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RESUMO

E sabido que o conhecimento acerca da biologia e importancia das abelhas para 0 homem e para o
mundo esteja em expansdo, entretanto ainda sdo escassas as informacdes acerca da fisiologia
reprodutiva dos zangbes, bem como sobre ferramentas para conservar¢do do Sseu Sémen,
principalmente com as abelhas africanizadas. Com isso, estabelecer um protocolo de refrigeracdo
e criopreservacao de espermatozoides de zangdes de abelhas africanizadas (Apis mellifera) foi o
objetivo desse trabalho. Para tanto, o estudo foi dividido em dois experimentos, 0s quais
utilizaram-se zangdes adultos de abelhas africanizadas oriundos do Nucleo de Capacitacdo
Tecnoldgica em Apicultura — NCTA. O primeiro experimento descrito no capitulo |, traz
informacdes sobre efeito de diferentes diluentes na preservagédo de sémen refrigerado de abelhas
africanizadas (Apis mellifera) a temperatura de t 16 + 1°C, sob os parametros espermaticos de pH,
motilidade, viabilidade, HOST e morfologia. Para tanto, os diluentes utilizados foram o Tris, Tris
+ EY, Collins e Ringer. As amostras foram refrigeradas em incubadora de demanda bioldgica de
OXxigénio a 16 * 1°C durante um periodo maximo de 96 horas. J& 0 segundo experimento descrito
no capitulo 11, traz informagdes sobre o efeito de diferentes diluentes na criopreservagdo do sémen
abelhas africanizadas (Apis mellifera), sob os parametros espermaticos de motilidade, viabilidade,
HOST e morfologia. Sendo os diluentes Tris, Tris + EY e Collins utilizado nesse experimento.
Para a criopreservacao, as amostras foram refrigeradas a 15°C por 40 min em caixas isotérmicas e
estabilizadas a 5°C por 10 min em incubadora biolégica. Em seguida foram colocadas em contato
com o vapor de nitrogénio por 10 minutos e finalmente armazenadas em um recipiente
criobioldgico a -196°C. Apds 1 semana, as palhetas foram descongeladas individualmente em
banho-maria a 37°C por 30 segundos. Nos dois experimentos as amostras foram diluidas na
proporcdo de diluicdo 12:1 (diluente: sémen). Os parametros espermaticos sofreram alteragdes
significativas ap0s o processo de refriegeracao e criopreservacdo. Estes estudos foram pioneiros a
que se refere, na utilizacdo de diferentes diluentes, com o propdsito de desenvolver um diluente

comercial para conservacao do sémen de zangGes de abelhas africanizadas.

Palavras-chave: Parametros espermaticos. Preservacdo de sémen. Abelhas. Diluentes.

Conservagéo.



ABSTRACT

It is known that knowledge about the biology and importance of bees to humans and the world is
expanding. However, information about the reproductive physiology of drones and tools for
preserving their semen, especially with Africanized bees, is still scarce. Therefore, the objective
of this study was to establish a protocol for the refrigeration and cryopreservation of semen from
Africanized honeybee drones (Apis mellifera). The study was divided into two experiments using
adult drones from the Technological Training Center for Beekeeping - NCTA. The first
experiment, described in chapter I, provides information on the effect of different extenders on the
preservation of refrigerated semen of Africanized bees at a temperature of 16 + 1°C, under sperm
parameters such as pH, motility, viability, HOST, and morphology. The extenders used were Tris,
Tris + EY, Collins and Ringer. The samples were refrigerated in a biological oxygen demand
incubator at 16 £ 1°C for a maximum period of 96 hours. The second experiment, described in
chapter |1, provides information on the effect of different extenders on the cryopreservation of
semen from Africanized bees, under sperm parameters such as motility, viability, HOST, and
morphology. The extenders used were Tris, Tris + EY, and Collins. For cryopreservation, the
samples were cooled to 15°C for 40 minutes in isothermal boxes and stabilized at 5°C for 10
minutes in a biological incubator. Then they were exposed to nitrogen vapor for 10 minutes and
finally stored in a cryobiological container at -196°C. After one week, the straws were individually
thawed in a water bath at 37°C for 30 seconds. In both experiments, the samples were diluted in a
dilution ratio of 12:1 (extender: semen). The sperm parameters underwent significant changes after
the refrigeration and cryopreservation process. These studies were pioneers in the use of different
extenders to develop a commercial extender for the preservation of semen from Africanized

honeybee drones.

Keywords: Sperm parameters. Semen preservation. Bees. Diluents. Conservation.
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1. INTRODUCAO

As abelhas meliferas (Apis melifera) sdo as principais responsaveis da producdo de
alimentos agricolas, pois representam a grande maioria dos servi¢cos de polinizacdo por insetos
(PETTIS et al., 2016). No entanto, na ultima década, houve um declinio dramatico em todo o
mundo das abelhas, causado pela destruicdo do habitat natural, parasitas, exposicao a pesticidas,
suprimento insuficiente de alimentos, estresse de transporte associado a importacéo e exportacdo
de col6nias e méa saude das rainhas (PIRES et al., 2016; VANENGELSDORRP et al., 2017). O
declinio desses polinizadores na natureza, sdo uma grande ameaca a diversidade genética das
abelhas (PAILLARD et al., 2017). Além disso, tem o fénomeno do CCD que se trata da perda de
coldnias por varios fatores interativos além de doencas e acaros, gerando uma crise mundial por
falta de polinizadores (MAINI; MEDRZYCKI; PORRINI, 2010; VANENGELSDOREP et al.,
2017). Neste contexto a preservacdo do semen de abelhas, seja eficaz para a protecdo do material
genético e contribuicdo em programas de reproducao seletiva de interesse comercial (COLLINS,
2000), principalmente para inseminacao instrumental torna-se uma estratégia importante.

No Brasil, a atividade apicola é dada pela abelha africanizada ou Africanized Honey Bee
(Apis mellifera). Esta por sua vez é um poli-hibrido formado em decorréncia de cruzamentos
ocorridos entre a abelha africana (Apis mellifera scutellata), com abelhas europeias (Apis mellifera
mellifera, Apis mellifera linguistica, Apis mellifera caucasica e Apis mellifera carnica) (KERR;
BUENO, 1970; KENT, 1988; GONCALVES, 2006) . No entanto, um dos maiores problemas que
a atividade apicola brasileira vem enfrentando, é devido a utilizacdo indiscriminada de
agrotoxicos, mudancas climaticas que provocam o abandono das col6nias e a presenca de pragas

e parasitas (PIRES et al., 2016; CASTILHOS et al., 2019). Assim a reproducdo desses animais na
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natureza se torna mais dificil, sendo importante o desenvolvimento e aprimoramento de protocolos
e ferramentas de conservacéo.

O sémen das abelhas pode ser preservado em temperaturas acima ou abaixo de 0 °C
(PAILLARD et al., 2017). Foi visto por Cobey (2007) e Cobey et al. (2013) que, o sémen fresco
de zangdes pode ser armazenados em temperaturas acima de zero por algumas semanas sem perder
caracteristicas espermaticas. Contudo, o sémen apds 39 semanas preservado em temperatura de 12
°C, s0 pode ser utilizado na inseminacédo instrumental se apresentar uma viabilidade espermatica
> 65% (COLLINS, 2000). Sendo assim, existe a possibilidade de transporte de sémen em
recipientes com temperaturas acima de zero para fins de conservacao ou de interesse produtivo.

Como para muitas espécies de mamiferos, a criopreservacdo € outra ferramenta de
armazenamento de sémen a longo prazo. Ter acesso a sémen criopreservado, permite a
inseminacao em qualquer época do ano, principalmente em regies onde a abundancia de zangbes
é pequena (WEGENER et al., 2014). Assim, para a producédo de abelhas, € mais facil transportar
0 sémen criopreservado em vez de zangdes vivos para a inseminacdo instrumental, o auxilia na
reducdo do risco de disseminacdo de patdgenos via organismos vivos (MACKENSEN, 1955;
COBEY, 2007).

Considerando a importancia da preservacdo do sémen de zangdes de abelhas, destacam-se
que varios fatores podem afetar esse processo. Entre eles, incluem-se a técnica de coleta utilizada,
o0s crioprotetores selecionados, a rampa de congelacdo empregada e a temperatura de refrigeracédo
adotada (MACKENSEN, 1955; LOCKE; PENG, 1993; COLLINS, 2000; TAYLOR et al., 2009;
WEGENER et al., 2014). Ademais, é fundamental escolher o diluente padronizado, cuja finalidade
inclui 0 aumento do volume, a protecdo da célula contra o choque térmico, o fornecimento de

nutrientes essenciais para 0 metabolismo espermatico, a estabilizacdo do pH, a inibi¢cdo do
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crescimento bacteriano e a manutencdo da viabilidade do espermatozoide até o momento da
inseminagdo (TAYLOR et al., 2009; GUL et al., 2017).

Para tanto, informacdes cientificas sobre fatores que podem afetar a fertilidade dos
espermatozoides dos zangbes de abelhas africanizadas (Apis mellifera), bem como sobre a
biologia, fisiologia reprodutiva e ferramentas de conservacdo do seu gameta, ainda sdo escassos.
Um dos motivos, podendo ser até o principal, € que seu estudo tem certa complexidade devido ao
fato de que zangbes sdo encontrados apenas em periodos com abundancia de néctar e pélen e
apicultores terem o habito de elimina-los durante o periodo de producdo de mel (FREE;
WILLIAMS, 1975; MORAIS, 2019). Devido a essas dificuldades ha uma necessidade de se

aprofundar nos estudos voltados sobre este tema em abelhas africanizadas.
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2. REVISAO DE LITERATURA

2.1. Biologia e reproducédo dos zang6es de Apis mellifera

As abelhas eussociais de modo geral, pertencem a uma sociedade matriarcal, na qual a
abelha rainha é a fémea dominante na col6nia de Apis mellifera, sendo responsavel pelo controle
da coldnia e postura dos ovos (KRAUS et al., 2003; POTTS et al., 2010). As rainhas s6 acasalam
no inicio de suas vidas geralmente até seu quinto dia de vida, atraves cpula com multiplos machos,
que imediatamente depois morrem, pois perdem parte do abdome e aparelho genital no trato
reprodutivo das fémeas. No entanto, os zangdes além da funcdo reprodutiza, atuam no controle de
temperatura da colmeia. (WINSTON, 1991; KOVAC; STABENTHEINER; BRODSCHNEIDER,
2009; BRUTSCHER; BAER; NINO, 2019).

