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PREFACIO

Esta dissertacdo esta dividida em dois capitulos, de acordo com o formato alternativo proposto
pelo Programa de P6s-Graduacéo em Biodiversidade Tropical (PPGBIO). As normas adotadas
para padronizacao das referéncias da introducéo geral seguem o formato do periddico Ecology.
O segundo capitulo ¢ o artigo intitulado “Anticoagulants and their effects on the hematological
and biochemical parameters of Yellow-spotted amazon river turtle Podocnemis unifilis

(Podocnemididae)” submetido ao periodico Biota Neotropica.



RESUMO

Furtado, Yuri lan Carvalho. Efeitos dos anticoagulantes heparina, Na2EDTA e K3sEDTA nas
anélises hematolodgicas e bioquimica plasmatica de tracajad (Podocnemis unifilis). Macapa,
2021. Dissertacdo (Mestre em Biodiversidade Tropical) — Programa de Pés-graduacdo em
Biodiversidade Tropical — Pro-Reitoria de Pesquisa e P6s-Graduacgdo - Universidade Federal

do Amapa.

Para o estabelecimento dos valores hematologicos de referéncia, para cada espécie, é
fundamental o conhecimento sobre 0s reagentes mais apropriados durante estas avaliacdes. Este
estudo avaliou a eficacia dos anticoagulantes heparina 5.000 U.l. mL™?, Na,EDTA (3% e 5%),
e KsEDTA (3 e 5%) em parametros sanguineos de Podocnemis unifilis, bem como diferentes
métodos para contagem de eritrocitos totais. A coagulacdo foi eficientemente inibida nas
amostras de sangue de P. unifilis com o uso dos diferentes anticoagulantes avaliados apds 10
horas de armazenamento. Houve aumento no nimero de eritrocitos com o uso de KsEDTA 5%
qguando comparado a coleta de sangue com heparina. Foi constatada diferenca estatisticamente
significativa na contagem de eritrocitos entre as diferentes solucdes de reagentes avaliadas. As
solucdes B e D, ambos com citrato de sodio e formol na composi¢éo, possibilitaram a contagem
até 120 horas ap6s a coleta, sem alteracdo em seus valores. Recomenda-se 0 uso dos
anticoagulantes heparina 5000 U.I. mL-%, Na2EDTA 3%, Na:EDTA 5%, KsEDTA 3% nas
analises hematologicas de P. unifilis. Ainda, o uso da solu¢do de formol-citrato (1,9 g de citrato
de sodio e 1,0 mL de formol em 50 mL de agua destilada) para realizacdo das contagens de

eritrécitos totais em tracaja.

Palavras-chave: Chelonia; eritrécitos; hemoglobina; sangue; saude.



ABSTRACT

Furtado, Yuri lan Carvalho. Effects of anticoagulants heparin, Na,EDTA and K3sEDTA on
hematological and plasma biochemical analyzes of Yellow-spotted amazon river turtle
(Podocnemis unifilis). Macapa, 2021. Dissertation (Master in Tropical Biodiversity) —
Programa de Pds-graduacdo em Biodiversidade Tropical — Pré-Reitoria de Pesquisa e Pds-

Graduacao - Universidade Federal do Amapa.

Knowledge of suitable methods and reagents for assessing the health condition of specimens of
a given species is essential. The present study evaluated the efficacy of the heparin
anticoagulants 5,000 1.U. mL™, Na,EDTA (3% e 5%), and KsEDTA (3% e 5%) on the blood
parameters of Podocnemis unifilis, employing different methods for red blood cells count. The
use of the various anticoagulants evaluated after 10 hours of storage efficiently inhibited
coagulation in blood samples from P. unifilis. An increase in the number of erythrocytes was
observed with the use of KsEDTA 5% when compared with blood with heparin. Statistically
significant changes in the erythrocyte number were observed with the use of the solutions.
Solutions B and D for example, both of which featured sodium citrate and formaldehyde in
their composition, allowed counting up to 120 hours after collection, without a change in values.
The use of the heparin anticoagulants 5,000 I.U. mL™, Na;EDTA 3%, Na,EDTA 5%, KsEDTA
3% was recommended in the hematological analysis of P. unifilis. Also recommended was the
use of the formaldehyde-citrate solution containing 1.9 g of sodium citrate and 1.0 mL of
formaldehyde (in 50 mL of distilled water) to perform red blood cells counts in yellow-spotted

amazon river turtle.

Keywords: Chelonia; erythrocytes; hemoglobin; blood; health.



ABREVIATURAS E SIGLAS

EDTA - Acido etilenodiamino tetra-cético.

Na2EDTA - Acido etilenodiamino tetra-cético dissodico.
K3EDTA - Acido etilenodiamino tetra-cético tripotassico.
Ht — Hematocrito.

Hb — Concentragéo de hemoglobina.

RBC — Contagem de eritrocitos.

VCM - Volume corpuscular médio.

CHCM - Concentracdo de hemoglobina corpuscular média.
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1. INTRODUCAO GERAL

A conservagao e recuperagdo de recursos naturais deve ser a principal prioridade como
forma de se manter a diversidade bioldgica que hoje esta sob risco de extin¢do (Norris et al.
2019). Estudos foram realizados buscando identificar a perda da populacéo de quel6nios devido
a caca e a modificacdo de habitats (Rebélo and Pezzuti 2000, Fachin-Teran and VVon Milhen
2003, Norris and Michalski 2013, Ceballos et al. 2014, Quintana et al. 2019). A caca retrata
uma antiga atividade de interacdo com a natureza, onde o0 homem busca itens alimentares em
regides muito remotas (Cajaiba et al. 2015). Nesse contexto a fauna silvestre apresenta-se como
forma de sustento para muitas populagdes amazobnicas, sendo muito valorizada pelas
comunidades locais (Almeida and Abe 2009).

