MINISTERIO DA EDUCACAO
UNIVERSIDADE FEDERAL RURAL DA AMAZONIA

PROGRAMA DE POS-GRADUACAO EM SAUDE E PRODUCAO ANIMAL NA
AMAZONIA

NATACHA CINTIA FERREIRA FERNANDES

RAMOS AORTICOS E RETE MIRABILE DOS MEMBROS LOCOMOTORES DE
Choloepus didactylus

BELEM

2021



NATACHA CINTIA FERREIRA FERNANDES

RAMOS AORTICOS E RETE MIRABILE DOS MEMBROS LOCOMOTORES DE
Choloepus didactylus

Dissertacdo apresentada a Universidade
Federal Rural da Amazbnia, como parte
das exigéncias do Curso de Mestrado em
Saude e Producdo Animal na Amazonia,

para obtencédo do Titulo de Mestre.

Area de Concentracdo: Saude e Meio

Ambiente

Orientador: Profd. Dra. Ana Rita de Lima

BELEM

2021



Dados Internacionais de Catalogacdo na Publicacao (CIP)
Bibliotecas da Universidade Federal Rural da Amaz6nia
Gerada automaticamente mediante os dados fornecidos pelo(a) autor(a)

F363r Fernandes, Natacha Cintia Ferreira
Ramos adrticos e rete mirabile dos membros locomotores de Choloepus didactylus /
Natacha Cintia Ferreira Fernandes. - 2021.
50f. : il. color.

Dissertagéo (Mestrado) - Programa de POS-GRADUACAO em Saude e Producgéo
Animal na AMAZONIA(PPGSPAA), Campus Universitario de Belém, Universidade Federal
Rural Da Amazonia, Belém, 2021.

Orientador: Profa. Dra. Ana Rita de Lima

1. Preguica-real. 2. artérias. 3. morfologia animal. 4. dissecacao. 5. variagcdo anatdmica.
I. Lima, Ana Rita de, orient. Il. Titulo
CDD 571.31




NATACHA CINTIA FERREIRA FERNANDES

RAMOS AORTICOS E RETE MIRABILE DOS MEMBROS LOCOMOTORES DE
Choloepus didactylus

Dissertacao apresentada a Universidade Federal Rural da Amazénia como parte das
exigéncias do Curso de Mestrado em Saude e Producdo Animal na Amazénia, area
de concentracédo Saude e Meio Ambiente, para obtencéo do titulo de Mestre.

Aprovado em 01 de abril de 2021

BANCA EXAMINADORA

I
Profd. Dr2. Ana Rita de Lima — Orientadora

Universidade Federal Rural da Amazo6nia — UFRA

000 Do

Profa. Dr2. Elane Guerreiro Giese — 1° Examinador

Universidade Federal Rural da Amazonia — UFRA

Prof 2. Dr2. Erika Branco — 2° Examinador

Universidade Federal Rural da Amazonia — UFRA

Prof. Dra. Elen Yasmin Eguchi Mesquita — 3° Examinador
Universidade da Amazdnia — UNAMA




Dedico este trabalho aos meus pais Maria
e Irineu Fernandes que apesar da vida
humilde que tiveram sempre me ensinaram
gue a educacao era o caminho certo a ser

seguido. Tudo € por vocés!



AGRADECIMENTOS

Gratidao primeiramente a Deus, pois sem Ele para me dar salde neste ano tao
dificil, nada disso seria possivel. Agradeco por todas as bencaos alcancadas na minha

jornada até aqui.

Agradeco imensamente aos meus pais. A minha mae Maria, que compreende
a importancia dos estudos em minha vida e sempre me apoia quando alcan¢co mais
um degrau na vida académica. Ao meu pai Irineu, agradeco por ser fonte de
serenidade, inspiracdo e tranquilidade nos momentos mais turbulentos; por ser meu

maior incentivador e admirador.

Aos meus irmédos, Jade e Nickolas, vocés sdo minha motivacao diaria, a minha

forga nos momentos de dificuldade. Vocés sédo meu orgulho!

Ao meu amor, Renato, obrigada por ser esse noivo tdo incentivador e por
sempre acreditar na minha capacidade, mesmo quando nem eu acredito. Obrigada
também por toda a paciéncia hos momentos de auséncia por conta do trabalho e

estudos.

A minha orientadora Prof2 Dr2 Ana Rita, agradeco por todos 0s ensinamentos
ao longo destes 2 anos. Nao consigo expressar toda a gratiddo por cada minuto
disponibilizado para me orientar. A professora Erika Branco, obrigada por todos as

orientacdes, toques e dicas, para que o trabalho pudesse sair cada vez melhor.

Aos amigos do HOVET, em especial a Marcia Figueiredo, por toda
compreensao nos momentos em que precisei me ausentar para cumprir carga horaria
do programa. Ao Jeanderson, Saloméo, Dona Miriam, lago e Mateus, agradeco por
ficarem no meu lugar nos momentos de auséncia. A equipe do SDI, agradeco pelos

exames realizados.

As amigas do laborat6rio, Jéssica e Elisa, obrigada pelas horas que tiraram do

tempo de vocés para me ajudarem.

A equipe do bosque, obrigada pela disponibilizacdo dos animais deste estudo.
Ao LHEA, gratidao pela liberacdo do uso do laboratdrio e pelo uso do aparelho de

microscopia eletronica de varredura.



RESUMO

Choloepus didactylus, conhecida como preguica real, é encontrada no norte do brasil
e da américa latina. Entretanto, com a destruicdo dos habitats desses animais, eles
sdo encontrados com maior frequéncia em areas urbanizadas necessitando de
cuidados veterinarios. Esses cuidados envolvem conhecimentos béasicos como
anatomia e fisiologia dos sistemas vasculares, para 0 sucesso de procedimentos
clinico-cirtrgico nestas espécies. Nesta dissertacao, identificamos e descrevemos a
origem dos principais ramos adrticos e o Rete mirabile dos membros locomotores de
Choloepus didactylus. Para isto, seis espécimes de Choloepus didactylus tiveram
suas artérias preenchidas por latex, dissecadas e fixadas em formaldeido a 10%, bem
como, tiveram fragmentos retirados para analise por microscopia de luz e de
varredura. Nesta espécie, 0 arco aodrtico apresentou duas ramificagdes, o tronco
braquiocefalico e a artéria subclavia esquerda. A porcao inicial da aorta abdominal
apresentou quatro ramificacdes diferentes quando comparado a propria espécie e a
outros mamiferos, além de peculiaridades nas artérias adrenais, renais e iliacas. A
microscopia da rete mirabile revelou uma artéria muscular sendo circundada por
artérias musculares de menor calibre, veias, nervos e tecido linfatico, unidos por tecido
conjuntivo. Diante do exposto, Choloepus didactylus possui ramos adrticos distintos
guando comparados a membros da mesma Superordem. A descricdo das diferentes
ramificacBes da porcéo inicial do abdémen tem importancia em procedimentos clinico-
cirirgicos e ndo demonstraram ter relacdo com sexo ou idade dos animais. Além
disso, sugere-se que a rete mirabile seja uma fonte de armazenamento sanguineo
durante contracdes musculares prolongadas e um eficiente termorregulador.

PALAVRAS-CHAVE: Preguica-real; artérias; morfologia animal; dissecacao; variacao
anatomica.