Os zangdes (Figura 1) sdo provenientes de células chamadas zanganeiras, nas quais a
rainha deposita um ovo ndo fecundado, em um alvéolo maior, que favorece a paternogénese
(FERREE et al., 2006). Eles sdo os Unicos machos da col6nia e realizam a funcdo da fecundacao
e termorregulacdo (KOVAC; STABENTHEINER; BRODSCHNEIDER, 2009). Eles necessitam
de um cuidado maior, devido a necessidade de serem alimentados no inicio da vida adulta, em
média sdo necessarias duas operarias para um Unico zangdo. Na falta de alimento, principalmente
ao final das floradas, geralmente eles sdo mortos pelas operarias como forma de melhorar a

eficiéncia da utilizacdo dos alimentos (WINSTON, 1991; CARVALHO; MOREIRA, 2010).
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Figura 1. Zangdo de abelha Apis (Apis mellifera) adulto. Fonte: Wikipédia.

Apesar de existir uma grande quantidade de informac®es cientificas sobre a reproducéo de
abelhas rainhas, ainda sdo escassos 0s métodos de selecdo, criagdo e manutencdo dos zangdes,
tanto em pesquisas de melhoramento quanto em empresas especializadas em producdo de abelhas
rainhas (RHODES, 2011; ABDELKADER et al.,, 2014). Certas empresas levam em conta
caracteristicas relacionadas a capacidade produtiva das operéarias, e ndo os atributos importantes
para o acasalamento bem-sucedido em condic¢Ges adversas. A titulo de exemplo, a criacdo de um
grande numero de zangdes, independente das condigdes sazonais e nutricionais do ambiente, de

sua conservacdo e manutencao; é possivel conseguir maior tempo de vida util , assim como sua
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selecdo tomando como critério o volume de sémen, o qual permitira selecionar zangdes com maior
conteudo seminal, portanto contendo mais espermatozoides, com alta viabilidade e a motilidade
(RHODES, 2011; GONTARZ et al., 2016; MORAIS et al., 2022);

As coldnias tendem a produzir zangdes em épocas que coincidem com a producdo de
rainhas virgens, geralmente em épocas associadas a presenca de alimento na natureza (LASHARI
et al., 2022). Fato esse elucidado por Free e Williams (1975) em paises temperados em que 0s
ovos de zangdes normalmente aparecem na primavera e atingem seu auge no inicio do verdo, ja
no inicio do outono deixam de serem ovipositados, quando as flores comegam diminuir a producao
de néctar e polen. No semiarido nordestino foi constatado por Araujo-Neto (2019) que o periodo
que ocorréncia de zangdes € durante os meses de junho e julho, sendo este o periodo de safra da
regido. No entanto esses picos de ocorréncia podem variar em funcéo dos periodos de floradas e
chuvas.

Os 6rgaos reprodutivos dos zangdes sdo compostos por um enddfalo, testiculos pareados,
vesiculas seminais e glandulas mucosas. O endofalo é o 6rgdo copulatorio, sendo um ducto
membranoso longo e macio que fica dentro do abdome dos machos e sé € liberado apenas uma
vez em toda sua vida (LOCKE; PENG, 1993) (Figura 2). Os espermatozoides sdo produzidos nos
testiculos e migram para as vesiculas seminais até o processo de maturacdo, processo fisiolégico
que funciona em conjunto com as glandulas mucosas, que ao serem esvaziadas liberam
espermatozoides juntamente com um muco branco pelo ducto seminal, o qual é secretado por

zangodes adultos (WINSTON, 1991; KAULENAS, 2012).
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——— Endofalo

Pescogo

Figura 2. Sistema reprodutivo do zangao. Fonte: Ontario Beekeeping Manual, 1993 (Adaptado)

O sémen consiste em uma mistura de varias substancias e células, principalmente de
espermatozoides produzidos nos testiculos. Outra substancia que forma parte dela é o muco,
produzido por grandes glandulas mucosas. A producdo de espermatozoides é considerada
completa pelo tempo que os zangdes atingem a maturidade sexual, ou quando tém em média de 9
a 12 dias de idade e ja conseguem realizar voos de reconhecimento (COBEY, 2007). Cada zangdo
ejacula cerca de 6 a 12 milhdes de espermatozoides, sendo que o sémen de cada acasalamento se
acumula nos ovidutos da rainha (COBEY, 2007; PAILLARD et al., 2017). A maioria deste sémen
é expulso da rainha posteriormente, mas cerca de 5 a 6 milh6es migram para a espermateca onde
sdo armazenados até serem liberados em pequenas quantidades quando a rainha comeca a

ovipositar (PAGE, 1986; HARBO, 1990).
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O acasalamento é a fung@o mais significante de um zangdo adulto. Durante o acasalamento
0 sémen do zangéo € transferido para o 6rgdo genital de uma rainha virgem, através do endofalo,
durante a copula (WOYKE; RUTTNER, 1958; RANGEL; FISHER, 2019). Apos a cOpula, as
secrecOes e partes dos 6rgdos reprodutivos dos zangdes permanecem no trato genital da rainha e
significam um sinal de acasalamento, o que estimula outros machos para a copula (WOYKE,

1962). Segundo Woyke (1964), isto pode evitar que 0 sémen saia do trato reprodutor da rainha.

2.2. Métodos de obtencao dos espermatozoides

Duas técnicas principais de coleta de sémen em zangdes encontram-se na literatura,
baseadas na disseccao das vesiculas seminais e na inducao da ejaculacdo. Na década de 50, quando
surgiram os primeiros estudos sobre sémen de zangdes, a técnica utilizada era a disseccdo das
vesiculas seminais, que consistia em um corte no lado dorsal do abdémen, onde as vesiculas eram
cuidadosamente cortadas na juncdo com as glandulas mucosas (MACKENSEN, 1955). No entanto
em processos de criopreservacdo essa técnica ndo é eficiente, devido a excesso de células
secundarias além dos espermatozoides e qualidade espermatica (LOCKE; PENG, 1993;
COLLINS; DONOGHUE, 1999).

A coleta do sémen de zangBes para a conservacao € usualmente efetuada pela técnica
proposta por Collins e Donoghue (1999), na qual o zangao fica preso na regido da cabeca e térax
e seu abdémen é pressionado suavemente resultando na eversdo do endo6falo e o sémen se torna
presente em machos maduros. Outra técnica descrita é através da remoc¢édo do endéfalo com uma

pinga e posteriormente realizado um macerado (MORAIS et al., 2022), sendo esse método
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eficiente apenas para avaliacdo espermatica, impossibilitando a criopreservacdo e/ou inseminacao
instrumental.

O sémen pode ser coletado diretamente da ponta do enddfalo, evertido em um tubo capilar
de vidro conectado a uma seringa (HARBO, 1983; COBEY; TARPY; WOYKE, 2013;
PAILLARD et al., 2017), e em consideracdo 0 muco no momento da coleta, pois 0 mesmo pode
causar entupimento do capilar. Estudos indicam uma maior taxa de sucesso na coleta de sémen
coletado em zangdes mais velhos do que em mais jovens (ROUSSEAU; FOURNIER;
GIOVENAZZO, 2015; YANIZ; SILVESTRE; SANTOLARIA, 2020), entretanto esses resultados
podem variar de acordo com a linhagem genética, condigdes ambientais e condi¢bes de criacao
(RHODES, 2011; MORAIS et al., 2022). Apos a coleta, o0 sémen dos zangdes deve ser avaliado
de acordo com parametro macro e microscopicos (CASTELO; FROTA,; SILVA, 2008). O volume
do sémen pode ser avaliado com a ajuda de uma pipeta de precisdo ou medicdo do comprimento
preenchido do tubo capilar (0,1 a 2,4 pL, média de 1,0 pL por zangdo) (YANIZ; SILVESTRE;
SANTOLARIA, 2020). Esse parametro pode apresentar diferenca entre animais, influenciados por
individuo, efeitos da idade, peso corporal, estacdo do ano e linhagem genética (GENCER,;

KAHYA, 2011; RHODES, 2011).

2.3. Conservacao de espermatozoides em zangdes de abelhas Apis mellifera

A criopreservacao a temperatura de -196°C em nitrogénio liquido é comumente utilizada,
devido a capacidade em manter as células espermaticas férteis por um periodo indefinido,
entretanto grande proporgdo destas, ndo conseguem sobreviver ao processo de congelagdo e

descongelagdo (WATSON, 2000; FICKEL; WAGENER; LUDWIG, 2007). Em zangdes a
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criopreservacdo pode ser utilizada para manter e aumentar a variabilidade genética dentro das
populagdes, impactando diretamente na diversidade genética por aumentar a resisténcia a doengas
de abelhas (MATTILA; SEELEY, 2007; ALCAY et al., 2019).

Os primeiros estudos de criopreservarcdo do sémen de zangdes foram realizados durante
as décadas de 70 e 80 (HARBO, 1977; 1983; KAFTANOGLU; PENG, 1984). Kaftanoglu e Peng
(1984), conseguiram preservar com consideravel motilidade apds o descongelamento, no entanto
a fertilidade permaneceu baixa. Na Ultima década, assuntos sobre criopreservacdo do sémen de
zang0es de abelhas meliferas voltaram a tona (WEGENER; BIENEFELD, 2012; ALCAY et al.,
2015; 2019; DADKHAH et al., 2016; PAILLARD et al., 2017; RAJAMOHAN et al., 2020;), dada
sua importancia na conservacdo do material genético, com fins de conservacdo da espécie e
melhoramento genético com interesse produtivo.

O método de criopreservacdo de sémen de zangdes de abelhas meliferas ainda nao foi
padronizado. No entanto devido ao sucesso de congelacao e descongelacéo, alguns trabalhos estdo
sendo utilizados como modelo, passando por adaptacGes de acordo as necessidades (DADKHAH
et al., 2016; PAILLARD et al., 2017). Além disso, a utilizacdo de métodos e técnicas de
criopreservacao de espermatozoides de mamiferos para a preservacdo dos espermatozoides das
abelhas estdo sendo utilizado devido a melhoria na qualidade espermatica (TAYLOR et al., 2009).
A diluicdo do sémen em tris acrescido de gema de ovo e DMSO, tem sido comumente usada na
criopreservacdo de espermatozoides de zangbes, no entanto as proporcGes podem variar
(COLLINS, 2000; TAYLOR et al., 2009; DADKHAH et al., 2016; PAILLARD et al., 2017).
Indmeros trabalhos vém mostrando diversas curvas de congelagdo (TAYLOR et al., 2009;
PAILLARD et al., 2017; ALCAY et al., 2019; LOEZA-CONCHA et al., 2019). Taylor et al.