Para muitas geracGes a captura de queldnios e seus ovos tem sido um habito bastante
difundido (Rebélo and Pezzuti 2000), sua pele utilizada na confeccdo de apetrechos musicais
(Almeida and Abe 2009), a gordura misturada a outros componentes era usada para vedacao de
embarcacdes e na inddstria farmacéutica (Smith 1979). Os ovos por serem bastante apreciados
acarretam grande preocupacdo devido a intensa exploracdo, todavia com baixo consumo no
Estado do Amapa (Norris and Michalski 2013), além da carapaca ser usada como instrumento
agricola e com a queima, suas cinzas sdo misturadas para confecgdo de artefatos como tigelas
e vasilhas, sendo a carne o principal item de aproveitamento alimentar (Almeida and Abe 2009).

A criacdo de queldnios em cativeiro é uma alternativa sustentavel e conservacionista
visando minimizar a pressdo sobre os estoques naturais (Araujo et al. 2013). O cultivo de
organismos aquaticos é uma alternativa viavel para suprir as necessidades do homem por
produtos de origem animal (Cressey 2009) e a intervencdo nos processos produtivos pode
melhorar a produtividade, utilizando densidades de estocagem mais apropriadas, dietas melhor
balanceadas para cada fase de desenvolvimento, além de promover a protecdo contra
predadores, sendo estas algumas das diversas vantagens da aquicultura (Gomiero et al. 1997).
Visando a criagdo com finalidade comercial, algumas espécies de queldnios sdo autorizadas
para cultivo no Brasil, dentre eles 0 mugua Kinosternon scorpioides, a tartaruga-da-amazonia
Podocnemis expansa, pitii Podocnemis sextuberculata e o tracaja Podocnemis unifilis, por
meio da Instrucdo Normativa n® 07/2015 (Ibama 2015).

Os animais quando em cativeiro estdo sujeitos a condi¢cdes que possibilitam a
propagacao de patologias (Morselli et al. 2016). E tais condi¢cfes sdo responsaveis por elevadas
taxas de mortalidade ocasionando grandes prejuizos econémicos aos produtores (Leira et al.
2017). Durante o cultivo diversos fatores podem comprometer a saude desses animais como

altas densidades, méa qualidade do ambiente, manejo inapropriado, entre outros. Contudo esses
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empecilhos podem ser minimizados com diagnéstico precoce de doengas por meio de exames
clinicos e avaliagdes hematoldgicas (Morselli et al. 2016), sendo este Gltimo método pouco
invasivo (Bulté et al. 2006).

A hematologia é uma ferramenta importante para compreensdo do estado de saude de
varias espécies de animais, pois o sangue reflete de modo eficaz os processos basicos que
ocorrem nos organismos (Ranzani-Paiva et al. 2013). Os pardmetros sanguineos s&o
ferramentas importantes para o diagnostico e prognostico das condicdes de satde, enfermidades
e recuperacdo clinica em animais, os quais podem ser usados como indice sensivel, porém
bastante eficaz (Tavares-Dias et al. 2009, Satheeshkumar et al. 2012, Chandavar et al. 2013,
Bloodgood et al. 2019), permitindo a compreenséo das particularidades e caracteristicas desses
animais tornando estes estudos cada vez mais necessarios. As variagdes nos resultados em
exames clinicos podem estar associadas a distintas metodologias de analises (Santos et al. 2009)
e para 0 estabelecimento dos valores hematoldgicos de referéncia, para cada espécie, é
fundamental o conhecimento sobre os reagentes mais apropriados durante estas avaliagoes,
visto que alteracdes relacionadas ao uso de determinados anticoagulantes tém sido relatadas
(Hattingh 1975, Mainwaring and Rowley 1985, Walencik and Witeska 2007, Ishikawa et al.

2010), incluindo os utilizados para determinacéo de parametros eritrocitarios.

1.1 Aspectos gerais de Podocnemis unifilis

A espécie P. unifilis é um réptil pertencente a ordem Chelonia, da familia
Podocnemididae. O género Podocnemis apresenta seis espécies: Podocnemis vogli Miller,
1935; Podocnemis lewyana Dumeril, 1852; Podocnemis erithrocephala Spix, 1824,
Podocnemis sextuberculata Cornalia, 1849; Podocnemis expansa Schweigger, 1812 e
Podocnemis unifilis Trochel, 1848. Destas espécies, P. unifilis, P. sextuberculata, P.
erithrocephala e P. expansa estdo categorizadas em situacdo vulneravel pela Unido
Internacional para conservacgdo da Natureza (IUCN); e, no Brasil, o tracaja P. unifilis encontra-
se no status de conservacdo de Quase Ameacada (Vogt et al. 2015).

A distribuicdo geogréfica do tracaji (Figura 1) € bastante ampla, por toda a bacia
Amazonica (Andrade 2008). No Brasil, ocorre nos estados do Amap4, Para, Amazonas, Acre,
Roraima, Ronddnia, Tocantins, Goias e Mato Grosso (Vogt et al. 2015), nas planicies tropicais
da America do Sul, ocorre na Colémbia, Equador, Peru, Guiana Francesa, Suriname e Bolivia
(Vogt et al. 2015).
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[ sacia Amazénica
2 Bacia do Rio Negro
Tipos de aguas
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® Ocorréncias da espécie
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Figura 1. Locais de ocorréncia de Podocnemis unifilis com destagque para a bacia Amazénia e bacia do
rio Negro. Fonte: Ferrara et al. 2017.

A carapaga dos filhotes tem a tonalidade cinza escuro ou verde oliva (Balestra 2016)
formato ovalar, apresentando patas curtas e rugosas e manchas amarelas na cabeca (Figura 2),
regido dorsal (Andrade 2008, Ibama 1989). Tais manchas sdo comuns nos individuos jovens,
permanecendo somente em machos adultos. O dismorfismo sexual é evidente, 0 macho
apresenta cauda mais comprida que da fémea, no entanto, seu comprimento corporal é maior
(Mascarenhas et al. 1992), atinge aproximadamente 50 cm de comprimento de carapaca e
chegando a 12 kg (Soini and Céppula 1980).