ABSTRACT

Choloepus didactylus, known as two-toed sloths, is found in northern Brazil and Latin
America. However, because of the destruction of these animals' habitats, they are
found more frequently in urbanized areas in need of veterinary care. This care involves
basic knowledge such as anatomy and physiology of vascular systems for the success
of clinical-surgical procedures in these species. In this dissertation, we identify and
describe the origin of the main aortic branches and the Rete mirabile of the locomotor
members of Choloepus didactylus. For this, six specimens of Choloepus didactylus
had their arteries filled with latex, dissected and fixed in 10% formaldehyde; also, they
had fragments removed for analysis by light and scanning microscopy. In this species,
the aortic arch had two branches, the brachiocephalic trunk and the left subclavian
artery. The initial portion of the abdominal aorta showed four different branches when
compared to the species itself and to other mammals. Moreover, the specimen had
peculiarities in the adrenal, renal and iliac arteries. Microscopy of the rete mirabile
revealed a muscular artery being surrounded by smaller muscular arteries, veins,
nerves and lymphatic tissue, joined by connective tissue. Given the above, Choloepus
didactylus has distinct aortic branches when compared to members of the same
Superorder. The description of the different ramifications of the initial portion of the
abdomen is important in clinical-surgical procedures and has not been shown to be
related to the sex or age of the animals. Finally, the rete mirabile is suggested to be a
source of blood storage during prolonged muscle contractions and an efficient
thermoregulator.

KEYWORDS: Two-toed sloths; arteries; animal morphology; dissection; anatomical
variation.
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1 CONTEXTUALIZACAO

A Superordem Xenarthra é considerada a mais variada dentre os mamiferos
pois agrupa animais de morfologias, comportamentos e habitats bem diferentes. Neste
grupo se encontram os tamanduds, tatus e preguicas divididos em 4 familias, 13
géneros e 29 espécies (TIRIRA, 1999).

Choloepus didactylus, também conhecida como preguica-real ou unau € a
maior espécie da familia Megalonychidae e apresenta como uma de suas principais
caracteristicas somente dois dedos nos membros toracicos. Atualmente apresentam
apenas um género, o Choloepus, e duas espécies C. didactylus e C. hoffmanni
(MIRANDA; ROHE; VAZ, 2015). De acordo com Gotch (1979), a palavra Choloepus
tem origem grega e significa pés mutilados, possivelmente € uma comparagdo a

preguica de 3 dedos.

Na lista de espécies ameacadas de extingdo, C. didactylus se encontra na
categoria Menos Preocupante, frente a sua ampla distribuicdo, sua populacdo e sua
grande ocorréncia em areas protegidas. Devido ficarem no alto de dosséis, iméveis,
esses animais ndo sao cacados como tatus e tamanduds, sua caca se da
provavelmente de maneira oportunista (CHIARELLO; PLESE, 2014).

Anteriormente, os ancestrais dos Xenarthra chegaram a América do sul no
periodo Paleoceno, e as preguicas se distribuem hoje em florestas tropicais da
América Central e do Sul (DINIZ; OLIVEIRA, 1999).

Atualmente, habitantes das florestas Umidas, C. didactylus possui habitos
noturnos e solitarios, unindo-se aos seus parceiros apenas na época do acasalamento
(TIRIRA, 1999; AGUILAR; SUPERINA, 2015). N&do € uma espécie endémica ao Brasil,
sendo encontrada no Bioma Amazonia (Oeste do estado do Maranh&do ao longo do
Rio Amazonas/Solimdes) que abrange os estados do Acre, Amapa, Amazonas,
Rondénia, Roraima, Maranhéo, Para e até no Mato Grosso (PAGLIA et al, 2012). Além
disso, pode ser encontrada ao leste dos Andes, Venezuela, Guianas, Equador, Peru
e ao sul da Colombia (Figura 1) (SUPERINA et al., 2010).



Figura 1 - Distribuicado geografica de Choloepus didactylus no Brasil e na América Latina.
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Fonte: Chiarello & Plese (2014).

Outro fator importante na caracterizacdo dessa espécie € a coloracao e o
tamanho. Choloepus didactylus varia de uma coloragdo marrom até um esverdeado;
o tom esverdeado é comum em animais de vida livre por conta de algas que vivem
em seus pelos. A coloracéo do ventre é mais clara em comparacao ao dorso e animais
jovens tendem a apresentar pelagens mais escuras e macias (ADAM, 1999). Ademais,
0 peso desta espécie pode variar entre 4,1 e 8,5 kg e 0 seu comprimento varia de 63
a 88 cm (Figura 2) (GILMORE; DUARTE; DA-COSTA, 2008; AGUILAR; SUPERINA,
2015).

A preguica de dois de dedos possui pelos da regido ventral de seu pesco¢o na
mesma coloracéo que o pelo de seu peitoral, a0 mesmo tempo que séo longos e finos
comparados aos da regiao dorsal e ombros (ADAM, 1999).
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Figura 2 - Espécime adulto de Choloepus didactylus.

Fonte: Gilberto Nascimento (Disponivel em: https://www.icmbio.gov.br/portal/faunabrasileira/estado-

de-conservacao/7124-mamiferos-choloepus-didactylus-prequica-real).

1.1 Caracterizacao do problema

O avanco da urbanizacéo e destruigdo de areas rurais para transformacgéo de
florestas em pastos vém provocando a destruicdo de habitat, facilitando a acao de
predadores, aumentando o risco de doencgas e a introducdo de espécies exéticas
(ALBUQUERQUE, 2017). Devido a destruicado dos habitats de preguicas, elas ficam
em condi¢des de vulnerabilidade, estando predispostas a ataques de predadores e
escassez de alimentos (MIRANDA, 2018). Em consequéncia, elas cada vez mais séo
encontradas em areas urbanizadas, necessitando de cuidados veterinarios (SILVA;
DUARTE; DA-COSTA, 2005; LIMA et al., 2012).

Em relagéo ao risco de doencas, estas podem ser de carater zoon6tico ou nao,
e vém sendo discutidas no meio cientifico por apresentarem potencial epidémico e
endémico (CARRIJO; LIMONGI, 2019). Varios destinos cercam a vida de animais
silvestres que perdem seus habitats: podem morrer, ser soltos de forma inadequada
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ou encaminhados para 6rgaos onde sdo reabilitados e devidamente destinados
(CATAO-DIAS, 2008).

Por outro lado, segundo Moreno e Plese (2006), na Amazoénia Colombiana os
principais motivos de resgates de preguicas sao: atropelamento, descargas elétricas
e animais perdidos de seus habitats. O comportamento arboricola das mesmas, faz
elas se aproximarem de areas urbanizadas e postes de alta tenséo; por isso, acidentes
com descargas elétricas sdo comuns (LIMA et al., 2012).

Além disso, as preguicas, de maneira geral, sdo consideradas presas faceis do
comércio ilegal de animais silvestres. Os traficantes fazem uso de tranquilizantes para
tornar o animal atrativo aos olhos dos compradores, além de costumeiramente lixar

as unhas e dentes destes animais (PLESE, 2014).

De acordo com Messias et al. (2001) e Plese, Moreno & Rodriguez (2008),
devido a manipulacdo que esses animais sofrem na captura, transporte, cativeiro e
abandono, alguns apresentam enfermidades como traumatismos e desordem
digestivas que sédo consequéncia das condi¢cdes inadequadas a que sao submetidos.
Ainda, as preguigas filhotes e jovens sdo as mais atendidas em centros de
recuperacéo pois s&o alvos do trafico e posse ilegal (RIANO; VILLAMIZAR; RICO,
2016).

Desse modo, apesar da crescente expansao da clinica de animais silvestres, o
atendimento médico ainda é um desafio (SANTOS et al., 2017). A escassez de
informacBes anatdmicas e fisioldgicas pode dificultar a pratica clinica efetiva e
procedimentos cirargicos (SILVA, 2013). Portanto, ndo € incomum o relato de
intervencdes cirdrgicas realizadas de maneira inadequada, resultando em prognéstico
desfavoravel devido ao desconhecimento da anatomia de animais silvestres
(FRANCESCHI et al., 2009).