(2009), mantiveram as amostras em um ciclo de resfriamento e congelagcdo programado por
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computador, levando-as de 25 a -80°C em 62 minutos. Em seguida, esses autores transferiram as
amostras para um botijdo criogénico a -196°C, na qual as amostras ficaram armazenadas até o
momento de avaliacdo, 0s quais obtiveram resultados com viabilidade > 60% pos descongelacao.

Além da criopreservacdo outra forma de conservar os espermatozoides vem sendo
utilizada, com temperaturas cima de 0°C (HARBO; WILLIAMS, 1987; LOCKE; PENG, 1993;
COLLINS, 2000; PAILLARD et al., 2017). Paillard et al. (2017), compararam a criopreservacao
a -196°C com o sémen preservado a 16°C, com 180 dias, ambos os descongelados apresentaram
uma viabilidade acima de 60%, ja apds 330 dias, apenas 0s espermatozoides criopreservados
continuavam com viabilidade superior a 60%. Diante disso, esses resultados demonstram que a

criopreservacao € o meio mais eficiente de conservacdo a longo prazo.

2.3.1. Diluentes

Um bom diluente deve conter caracteristicas essenciais para a nutricdo e manutencao das
células espermaticas, além de servir como tampao, ajustando as alteracdes do pH, atuar na
manutencdo da pressdao osmdtica, proteger as células contra o choque térmico durante o
resfriamento, possuir crioprotetores que atuem na protecdo das células aos danos durante a
congelacao e posterior descongelacao e atividade antimicrobiana, através da adicdo de antibioticos
(ALCAY et al., 2019; YANIZ; SILVESTRE; SANTOLARIA, 2020; AUTH; HOPKINS, 2021).
De acordo com Rajamohan et al. (2020), um diluente para ser utilizado na criopreservacdo de
zangbes deve ser constituido por tampdo Tris ((Tris-hidroximetil-aminometano -
H>NC(CH20H)3), contendo concentracdes de Na* e K* semelhantes as encontradas na espermateca

da abelha rainha, ajustado a um pH de 7.19.
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O Tris ((Tris-hidroximetil-aminometano - H2NC(CH20H)3) é a substancia mais
comumente utilizada nos diluentes de sémen de zangdes (KAFTANOGLU; PENG, 1984;
TAYLOR et al., 2009; QUARTUCCIO et al., 2020). Ela é soltvel em agua, sendo disponivel
comercialmente em um grau de pureza elevado (SILVA, 2007). De acordo com McPhail e
Goodman (1984), o Tris permanece estavel em temperatura ambiente por diversos meses, atuando
como um tampao idnico bipolar em pH entre 7,0 e 9,0. Além do Tris, outras substancias também
entram na composicdo do diluente como glicose e frutose (fontes energéticas), gema de ovo
(crioprotetor externo), Dimetilssuféxido — DMSO (crioprotetor interno) e antibioticos como
amoxicilina (TAYLOR et al., 2009; ALCAY et al., 2022).

No decorrer dos anos, trabalhos com diferentes substancias para diluentes estdo sendo
desenvolvidos, assim como a tentativa de utilizacdo de diluentes comerciais devido a praticidade
e por serem mais baratos. Uma delas ¢ a utilizacao de diluentes a base de agua de coco, na qual
em mamiferos estdo demonstrando similaridade nos resultados em comparacdo a diluentes a base
de Tris (SILVA; CARDOSO; SILVA, 2006). Almeida e Soares (2002) utilizaram diluentes a base
de &gua de coco para o armazenamento de sémen de zangdes de abelha, onde obtiveram a

manutencdo de motilidade em 15 dias de estoque.

2.3.2. Crioprotetores

Durante a congelacdo e descongelacdo, ocorrem flutuagées no volume celular que
contribuem para danos celulares quando ultrapassam os limites de tolerancia das membranas
(CASTELO; FROTA; SILVA, 2008). Um dos principais problemas dos espermatozoides

submetidos a esta técnica é devido a formacdo de cristais de gelo no seu interior, levando-os a
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injarias e morte (WEGENER et al., 2014). Diante disso, a adi¢cdo de crioprotetores melhora a

sobrevivéncia celular ap6s os processos de congelacdo e descongelacao (SILVA, 2007).

Os agentes crioprotetores sdo substancias hidrossolUveis, que baixam o ponto eutético de
uma solucio. Esses agentes pertencem a trés tipos: alcoois, agticares e dimetilsulfoxido (AVILA-
PORTILLO et al., 2006). Especificando ainda mais, eles podem ser divididos em dois grupos: 0s
que penetram nas celulas, como o dimetilsulfoxido, metanol, glicerol e o etileno-glicol, daqueles
que permanecem no meio extracelular, como as proteinas, os agucares e o polivinil-pirrolidona

(SILVA, 2007).

De acordo com Silva e Guerra (2011) o sucesso da criopreservacao depende, entre outros
fatores, da natureza do crioprotetor, da concentracdo do mesmo e da composigéo do diluente, no
mais dos processos de congelacdo e descongelagdo. Os crioprotetores tem uma importancia
primordial, pois sdo encarregados de minimizar o estresse fisico e quimico que os espermatozoides

sofrem durante os processos de criopreservacdo (ALCAY et al., 2015).

O DMSO ¢é utilizado frequentemente na criopreservacdo de sémen de abelhas, evitando o
acumulo excessivo de eletrdlitos, pois se liga a eles durante o processo de congelacdo, assim
evitando a formagéo de cristais de gelo que danificam a estrutura da membrana (GROTTER et al.,
2019). Em comparacdo com o glicerol, sua acdo € mais rapida, sendo mais efetivo e menos toxico
(AVILA-PORTILLO et al., 2006). A toxicidade dos crioprotetores é um dos fatores mais
importantes a serem avaliados no desenvolvimento de protocolos de criopreservacdo (WEGENER,;
BIENEFELD, 2012).

No sémen dos zangdes, as primeiras tentativas para remocao dos crioprotetores do sémen
descongelado antes da inseminacao foram realizadas por Wegener e Bienefeld (2012) na tentativa

de reduzir os efeitos toxicos através da combinagdo de crioprotetores e por Paillard et al. (2017)
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que utilizaram a centrifugacdo para remocdo antes da inseminacdo instrumental. Harbo (1977)
descobriu que até 10% de DMSO na diluicdo do sémen usada para inseminacao nao tinha efeito
sobre a espermateca da rainha, aléem de ter levado a uma maior sobrevida p6s descongelacao (
TAYLOR et al., 2009; GUL et al., 2022). Com isso o0 DMSO se tornou o crioprotetor de escolha
para os estudos sobre preservacdo de sémen de zangdes.

Além do DMSO, a gema de ovo de galinha tem sido adicionada aos diluentes de sémen
por proteger a membrana plasmatica, como crioprotetor extracelular, restaurando os fosfolipidios
perdidos oriundos do choque térmico que ocorre durante o resfriamento inicial
(HAMMERSTEDT; GRAHAM; NOLAN, 1990; DADKHAH et al., 2016;). Segundo Bouchard
et al. (1990) a protecdo que a gema de ovo promove, pode ser devido a presenca de uma
lipoproteina chamada fosfatidilcolina, a qual propicia a protecdo durante o choque térmico devido
a sua interacdo com a estrutura lipidica da membrana plasmatica, além da prevencdo de
hialuronidiase pela célula espermatica (FOULKES, 1977). Apesar dos seus efeitos benéficos para
a célula espermatica, a gema apresenta alguns inconvenientes, como a possibilidade de transmissao

de doencas (LOEZA-CONCHA et al., 2019).

A associacdo do DMSO com a gema de ovo ja foi estudada, demonstrando resultados
positivos na criopreservacao do sémen de zangdes, demonstrando motilidade superior a 40% no
sémen descongelado (DADKHAH et al.,, 2016; LOEZA-CONCHA et al., 2019). Além da
associacao de outras substancias como lecitina de soja 0,5% e 2% e geleia real nas concentragoes
de 1%, 2%, 4% e 8%, obtendo resultados relevantes para substituicdo ou aprimoramento de uma
solugéo para criopreservacdo ( DADKHAH et al., 2016; ALCAY et al., 2019). Assim, estudos
envolvendo a toxicidade e o efeito protetivos dos crioprotetores em sémen de zangdes,

principalmente de abelhas africanizadas, ndo necessarios.
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2.4. Avaliacdo dos parametros espermaticos

A avaliacdo da qualidade espermatica esta ligada a necessidade de qualificar a fertilidade
dos machos reprodutores na fecundacgéo das rainhas (MORAIS, 2019). O estudo dos parametros
espermaticos vem sendo utilizado como ferramenta de avaliacdo da qualidade dos animais para
reproducdo no processo de fertilizacdo (CBRA, 1998; COLLINS, 2004; COBEY; TARPY;
WOYKE, 2013).

O sémen pode ser avaliado através dos seus aspectos fisicos tais como volume, coloracao,
motilidade, integridade da membrana, concentracdo de espermatozoides, entre outros e aspectos
morfoldgicos principalmente as anormalidades no acrossoma, cabeca e cauda (MORAIS, 2019;

YANIZ; SILVESTRE; SANTOLARIA, 2020; MORAIS et al., 2022).

2.4.1. Motilidade espermatica

A motilidade espermatica é fundamental para determinar a qualidade do sémen, sendo de
grande importancia no momento da fertilizacdo devido a sua mobilidade como indicador de
funcionamento do metabolismo espermatico (YANIZ; PALACIN; SANTOLARIA, 2019;
MURRAY et al., 2022). Este parametro esta fortemente relacionado a viabilidade espermatica
(integridade da membrana plasmatica), ou seja, a porcentagem de células moveis € altamente
correlacionada com a quantidade de espermatozoides viaveis, apesar de que nem sempre
representa correlagdo significativa com a fertilidade (WATSON, 2000; BORTOLOZZO;

WENTZ; DALLANORA, 2005).
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Além disso, este parametro € utilizado para estabelecer o limite aceitavel para o uso do
sémen na producdo apicola para inseminacdo das rainhas, sendo frequentemente considerado o
valor minimo de 60% de motilidade espermatica, que pelo aspecto emaranhado do sémen de
zangao, é mais complexa a avaliacdo da motilidade por porcentagem de células mdveis no campo
de visdo no microscépio, por isso utiliza-se o escore muitas vezes (MORAIS et al., 2022). Em
mamiferos, a utilizacdo de valores abaixo de 60% de motilidade espermatica afeta negativamente
a taxa fertilizacdo dos espermatozoides (JOHNSON et al., 2000; FLOWERS, 2002;
BORTOLOZZO et al., 2005; GADEA, 2005; UMESIOBI, 2010).