O tracaja possui um habito semiaquéatico com ampla variedade de ecossistemas, como
igarapés, rios, lagos, pantanos, florestas inundadas, nas proximidades de praias arenosas onde
ocorrem as nidificacdes (Fachin-Teran et al. 1995). E uma das espécies de queldnios menos
seletiva para postura de seus ovos, escolhendo solos arenosos, barrancos, ambientes com
arbustos, abrangendo praias arenosas altas e baixas (Balestra 2016). Os locais de desova mudam
de acordo com as areas, sucedendo nos meses de julho a novembro no rio Negro e afluentes,
estado do Amazonas (Andrade 2008); de setembro a novembro no rio Araguari, estado do
Amap4, porém com pico de nidificagdo em outubro (Arraes and Tavares-Dias 2014); no rio
Curua, estado do Paré, o periodo de postura é de outubro a novembro (Almeida et al. 2005) e,
em dezembro e janeiro no baixo rio Branco, em Roraima (Nascimento 2002).

Os ovos apresentam cor esbranquigada, formato elipsoidal, com as desovas ocorrendo
em duas vezes por temporada, em intervalos de nove a dez dias, com diminuigéo do tamanho

dos ovos até o fim do periodo de posturas (Andrade 2008).
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Figura 2: Filhote de Podocnemis unifilis (tracaja). Fonte: Camila Ferrara.

Sua dieta é versatil, incluindo majoritariamente conteldos vegetais (Fachin-Teran et al.
1995) como sementes, frutas, raizes, folhas e eventualmente crustaceos e insetos (Andrade
2008). Estudos realizados por Portal et al. (2002) no municipio de Praculba, estado do Amapa

identificaram 35 espécies vegetais que compdem parte da dieta de P. uniflis.

1.2 Anticoagulantes

Diversas analises podem ser realizadas com a utilizacdo do soro ou plasma sanguineo
(Alves 2013). Para obter o soro, 0 sangue € coletado em tubo sem anticoagulante e deixado
coagular, entre 30 a 60 minutos, a temperatura ambiente, e apds o periodo necessario o tubo é
centrifugado e a parte liquida, é desassociada (Andriolo et al. 2010). O plasma por sua vez, é
obtido apos a centrifugacdo do sangue em tubos com anticoagulante adequado (Andriolo et al.
2010, Alves 2013).

Os anticoagulantes sdo fundamentais para preservacdo da vida atil das amostras
sanguineas (Klein et al. 2021), possibilitando que os parametros a serem analisados, apresentem
0 minimo de alteracdo antes do processo analitico (Guder 2001). Na medicina veterinaria 0s
anticoagulantes comumente utilizados s&o: &cido etilenodiamino tetra-cético (EDTA) e
heparinas (Walencik and Witeska 2007, Gilor and Gilor 2011, Ranzani-Paiva et al. 2013).

Dentre essas substancias tem-se a heparina de sodio e litio, Na2EDTA (dissodico), K.zEDTA
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(dipotéssico), KsEDTA (tripotéassico), que agem em distintas etapas de reacdo, denominada
cascata de coagulacdo (Harr et al. 2005).

A formacdo do coagulo € um processo complexo sendo muito importante na
homeostasia, em especial quando ha prejuizos nos vasos sanguineos (Tavares-Dias and Oliveira
2009). A coagulagdo comeca com a formacéo de tampao de trombdcitos, no local onde ocorreu
a lesdo (in vivo), realizando aderéncia dos trombdcitos nas fibras de coldgeno, em seguida,
varios componentes do plasma séo enviados a partir dos fatores de coagulacao para o inicio de
uma sequéncia de reacdes, resultando na formacédo da fibrina, com o objetivo de reforcar o
tampdo plaquetério (Tavares-Dias and Oliveira 2009). Este processo é denominado de
homeostasia secundaria, sendo dividido em trés vias: a intrinseca, extrinseca e comum.

O 4cido etilenodiamino tetra-cético (EDTA) atua unindo-se ao calcio, capturando-o e
interrompendo a sequéncia de rea¢des enzimaticas da cascata de coagulacdo, sendo um quelante
de cations como Ca?* e Mg?* (Gilor and Gilor 2011, Harr et al. 2005). A heparina por sua vez,
atua inibindo a coagulagéo, acelerando a atividade da antitrombina, neutralizando a trombina e
demais fatores de coagulacdo (Gilor and Gilor 2011, Harr et al. 2005), conforme esquema

demonstrado na Figura 3.

Via Extrinseca Via intrinseca
EDTA |
—  Viacomum 5 .
| Ca2e eparina
(Plasma) | l
Protrombina > Trombina +<—— Antitrombina
(Plasma) \
Fibrina Fibrinogénio

(Formag&o do coagulo) (Plasma)

Figura 3 - Esquema simplificado da cascata de coagulacdo (Adaptado de Bagé 2017)

Diversos estudos buscam identificar os efeitos promovidos por estes anticoagulantes
nos valores hematologicos de queldnios (Tabela 1), pois existem peculiaridades que tornam
determinados farmacos mais apropriados, e os resultados tendem a variar de acordo com a
espécie. A heparina de litio é o anticoagulante de escolha para avalia¢cbes do sangue, pois 0
EDTA é reconhecido por propiciar a lise celular de algumas espécies de queldnios (Muro et al.
1998, Martinez-Jimenez et al. 2007, Perpifian et al. 2010).



Tabela 1. Alteragdes hematoldgicas em queldnios causadas pela utilizacdo de determinados anticoagulantes
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Espécie