Neste contexto, 0 conhecimento sobre anatomia, fisiologia e particularidades
das espécies silvestres por parte de médicos veterinarios auxilia na rapidez do
atendimento clinico e cirdrgico, bem como no manejo. Entdo, o conhecimento do
sistema circulatorio e sua dindmica € de grande valor neste cenario e pode ser o
diferencial para o sucesso da conservacdo de animais selvagens uma vez que
extrapolar a anatomia de outras espécies pode apresentar risco grave a saude
(BRANCO et al., 2017).
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A justificativa desta pesquisa se deve ao fato da necessidade de conhecer
sobre os ramos arteriais de Choloepus didactylus, a fim de contribuir com acessos
clinicos e cirargicos, entender o papel das artérias para a biologia dessa espécie, além

de enriquecer a literatura.

1.2 Morfofisiologia de Choloepus didactylus

As preguicas passam a maior parte de suas vidas agarradas as arvores e para
ISSO usam seus pés e maos especializados a fim de manter uma conexao firme com
os galhos (NYAKATURA; PETROVITCH; FISCHER, 2010). Para conseguir se
sustentar tanto tempo nos altos sem descer ao solo, elas possuem algumas
particularidades. Por exemplo, a vesicula urinaria da preguica real é capaz de
armazenar em média 800 ml de urina (entre 340 a 1600 ml ou 178 ml/kg), permitindo

gue a eliminacéo fisioldgica aconteca somente a cada 3 a 8 dias (BLACK et al., 2019).

Além disso, estes mamiferos apresentam taxas metabdlicas reduzidas em 40
a 60% em comparacao com o esperado para suas massas corporeas, isso se deve a
reducdo natural de sua massa muscular em razdo de seu estilo de vida sedentério
(GILMORE; DA-COSTA; DUARTE, 2000). Em virtude disso, a temperatura corporal
de preguicas é menor quando comparado a outros mamiferos, e varia entre 32,7° a
35,5°C (MCNAB, 1985).

De maneira geral, a baixa temperatura corporal desta espécie é fator decisivo
para sua distribuicdo geogréfica visto que elas ndo s6 sofrem variacao de temperatura
de acordo com o ambiente como também possuem pouca tolerancia a baixas
temperaturas. Dentre elas, C. didactylus tem maior conducdo térmica quando
comparada a Bradypus variegatus, pois a segunda possui uma camada extra de pelos
abaixo dos pelos mais grosso (GILMORE; DA-COSTA; DUARTE, 2000).

Sobre a alimentacgéo de preguicgas, este também parece ser fator que influencia
no metabolismo basal diminuido desta espécie (GILMORE; DA-COSTA; DUARTE,
2000), pois na natureza esses mamiferos se alimentam de uma dieta rica em fibras e

com baixa quantidade de energia e carboidratos solliveis (CHIARELLO, 2008).
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Bradypus variegatus apresentam uma dieta mais seletiva e composta por 99% de
folhas. Por outro lado, C. didactylus apresentam uma dieta mais variada, além das
plantas, elas se alimentam de insetos, passaros e pequenos répteis (CHIARELLO,
2008). Assim como, em cativeiro, sdo incluidas em sua dieta: frutas, vegetais,
preparacdes comerciais de animais de companhia e ovos cozidos (AGUILAR;
SUPERINA, 2015).

Ainda, de acordo com McKenzie, Ernst & Taranu (2005), as preguicas nao
bebem agua, em vez disso elas retiram agua da digestéo de folhas frescas. Entretanto,

C. didactylus devem ter sempre agua disponivel (MESSIAS et al., 2001).

Apesar de pertencerem a mesma Superordem Xenarthra, os animais deste
grupo apresentam anatomia e metabolismo completamente distintos. Carvalho et al.
(2014), ao compararem morfologicamente o intestino de preguica de coleira (Bradypus
torquatus), tatu-verdadeiro (Dasypus novemcinctus) e tamandud bandeira
(Myrmecophaga tridactyla) concluiram que estes animais se assemelham mais a
espécies de outras familias que apresentam habito alimentar semelhante do que com

0s espécimes da prépria familia.

Além disso, elas apresentam algumas diferencas entre si, por exemplo, a
Choloepus difere da Bradypus pois possui grandes dentes caniniformes (semelhante
ao dente canino nos carnivoros), 0os quais sdo utilizados em sua defesa (PLESE;
CHIARELLO, 2014).

De acordo com Pauli et al. (2014), algumas espécies de animais possuem estilo
de vida restrito, € o exemplo daqueles que forrageiam plantas em arvores pois eles
precisam ser pequenos e leves para se equilibrarem no alto dos dosséis, por outro
lado, o corpo limita a capacidade digestiva para processar matéria vegetal, rica em

fibras e pobre em nutrientes digeriveis.

Para superar tais restricbes, os herbivoros arbdéreos, como as preguicas,
desenvolveram adaptacdes anatdbmicas, fisioldgicas e comportamentais, tais como,
orgaos digestérios pré-gastricos, taxas metabdlicas reduzidas e preferéncias

alimentares restritas, respectivamente (PAULI et al., 2014).

Estas adaptacdes anatdbmicas assemelham morfologicamente as preguicas

aos ruminantes, pois sdo consideradas mamiferos poligastricos por desenvolverem
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camaras fermentadoras precedidas de estdbmago quimico. Enquanto a porgcao pré-
pilérica de seu estbmago apresenta por¢do mecanica e quimica, semelhante as aves
(MESQUITA et al., 2020).

1.3 Ramos aérticos

Os grandes vasos toracicos nos animais domésticos incluem a aorta
ascendente, o arco aértico, aorta descendente, o tronco braquiocefalico, as artérias
subclavias, artérias carétidas comum, artérias toracicas internas, artérias axilares,
artérias cervicais superficiais, 0os troncos costocervicais e as artérias pulmonares
(BEZUIDENHOUT, 2013; SEBASTIAN-MARCOS et al., 2019).

A aorta tem sua origem no ventriculo esquerdo e em sua parte inicial, chamada
de bulbo da aorta, séo formados os seios, acima das trés valvulas das valvas da aorta,
onde se originam as artérias coronarias direita e esquerda. A aorta se curva cranial,
dorsal e caudalmente penetrando no pericardio até atingir a parte ventral das
vértebras toracicas ao nivel da sétima vértebra (DYCE; SACK; WENSING, 2019).

Nas grandes espécies, 0S ramos a surgirem na aorta sao as artérias subclavias
e as cardtidas comum que se unem e formam um tronco curto e Unico chamado tronco
braquiocefalico (DYCE; SACK; WENSING, 2019). Em cées, este é o0 primeiro ramo a
surgir dando origem a artéria carétida comum esquerda e ao final se ramifica em
artéria carotida comum direita e artéria subclavia direita (EVANS; DE LA HUNTA,
1994).

O segundo ramo que emerge do arco adrtico de caes é a artéria subclavia
esquerda. A partir das artérias subclavias, surgem ramificacdes para irrigacdo do
torax, cabeca, pescoco e membros toracicos (EVANS; DE LA HUNTA, 1994).
Entretanto, variagbes anatomicas vasculares sdo frequentemente observadas e

documentadas na literatura, em todas as espécies (PEREIRA, 2019).

Na espécie canina, por exemplo, Sebastian-marcos et al. (2019) registraram
trés tipos de ramificacdes do arco aortico. No primeiro padrdo de ramificagdo, as

artérias cardtidas comum surgem de um mesmo ponto; no segundo modelo, as
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artérias carotidas surgem distantes uma das outras; e no ultimo tipo de ramificacéo,

essas artérias emergem de um tronco comum, o tronco bicarotideo.