O método mais utilizado para avaliacdo da motilidade espermatica é realizado através da
avaliacdo visual, pois € um teste rapido e de baixo custo; no entanto é um método subjetivo e pode
ser influenciado pelo avaliado (VARNER, 2008). Essa avaliacdo é fundamental para averiguar a
capacidade de fertilizacdo dos espermatozoides de um ejaculado (JOHNSON et al., 2000).

As solucdes usadas para avaliacdo desempenham um importante papel nas taxas de
motilidade dos espermatozoides, visto que em solucbes hipotbnicas os espermatozoides ndo
apresentam nenhuma motilidade (KAFTANOGLU; PENG, 1984). O tempo de armazenamento
dos espermatozoides apds a coleta também pode alterar as taxas de motilidade dos
espermatozoides, assim como um baixo nimero de espermatozoides mdveis pode ser compensado
pelo aumento dos espermatozoides totais no ejaculado (FOXCROFT et al., 2008; PAILLARD et
al., 2017). Alem desses fatores, as condi¢fes ambientais, como calor ou frio excessivo, luz,
osmolaridade e pH do diluente, tem influéncia na motilidade espermatica, tornando assim
necessario proteger o sémen de agentes ou condigdes prejudiciais antes da anélise (MORAIS et

al., 2022).
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2.4.2. Viabilidade espermatica

A membrana plasmatica dos espermatozoides apresenta um importante papel na
capacidade de fertilizacdo, que se modifica ao longo do processo de espermatogénese,
armazenamento, ejaculacéo e capacidade de penetracdo no ovocito (HOLT, 2000; YESTE, 2016).
Diante disso, é necessario que esta estrutura se apresente integra e funcional, permitindo a
viabilidade e capacidade de fertilizacdo do espermatozoide (GUIMARAES et al., 2017).

Um dos métodos mais comuns para avaliacao da viabilidade espermaética se da atraves de
sondas fluorescentes, devido a capacidade de fixar-se em estruturas especificas da membrana,
capaz de detectar integridade estrutural, possibilitando assim a avaliacdo de varias estruturas
celulares (CELEGHINI et al., 2007; FORERO-GONZALEZ et al., 2012).

A utilizacdo de sondas fluorescentes foi descrita por Garner et al. (1986), testando essas
sondas em espermatozoides de varios mamiferos. Ja em zangdes se deu a partir do
desenvolvimento da inseminacdo instrumental de abelhas, onde se incrementou o interesse na
avaliacdo e armazenamento in vitro do sémen de zangdes em programas de selecdo e melhora
genética (COLLINS; DONOGHUE, 1999). O iodeto de propideo é um corante impermeavel a
membrana plasmatica que se liga e cora 0 DNA, ele consegue penetrar apenas em células lesadas,
sendo demonstrado em microscépio de fluorescéncia pela cor vermelho (HARRISON; VICKERS,
1990; HOLT, 2000). Outro corante ¢ o Hoechst, de caracteristica permeavel a membrana
plasmatica que é hidrolisado dentro da célula resultando em um composto fluorescente e
impermeavel a membrana plasmatica intacta, susceptivel de ser observado em microscopio de

fluorescéncia pela cor azul (PORTUGAL; WARING, 1988). A viabilidade espermatica de abelhas
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africanizadas foi observada através da associacdo de iodeto de propideo e Hoechst 33342

(MORAIS et al., 2022).

2.4.3. Funcionalidade da membrana plasmatica

O processo de fertilizacdo envolve eventos bioquimicos e fisiologicos complexos que néo
sdo completamente refletidos nas avaliacbes dos parametros tradicionais de concentracéo,
motilidade e morfologia (NUR et al., 2012). Como a atividade funcional da membrana plasmatica
é crucial para a viabilidade e capacidade de fertilizacdo dos espermatozoides, € importante avaliar
a atividade estrutural e funcional da membrana espermatica (HAFEZ, 1993). Por isso Jeyendran
et al. (1984) desenvolveram o teste hiposmotico (HOST) para avaliar a integridade funcional da
membrana plasmatica dos espermatozoides, baseado no transporte de fluidos através da membrana
intacta sob condi¢des hiposmdticas.

O inchaco da cauda decorrente da exposicdo de espermatozdides com membranas
plasmaticas intactas a uma solucdo hiposmotica indica que o transporte de agua através das
membranas esta ocorrendo normalmente e a integridade funcional da membrana foi preservada
(JEYENDRAN et al., 1984). Outro teste desenvolvido paara a avaliar a integridade funcional do
esperma, é realizado através da utilizacdo de dgua destilada como solugdo hiposmotica, sendo mais
simples e rapido do que o HOST convencional (NUR et al., 2012).

Os testes hiposmaticos tém sido efetivamente usados para avaliar a integridade funcional
de espermatozoides de mamiferos (JEYENDRAN et al., 1984; LOMEO; GIAMBERSIO, 1991;
KUMI-DIAKA, 1993), mas até onde sabemos, estudos envolvendo HOST ou testes de agua para

investigar o sémen de abelhas ainda sdo escassos. Nur et al. (2012) com sémen de abelhas,
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analisaram o teste de agua e do inchaco hiposma@tico, o qual observaram que ambos sdo medidas
adequadas e simples para a avaliacdo da integridade funcional das membranas plasmaticas de

espermatozoides de abelhas.

2.4.4. Morfologia espermatica

A avaliacdo da morfologia espermatica pode indicar o potencial de fertilidade do
espermatozoide na presenca de altas porcentagens de anormalidade de primeiro e segundo grau.
As de primeiro grau ocorrem durante o processo de espermatogénese e as de segundo grau ocorrem
durante o percurso dos espermatozoides pelos ductos seminiferos e ejaculados (DOWSETT;
OSBORNE; PATTIE, 1984; CHENOWETH, 2005). Células com defeito na cabeca e acrossoma
estdo associadas com infertilidade, assim como a concentracdo de espermatozoides anormais
(LOVE, 2011; GULOV; BRAGINA, 2022).

Segundo Collins e Donoghue (1999), sdo necessarias a utilizacdo de varias técnicas para a
coloracdo de espermatozoides de acordo com a sua morfologia, porque cada técnica pode revelar
diferentes detalhes ou defeitos nas estruturas dos espermatozoides. Em mamiferos a avaliacdo da
morfologia espermatica pode ser feita com uso do corante Rosa de Bengala, pois permite uma
melhor diferenciacdo das estruturas espermaticas, especialmente o acrossoma (ZAMBELLLI;
CUNTO, 2006; MORAIS et al., 2022).

As caracteristicas morfologicas em espermatozoides nos zangdes estdo associadas ao seu
genotipo e, em menor grau, a idade e a estagdo do ano (RHODES et al., 2011). Segundo Gontarz

etal. (2016), as caracteristicas morfoldgicas dos espermatozoides sdo, até certo ponto, dependentes
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de fatores ambientais, no entanto, tem se observado que 0s espermatozoides apresentam mais

anormalidades ao final da estacao reprodutiva, principalmente em sua cauda.
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3. JUSTIFICATIVA

As abelhas africanizadas (Apis mellifera), possuem um importante papel econémico e
ecologico, sendo responsavel pela polinizacdo de inimeras espécies vegetais, as quais Sao
utilizadas na alimentacéo dos seres vivos, assim como fonte de renda através dos seus subprodutos
para agricultores familiares e, médios e grandes empresarios. Contudo os machos dessas abelhas,
o0s zangoes, geralmente sdo desprezados pelos criadores, sendo eles, fundamentais nos aspectos
reprodutivos para a perpetuacdo da espécie, assim como seus processos de producdo, sendo estes
fatores limitantes dos programas de desenvolvimento genético em abelhas. Apesar de ter uma
populacao estavel, nos tltimos anos vem decrescendo devido a destruicdo do seu habitat, doengas,
acdo de agrotoxicos, fome e ao fendbmeno CCD (singla em inglés Colony Collapse Disorder) que
é conhecido como o distdrbio do colapso das colbnias, o qual leva a perda das colénias. Diante
disso, é de extrema importancia o conhecimento acerca da sua biologia reprodutiva e pesquisas
sobre as aplicacdes reprodutivas e de conservacédo, as quais poderdo auxiliar na preservacdo da
espécie. Além de proporcionar material biolégico de qualidade para o setor produtivo, pois
carecem de materiais selecionados afim de melhorar seus plantéis com abelhas mais produtivas e
resistente a doengas.

Atualmente informacdes sobre os aspectos bioldgicos das abelhas operarias e rainha sdo
abundantes, no entanto quando se fala em zangdes, sdo escassas. Desse modo, 0 presente estudo
proporciona informacdes que poderédo contribuir para o conhecimento da biologia reprodutiva dos
zang0es de abelhas africanizadas, bem como novos protocolos de avaliagdo espermatica, alem da
criopreservacdo dos espermatozoides como meio de conservacdo, devido a sua importancia
ambiental e contribuicdo para os Objetivos de Desenvolvimento Sustentavel (ODS). Contudo,

essas informagdes serdo fundamentais na formacao de bancos de germoplasma masculino.
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4. HIPOTESES CIENTIFICAS

O uso de diferentes diluentes promovem diferencas na qualidade do sémen sob condi¢bes
de refrigeracédo a 16°C.

O uso de diferentes diluentes promovem diferencas na qualidade do sémen sob condicGes

de criopreservacado a -196°C.
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5. OBJETIVOS

5.1. Objetivo geral
e Estabelecer um protocolo de refrigeracdo e criopreservacdo do sémen de zangdes de abelhas

africanizadas (Apis mellifera).