Anticoagulante

Alteracdes observadas

Referéncias

Testudo hermanni

Heparina de litio

KsEDTA

Menor agregacdo de trombocitos e leucocitos. Melhor

coloracdo em extensdes sanguineas

Hemolise apos 6 horas

Muro et al. 1998

Terrapene carolina

carolina

Heparina de litio
EDTA

Maior hematocrito e garantiu contagem de leucécitos

Fragilidade osmotica e hemolise

Klein et al. 2021

Apalone spinifera

Heparina de litio
EDTA

Permitiu obtencdo do hemograma e bioquimica plasmatica

Todas as amostras lisadas

Perpifian et al. 2010

Emys marmorata

Heparina de litio

Utilizado para obtencéo de valores bioquimicos

Keller et al. 2012

K:EDTA Recomendado para analises hemato6ldgicas nesta espécie
Testudo radiata EDTA Permitiu obtencdo de valores hematologicos e bioquimicos Marks and Citino 1990
Gopherus polyphemus EDTA Permitiu obtencdo de valores hematologicos e bioquimicos Taylor and Jacobson 1982
Graptermys Heparina de litio Aumento do numero de linfocitos

flavimaculata

EDTA

Boa identificacdo leucocitaria e recomendado para Martinez-Jimenez et al. 2007

hematologia da espécie
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O rompimento da mebrana das hemacias denominado hemdlise, é uma das
consequéncias decorrente do uso de anticoagulantes inadequados (Harr et al. 2005, Walencik
and Witeska 2007), além da fragilidade osmdtica, agregacdo de leucdcitos e trombdcitos,
aumento do numero de linfécitos e alteracfes no volume de eritrocitos (Muro et al. 1998,
Martinez-Jimenez et al. 2007, Mafuvadze and Erlwanger 2007, Klein et al. 2021).

Contudo, para as espécies em que a hemolise ndo é identificada , a utilizacdo do EDTA
pode proporcionar extensdes sanguineas de boa qualidade, sem a mancha azulada e agregacédo
de leucdcitos (Muro et al. 1998, Campbell 2006, Martinez-Jimenez et al. 2007). Empregar o
anticoagulante ideal pode aumentar a utilidade dos diagnosticos de patologias e na realizagdo
de hemogramas completos. A partir de estudos difundidos na literatura cientifica, a maior parte
das pesquisas permanece conferindo ao EDTA como causador da hemolise, e a heparina
permanece como 0 anticoagulante de escolha para maioria dos répteis, em especial 0s
quelbnios. Com o aumento dos estudos hematoldgicos em organismos aquaticos e o interesse
pela aplicabilidade correta dos anticoagulantes, ainda existem divergéncias sobre os efeitos

destes farmacos em testes de rotina, para espécies amazénicas como o tracaja P. unifilis.

1.3 Contagem de Eritrocitos

Os eritrécitos sdo células circundantes em maior proporgdo no sangue, com a principal
funcdo de transporte de oxigénio e gas carb6nico por meio da ligacdo com a hemoglobina
(Ranzani-Paiva et al. 2013). Em vertebrados mamiferos estas células sdo anucleadas e em ndo-
mamiferos sdo nucleadas com funcdes semelhantes (Canfield 1998)

Os queldnios apresentam eritrécitos de maior tamanho entre os vertebrados, sendo que
em comparacdo com mamiferos humanos sdo cerca de trés vezes maiores, medindo
aproximadamente 20 um de comprimento; contrariamente, 0 numero de eritrocitos destes
animais esta entre os mais baixos valores entre os animais (Perpifidn 2017). Estudos
hematologicos em reptilianos ainda séo considerados complexos, pois o nucleo dos eritrocitos
ndo permite a contagem das células por dispositivos automaticos (Camargo 2018). Desse modo,
pesquisas foram desenvolvidas visando realizar a contagem por mecanismos manuais
possibilitando a obtencdo de indicadores confidveis.

Para quantificacdo de eritrécitos no sangue é essencial o uso de solucdes devido a grande
quantidade de elementos figurados constituintes presente no meio e, com isso, séo utilizados
diluentes especificos para ndo alterar a morfologia e o volume celular, como o formal-citrato
com azul de toluidina, solugdo de Hayem ou solugéo de cloreto de sddio (Ranzani-Paiva et al.

2013). E a determinacao dos elementos podem ser por métodos automaticos ou manuais.
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Ainda sabe-se pouco sobre quais solu¢des e armazenamento adequado pra preservagao
de eritrocitos em quel6nios (Radisic et al. 2020) e a contagem de eritrdcitos totais em sangue
de tracaja utiliza metodologias aplicadas a peixes, podendo tornar imprecisa a determinagéo
deste parametro. Tais avaliacOes sdo necessarias com o intuito de investigar se o uso do reagente
formol-citrato com corante azul de toluidina, é a causa da consideravel reducdo observada
destas células durante avaliagfes. Assim, buscou-se avaliar a separadamente alguns reagentes
da solucdo completa, como forma de se identificar qual componente estava promovendo danos
as células, dificultando sua contagem. E importante lembrar que a auséncia de informacoes
sobre a temética torna o estudo necessario, visando elucidar metodologias e solugdes reagentes

apropriadas para tracaja P. unifilis.
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2. HIPOTESE

O uso de anticoagulantes Heparina sodica, Na;EDTA e K3:EDTA ndo promove
alteracdes no hemograma e nos niveis plasmaticos de determinados metabdlitos de tracaja

(Podocnemis unifilis).
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3. OBJETIVOS

3. 1. GERAL

Investigar a eficacia dos anticoagulantes Heparina sodica, Na;EDTA e KsEDTA e seus
efeitos na hematologia de tracaja (Podocnemis unifilis).

3. 2. ESPECIFICOS

o Avaliar o hemograma de tracaja com o uso de Heparina sddica, Na2EDTA (3% e 5%) e
K3EDTA (3% e 5%).
o Avaliar possiveis alteracdes nos niveis plasmaticos de glicose, proteinas totais e

albumina de tracaja com o uso de Heparina sédica, Na2EDTA (3% e 5%) e KsEDTA (3% e
5%).
o Recomendar reagentes mais adequados para serem utilizados em solucBGes para

contagem de eritrocitos em tracaja.
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Anticoagulants and their effects on the hematological and biochemical parameters of
Yellow-spotted amazon river turtle Podocnemis unifilis (Podocnemididae)
ABSTRACT

Knowledge of suitable methods and reagents for assessing the health condition of specimens of a given species is
essential. This is the first study that evaluated the effectiveness of anticoagulants heparin 5,000 I.U. mL7,
Na2EDTA, and K3EDTA in blood parameters of Podocnemis unifilis, as well as different methods for counting
total erythrocytes. The use of the various anticoagulants evaluated after 10 hours of storage efficiently inhibited
coagulation in blood samples from P. unifilis. An increase in the number of erythrocytes was observed with the
use of KsEDTA 5% when compared with blood with heparin. Statistically significant changes in the erythrocyte
number were observed with the use of the solutions. Solutions B and D for example, both of which featured sodium
citrate and formaldehyde in their composition, allowed counting up to 120 hours after collection, without a change
in values. The use of the heparin anticoagulants 5,000 1.U. mL, Na,EDTA 3%, Na,EDTA 5%, KsEDTA 3% was
recommended in the hematological analysis of P. unifilis. Also recommended was the use of the formaldehyde-
citrate solution containing 1.9 g of sodium citrate and 1.0 mL of formaldehyde (in 50 mL of distilled water) to
perform red blood cells counts in yellow-spotted amazon river turtle.