Na sequéncia, 0 arco aodrtico se curva dorsalmente passando a ser chamado
de aorta toracica. Esta, emite as artérias intercostais dorsais, a partir do quarto ou
quinto espaco intercostal e continuam caudalmente (EVANS; DE LA HUNTA, 1994).
A aorta toracica segue, entdo, até o hiato aortico diafragmatico (DYCE; SACK;
WENSING, 2019).

Ap0s passar pelo hiato diafragmatico, a aorta adentra a cavidade abdominal e
passa a ser chamada de aorta abdominal. A partir de entdo, esta emite ramos arteriais
para irrigacao dos 6rgdos abdominais. O tronco celiaco € um dos vasos mais largos e
0 primeiro a surgir. Este possui trés ramos: a artéria hepatica, artéria gastrica esquerda
e a artéria esplénica que sao responsaveis por nutrir o figado, estbmago e baco,
respectivamente (LE POMMELLET et al., 2018).

O segundo ramo a emergir da aorta abdominal € a artéria mesentérica cranial,
ela surge caudal e separado do tronco celiaco (EVANS; DE LA HUNTA, 1994).
Entretanto, variagbes anatdbmicas sdo comuns entre os ramos do tronco celiaco,
sejam eles bifurcados ou isolados, ou até mesmo destes com a artéria mesentérica
cranial. Quando este ultimo ocorre, recebe o nome de tronco celiacomesentérico (LE
POMMELLET et al., 2018).

As proximas artérias a deixarem a aorta abdominal sdo as artérias
frénicoabdominais, em pares, elas surgem entre a artéria mesentérica cranial e as
artérias renais, e se dividem em artéria frénica caudal e artéria abdominal cranial
(GHOSHAL, 1986). A primeira, irriga o diafragma até sua parte esternal, enquanto a
segunda, fornece ramos para irrigacdo dos musculos sublombares, gordura renal e
glandula adrenal (CULAU; AZAMBUJA; CAMPOS, 2008).

Outro ramo a surgir na aorta abdominal é a artéria renal. Em caes, estas
emergem em niveis diferentes, sendo a direita mais cranial que a esquerda. Em
seguida, origina-se da aorta, um par de artérias que recebe o0 nome de artéria ovarica
nas fémeas e artéria testicular nos machos. O calibre desta artéria varia conforme
tamanho, posicao e tortuosidade do utero (EVANS; DE LA HUNTA, 1994).
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A artéria mesentérica caudal € impar e deixa a aorta abdominal na sua face
ventral, proximo a divisdo terminal desta, dividindo-se ap0s um curto trajeto
(MARQUES et al., 2013). Esta € responséavel pela irrigacdo do colon descendente e
reto (EVANS; DE LA HUNTA, 1994).

Os ramos terminais da aorta sao as artérias iliaca externa, iliaca interna e a
sacral mediana. As duas primeiras surgem em pares e Sao responsaveis pelairrigacao
do membro pélvico e da pelve, respectivamente (EVANS; DE LA HUNTA, 1994).
Enquanto a artéria sacral mediana emerge impar, apés a bifurcacdo da aorta, entre
as artérias iliacas internas, sendo responsavel pelos ramos sacrais (KOSTOV et al.,
2021).

1.4 Rete mirabile

A funcado da circulagdo no corpo € o transporte de nutrientes, atendendo as
necessidades do organismo, remocdo dos produtos de excrecdo dos tecidos,
carreamento de hormoénios de uma parte do corpo a outra e manutencado de todos 0s
liguidos teciduais para que aconteca um ambiente apropriado para manutencdo da
vida. Por sua vez, as artérias transportam o sangue a todo corpo sob alta pressao,
devido isso possuem paredes vasculares extremamente fortes permitindo que o
sangue flua com rapidez (GUYTON; HALL, 1997).

Rete mirabile € um termo anatdmico antigo, em latim, que significa “rede
maravilhosa”. Esta rede é formada por artérias e veias com a funcdo de um sistema
de troca de calor contracorrente e manutencdo da temperatura nos membros numa

temperatura menor do que no resto do corpo (O’'DEA, 1990).

Em mamiferos arboreos, a rete mirabile encontrada nos membros é altamente
desenvolvida, e por isso recebe o nome de “feixe vascular’ (O'DEA, 1990). E
composta por um arranjo linear de mdultiplas artérias e veias em paralelo, como
também de nervos, envolvidos por uma bainha fascial (SUCKLING; SUCKLING;

WALKER, 1969).
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Esses mamiferos desenvolveram os feixes devido a postura de se manterem
agarrados as arvores por longos periodos. Neste grupo estdo as preguicas, l6ris e
tamanduas (WISLOCKI; STRAUS, 1933; SUCKLING; SUCKLING; WALKER, 1969).
Dentre as fungBes sugeridas para a rete mirabile, estdo incluidas as funcbes de
reservatorio sanguineo e armazenamento para prevenir a estase sanguinea durante

a contracao muscular prolongada (ADAM, 1999).

De acordo com LUACES et al., (2011), em tatus, a rete mirabile, localizada na
cauda, € um otimo local para puncdo sanguinea, principalmente em nivel de campo
onde a anestesia em muitos animais € inviavel. E um local de boa irrigacdo, onde o
sangue flui das artérias ou veias, tornando a venopuncao rapida, mais facil, evitando

anestesias, mortalidade de animais e estresse excessivo.

J4 em mamiferos marinhos, essa estrutura, pode ser encontrada em varias
partes do corpo, sendo mais comum nas nadadeiras de pinipedes e nadadeiras
caudais de baleias. A rede controla o fluxo sanguineo no momento do mergulho,
exercicios e regula o calor corporal nesses animais. A rede vascular aguece o sangue
frio que esta saindo da cauda e indo em direcdo ao centro do corpo e esfria 0 sangue

arterial que esta vindo do centro em direcdo a periferia corporal (CASTELLINI, 2009).
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2 OBJETIVOS

2.1 Objetivo geral

Identificar e descrever a origem das principais artérias que compde 0 arco
aortico e as artérias abdominais de Choloepus didactylus. Bem como, identificar e

descrever a rete mirabile dos membros locomotores nesta espécie.

2.2 Objetivos especificos

e Determinar os ramos colaterais e ramificacbes do arco aédrtico e aorta
abdominal de Choloepus didactylus;

e Contribuir para estudos anatémicos e clinico-cirdrgicos arteriais de Choloepus
didactylus;

e Descrever a morfofisiologia da rete mirabile dos membros toracicos e pélvicos

de Choloepus didactylus.
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ABSTRACT

Choloepus didactylus has reduced metabolism and difficulty in thermoregulation owing
to its low body mass, and there are few studies related to the vascularization of
abdominal and thoracic organs in these animals. Therefore, we macroscopically
describe the arteries that comprise the aortic arch, thoracic aorta, and abdominal aorta.
Six specimens were used, which had their arterial systems filled with latex stained in
red and were later fixed in 10% formaldehyde, dissected, and fragments of the rete
mirabile were processed for histological analysis using light and scanning electron
microscopy. In this species, the aortic arch has two branches: the brachiocephalic
trunk and left subclavian artery. The initial portion of the abdominal aorta presented
four different ramifications compared to other species and mammals. In addition to the
peculiarities of the adrenal, renal, and iliac arteries. Microscopy of the rete mirabile
revealed a muscular artery surrounded by smaller muscular arteries, veins, nerves,
and lymphatic tissue joined by connective tissue. Thus, the data obtained have clinical

and surgical importance, with applicability in procedures involving vascularization of
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the thoracic and abdominal organs. In this sense, we suggest that the rete mirabile is
an efficient thermoregulator because it allows the accumulation of blood and the

countercurrent heat exchange, as there is no blood mixing.