5.2. Objetivos especificos
e Auvaliar o efeito de diferentes diluentes na preservacdo de sémen refrigerado de abelhas
africanizadas (Apis mellifera) a uma temperatura de 16 °C.
e Auvaliar o efeito de diferentes diluentes na criopreservacao do sémen de abelhas

africanizadas (A. mellifera).
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Abstract: Given the importance of bees to man and the world, there is a need for tools to preserve
them. Therefore, this study aimed to evaluate the effect of different diluents on the preservation of
cooled semen from Africanized honey bees at a temperature of 16°C. For this, four modified
diluents, Tris, Tris + EY, Collins and Ringer, were diluted in a ratio of 12:1 (diluent: semen) and
subsequently tested. The semen samples were collected from Africanized honey bee drones with

ages between >12 days and evaluated for pH, motility, viability, hypo-osmotic (HOST) and sperm
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morphology. The samples were cooled in a biological demand oxygen incubator at 16 + 1°C for a
maximum period of 96 h. A statistically significant effect was observed in the semen metrics in
sperm motility (P<0.05), with the Tris and Tris + EY diluents being the most efficient at 96 h. In
terms of viability, the diluents differed from one another in terms of the viability effect from 72 h
of refrigeration (P<0.05). As well as there was a significant relationship between the diluents and
time on HOST from 24 h of refrigeration (P<0.05). A high incidence of morphological
abnormalities (>40%) was observed in all refrigerated diluents and was significantly more evident
in the Ringer diluent (<65%). Fresh semen presented the best metrics in most of the evaluated
parameters (P<0.05). In conclusion, considering all sperm parameters, the Tris diluent was the

ideal for the preservation of drone semen when cooled at 16°C.
Keywords: Africanized drones, sperm viability, HOST, sperm maotility, sperm morphology.
1. Introduction

Bees are known worldwide for their importance in plant pollination. This service, between
pollinator and plant, ensures the survival of both species. In addition to pollination services,
commercial beekeeping, also known as apiculture, has an important place for humans when
considering the production of its by-products, such as honey, pollen, propolis, royal jelly, bee wax,
and bee venom (Pettis et al., 2016; Martinello and Mutinelli, 2021). However, there are several
subspecies of bees potentially threatened by introgression and human activities (Klein et al., 2017;
Belsky and Joshi, 2019). In light of this, germplasm conservation through biotechnologies such as
refrigeration and cryopreservation followed by artificial insemination can provide a resource for

biodiversity preservation (COLLINS, 2000; GUL et al., 2017).
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For instrumental insemination in bees of the genus Apis, fresh semen from drones is
collected and stored at temperatures above zero for up to 39 weeks (COBEY, 2007; PAILLARD
etal., 2017). According to (Harbo and Williams, 1987), drone semen can be stored between 13°C
and 25°C; however, sperm motility and viability seem to be higher when stored between 12°C and
16°C (Locke and Peng, 1993; Paillard et al., 2017). However, this semen storage leads to a loss of
sperm quality, and as queen bees mate only once in their life, they must receive a high percentage
of viable sperm, capable of producing fertilized eggs throughout their life (COBEY, 2007). Given
this importance, the higher the sperm quality, the better the efficiency during instrumental
insemination (COBEY; TARPY; WOYKE, 2013). Therefore, the use of diluted semen

refrigeration arises as an alternative to maintaining seminal quality.

In the refrigeration of semen from bee drones, the use of diluents is necessary, which
provide a protective medium for sperm. In bees, various diluents have been used (MORITZ,
1984). However, the scientific community has not yet agreed on which diluent is the most
efficient. In addition to diluents, dilution makes it possible to reduce competition between sperm

for oxygen and space, thereby preventing the initiation of cell death (TAYLOR et al., 2009).

Previous investigations have looked into the influence of different diluents and
temperatures on the semen of European honey bee drones (COLLINS, 2000; RAJAMOHAN et
al., 2020; TAYLOR et al., 2009) and little research has been done on Africanized honey bees
(Almeida and Soares, 2002; Morais et al., 2022). This semen biotechnology has contributed to
the success of propagating numerous species and is considered an important tool for animal
reproduction, including bees (ALCAY et al., 2019; YANIZ; SILVESTRE; SANTOLARIA,
2020). The hypothesis raised in this study is that the diluents tested here will provide distinct

results in the refrigeration process, given their composition and temperature used.
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Therefore, this study aimed to evaluate the effect of different diluents on the preservation

of refrigerated semen from Africanized honey bees (Apis mellifera) at a temperature of 16°C.

2. Material and methods

The experiments were conducted at the Nucleus of Technological Training in Apiculture -
NCTA and at the Laboratory of Animal Germplasm Conservation - LCGA of the Federal Rural
University of the Semi-Arid Region - UFERSA (5°03'37"'S and 37°23'50""W; average temperature
range, 27 - 29°C, located in Mossord, Rio Grande do Norte, Brazil). The chemical products used

in this study were purchased from Sigma Chemical Co. (St. Louis, MO, USA).

2.1. Animals

The Africanized honey bee drones were captured from 30 different colonies. The drones
were collected at the beehive entrance using a bee escape in which they were retained. Them, the
Drones were evaluated in regard to maturity, and when they were considered mature when they
exhibited endophallus tip complete eversion and semen presence they were used in experiment
(Collins and Donoghue, 1999). A total of 500 Africanized honey bee drones were used in the

experiment.

2.2. Semen collection and dilution

Semen collection was performed using the standard collection technique (Collins and
Donoghue, 1999). Briefly, the semen was collected using a modified Harbo syringe (HARBO,
1985) developed by Schley, designed for bee insemination. Ten collections were performed,
totaling ten repetitions. In each collection, the semen samples were diluted in four treatments,

except the fresh one which was not diluted and considered as the control.
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After semen collection in each repetition, the samples were diluted in four different
diluents, mentioned in table 1, in a proportion of 12:1 (diluent: semen, respectively). After dilution,
the samples were divided into five equal parts, containing 20 pL in each microtube. In all diluents,
10% dimethylsulfoxide (DMSQ) was added to their formulation as cryoprotectant. The Tris + EY

diluent was added 20% egg yolk in its final volume.

Table 1. Composition and characteristics of the diluents tested in the collection and sperm

parameters of Africanized honey bees (A. mellifera).

Name Component g/100 mL H20O pH Authors
Tris Tris base 7.640 7.5 Modified from
D+ Glucose 1.052 Taylor et al.
Citric acid 3.832 (2009).
Tris+ EY Tris base 7.640 7.5 Modified from
D+ Glucose 1.052 Dadkhah et al.
Citric acid 3.832 (2016).
Egg yolk 20% (v/v)
Collins D+ Glucose 0.300 7.5 Modified from
Potassium chloride 0.410 Collins (2000).
Sodium bicarbonate 0.210
Sodium chloride dihydrate 2.430
Ringer Potassium chloride 0.025 6.35 Modified from
Calcium chloride 0.030 Camargo
Sodium chloride dihydrate 0.850 (1975)
D+ Glucose 0.500

2.3. Refrigeration protocol

The microtubes containing the diluted semen were refrigerated in an oxygen biological
demand incubator (BOD) at 16 + 1°C for a maximum period of 96 h. Being evaluated at times O,
24, 48, 72 and 96 h of cooling. The moment 0 h was evaluated immediately after dilution along

with the fresh one.

2.4. Evaluation of sperm parameters
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The hydrogen ion potential (pH) was evaluated in fresh and diluted semen before and after

refrigeration using a pH measuring tape (Merck, Sao Paulo).

Sperm motility, was evaluated using 5 pL of the fresh and diluted sample on a preheated
glass slide (34°C) which was analyzed under a light microscope (x10). Motility was classified

according to the number of moving sperm from 0% to 100% (MORAIS et al., 2022)

The sperm viability, was given through a fluorescent solution composed of 5 puL of Hoechst
342 (H-342; Sigma-Aldrich, St Louis, MO, USA) and 1 pL of propidium iodide (PI; Sigma-
Aldrich, Co., St Louis, MO, USA). 2 pL aliquots of the fresh and diluted semen sample were
incubated for 10 minutes at 34°C in the fluorescent solution and subsequently evaluated by
epifluorescence microscopy (400x; Episcopic Fluorescent attachment “EFA” Halogen Lamp Set;
Leica, Kista, Sweden) (MORAIS et al., 2022). For each sample, 100 sperm were counted; those
that presented blue-marked heads were classified as viable while those that were marked totally or

partially in red were classified as non-viable (Hopkins and Herr, 2010).

The hypo-osmotic swelling test (HOST) was used to evaluate the functional integrity of
the sperm membrane, based on curled and swollen tails. Through the incubation of 5 pL of semen
in 45 uL hypo-osmotic solution at 0 mOsm/L (distilled water) for 60 minutes of incubation period
at 34°C (NUR et al., 2012). After the incubation period, an aliquot of incubated semen was placed
on a glass slide, covered with a cover slip and evaluated under a phase contrast microscope (x40).
Microscope fields were selected randomly. 100 sperm were evaluated per slide, and the

percentages of sperm with curled tails were calculated (NUR et al., 2004).

For evaluating the sperm morphology, semen smears were used by mixing 5 pL of semen

with 45 pL of Bengala Rose stain (Cromato, SP, Brazil), which were incubated for 2 h at room
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temperature. Then, a drop of 10 pL was placed on a glass slide and covered with a coverslip. After
24 h, a total of 100 cells were counted using optical microscopy (x100) in random fields. The
percentages of normal and altered spermatozoa were verified for each smear. Morphological
defects were classified according to the region of the spermatozoa, such as head and tail (MORAIS

etal., 2022).

2.5. Statistical analysis

Sperm traits were expressed as mean * standard error. The data were examined for
parametric assumptions: normality using the Shapiro-Wilk test and homoscedasticity using
Levene’s test. Fresh semen was considered one of the treatments, and Dunnett’s test was applied
to compare it with the other treatments. Subsequently, a two-way ANOVA using a general linear
model (PROC GLM) of the Statistical Analysis System (version 8.0, SAS Institute Inc., Cary, NC,
USA) was performed to evaluate the effects of the treatment, incubation time (0, 24, 48, 72 and 96
h) and its interaction on the sperm traits. Incubation time was considered a repeated measure.
Finally, Tukey’s test for Adjusted Multiple Comparisons was used to verify the potential

differences between the means. Statistical significance was set at P<0.05.

3. Results

3.1. Sperm parameters of fresh and diluted semen in different diluents and refrigerated at 16° C

After refrigeration, there was a significant decrease (P<0.05) in most sperm parameters
(Table 2) compared to fresh samples. Regarding sperm motility, none of the experimental groups
were similar to fresh (P<0.05). However, post-refrigeration values for broken tail and double tail

morphological abnormalities in all experimental groups were similar to those observed for fresh
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semen (P<0.05). However, in the case of curled tail abnormality, the Collins and Ringer diluents

stand out negatively when compared to other treatments (P<0.05).

Table 2. Mean values (x SEM) of the motility patterns, viability, hypo-osmotic swelling test
(HOST), pH, normal sperm, and abnormal sperm with coiled tail, broken tail, and double tail in

fresh and refrigerated semen at 16°C in different semen extenders.

