.

Marcucci, M.C.; Ferreres, F.; Garci'a-Viguera, C.; Bankova, V.S.; De Castro,
S.L.; Dantas, A.P.; Valente, P.H.M.; Paulino, N. Phenolic compounds from Brazilian
propolis with pharmacological activities. J. Ethnopharmacol. 2001, 74, 105-112.

Grasa, P.; Pérez-Pé, R.; Baguena, O. Ram sperm selection by a
dextran/swim-up procedure increases fertilization rates following intrauterine
insemination in superovulated ewes. J. Andrology, 2004, 25, 982-990.

Harrison, R.A.P.; Vickers, S.E. Use of fluorescent probes to assess membrane
integrity in mammalian spermatozoa. J. Reprod. Fertil. 1990, 88, 343-352.

Bencharif, D.; Amirat, L.; Anton, M.; Schmitt, E.; Desherces, S.; Delhomme,
G.; Langlois, M.L.; Barriere, P.; Larrat, M.; Tainturier. D. The advantages of LDL (Low
Density Lipoproteins) in the cryopreservation of canine semen. Theriogenology.
2008, 70, 1478-1488.

Garcia-Macias, P.; Ordidge, M.; Vysini, E.; Waroonphan, S.; Battey, N.H.;
Gordon, M.H.; Hadley, P.; John, P.; Lovegrove, J.A.; Wagstaffe, A. Changes in the
flavonoid and phenolic acid contents and antioxidant activity of red leaf lettuce (Lollo
Rosso) due to cultivation under plastic films varying in ultraviolet transparency. J.
Agric. Food. Chem. 2007, 55, 10168-10172.

Pomaraes, G.C.; Stonajov, T.; Maxwell, W.C.M. The effect of antioxidants on
the fertilising capacity of chilled-stored buck spermatozoa. Conf. Austr. SRB. 1995,
27, 52.


http://www.ncbi.nlm.nih.gov/pubmed?term=Siedler%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=21120362
http://www.ncbi.nlm.nih.gov/pubmed?term=Munhoz%20LS%5BAuthor%5D&cauthor=true&cauthor_uid=21120362
http://www.ncbi.nlm.nih.gov/pubmed?term=Finger%20PF%5BAuthor%5D&cauthor=true&cauthor_uid=21120362
http://www.ncbi.nlm.nih.gov/pubmed?term=Finger%20PF%5BAuthor%5D&cauthor=true&cauthor_uid=21120362
http://www.ncbi.nlm.nih.gov/pubmed?term=Vargas%20GD%5BAuthor%5D&cauthor=true&cauthor_uid=21120362
http://www.ncbi.nlm.nih.gov/pubmed?term=H%C3%BCbner%20SO%5BAuthor%5D&cauthor=true&cauthor_uid=21120362
http://www.ncbi.nlm.nih.gov/pubmed?term=Vidor%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21120362
http://www.ncbi.nlm.nih.gov/pubmed?term=Roehe%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=21120362

26

Maxwell, W.M.C.; Stojanov, T. Liquid storage of ram semen in the absence or
presence of some antioxidants. Reprod. Fertil. Dev. 1996, 8, 1013-1020.

Foote, R.H.; Brokett, C.C.; Kaproth, M.T. Motility and fertility of bull sperm in
whole milk extrender containing antioxidants. Anim. Reprod. Sci. 2002, 71, 13-23.

Travis, A.J.; Foster, J.A.; Rosenbaum, N.A.; Visconti, P.E.; Gerton, G.L.; Kopf,
G.S.; Moss, S.B. Targeting of a germ cell specific type | hexokinase lacking a porin-
binding domain to the mitochondria as well as to the head and fibrous sheat of
murine spermatozoa. Mol. Biol. Cell. 1998, 9, 2, 263-276.

Griveau, J.F.; Le Lannou, D. Reactive oxygen species and
humanspermatozoa: physiology and pathology. Int J. Androl. 1997, 20, 2, 61-69.

Baumber, J.; Ball, B.A.; Gravance, C.G.; Medina, V.; Davies-Morel,M.C.G. The
effect of reactive oxygen species on equine sperm motility, viability,acrosomal
integrity, mitochondrial membrane potential and membrane lipidperoxidation. J.
Androl. 2000, 21, 6, 895-902.

Aramli, M.S.; Kalbassi, M.R.; Nazarib, R.M.; Aramli, S. Effects of short-term
storage on the motility,oxidative stress, and ATP content of Persian
sturgeon(Acipenserpersicus) sperm. Anim. Reprod. Sci, 2013, 1-4,143, 112-117.



4 CONCLUSAO GERAL

O extrato de propolis verde apresentou efeito negativo sobre a motilidade
espermatica de equinos durante o periodo de resfriamento. Em relacdo aos
parametros funcionalidade de mitocondria, integridade de membrana, DNA e
acrossoma, a propolis ndo apresentou efeito prejudicial.

As concentracdes de extrato de propolis verde avaliadas ndo apresentaram
efeito benéfico na qualidade seminal durante o resfriamento, sendo sugerido a
avaliacdo de menores concentracdes deste componente em diluente seminal de

equinos.
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