Keywords: blood, Chelonia, erythrocytes, health, hemoglobin.

Anticoagulantes e seus efeitos em parametros hematoldgicos e bioquimicos de tracaja
Podocnemis unifilis (Podocnemididae)

RESUMO

O conhecimento sobre métodos e reagentes apropriados para as avaliagdes da condicéo de satide de exemplares de
determinada espécie é fundamental. Este é o primeiro estudo que avaliou a eficacia dos anticoagulantes heparina
5.000 U.l. mL?, Na;EDTA, e KsEDTA em parametros sanguineos de Podocnemis unifilis, bem como diferentes
métodos para contagem de eritrdcitos totais. A coagula¢do nas amostras de sangue de P. unifilis foi eficientemente
inibida com o uso dos diferentes anticoagulantes avaliados apds 10 horas de armazenamento. Aumento no nimero
de eritrocitos foi observado com o uso de KsEDTA 5% em comparagéo a coleta de sangue com heparina.
AlteracGes estatisticamente significativas nas contagens de eritrécitos com uso das solu¢Bes foram observadas, a
exemplo das solucdes B e D, ambos com citrato de sédio e formol na composicédo, possibilitaram a contagem até
120 horas ap6s a coleta, sem alteragdo em seus valores. Recomenda-se 0 uso dos anticoagulantes heparina 5000
U.l.mL%, Na,EDTA 3%, Na,;EDTA 5%, KsEDTA 3% nas analises hematoldgicas de P. unifilis. Assim como o
uso da solugdo de formol-citrato contendo 1,9 g de citrato de sédio e 1,0 mL de formol (em 50 mL de &gua

destilada) para realizacdo das contagens de eritrocitos totais em tracajé.

Palavras-chave: sangue, Chelonia, eritrdcitos, saide, hemoglobina.
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INTRODUCTION

Turtles are reptiles of the Chelonia order, with both sea and freshwater representatives. They are ectothermic,
maintaining the balance of their body temperature by exchanging thermal energy with the environment (Pough et
al. 2008). They are of great medicinal, economic, and subsistence-related importance for the human populations
of the Amazon. Among the most notable genres are Podocnemis and Kinosternon (Alho 1985). Podocnemis is the
most representative genus, with six living species: Podocnemis erythrocephala Spix, 1824; Podocnemis expansa
Schweigger, 1812; Podocnemis lewyana Duméril, 1852; Podocnemis sextuberculata Cornalia, 1849; Podocnemis
unifilis Troschel, 1848, and Podocnemis vogli Muller, 1935. Of these, yellow-spotted amazon river turtle, P.
unifilis, is one of the most frequently caught species for human consumption, according to the International Union
for the Conservation of Nature (IUCN). Additionally, the species adapts well to management conditions in
cultivation (Pezzuti et al. 2008). Podocnemis unifilis is of great economic importance in the Brazilian Amazon,
and its breeding is authorized through Normative Instruction No. 07/2015 (Ibama 2015), as it is widely consumed
by the populations of the region.

To establish the hematological reference values of each species, it is essential that the most suitable reagents used
in evaluations are known, as changes caused by the use of certain anticoagulants have been reported (Hattingh
1975, Mainwaring & Rowley 1985, Walencik & Witeska 2007, Ishikawa et al. 2010), including those used to
determine erythrocyte parameters. Among the anticoagulants used in clinical hematology are potassium
(K3sEDTA) and sodium (Na2EDTA) ethylenediaminetetraacetic acids (EDTA), in addition to sodium heparin (Harr
et al. 2005). Heparin, however, a glycosaminoglycan, can be found in the form of sodium, potassium, lithium, and
ammonium salts; and is the anticoagulant most used in the clinical routines of fish, reptiles, and birds (Alves 2013).
Its anticoagulant activity is caused by the acceleration of antithrombin 111 activity, which in turn inhibits the action
of thrombin and other proteases responsible for the coagulation cascade (Harr et al. 2005). Heparin has been used
as an anticoagulant of choice for turtles, due to allowing the observation of hemolysis caused by EDTA (Jacobson
1987, Muro et al. 1998).

The anticoagulant effect of EDTA is due to its action in the chelation of factor IV (Ca?*) in the coagulation cascade,
acting as a mediator, as well as in the cell-to-cell relationship during coagulation reactions (Harr et al. 2005,
Tavares-Dias & Oliveira 2009). However, EDTA is recommended as an anticoagulant, preferably for the total and
differential counting of chelonian leukocytes, due to the preservation properties of leukocyte blood cells (NCCLS
1990, Oviedo & Rodriguez 2003, Burtis & Burns 2016). Nevertheless, these anticoagulants have not been

evaluated for blood collection specifically in P. unifilis. The present study therefore aimed to compare the most
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suitable methods and reagents for assessing the qualitative and quantitative characteristics of the blood cells of
yellow-spotted amazon river turtle, using sodium heparin, sodium ethylenediaminetetraacetic acid (Na;EDTA 3
and 5%) and potassium ethylenediaminetetraacetic acid (KsEDTA 3 and 5%) as anticoagulants, in addition to

different solutions counting total erythrocyte number.

MATERIAL AND METHODS

This experiment is authorized by Ethics Committee for Animal Use (CEUA) of Embrapa Amapa, under procedural
nr 010/2017-CEUA/CPAFAP, and is registered in National System for the Management of Genetic Heritage and

Associated Traditional Knowledge (SisGen), under identification number A237945.