Sperm Parameters

Semen Extenders

Fresh Tris Tris + EY Collins Ringer

Motility 957+1.7% 63.4+53%  63.1+47%  542+67% 191 +6.55
Viability 71.8+46" 69.7+23% 536+36%  711+£26"% 582+36"
HOST 63.3+3.4% 61.8+36" 458+33B 3544208 616+1.34
pH 75+014  7.3+041M 7.1+0.15° 744017 5.7 +0.1B¢
Normal sperm 46.1 +4.6% 49.6+25%  382+24"  201+175¢ 165+ 1.8%
Curled Tail 53+4.6"  49.7+25%  60.3+24%°  704+168 83.2+1.8%
Broken Tail 0.7+0.3%  0.7+04" 1.4 + 0.5 0.5+0.1" 02+1.74
Double Tail 0.1+01% 0101 0.1+0.1% 0Aa 0Aa

A Bvalues with different letters on the same row differ significantly between fresh and refrigerated
groups (Dunnett's test; P<0.05).

a.b.¢.dy/alues with different letters on the same row differ significantly between semen extenders
(Tukey test; P < 0.05)

3.2. Moatility, viability, and HOST in different diluents and refrigeration time

A significant effect was observed in the metrics of semen from Africanized honey bee
drones in relation to the diluent and the refrigeration time (Fig. 1, P<0.05). Sperm motility differed
among treatments (P<0.05), with the Tris and Tris + EY diluents being the most efficient at 96 h
(P>0.05; Fig. 1A), however, all diluents had a significant decrease over time (P<0.05). The diluents
differed from each other on the effect of viability from 72 h of refrigeration (P<0.05; Fig. 1B) and
only the Ringer diluent obtained a significant decrease over the refrigeration time after 48 h. There
was a significant relationship between the diluents and the time on the HOST from 24 h of

refrigeration (P<0.05; Fig. 1C).
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Figure 1. Average percentages (x SEM) of motility (A), viability (B), and the HOST (C) in
samples refrigerated at 16°C, over the storage time. Means followed by different uppercase letters
indicate significant differences between the refrigeration times within each diluent, and means
followed by lowercase letters indicate a significant difference between the experimental groups

(Tukey test; P<0.05).

3.3. The effect of diluents and 16°C refrigeration at different times on sperm morphology

Morfologically, a higher value (P<0.05) of normal spermatozoa was observed in the Tris diluent
compared to the Ringer diluent after 96 h of refrigeration, Tris + EY and Collins did not differ
from the others (P>0.05; Table 3). The time effect was only significant for the Ringer diluent
(P<0.05), with 24 and 72 h being the times that showed the lowest amount of normal spermatozoa
9.4 + 1.2% and 11.4 + 1.9% respectively. Regarding sperm abnormalities, the broken tail and
double tail defects were not significant between the diluents and refrigeration time (P>0.05).
However, the tail curled effect was significant (P < 0.05; Table 4), with the Ringer diluent showing

the highest averages at all refrigeration times, exceeding 65% of tail curled defect.

Table 3. Mean values (x SEM) for normal sperm of Africanized honey bee drones submitted to

refrigerated at 16°C in differents semen extenders and storage period.

Storage period

Semen extenders Oh 24 h 48 h 72 h 96 h

Tris 59.3+3.7%% 434+45% 561+54% 450+58%  43.1+6.2/
Tris + EY 450+ 6.0 343+217% 301+7.7°% 417+55% 309+ 3.2A%
Collins 37442470 28442470 24 7+65°  290+34°0 257+ 2 140
Ringer 33.9+4.0%" 94+12% 143+18° 114+198° 13.6+2.0°8P

A Byalues with different letters on the same row differ significantly between cooling times within
each semen extender (Tukey test; P < 0.05).
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a bv/alues with different letters on the same row differ significantly between semen extenders
(Tukey test; P < 0.05)

Table 4. Mean values (£ SEM) of abnormal sperm with tail coiling defect submitted to refrigerated

at 16°C in different semen extenders and storage periods.

Storage period

Semen extenders Oh 24 h 48 h 72 h 96 h

Tris 406 £3.7%% 554+49% 434+56% 537+57% 553+6.4%
Tris + EY 53.7+57%0  646+24" 604+7.6"% 583+55% 64.6+49%
Collins 62.0+£2.3° 7114237  746+6.3% 71.0+£34°% 733+18°%
Ringer 65.3+3.9"% 906+12% 857+18°B" 884+19% 86.3+1.978

A-Bvalues with different letters on the same row differ significantly between cooling times within
each semen extenders (Tukey test; P < 0.05).

& b\/alues with different letters on the same row differ significantly between semen extenders
(Tukey test; P < 0.05)

4. Discussion

To our knowledge, this is the first article to evaluate the cooling of semen from Africanized
honey bees. In which, four different diluents (Tris, Tris + EY, Collins, and Ringer) were compared
in terms of their effect on sperm quality over 96 h at 16°C. The study demonstrated the possibility
of using different compositions in diluents without causing extensive damage to the quality of
semen during the cooling process. Additionally, the results provide a scientifically solid foundation

for developing a commercially acceptable diluent for bee semen preservation.

Conservation processes at low temperatures have a destructive effect on sperm due to cold
shock, ice formation, and lipid peroxidation (NUR et al., 2012; USTUNER et al., 2016). These
undesirable effects when combined, act on the decrease of sperm parameters, such as, viability,
functionality of the plasma membrane and acrossome integrity (ALCAY et al., 2019). Sperm

motility also decreases with storage time and contamination (Locke and Peng, 1993).
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Our in vitro semen assay results are in line with other studies comparing the cooling time
under the decrease of sperm motility (Taylor et al., 2009; Alcay et al., 2019). The evaluation of
motility in this study showed that semen is able to maintain motility for 96 h when cooled at 16°C,
except for the Ringer diluent, which ceased motility from 48 h of cooling. It is seen that the motility
of fresh and cooled sperm were affected by the diluent used. Yet, this study was not designed to
test the specific components of each diluent. However, we can speculate about the effects that
these diluents have on various functions of sperm cells, based on the findings of this and previous

studies (Cobey, 2007; Taylor et al., 2009; Abdelkader et al., 2014).

In this study, the two diluents that resulted in the lowest levels of motility were those that
contained higher levels of K+ and HCO3- (Collins and Ringer), not corroborating with the findings
of Taylor et al. (2009), which obtained results opposite to those of this study. It was seen that ions
such as Na+, K+, Ca2+ and Mg2+ are common in the semen of many species, including bees, and
these in turn are known to influence sperm motility and are commonly added to semen diluent
solutions (Moritz, 1984; Park and Chapman, 2005; Shaliutina et al., 2013). However for the Ringer
diluent, pH may have been a determining factor for the rapid decrease in motility, as a relatively
more alkaline pH value stimulates motility of these sperm similar to that similar to that of mature
queen's seminal fluid (Camargo, 1975). Therefore, based on these results, we infer that in addition

to substances such as K+ and HCO3-, other factors are determinant for sperm motility.

The evaluation of stored semen viability in this study showed that bee semen can remain
viable for a long period, showing a significant decrease (P<0.05) after 72 h. The sperm refrigerated
in the Ringer diluent were the ones that maintained the lowest amount of viable spermatozoa
(34.4%) throughout the refrigeration period. However, we observed a survival rate above 70% for

semen refrigerated in the Tris diluent. Collins (2000) found viable spermatozoa in semen
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refrigerated at 12°C and 25°C after 39 weeks. Paillard et al. (2017) observed total mortality of
spermatozoa in semen stored at 16 °C after 47 weeks of refrigeration, demonstrating that diluted
bee semen can be effectively stored at temperatures above 0°C for weeks. Locke and Peng (1993)
also obtained good sperm viability, being above 75% after 6 weeks of refrigeration at 21-24°C.
Therefore, our results confirm a decrease in semen viability over time, as well as demonstrate the
importance of choosing a good diluent for the conservation of Africanized honey bee semen, which

is still not well known.

In addition to sperm viability, HOST is the optimized test to detect subtle changes in the
functional integrity of the sperm membrane (Jeyendran et al., 1984; Alcay et al., 2019). Various
physiological processes during fertilization require a functionally intact membrane (NUR et al.,
2012). In this study, distilled water was used as a determinant to evaluate the reactivity of honey
bee sperm. This test is based on the ability of functionally intact sperm to swell after exposure to
a hypo-osmotic solution (Ahmadi and Ng, 1997; Nur et al., 2004). Therefore, cold shock causes
the phase transition of membrane lipids after the plasma membrane loses its selective permeability
(TAYLOR et al.,, 2009). That said, protection against cold shock is possible with increased
membrane fluidity (PALHARES et al., 2021). Accordingly, egg yolk was added to the Tris diluent
in order to protect the sperm plasma membrane, due to its amount of lipoproteins that act in
protecting the membrane during the cooling and freezing process (Aboagla and Terada, 2004;
Dadkhah et al., 2016; Loeza-Concha et al., 2019). We found values of functional integrity of the
membrane in all treatments, which began to show a decrease over time from 24 h of refrigeration
and the Ringer experimental group was the one that stood out from the others, showing 56.4% *

3.5% after 96 h of refrigeration (P<0.05). The HOST values are similar to those of the research
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carried out by Alcay et al. (2015) who used DMSO in their diluent obtained a value of 69.5% +

3.2% and Alcay et al. (2019) obtained 60.5% =* 3.4%.

A significant effect was also observed in the morphology of honey bee sperm among the
experimental groups over the refrigeration time. Although the highest values for morphologically
normal sperm were in the newly diluted semen in Tris (59.3% + 3.7%), which significantly
differentiated (P<0.05) from those found in Ringer diluted (33.9% + 4.0%), emphasizing that this
significance between these two groups remained throughout the refrigeration time (P<0.05). In the
present study, an average of > 60% of abnormal sperm were found in the sperm diluted with
Ringer, throughout the refrigeration time, observing all this concentration in the abnormality of
the curled tail, demonstrating superiority (>20%) to those evaluated in Tris (P < 0.05) at all
refrigeration times. In addition to the effects of the dilution medium composition, we suggest that
the increase in sperm damage may be a consequence of the acid pH (6.35), when compared to the
others and the fresh without the use of diluent (7.5). As in the present study, Morais et al., (2022)
in their study with semen of Africanized honey bee drones, showed that the most common
abnormalities were found in the sperm tail, being >60% with a curled tail. Which were also
reported by Tarliyah et al. (1999). Tail double and broken abnormalities were not significant in
this study (P>0.05). However, such abnormalities can effectively impair honey bee fertilization,
especially in instrumental insemination, as in nature this can be mitigated due to the queen's
fertilization with multiple males (Withrow and Tarpy, 2018; Morais et al., 2022). Therefore, it is

important to investigate different causes that may interfere with the morphology of sperm in bees.