KEY WORDS: arteries, blood vessels, dissection, sloths, thermoregulation.

INTRODUCTION

Choloepus didactylus, popularly known as the royal sloth, is a member of the
superorder Xenarthra and is characterized by the presence of only two fingers on the
forelimbs. This group of placental mammals includes 31 species, including armadillos,
anteaters, and sloths (Aguilar & Superina, 2015; Delsuc & Douzery, 2009). Despite the
morphological differences, the existing members of this group share two common
characteristics: the presence of extra joints in the dorso-lumbar vertebrae, a condition
called xenarthria (Delsuc & Douzery, 2009; Gaudin, 1999) and the fusion of the sacrum
with the bones of the hip, known as sinsacro (Rezende, Galdos-Riveros, Miglino &
Ferreira, 2013).

In addition, these mammals have metabolic rates about 40—-60% lower than
what is expected for their body mass. This is due to the natural reduction in muscle
mass due to their sedentary lifestyle (Gilmore, Da-Costa & Duarte, 2000). Their low
metabolism and low temperature vary according to the surrounding environment, and
this is an indispensable factor that restricts their distribution. In colder conditions, sloths
are poor body thermoregulators, as they have little ability to increase their metabolism
due to their low muscle mass (Silva et al., 1996). Therefore, over the years, these
species have adapted their body’s thermoregulatory mechanisms (O'Dea, 1990).

An example of this is the process of vasodilation and vasoconstriction that
arteries and veins promote to facilitate or prevent heat loss, respectively (Braz, 2005).
The arteries are responsible for carrying blood to the entire body; those that emerge
from the aortic arch are responsible for supplying organs such as the head, neck,
thoracic limb, and thoracic cavity of domestic and wild animals (Schimming, Jesus &
Filadelpho, 2016).

In domestic animals, the thoracic aorta emerges from the left ventricle, makes
a sharp curve dorsally and inclines to form the aortic arch. Then, the aorta reaches the

ventral surface of the eighth or ninth thoracic vertebra, runs caudally until it crosses
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the diaphragmatic aortic hiatus and enters the abdominal cavity (Shakuntala Rao,
Krishna Kishore, Sujatha & Krishna Rao, 2016). Subsequently, this becomes the
abdominal aorta and emits branches to supply abdominal organs, adjacent muscles
and pelvic limbs (Biihrer, Guimaréaes, Lopes & Lima, 2015).

The development of an arteriosus plexus in the locomotor limbs has been
reported in some individuals of this superorder, such as sloths and anteaters. This
plexus is called the rete mirabile, but there are insufficient records of its distribution
(Castellini, 2009). Despite this, it is known that it contributes to thermoregulation
(Scholander & Krog, 1957), being able to reduce the temperature of anatomical
structures and their surroundings; therefore, it is essential to know the distribution of
these plexuses to understand their functions throughout the body.

The scarcity of anatomical and physiological information can hinder effective
clinical practice and surgical procedures in wild animals (Silva, 2013). Therefore, to
determine the arteries that supply the main thoracic and abdominal organs and
contribute to the clinical and surgical management of the species, a macroscopic
morphological description of the aortic branches; macro, and microscopic description

of the rete mirabile of the locomotor limbs of Choloepus didactylus was obtained.
MATERIAL AND METHODS

Six specimens of C.didactylus were used: four adults and two young, among
them five females, and one male. These animals that had died of natural causes were
obtained from the Bosque Rodrigues Alves Jardim Zoobotanical of Amazénia, located
in Belém/PA. They were frozen and sent to the Laboratory of Animal Morphological
Research (LaPMA) of the Universidade Federal Rural da Amazoénia (UFRA) under
authorization from SISBIO, No. 23401-7.

First, the subjects were thawed in running water and with the aid of basic
dissection materials, five subjects had their common carotid arteries dissected for
injection of Neoprene 450 latex stained with red pigment to allow arterial visualization.
The jugular veins of two specimens were dissected for infusion of Neoprene 450 latex
stained with blue pigment for venous visualization of the rete mirabile.

Among all the specimens studied, only one did not have an arterial and/or
venous system injected with latex, so that it could be used in microscopic analyses. All
the injected latex was contrasted with barium sulfate in a 1:1 ratio to visualize the
vessels using X-ray. The specimens were fixed with 10% formaldehyde solution
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through intramuscular and intracavitary infusions and kept in this solution for a
minimum period of seven days.

Dissection was performed through a single incision from the mentonian region
to the pubis. In the thorax, the skin, muscles, and ribs were countered, the sternum
was removed, and the lungs were hit to gain access to the aorta and its branches. The
skin, muscles, and abdominal organs were reflected in the abdomen for better
dissection and visualization of the abdominal aorta. All aortic branches were
meticulously dissected, identified, and photographed.

In one of the specimens, the skin of the thoracic and pelvic limbs was reflected,
and the musculature was dissected until exposure of the rete mirabile, where
fragments were collected and used for the preparation and analysis of histological
slides, stained with hematoxylin-eosin and orcein. Staining with the latter was for
visualization of elastic fibers, following the protocol of Tolosa, Rodrigues, Behmer, &
Freitas Neto (2003).

Fragments were also collected and fixed for scanning electron microscopy using
techniques previously described by Murakami (1974), Watanabe and Yamada (1983),
and Ohtani (1987). Microscopic analyses were performed at the Laboratory of Animal
Histology and Embryology (LHEA) of the Universidade Federal Rural da Amazénia.

X-ray examinations were performed at the Diagnostic Imaging Sector of the
Mario Dias Teixeira Veterinary Hospital, UFRA. Radiographic examinations were
performed to identify the origin of the arteries in relation to the vertebrae. For this
purpose, a CDK-fixed X-ray device (model XD51 — 20/40), with a capacity of 500 mA
and Potter-Bucky anti-diffusion grid, and a digital device (Vita Flex — System Dryview
5950 Laser Imager) were used.

All nomenclature adopted was based on the Veterinary Anatomical
Nomenclature (International Committee on Veterinary Gross Anatomical
Nomenclature 2017) and Veterinary Histological Nomenclature (International

Committee on Veterinary Histological Nomenclature 2017).

RESULTS

Macroscopic analysis
Branches of the thoracic aorta

Dissections of C. didactylus specimens revealed that the number of ribs in this
species varied between 23 and 24 pairs. From the macroscopic analysis of the thoracic
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cavity, it was observed that in all individuals, the aortic arch originated in the left
ventricle, at the height between T6-T8, and curved towards the left antimere. In the
heart, the right and left ventricles and right and left atria were externally identified
(Figure 1A).

In continuity with the aortic arch, the thoracic aorta followed the interior of the
thorax caudally until it reached the aortic hiatus in the diaphragm. The thoracic aorta
presented several ramifications, constituting the intercostal arteries, located on the
caudal surface of the ribs and ventrally, which were responsible for irrigation of the
intercostal muscles and ribs (Figure 1B).

The aortic arch had two branches: the long brachiocephalic trunk, and the left
subclavian artery. From the brachiocephalic trunk, we observed the origin of the right
subclavian artery and bicarotid trunk (at the T2 level), which in turn gave rise to the
right and left common carotid arteries. The right and left subclavian arteries originated
from their respective axillary arteries when they entered the axillary space (Figures 1A
and 1C).

In addition, the subclavian arteries presented similar branches in both
antimeres, namely the vertebral arteries, costocervical trunks, and internal thoracic
arteries (Figure 1A).

The left vertebral artery crossed the medial surface of the first rib, disappeared
dorsally between the muscles, and was responsible for the irrigation of the cervical
vertebrae. The left costocervical trunk was observed distal to the vertebral artery and
was responsible for nutrition in the first intercostal space. The left internal thoracic
artery exited the left subclavian artery and travelled ventrally inside the chest in a

caudal direction (Figure 1A).