Anticoagulants effects on P. unifilis blood sample

Podocnemis unifilis (n=10), belonging to the vivarium of Embrapa Amapa, captured with the aid of a dip net and
transported to the Laboratory of Nutrition of Aquatic Organisms, Embrapa Amapa, Macapa, AP, were individually
weighed (2.1 + 0.3 kg), measured (carapace length, 25.2 £ 1.2 cm) and identified. The animals were manually
restrained with the aid of a damp cloth and the use of rubber gloves for safe handling, and blood samples were
collected by puncturing the caudal vessel. Disposable syringes (capacity of 3.0 mL) and hypodermic needles (25
X 7 mm), without anticoagulants, were used to collect blood samples for the evaluation of anticoagulants.

The blood sample of each animal was quickly distributed into five polyethylene microtubes (capacity of 1.5 mL),
500 pL in each, to which 12.5 puL of anticoagulant was added as follows: in microtube 1, sodium heparin 5,000
I.U. mL%; in microtube 2, Na,;EDTA 3%; in microtube 3, Na,EDTA 5%; in microtube 4, K33% EDTA; and, in
microtube 5, KsEDTA 5%; all homogenized by inversion. After aliquoting the blood in polyethylene tubes, 10 pL
of each aliquot was incubated in polyethylene microtubes (capacity of 1.5 mL), kept under refrigeration for a
period of 10 hours, and visually evaluated every 30 minutes for the occurrence of coagulation and/or hemolysis
(Hattingh & Smith 1976).

The hematocrit (Ht) was determined using the microhematocrit technique (Goldenfarb et al. 1971), with a reading
of the red cell percentage on standardized cards. The hemoglobin concentration (Hb) was determined by the
cyanmethemoglobin method (Collier 1944), with the absorbance reading taken in a spectrophotometer (Biospectro
modelo SP-220) at 540 nm. The red blood cells count (RBC) was performed using formaldehyde-citrate solution
and a Neubauer chamber, under a light microscope (Boeco trend, model BOE-01). These data (Ht, Hb and RBC)

were used to determine the hematimetric indices (Wintrobe 1934): mean corpuscular volume (MCV) and mean
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corpuscular hemoglobin concentration (MCHC). The remaining blood was centrifuged at 75 G (Centrifuge model
MCD-2000), during 10 min to obtain plasma and to determine levels of glucose, total protein and albumin using
specific colorimetric kits (Ebram®, Séo Paulo, SP, Brazil), for each metabolite, with absorbance readings from a

spectrophotometer (Biospectro, SP-220, Curitiba, PR, Brazil).

Different solutions of P. unifilis for total erythrocyte count

Podocnemis unifilis (n=6) were captured with the aid of a dip net and transported to the Laboratory of Nutrition
of Aquatic Organisms, Embrapa Amapa, Macapa, AP, manually restrained with the aid of a damp cloth and the
use of rubber gloves for safe handling. Blood samples were collected by puncturing the caudal vessel with
disposable syringes (capacity of 3.0 mL) and hypodermic needles (25 x 7 mm), with heparin as anticoagulant.
Blood samples were kept in polyethylene tubes under refrigeration. After these, for erythrocytes number
determination 10 pL of blood was added to a glass tube with 2.0 mL of one solution tested.

The following six (6) solutions were evaluated for the total erythrocyte count (RBC), for which a total volume of
50 mL of each solution was prepared, made up with distilled water: Solution A: Sodium chloride solution 0.9 %;
Solution B: 1.45 g sodium citrate and 1.5 ml formaldehyde; Solution C: 1.9 g sodium citrate, 1.0 ml formalin and
0.01 g toluidine blue; Solution D: 1.9 g sodium citrate and 1.0 mL formaldehyde; Solution E: 1.9 g sodium citrate
and 0.01 g toluidine blue; Solution F: 1.0 mL formaldehyde and 0.01 g toluidine blue. Blood samples in a sodium
chloride solution were kept in the refrigerator, as this solution does not include any preservative-containing
reagents.

Six counts of each blood sample were performed: the first, at the time of blood collection; the second, 24 hours (1
day) after blood collection; the third, 48 hours (2 days) after collection; the fourth, 72 hours (3 days) after

collection; the fifth, 96 hours (4 days) after collection and the sixth, 120 hours (5 days) after collection.

STATISTICAL ANALYSIS

After tests of normality (Shapiro-Wilk) and homogeneity (Levene), the data were subjected to one-way analysis
(ANOVA) of variance with the use of parametric and nonparametric multiple comparison tests (Zar 2010). The
analyses were performed using the GraphPad Instat® Statistical Program, version 3.01 (GraphPad Software, San

Diego, CA, USA).
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RESULTS

In the blood samples, blood clotting inhibition was efficient in all the tests with the anticoagulants evaluated. The
hematological and biochemical values of apparently healthy P. unifilis using different anticoagulants are shown in
Table 1. In the samples collected with heparin, the mean RBC was lower (p<0,05) than with the use of K:EDTA
5%. A significantly lower MCV was observed with the use of the Na;EDTA 3% anticoagulant than with the use
of sodium heparin, Na;EDTA 5% and KsEDTA 5%. Differences were not observed (p>0.05) in glucose, total
protein and albumin plasma levels, or in Ht, Hb, and MCHC, with the use of the different anticoagulants.
Differences in the total erythrocyte counts of solution E, with sodium citrate and toluidine blue dye, and solution
F, with formaldehyde and the addition of toluidine blue dye, were observed at the time of collection, meaning that
the blood cell preservation potential of the use of these solutions was not observed (Table 2). All the reagent
solutions evaluated exhibited statistically significant differences in the total erythrocyte count.

Hemolysis was detected with the use of the reagent containing only 0.9% sodium chloride solution, 72 hours after
collection. Solutions B and D, both composed of sodium citrate and formaldehyde, but in different concentrations,
demonstrated less variation in the erythrocyte count, which could be performed up to 120 hours after the collection
of the blood samples. Solution C, with sodium citrate and toluidine blue dye, revealed a lower number of
erythrocytes, demonstrating problems with carrying out the count, and allowing cell visualization up to 72 hours

after the collection of blood samples.