In conclusion, the results of this study indicated that the Tris and Tris + EY diluents
preserved sperm motility better than the others. Considering all sperm parameters, the Tris diluent

was the ideal for the preservation of drone semen when refrigerated. Future studies may focus on
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mechanisms to improve sperm parameters during refrigeration. These are important findings to be
considered for the development of conservation strategies for Africanized honey bees and

formation of germplasm banks.
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Abstract

This study aimed to evaluate the effect of different diluents on the cryopreservation of semen from
Africanized honey bees (A. mellifera). Three modified diluents, using a dilution ratio of 12:1
(diluent: semen) were tested. For cryopreservation, samples were cooled to 15 °C for 40 minutes
in isothermal boxes and stabilized at 5 °C for 10 minutes in a biological incubator. They were then
exposed to nitrogen vapor for 10 minutes and finally stored in a cryobiological container at -196
°C. After one week, the samples were thawed individually in a 37 °C water bath for 30 seconds.
Sperm motility was evaluated visually in a subjective, while sperm viability was evaluated using
Hoechst and propidium iodide fluorescent probes. Hypo-osmotic evaluation was given through a
hypo-osmotic solution at 0 mOsm/L, and sperm morphology was evaluated using the rose Bengal.
Sperm parameters were altered after the cryopreservation process. The newly diluted (non-frozen)
treatments compared to the fresh (no diluent) did not affect motility and the hypo-osmotic test but
affected the viability and morphology of the spermatozoa (P < 0.05). In the thawed samples,
morphology was significantly different between treatments (P < 0.05). The other sperm parameters
after freezing of the diluents were not different among them (P > 0.05). This study was pioneering
in use of different diluents to develop commercial diluent for preserving semen from Africanized
bees drones. Therefore, these are important findings to be considered when using germplasm from
endangered populations, in the need for creating biobanks and instrumental insemination

technologies.

Keywords: Tris, Drones, Cryoprotectants, Motility, Viability, Hypo-osmotic test
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1. Introduction

Honey bees play a vital role in maintaining ecosystems through their pollination services
(Potts et al., 2010). However, in the last decade, a decrease in these pollinators has been seen
worldwide, with their causes attributed to the destruction of their natural habitat (Kline and Joshi,
2020), parasites (Evison et al., 2012), insufficient food supply (Pettis et al., 2016), inadequate
management (Requier et al., 2018) and mainly exposure to pesticides (Castilhos et al., 2019).
These losses are a major threat to biodiversity. Therefore, various efforts have been made to seek
the conservation of these animals, with semen preservation as an effective strategy to protect
genetic diversity and contribute to instrumental insemination programs (Collins, 2000; Paillard et

al., 2017).

In various mammal species, cryopreservation is used for long-term storage of semen (Aires
et al., 2003; Cardoso et al., 2003; Moreira et al., 2022). This biotechnology has contributed to the
success of propagating numerous species, and it is considered an important tool for animal
reproduction, including bees (Collins, 2000; Almeida and Soares, 2002). Access to cryopreserved
semen can allow instrumental insemination in bees at any time of the year, especially in regions
where drone presence is not abundant. However, it is worth noting that the field of
cryopreservation of honey bee semen is quite difficult and has limitations such as semen collection,
the volume of semen collected, and the lack of adult drones depending on environmental

conditions (Morais et al., 2022).

The study of cryopreservation in European honey bees (A. mellifera) has research on
diluents, cryoprotectants, and cooling rates. However, in semen from Africanized honey bees, only

semen collection and evaluation in different seasons has been reported (Morais et al., 2022).

73



Among the problems related to semen preservation of bees, decline in quality, such as viability
and motility after thawing, is seen during long-term storage (Yaniz et al., 2019; Rajamohan et al.,

2020).

In this context, the formulation of diluents used in the preservation of honey bee semen has
been widely discussed in the scientific community, due to the non-existence of a standard
commercial diluent for all honey bee subspecies, either by its hydrogen ion potential (Kaftanoglu
and Peng, 1984), the cryoprotectant (Taylor et al., 2009), the use of egg yolk (Dadkhah et al.,
2016) and antibiotic (Collins, 2000). Kaftanoglu and Peng (1984) evaluated 11 diluents, containing
various concentrations of dimethyl sulfoxide (DMSO) and freezing rates, and found that the best
post-thaw sperm motility was obtained from the ratio of 40% semen and 60% Kiev solution
(containing 10% DMSO). As Taylor et al. (2009) evaluated 6 diluent combinations, containing
different dilution ratios and cryoprotectants, obtained viability of 68.3% in a ratio of 12:1 (diluent:

semen) with DMSO in its formulation.

Therefore, the hypothesis raised in this study is that the diluents tested here will provide
distinct results in the cryopreservation process, given their composition in sperm parameters.
Therefore, this study aimed to evaluate the effect of different diluents on the cryopreservation of

semen from Africanized honey bees (A. mellifera).

2. Materials and methods

The experiments were carried out at the Nucleus of Technological Training in Apiculture
- NCTA and the Animal Germplasm Conservation Laboratory - LCGA of the Federal Rural
University of the Semi-Arid - UFERSA (5°03'37""S e 37°23'50"W, located in Mossor0, Rio

Grande do Norte, Brazil).
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The chemicals used in this study were purchased from Sigma Chemical Co. (St. Louis,

MO, USA).

2.1. Animals

A total of 500 Africanized honey bee drones were used in the experiment. They were

captured from 10 different colonies. They were collected at the entrance of the hive using a bee

escape in which they were retained. In them, the drones were evaluated for maturity, and were

considered mature when they displayed complete eversion of the endophallus tip and the presence

of semen were used in the experiment (Collins and Donoghue, 1999).

2.2. Diluents

The detailed composition of the diluents is presented in Table 1. All of the diluents had

10% DMSO added to their formulation as a cryoprotectant. The Tris + EY diluent had 20% egg

yolk added to it final volume.

Table 1. Composition and characteristics of the semen extenders tested in the collection and sperm

parameters of Africanized honey bee (A. mellifera).

Name Component g/100 mL H20 pH Authors
Tris Tris base 7.640 7.5 Modified from
D+ Glucose 1.052 Taylor et al.
Citric acid 3.832 (2009).
Tris + EY Tris base 7.640 7.5 Modified from
D+ Glucose 1.052 Dadkhah et al.
Citric acid 3.832 (2016).
Egg yolk 20% (v/v)
Collins D+ Glucose 0.300 7.5 Modified from
Potassium chloride 0.410 Collins et al.
Sodium bicarbonate 0.210 (2000).
Sodium chloride dihydrate 2.430
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2.3. Semen collection and dilution

The semen collection was performed using the standard collection technique (Collins and
Donoghue, 1999). In brief, semen was collected using a modified Harbo syringe (Harbo, 1985)
developed by Schley for bee insemination. Ten repetitions were carried out, and in each collection,
40 pL of semen was collected, with 10 pL evaluated immediately, which served as the control.
The sample was then divided into three aliquots of 10 pL of semen and diluted in Tris, Tris + EY

or Collins, using a ratio of 12:1 (diluent: semen).

2.4. Freezing and thawing protocol of semen

For freezing, 250 pL straws (IMV Technologies, L'Aigle Cedex, France) were used. The
straws were packaged after dilution, in which 20 pL of diluted semen was pipetted, followed by
an air space in a 1:1 ratio. Then, the straws were sealed with polyvinylpyrrolidone and destined

for cryopreservation.

The samples were cooled to 15 °C for 40 minutes in isothermal boxes and stabilized at 5
°C for 10 minutes in a biological incubator (Quimis, Diadema, SP, Brazil). They were then exposed
to nitrogen vapor (5 cm) for 10 minutes and finally stored in a cryobiological container at -196 °C.
After one week, the straws were thawed individually in a water bath at 37 °C for 30 seconds
(Dadkhah et al., 2016). After thawing, the samples were evaluated for the sperm parameters

described later.

2.5. Sperm parameters evaluated

2.5.1. Sperm motility
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Sperm motility (%) was evaluated using 5 pL of the fresh and diluted sample of the frozen-
thawed semen on a pre-heated glass slide (34 °C) and later analyzed under a light microscope

(x10). Motility was classified as a percentage according to Morais et al. (2022).

2.5.2. Sperm viability

Sperm viability (%) was used to evaluate the structural integrity of spermatozoa, for which
a fluorescent solution composed of 5 puL of Hoechst 342 (H-342; Sigma-Aldrich, St Louis, MO,
USA) and 1 pL of propidium iodide (P1; Sigma-Aldrich, Co., St Louis, MO, USA) was used. 2 L
aliquots of the sample were incubated for 10 minutes in a 34 °C fluorescent solution and
subsequently evaluated under epifluorescence microscopy (400x; Episcopic Fluorescent
attachment “EFA” Halogen Lamp Set; Leica, Kista, Sweden). For each sample, 100 spermatozoa
were counted; those that presented heads marked totally or partially in red were classified as non-

viable, and those that were only marked in blue were classified as viable (Hopkins and Herr, 2010).

2.5.3. Hypo-osmotic swelling test (HOST)

The HOST was used to evaluate the functional integrity of the sperm membrane, based on
curled and swollen tails. By incubating 5 pL of semen in 45 pL of a 0 mOsm/L hypo-osmotic
solution (distilled water) for 60 minutes of incubation period at 34 °C (Nur et al., 2012). After the
incubation period, an aliquot of the sample was placed on a glass slide, covered with a coverslip,
and evaluated under phase contrast microscopy (X 40). The microscope fields were selected

randomly, with 100 spermatozoa per slide (Nur et al., 2004).

2.5.4. Sperm morphology

To evaluate sperm morphology, sperm smears were used by mixing 5 pL of semen with
45 pL of rose Bengal (Cromato, SP, Brazil) which were incubated for 2 h at room temperature.
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Then, a 10 pL aliquot was placed on a glass slide and covered with a coverslip. After 24 h, a total
of 100 cells were counted using optical microscopy (x100) in random fields. The percentages of
normal and altered spermatozoa were verified for each smear. Morphological defects were

classified according to the region of the spermatozoon, such as head and tail (Morais et al., 2022).