Figure 1 - Photomacrographs of the aortic arch of Choloepus didactylus. A- We
observed the origin of the aortic arch (1), the brachiocephalic trunk (2), the left
subclavian artery (3), from the bicarotid trunk (4), from right (5) and left (6) common
carotids, from right subclavian artery (7) and right axillary artery (8). Contralaterally,
we observed the left axillary (9), left vertebral arteries (10), the right (11) and left (12)
costocervical trunks, and we also observed the left internal thoracic (13). In the heart,
we can externally identify the right (14), left (15) ventricles, the right (16) and left (17)

atria, and following parallel to the carotids, we observe the right and left
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vagosympathetic trunk (*). B- Origin of the aortic arch (1), brachiocephalic trunk (2),
left subclavian artery (3), thoracic aorta (4) and intercostals arteries (5). C-
Radiographic image in ventrodorsal position showing the aortic arch (1), the
brachiocephalic trunk (2), followed by the left subclavian (3), bicarotid trunk (4), right
(5) and left (6) common carotids, right subclavian (7), right axillary (8) and,
contralaterally, left axillary (9), right (10) and left ventricle (11), thoracic aorta (12) and
abdominal aorta (13). Scale bar: 2cm.

Branches of the abdominal aorta

On crossing the aortic hiatus between T12 and T14, the thoracic aorta entered
the abdominal cavity and became known as the abdominal aorta. This, in turn, gave
off branches for vascularization of the abdominal organs. The first branch to appear,
in all specimens, was the caudal phrenic artery, which was responsible for irrigation of
the diaphragm and emerged immediately below it (Figure 2).
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Subsequently, four distinct branches were observed in the initial portion of the
abdominal aorta. In three female specimens, the celiac trunk was the first branch to
appear, originating at the height of T18, from which we observed the presence of the
left gastric artery, splenic artery, and hepatic artery. The next branch was the cranial
mesenteric artery, which emerged at the T20 level (Figure 2A and 2B).

In another female specimen, we observed the gastric artery at T17, appearing
before and separated from the celiac trunk (next vertebra), and subsequently, two
superior mesenteric arteries. The first was responsible for irrigation of the duodenum,
and the second was vascularization of the jejunum, ileum, cecum, and initial portion of
the colon, which originated at the levels of T19 and T20, respectively (Figure 2C and
2D).

The fifth specimen, a male, presented with the gastric artery as the first branch
at the level of T16, separated from the celiac trunk that appeared shortly after, at the
level of the next vertebra. This trunk consisted of the splenic and hepatic arteries, in
addition to only one cranial mesenteric artery that appeared at the level of T19 (Figures
2E and 2F).

In the last female specimen, we identified the gastric artery arising separately
from the celiac trunk, both at the height of T17. The latter appeared to be divided, from
its base, between the hepatic and splenic arteries and, subsequently, only one cranial

mesenteric artery, which appeared at the level of T19 (Figures 2G and 2H).

Figure 2 — Photomacrographies (A, C, E, G) and schematic figures (B, D, F, H) of the
ramifications of the abdominal aorta in Choloepus didactylus. A and B - First model
showing inferior phrenic artery (*), abdominal aorta (1), celiac trunk (2), cranial
mesenteric artery (3) and adrenals arteries (4). In the pelvic cavity we observed the
renal left (5) and right arteries (6), caudal mesenteric artery (7), right ovarian/testicular
artery (8), left (9) and right iliac arteries (10) and median sinsacral artery (11). C and
D- The second branching model of the abdominal aorta (1) reveals the inferior phrenic
artery (*), gastric artery (2), the celiac trunk (3), which branches into hepatic artery (4)
and splenic artery (5), two cranial mesenteric arteries (6 and 7) and the adrenals
arteries (8). In the pelvic cavity we observed the renal left (9) and right arteries (10),
the ovarian/testicular arteries (12) and among them, the caudal mesenteric artery (11).
At the end of the aorta, appear the iliac left (13) and right arteries (14) and the median

sinsacral artery (15). E and F- The third branching model of the abdominal aorta (1)
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presents the caudal phrenic artery (*), gastric artery (2), the celiac trunk (3), the cranial
mesenteric artery (4) and the adrenals arteries (5). In the pelvic cavity we observed
the renal left (6) and right arteries (7), the ovarian/testicular arteries (9), the caudal
mesenteric artery (8), iliac left (10) and right arteries (11) and median sinsacral artery
(12). G and H - The fourth branching model of the abdominal aorta (1) shows caudal
phrenic artery (2), gastric artery (4), bifurcated into left (3) and right (5), followed by
hepatic artery (6), splenic artery (7), adrenal glands (8), cranial mesenteric artery (9),
caudal mesenteric artery (12), renal left (10) and right arteries (11), and,
ovarian/testicular arteries (13). In the final portion, the abdominal aorta branches into

lliac left (14), right arteries (15) and median sinsacral artery (16). Scale bar: 2cm.
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The pancreatic artery in all analyzed specimens originated from the splenic
artery. After the origin of the cranial mesenteric artery, multiple arteries emerged from
the abdominal aorta to irrigate the adrenal glands, which in this species were present
in a medial position in the abdomen in both antimeres, at a height between T20-T21
(Figure 2E).

The origin of the inferior mesenteric artery was observed next, ventral to the
aorta, and was responsible for the irrigation of the final portion of the colon and rectum.
We also observed, lateral to the abdominal aorta, close to or at the same level as the
inferior mesenteric artery, the right and left renal arteries, which originated cranial to
the kidneys since they were located in the pelvic cavity (Figure 3A).

In all specimens, the renal arteries bifurcated or trifurcated when approaching
the renal hilum (prehilar branches) and bifurcated again immediately before entering
the kidneys. The origin of these arteries occupied a position between T23 and L1
(Figure 3B). The respective testicular or ovarian arteries appeared as branches of the
right and left renal arteries (Figure 2A).

In the terminal portion, at the level of L4, the abdominal aorta gave rise to the
right and left iliac arteries, and between them and ventral to the aorta, we observed the
branch of the median synsacral artery (Figures 3A and 3B).

The iliac arteries branched into three main arteries. The first branch was the
umbilical artery, which emitted branches to irrigate the urinary bladder. Then, the
inferior gluteal artery which continued dorsally in the pelvis and was responsible for
supplying the muscle around the lumbosacral junction, gluteal region, and caudal
femoral region. The artery that emerged next was the internal pudendal artery, which
was distributed to the pelvic viscera and external genitalia via the sciatic arch. In its
continuity, the iliac artery became the femoral artery, which was responsible for the

irrigation of the pelvic limb (Figure 3).

Figure 3 — Photomacrographs of the final portion of the abdominal aorta. A — In this
image we observe the abdominal aorta (1), splenic (2), gastric (3), adrenals (4), renal
left (5) and right (6) and caudal mesenteric arteries (7). In the final portion, the
abdominal aorta branched into iliac left (8) and right arteries (9), and median sinsacral
artery (10). lliac branches arteries into umbilical artery (13), inferior gluteal artery,
pudenda interna artery (12) and femoral artery (11), respectively. B — Radiographic

image in ventrodorsal position showing the abdominal aorta (1), gastric artery (2),
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cranial mesenteric artery (7), renal left (5) and right arteries (6), iliac artery (8), median
sinsacral artery (10), femoral artery (11) and internal pudenda artery (12). Scale bar:

1lcm.