DISCUSSION

Anticoagulants effects on P. unifilis blood sample

This is the first study on the effects of heparin sodium and EDTA (sodium and potassium) on the
hematological parameters of P. unifilis as anticoagulants. The use of sodium heparin in the hematological
evaluation of turtles and other reptiles has been widely described in several studies (Aguirre et al. 1995, Mafuvadze
& Erlwanger 2007, De Deus Santos et al. 2009, Sabino et al. 2010, Ishikawa et al. 2010, Costa et al. 2019), and
has been found to be an effective anticoagulant. However, some studies have reported that heparin, despite being
considered a natural coagulant, can interfere with the staining of leukocyte blood cells, in addition to being
expensive in comparison with other anticoagulants (Gilor & Gilor 2011). However, EDTA is a more widely used
anticoagulant than heparin, as it reduces the agglutination processes, preserving blood cell morphology and

staining (Gilor & Gilor 2011). However, several studies have reported that EDTA, when used as an anticoagulant
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in chelonian, can cause hemolysis (Muro et al. 1998, Perpifian et al. 2008, Oliveira-Junior et al. 2009, Tavares-
Dias et al. 2009, Perpifian et al. 2010).

The hematological and biochemical parameters of P. unifilis revealed few variations, with mainly minimal
differences observed in the blood count. The samples collected with KsEDTA 5% exhibited higher numbers of
RBC, while the MCV differed between the samples with the anticoagulants evaluated. The use of EDTA, in the
concentrations assessed in the present study, allowed hematological and biochemical values to be obtained,
corroborating the results of studies carried out in yellow-blotched map turtles (Graptemys flavimaculata)
(Martinez-Jimenez et al. 2007). Other studies have reinforced the applicability of the use of EDTA for several
species, in particular reptiles (Hattingh 1975, Marks & Citino 1990, Salakij et al. 2002, Bogan et al. 2020).

There was a trend towards higher hematocrit values with the use of EDTA in relation to heparin, indicating good
cell preservation. It was therefore found that the use of different anticoagulants did not alter most blood parameters.
The hematocrit values of P. unifilis in the present study using sodium and potassium EDTA were similar to those
reported by Bogan et al. (2020) for the eastern indigo snake Drymarchon couperi, using tripotassic EDTA.
However, it was lower than that reported by Andrade (2008) for P. unifilis in captivity, and by Tavares-Dias et al.
(2012) for P. unifilis from the Abufari biological reserve (Amazon State, Brazil). In addition, both studies used
heparin as an anticoagulant.

The hemoglobin concentration of P. unifilis in the present study did not differ with the use of different
anticoagulants, corroborating previous studies with animals of the same species kept in captivity and under good
cultivation conditions (Tavares-Dias et al. 2009). However, the number of total erythrocytes was lower with the
use of heparin than with the use of KsEDTA 5%. Alves (2013) also reported an increase in the number of total
erythrocytes in Trachemys scripta with the use of KsEDTA as an anticoagulant. However, Muro et al. (1998)
observed a reduction in the number of erythrocytes in Testudo hermanni, also with the use of KsEDTA 5%, in
comparison with the use of lithium heparin. In contrast, such differences were not observed in studies with macaws
and pythons (Harr et al. 2005). Ishikawa et al. (2010) showed the efficiency of the anticoagulant Na;EDTA 3% in
hybrid catfish, known as surubim (P. reticulatum x P. corruscans). Thus, such results demonstrate the importance
of knowledge about the most suitable anticoagulant for use in each species, due to their peculiarities and
specificities.

In P. unifilis, MCV was lower with the use of Na;EDTA 3% than with the use of heparin, Na;EDTA 5% and
K3EDTA 3%. However, MCV from the present study, when using these different anticoagulants, showed reduced

value than those reported for wild yellow-spotted amazon river turtle obtained with heparin (Oliveira-Janior et al.
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2009, Tavares-Dias et al. 2012). This reduction in MCV may be due to osmotic crenation in erythrocytes when
blood is collected with high concentrations (7.2 mg mL™ e 14.4 mg mL1) of EDTA (Oliveira et al. 2010).

Total plasma protein concentrations were not influenced by the use of different anticoagulants in P. unifilis.
Similarly, the levels of total plasma proteins of hybrid surubim were not influenced by the use of heparin or
Na;EDTA in different concentrations of 3, 5 and 10% (Ishikawa et al. 2010). However, Oliveira et al. (2015)
reported that EDTA 5 and 10% were not efficient, and caused a reduction in total plasma proteins, as the

coagulation process includes protein retention, reducing its amount in plasma.

Different solutions of P. unifilis for total erythrocytes count

The total erythrocyte count in P. unifilis, using methodologies applied to fish (Tavares-Dias et al. 2002, Walencik
& Witeska 2007, Ranzani-Paiva et al. 2013), makes the determination imprecise of this parameter for this species
of chelonian. However, such evaluations are necessary to investigate whether the use of the formaldehyde-citrate
reagent with toluidine blue dye could be the cause of the considerable reduction in these cells number during
counting. We therefore sought to evaluate the disassociation of some reagents from the complete solution, as a
means of identifying which component was causing damage to the cells and making them difficult to determine.
The lack of information on this theme makes the present study necessary, as it aims to elucidate which
methodology and reactive solutions are suitable for the yellow-spotted amazon river turtle.

With solutions E and F it was only possible to visualize the erythrocytes at the time of blood collection, and they
could not be seen 24 hours after blood collection due to the large number of lysed cells. Of these two solutions,
solution F exhibited an extremely low erythrocyte count number, the lowest among all the solutions evaluated.
The possible cause of the hemolysis that occurred in a short period of time with the use of solution F is presumed
to be due to the absence of sodium citrate in the composition, even considering that citrate is widely used in blood
clotting time tests.