2.6. Statistical analysis

The data of the sperm parameters were expressed as mean + standard error. The data were
examined for parametric assumptions: normality using the Shapiro-Wilk test and homoscedasticity
using the Levene test. The motility, viability and morphology data were transformed into the
square root of the arcsine and then submitted to the analyses. Fresh semen was considered the
control, and the Dunnett test was applied to compare it with the other treatments. Thus, to evaluate
the effect of the sperm parameters on the frozen-thawed semen among the diluents, a one-way
ANOVA using an LSD model of the R software, version 3.3.0 (R Core Team, Vienna, Austria)
was performed. Finally, the Tukey test for Adjusted Multiple Comparisons was used to check for

potential differences among the means. Statistical significance was established at P < 0.05.

3. Results

The sperm parameters underwent changes after the cryopreservation process. Sperm
motility did not differ between the fresh and the evaluated diluents in the frozen and thawed
samples (P > 0.05). After dilution, it was observed that the Tris + EY treatment (84.5 = 2.3%),
presented the best viability, being superior even to the control (F= 6.9; DF= 3, 36; P = 0.0009)
(Table 2). Still when compared only the samples diluted Tris + EY (84.5 + 2.3%) was superior
only Tris (68.2 £ 1.6%) (F=9.3; DF= 2, 27; P = 0.0008) (Figure 1). The hypo-osmotic test did not

suffer significant difference between the diluents in comparison to the fresh and in the
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cryopreservation process (P < 0.05). However, for morphology, the samples diluted with Tris (69.3

+ 1.9%) presented superior results when compared to Tris + EY (52.7 £ 5.0%) and Collins (47.7

+ 5.9%) (F= 6.1; DF= 2, 27; P = 0.006) (Figure 2). In the thawed samples, the Tris treatment

presented a higher number of normal spermatozoa and a lower number of spermatozoa with tail

defects compared to the Collins diluent (F= 6.8; DF= 2, 27; P = 0.004) (Table 3). The other sperm

parameters in the post-freezing of the diluted samples were not statistically different from each

other (P > 0.05).

Table 2. Mean values (= SEM) of motility, viability, HOST) normal spermatozoa and abnormal

spermatozoa with curled tail, broken tail and double tail in fresh semen and after 5 minutes of

exposure to three types of semen extenders.

Semen extenders

Sperm Parameters Fresh Tris Tris+ EY Collins
Motility 99.5+05% 995+0.5% 975+2.0% 100.0+0.0"
Viability 73.9+23% 682+168 845+23° 76.3+3.78
HOST 73.6+38% 825+16" 786+3.9° 72.6 £ 3.5~
Normal sperm 59.1+3.74 69.3+1.9% 527+50% 47.7+59°
Curled Tail 40.0+35% 30.1+1.9% 46.6+5.0" 52.0 £ 6.0"
Broken Tail 0.8+04" 05+02% 06+0.3" 0.3+0.3"
Double Tail 0.1+0.14 0.1+0.14 0.1+0.1° oA

AB Means in the same row showing different superscripts point to significant differences between

the fresh and cooled groups (Dunnett test; P < 0.05).
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Figure 1. The effect of different semen extenders on fresh sample sperm viability (mean + SEM).

Letters in lowercase indicate a significant difference between diluents (Tukey test; P < 0.05).
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Figure 2. The effect of different semen extenders on fresh sample normal sperm morphology

(mean = SEM). Letters in lowercase indicate a significant difference between diluents (Tukey test;

P <0.05).

Tabela 3. Sperm morphology of post-thawed bees using different semen extenders (mean + SEM).

Semen extenders

Morphological parameters Tris Tris + EY Collins
Normal sperm 49.2+49° 438+3.1® 31.1+25°
Curled Tail 499+48 555+32% 67532
Broken Tail 0.8+£0.32 0.7+0.3? 1.4+0.9?
Double Tail 0.1+0.1° 02 0?

ab Means in the same row showing different superscripts point to significant differences (Tukey
test; P < 0.05).
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4. Discussion

This study provides initial information on the quality of semen in Africanized honey bee
drones under the use of different diluents during cryopreservation. It is known that factors such as
drone size and age, semen quality, diluent type, cryoprotectants, semen-to-diluent ratio, and
cooling, freezing, and thawing techniques are essential for successful cryopreservation (Taylor et

al., 2009; Dadkhah et al., 2016; Morais et al., 2022).

This study provides initial information on the quality of semen in Africanized honey bee
drones under the use of different diluents during cryopreservation. It is known that factors such as
drone size and age, semen quality, diluent type, cryoprotectants, semen-to-diluent ratio, and
cooling, freezing, and thawing techniques are essential for successful cryopreservation (Taylor et
al., 2009; Dadkhah et al., 2016; Morais et al., 2022). Therefore, in this study, the effect of semen
diluent containing egg yolk in preserving the quality of semen from Africanized honey bees
showed the best sperm viability before the freezing process. This better preservation of sperm
viability in honey bees, using egg yolk as a membrane cryoprotectant, possibly occurred due to
the protective mechanism of low-density lipoproteins in the egg yolk on the sperm membrane,
which provided an appropriate environment in preserving semen quality (Aboagla and Terada,
2004; Bergeron and Manjunath, 2006). As well as the phosphatidylcholine in egg yolk, which has
been showing beneficial effects in preserving and functioning of mammal semen and improves

progressive microscopic parameters of sperms (Forouzanfar et al., 2010; Pearodwong et al., 2010).

Our results showed that the viable semen in different diluents presented a decrease of 30%
in the post-thawing. However, Dadkhah et al. (2016), with European honey bees, found viability
of 60% in diluent using egg yolk in its composition in the post-thawing. As well as Hopkins and

Herr (2010), in their study on the factors of success in freezing bee semen, obtained viability
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greater than 90% after 6 days of storage in liquid nitrogen (-196 °C), which contained Tris and egg
yolk in its diluent. Collins (2000) reports the importance of a sperm viability greater than 45% in
the success of instrumental insemination in bees. This decrease found in the present study may be
related to other factors, such as the composition of the diluents and the freezing curve (Taylor et
al., 2009) for the semen of Africanized bees, requiring more studies. Given that in mammal semen
during the cryopreservation process, there may be a change in the plasma membrane, leaving the
sperm more sensitive, in Africanized bees due to being a polyhybrid, perhaps, there is a difference
between the composition and resistance of the spermatozoa during cryopreservation (Nishijuma et

al., 2015).

Sperm cryopreservation ensures that genetic material is preserved for a long time.
However, it is known that this process can be affected by components of the diluents, such as the
buffer, osmotic pressure, and the type of cryoprotectant (Taylor et al., 2009; Alcay et al., 2015).
These undesired effects decrease the sperm parameters during the freezing-thawing process (Nur
et al., 2012; Gul et al., 2017; Alcay et al., 2019). In this study, we can affirm that the freezing-
thawing process affects the morphology of the spermatozoa, taking into account an increase of >
50% in sperm abnormalities in the post-thawed, with the Collins diluent being the most affected.
Morais et al. (2022) in their work with Africanized bees, found a percentage of normal
spermatozoa similar to the present study, however, the time of year had a significant effect on
morphological abnormalities reaching > 64% the presence of the tail-coiled defect. Being this the
most present defect in the present study, reaching > 67%, and previously reported by Tarliyah et
al. (1999). Studies involving sperm morphology in Africanized bees are still scarce, requiring

further investigations on what can cause these changes, especially in the tail of spermatozoa.
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The parameters of motility and HOST were not significant between the means in the
frozen-thawed, however, both suffered decreases in post-thawed (80% and 50% respectively). As
in this study, Morais et al. (2022) found a motility of 80% in fresh semen of Africanized bees in
the semi-arid. However in post-thawed, Alcay et al. (2015) observed a decrease of >30% in
motility and >25% in hypo-osmotic in semen of European honey bees, using DMSO as
cryoprotector in their diluent. In addition, the responses of the bee spermatozoa to the hypo-
osmotic solution were similar to those reported by Nur et al. (2012) and Alcay et al. (2019). It is
seen that submitting bee spermatozoa to hypo-osmolar solutions causes morphological changes,
evidenced by the rolling and swelling of the tail (Nur et al., 2012). We can, however, speculate
about the effects that various components in the diluents have on various functions of the sperm

cells, based on the findings of this and previous studies.

In conclusion, it is highlighted that the diluent containing Tris was the best option for
preservation of the sperm in relation to their morphological characteristics. However, there is a
need for more studies on the ideal diluent for cryopreservation of semen from Africanized bees, as
the parameters of motility and post-thawed viability were below the average of previous studies
with non-Africanized honey bees (A. mellifera). Thus, this study was the first research that used
different diluents, in order to develop a commercial diluent to preserve semen from Africanized
bee drones. Therefore, these are important findings to be considered when using germplasm from
endangered populations, in the need for creating biobanks and instrumental insemination

technologies.
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7. CONSIDERACOES FINAIS

A presente tese apresentou resultados significativos no que diz respeito a conservacdo dos
espermatozoides de abelhas africanizadas (Apis mellifera). Sendo assim, nossos resultados
mostraram, pela primeira vez o efeito de diferentes diluidores de sémen sobre os parametros
espermaticos em zangbes de abelhas africanizadas. No qual foi observado padrGes de alteracoes
nas funcGes espermaéticas e alteragdes morfologicas decorridas do processo de conservagdo e
diluicéo.

Foi evidenciado que o sémen de zangdes africanizados pode ser conservado a 16 °C por
um curto periodo de tempo e criopreservado em -196 °C por um longo periodo. No entanto os
diluentes Tris e Tris + EY, foram os ideais para conservacdo da motilidade espermatica no sémen
refrigerado e caracteristicas morfoldgicas no sémen criopreservado. Entretanto, esse trabalho serve
como base para futuros estudos que possam focar em mecanismos para melhorar os parametros

espermaticos durante sua conservacao.

A criopreservacdo é imprescindivel para a conservacdo de espermatozoides a longo prazo,
no entanto foi observado que a exposicdo do sémen a este processo resulta em danos a membrana
dos espermatozoides, ja que todos os parametros espermaticos avaliados apresentaram uma

reducdo apos a criopreservacao.

E importante ressaltar que o uso de diferentes diluentes e testes especificos para avaliagio
dos parametros espermaticos tem grande importancia para que programas de melhoramento em
abelhas possam organizar melhor o processo de selecdo, e consequentemente otimizar o ganho
genetico. No qual este ultimo é dependente do intervalo de geracdo de espécie, ou seja, quanto

mais rapida e eficiente for a estratégia de reproducédo, maior serdo os ganhos por geracao.
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8. ANEXOS

ANEXO A — Comprovante de submissdo do artigo The effects of four extenders on refrigerated

Africanized honey bee sémen.
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