Rete mirabile

After passing through the axillary space, several thin and parallel muscular
arteries surrounded and accompanied the brachial artery, originating the plexus called
rete mirabile (Figure 4A). This network originated in the dorsal region of the axilla,
followed through the medial region of the arm to the elbow region, passed inside the
supratrochlear foramen, and branched into muscle arteries to irrigate the forearm
region (Figure 4D). This plexus was also surrounded by several medium and small
parallel veins from the brachial vein, as well as by fascia and nerves from the brachial
plexus (Figure 4B).

In pelvic limb dissections, it was observed that the femoral artery originated from

the iliac artery. As in the thoracic limbs, multiple muscular arteries were observed, as
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branches of the femoral artery, in addition to parallel veins of smaller caliber, originating
from the femoral vein, to compose the rete mirabile, which followed through the medial

region of the thigh to the knee region (Figure 4C).

Microscopic analysis

Light microscopy of the rete mirabile of C. didactylus revealed that, in both the
forelimbs and pelvic limbs, it is formed by muscular arteries, surrounded by multiple
small-caliber muscular arteries, as well as veins, nervous tissue, and lymphatic vessels
in close apposition (Figure 5A and B). The muscular arteries presented with well-
defined intima, media, and adventitia (Figures 5C and D). In the tunica intima, the
internal elastic lamina was identified. In the tunica media, smooth muscle cells and the
external elastic lamina were present, and loose connective tissue was identified in the
tunica adventitia (Figure 5D).

The veins present in the rete mirabile had a thin subendothelial layer in the
tunica intima, muscle fibers in the tunica media, and a more developed and collagen-
rich adventitial layer (Figure 5C). Nervous tissue was surrounded by the epineurium,
and nerve fibers were surrounded by the perineurium (Figure 5F). On the other hand,
in the rete mirabile of the femoral artery, in addition to what has already been
mentioned, we visualized the presence of lymphatic vessels and diffuse lymphoid
tissue (Figure 5E).

Scanning electron microscopy (SEM) showed two large brachial plexus nerves
close to the brachial artery, surrounded by the epineurium and perineurium (Figure
6A). In addition, it was possible to visualize the beginning of the branching of the
brachial artery in the rete mirabile (Figure 6A). In this artery, the wavy aspect of the
internal elastic lamina was visualized in greater detail, as well as the tunica media
composed of smooth muscle fibers in helical layers, and the tunica adventitia, formed
by connective tissue (Figure 6B). Furthermore, in SEM, we observed the distribution
of muscular arteries, veins, and connective tissue within the rete mirabile of the pelvic

limb (Figure 6C), indicating the tissue responsible for thermal exchange in this species.

Figure 4 — Photomacrographies of rete mirabile in Choloepus didactylus. A- Rete
mirabile (1) from left brachial artery (2). B- A group of arteries and veins that made the

rete mirabile (1): left brachial artery (2), left brachial vein (3) and arteries and veins
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from the rete mirabile to irrigate the adjacent tissue (4). C- Rete mirabile (1) from left
femoral artery (2). left femoral vein (3) and set of arteries and veins leaving the rete
mirabile to nourish the adjacent tissue (4). D- Rete mirabile of forelimbs in distal portion
(1) passed inside the supratrochlear foramen (black arrow) and branching (2) to irrigate

the forearm musculature. Scale bar: 2cm.
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Figure 5 Photomicrographs of the rete mirabile of Choloepus didactylus. In A we
observe the rete mirabile coming from the brachial artery and in B, C, D, E and F from
the femoral artery. A- Medium-sized muscular artery (1), in addition to the presence of
veins (2) and connective tissue (3). B- We observed the presence of the muscular
artery (1) surrounded by smaller muscular arteries (2), in addition to veins (3), nerves
(4) and lymphoid tissue (5), among the structures described above we found
connective tissue (6). C- Muscular artery arising from the femoral artery (1), small-
caliber arteries (2), small-caliber veins (3) and connective tissue (3). D- Muscular artery
showing the internal elastic limiting layer (1), the middle layer (2) with its external elastic
limiting layer (3) and the adventitial layer (4). E- Diffuse lymphoid tissue (1), lymphatic
vessel (2), vein (3) and small-caliber muscular artery (4). F- Small-caliber muscular
artery (1), vein (2) and nerve (3) with the presence of epineurium (blue arrow) and
perineurium (black arrow). Staining: Orcein (A) and Hematoxylin and Eosin (B, C, D, E
and F). Scale bar: A- 200pm, B- 1mm, C- 200um, D- 50um, E- 200um, F- 100um.
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Figure 6 - Scanning electron microscopy of the rete mirabile of Choloepus didactylus.
In A and B we observe the rete mirabile coming from the brachial artery and in C from
the femoral artery. A- We observed the presence of two large nerves (1) originating
from the brachial plexus, enveloped by the perineurium (2), epineurium (3) and
endoneurium (4), beginning of the branching of the a. brachialis in rete mirabile. B-
Approximate image of a. brachialis with the internal elastic limiting layer (1), middle
layer (2) and adventitia layer (3), surrounded by veins and connective tissue (4). C-
Rete mirabile of the distal third of the thigh: medium (1) and small (2) muscular arteries,
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in addition to veins and connective tissue (3). Scale bars: 2mm (A), 200um (B) and
500um (C).
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DISCUSSION

Due to the existence of very old information, with outdated nomenclatures and
the scarcity of articles on C. didactylus, it was necessary to search for morphological
data on other members of the superorder Xenarthra, despite the morphological
differences between them, and in the absence of these, we generally used data on

mammals.
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The branches of the aortic arch in mammals vary greatly, even within the same
species, with significant anatomical variation (Santos, Moraes, Malta, Carvalho & Alves
Junior, 2004). As described by Albuquerque et al. (2018), in Bradypus variegatus,
three types of aortic arch ramifications were found that differed from the type of
ramification found in C. didactylus. In the first type, three arteries emerged from the
aortic arch: the brachiocephalic trunk, left common carotid artery, and left subclavian
artery. In the second, only two branches were emitted from the aortic arch: the first
was the right brachiocephalic trunk and left common carotid, and the second was the
left subclavian artery. In the third type, there was only one branch of the aortic arch,
the bibrachycephalic trunk.

Furthermore, in B. variegatus (Albuquerque et al., 2018), the aortic arch started
at T4 while in C. didactylus it started between T6—T8, a difference that can be explained
by the size of the animal and the size of the thorax. Therefore, the morphological
difference is large even between members belonging to the same superorder.

On the other hand, the branches of the aortic arch of Tamandua-mirim
(Tamandua tetradactyla) bore closest resemblance to those of C. didactylus, as
described by Pinheiro, Lima, Pereira, Gomes & Branco (2012). According to the
authors, only two arteries emerged from the aortic arch of T. tetradactyla, the
brachiocephalic trunk, from which the bicarotid trunk and the right subclavian artery
originated; and, the left subclavian artery that emerged soon after. In both this species
and B. variegatus, the aortic arch curved toward the left antimere and gave off several
intercostal arteries.

Regarding the abdominal aorta, a morphological difference found in C.
didactylus was the insertion of the artery that irrigates the diaphragm, which in this
species was the first to arise from the passage of the aorta through the aortic hiatus,
as found in B. variegatus by Albuquerque (2017), where it received the name of phrenic
branch; however, it contradicts what has already been reported in dogs (Canis lupus
familiaris) (Evans & De La Hunta, 1994) and in ocelots (Leopardus pardalis) (Pinheiro
et al., 2014), because in these species, the phrenic artery has a common origin. In
other members of the Xenartra superorder, as in T. tetradactyla, it appears in pairs,
with the left emerging directly from the abdominal aorta just after the celiac trunk and
the right emerging from the aorta, cranial mesenteric artery, or right renal artery
(Macedo, Lima, Pereira & Branco, 2013). In Armadillo peba (Euphractus sexcintus),

according to a study by Oliveira et al. (2019), this artery appeared single, close to the
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cranial mesenteric artery, in the left antimere from the abdominal aorta, and travelled
to the diaphragm, where it was divided into right and left.