The use of solution A (sodium chloride), with samples preserved under refrigeration, revealed that the P. unifilis
erythrocytes can be counted up to a maximum of 48 hours without significant changes in numbers, and after this
period there is a considerable reduction, with secure determination not guaranteed. Radisic et al. (2020) observed
greater osmotic fragility in sodium chloride concentrates of under 0.38%, causing hemolysis in 50% of samples
from sea turtles, Caretta caretta e Chelonia mydas. The use of the crystal violet method for counting erythrocytes

with dilution in 0.45% sodium chloride solution enabled the erythrocyte nuclei of slider turtles Trachemys scripta
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to be stained, allowing the differentiation and proper distinguishing of erythrocytes from other cells, such as
lymphocytes, thrombocytes and granulocytes (Tsai et al. 2014).

Solution C revealed problems in the counts performed after 96 hours of collection, although with less damage than
was observed with the use of solutions E and F. Thus, solutions B and D proved more suitable for counting the
erythrocytes of P. unifilis. It is notable that both solutions B and D were prepared without the use of toluidine blue
dye. When observing the counts obtained in the present study, mean values and standard deviation, and comparing
the counts between these two reagents, it was found that the counts performed with solution D had a lower
coefficient of variation and can be recommended as the first choice in hematological studies of this species of
chelonian, P. unifilis. This solution was prepared with 1.9 g sodium citrate and 1.0 ml formaldehyde, for a total

volume of 50 ml, completed with distilled water.

CONCLUSION

Blood samples from P. unifilis using EDTA (Na;EDTA 3%, Na;EDTA 5%, KsEDTA 3%, KsEDTA 5%) and
sodium heparin (5000 1.U. mLt) prevented clotting within 10 hours of storage. However, an increased number of
erythrocytes was observed with the use of KsEDTA 5%. Therefore, we recommend that the heparin anticoagulants
5,000 1.U. mL*, Na;EDTA 3%, Na,;EDTA 5%, KsEDTA 3% are used in these hematological analyzes. We also
recommend the use of a formaldehyde-citrate solution composed of 1.9 g of sodium citrate and 1.0 mL of

formaldehyde in 50 mL of distilled water, when performing total erythrocyte counts in P. unifilis.
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Table 1. Hematological variables and plasma concentrations (glucose, total proteins and albumin) of Podocnemis unifilis by the use of different

anticoagulants: sodium heparin (5000 1.U. mL1), Na;EDTA (3 e 5%) and KsEDTA (3 e 5%).

Parameters Sodium heparin Na:EDTA Na:EDTA KsEDTA KsEDTA
3% 5% 3% 5%

Ht (%) 22.69+2.072 24.25+4.432 25.06+3.172 25.50+4.212 26.00+3.532
Hb (g dL ™) 7.13+0.732 7.19+1.474 7.53+0.79? 7.35+1.382 7.23+1.192
RBC (x 10°uL?) 0.35+0.07° 0.43+0.11% 0.38+0.04% 0.44%0.09% 0.49+0.09°
VCM (fL) 632.87+84.70% 424.21+111.15° 631.84+78.20% 633.60+106.55% 495.45+114.07%
CHCM (g dL™?) 32.23£2.69% 32.47+7.45% 31.16+5.812 32.01+6.307 31.52+3.512
Glucose (mg dL™?) 37.95+7.312 42.7619.42° 35.59+7.942 36.00£7.69% 39.70+8.80%
Total protein (g dL™) 3.54+0.35? 3.69+0.55% 3.57+0.442 3.85+0.292 3.69+0.342
Albumin (g dL%) 1.31+0.26° 1.33+0.20° 1.48+0.13° 1.4620.122 1.49+0.19?

Ht. Hematocrit; Hb. Hemoglobin concentration; RBC. Red blood cells count; MCV. Mean corpuscular volume; MCHC.
lowercase letters in the same line mean statistical differences between treatments (p<0.05). ANOVA. test de Tukey.

Mean corpuscular hemoglobin concentration. Different
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Table 2. Different solutions evaluation for red blood cells count (x 10° uL1) in Podocnemis unifilis blood samples, performed at the time of blood
collection (0Oh) and after 24, 48, 72, 96 and 120 hours.

Solution A Solution B Solution C Solution D Solution E Solution F
Oh 100.00+48.99%AB 112.00+64.19%A8 62.00+16.43%A8B 130.00+23.452AB 138.00+73.96*A 38.00+40.25%
24h 136.00+31.30%4 128.00+58.05%4 74.00+81.42%4 120.00+43.01%4 0.00+0.00°8 0.00+0.00°8
48h 158.00+57.62%A 132.00+60.992AB 54.00+58.9928¢ 138.00+32.712AB 0.00+0.00P¢ 0.00+0.00P¢
72h 82.00+45.5020AB 92.00+32.712AB 38.00+41.47%8C 112.00+31.14%A 0.00+0.00°¢ 0.00+0.00°C
96h 16.00+35.78P8 126.00+11.40%A 0.00+0.00%8 132.00+34.20*A 0.00+0.00P8 0.00+0.00P8
120h 0.00+0.00°8 140.00+14.14%A 0.00+0.0028 120.00+42.43%A 0.00+0.00°8 0.00+0.00°8

Different lowercase letters in the same column mean statistical differences between time of counts (p<0.05). ANOVA, teste de Tukey. Different capital letters in the same line
mean statistical differences between solutions (p<0.05). ANOVA, test de Tukey.
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5. CONCLUSOES

o Todas as cinco concentracdes de anticoagulantes testadas in vitro apresentaram eficacia
e preveniram a coagulacdo do sangue de tracaja em até 10 horas de armazenamento.

o Nenhuma das cinco concentra¢cBes de anticoagulantes testadas alteraram o0s niveis
plasmaticos de glicose, proteinas totais e albumina de P. unifilis.

o Identificou-se 0 aumento do numero de eritrocitos de tracaja com o uso do
anticoagulante KsEDTA 5%.

o O uso da heparina sédica 5000 U.l. mL-t, Na2EDTA 3%, Na,EDTA 5%, KsEDTA 3%
séo seguros e eficazes como anticoagulantes para testes hematologicos em P. unifilis.

o Recomenda-se o uso da solucéo de formol-citrato (1,9 g de citrato de sddio e 1,0 mL de
formol para 50 mL de &gua destilada) na realizacdo das contagens de eritrocitos totais

em sangue de P. unifilis.
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