Regarding the origin of the celiac trunk, the model most commonly found in C.
didactylus corroborates what was identified in C. lupus familiaris (Evans & De La
Hunta, 1994), cats (Felis catus) (Roza, Pestana, Hernandez, Silva & Abidu-Figueiredo,
2009), night monkey (Aotus azarae infulatus) (Faria, Branco & Lima, 2016), L. pardalis
(Pinheiro et al., 2014) and species in general. The trunk appears as the first artery
ventral to the abdominal aorta and continues until it trifurcates into the hepatic, gastric,
and splenic arteries, followed caudally by the cranial mesenteric artery. In the Black
marmoset (Saguinus niger) (Andrade, Branco & Lima, 2015), in addition to the arteries
that make up the celiac trunk, the cranial mesenteric artery also emerged, forming the
celiac mesenteric trunk.

Furthermore, in B. variegatus, different models of cranial mesenteric artery
distribution were observed. In the study by Alcantara et al. (2020), 10% of the animals
presented the cranial mesenteric artery as the artery responsible for irrigating the entire
intestine, with the caudal mesenteric artery being absent. Another 30% had the
insertion of the superior and inferior mesenteric arteries in a single trunk, which,
together with the celiac artery, formed the celiac-mesenteric trunk. The other 60% had
the superior and inferior mesenteric arteries emerging separately and directly from the
aorta, respectively.

Regarding the blood supply to the adrenal gland, it can be supplied by numerous
arterial branches, as in C. didactylus, by one or more branches, as in E. sexcintus
(Oliveira et al. 2019), sea lion (Arctocephalus australis) (Santos et al., 2011), A. azarae
infulatus (Faria et al., 2016), S. niger (Andrade et al., 2015) and Landrace pigs (Sus
scrofa domesticus) (Carneiro e Silva et al., 2001) or by a single branch, as seen in L.
pardalis (Pinheiro et al., 2014). In C. didactylus, these branches arose directly from the
abdominal aorta, but in other species, they could arise from the abdominal aorta, renal
artery, or even together with the inferior phrenic artery, for example, in the coypus
(Myocastor coypus) (Machado et al., 2002). In E. sexcintus (Oliveira et al. 2019), they
originate from the renal arteries.

Souza, Rezende, Mortoza & Ferreira (2010) studied the vascularization of the
large intestine of the giant anteater (Myrmecophaga tridactyla) and observed that the
organ is vascularized directly by the inferior mesenteric artery and that it arises inferior

to the left renal artery and is responsible for blood supply to the colon and rectum. This
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conformation of the arteries and their irrigation is similar to that found in C. didactylus
and B. variegatus by Alcantara et al. (2020). In contrast, in collared sloths (Bradypus
torquatus) the arterial supply to the small and large intestine was by the common
mesenteric artery, since the inferior mesenteric artery did not exist in this species
(Ferreira, Rezende, Carvalho, Mortoza & Matrtins, 2013).

Renal arteries can appear as single or multiple arteries and differ in distribution
and arrangement (Santos et al., 2019). In C. didactylus, these arose uniquely from the
abdominal aorta, similar to what was observed in B. variegatus by Santos et al. (2019).
However, in this second species, no prehilar branches were observed, and there were
extensions to the juxtahilar and extrahilar regions, all originating from the hilar region.
On the other hand, Machado, Mello, Cunha, Bertoni & Carvalho (2000), in a study on
30 pairs of renal arteries in peccaries (Tayassu pecari), found that they were divided
into prehilar and hilar regions in approximately 70% and on both sides in 30%, similar
to those found in C. didactylus.

In the final portion of the abdominal aorta of C. didactylus, only a pair of iliac
arteries emerged, accompanied ventrally by a median synsacral artery. Similarly, in
nutrias (Myocastor coypus) only a pair of terminal branches emerged, which were
named the common iliac arteries. Subsequently, these arteries give rise to the internal
and external iliac arteries, which are distributed to the pelvic viscera and emit the
umbilical, deep iliac circumflex, and pudendal-epigastric trunk, respectively (Culau,
Azambuja & Campos, 2008).

In E. sexcintus (Oliveira et al. 2019) the external and internal iliac arteries and
the median synsacral artery were found. This was accompanied by two arteries on
each side, called the lateral synsacral arteries. In T. tetradactyla, the median sacral
artery appeared as a branch of the left internal iliac artery in 75% of the animals in the
study, while the other 25% had the left external iliac, left internal iliac, and median
sacral arteries originating from a common trunk (Macedo et al., 2013).

As in other xenarthers (Alcantara et al., 2020; Carvalho et al., 2014; Ferreira et
al., 2013; Souza et al., 2010), C. didactylus presents anatomical variations in the
abdominal aorta, which directly implies interventions clinical and surgical, since the
veterinarian can find peculiarities when performing procedures in the species of this
group.

The rete mirabile, as described in C. didactylus, can also be found in other

species. It is present in the arm of the northern anteater (Tamandua mexicana)
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(Polania-Guzméan & Vélez-Garcia, 2019), the tail of armadillos (Dasypus hybridus,
Chaetophractus vellerosus, Tolypeutes matacus, E. sexcinctus) (Luaces, Rossi,
Aldana Marcos & Merani, 2011) and the swim bladder of some fish (Pelster, 2011). It
is known that the rete mirabile of arboreal mammals is well developed and is called a
vascular bundle, this is because these animals remain in muscle contraction for long
periods due to their arboreal lifestyle and use this artifact to prevent blood dispersion
and for limb region heat (O'Dea, 1990). Furthermore, the accumulation of blood in the
net facilitates energy reserves and favors the slow lifestyle of sloths (Castellini, 2009).

Scholander and Krog (1957) described the brachial arterial network as bundles
of thin arteries and veins, parallel and measuring approximately 1 cm in diameter and
easily accessible through the medial region of the arm compared to that of the pelvic
limb, which is similarly 1 cm in diameter, easy to access, but deeper; this information
can be extrapolated to C. didactylus.

Thus, according to Stevens (2011), the plexus in mammal’s functions as a
cooling system in the limbs through countercurrent heat exchange, and it allows the
accumulation of oxygen in the region as the arterial blood is concentrated in the rete
mirabile and venous blood flows through the veins or through a well-developed system
of subcutaneous veins. Therefore, we believe that the rete mirabile in the limbs allows
adequate blood supply for prolonged muscle contraction in C. didactylus and reduces
the temperature generated during such contractions.

Thus, C. didactylus has some variations in the aortic branches compared to
other mammals and members of the superorder Xenarthra. Therefore, it is understood
that studies of this nature contribute to anatomical data and to a better understanding
of the importance of blood vessels in the biology of the species.

Variations in the initial portion of the abdominal aorta of C. didactylus are of
significant importance from a clinical and surgical point of view, with practical
applicability in procedures involving vascularization of the abdominal region. However,
future studies based on the frequency of appearance of these vascular variations may
elucidate their classifications, considered initially as anatomical variations unrelated to
the sex or age of these animals. Further studies of renal morphology are suggested to
establish the reason for the need for several prehilar branches in this species, while
knowledge of the anatomy of these branches directly interferes with clinical and

surgical procedures involving the kidneys.
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Finally, it is suggested that the rete mirabile is a source of blood storage during
prolonged muscle contractions, characteristic of the arboreal lifestyle of C. didactylus,
and is an efficient thermoregulator because the large network of arteries and veins
allows countercurrent exchange of heat generated during contractions, as there is no

mixing of venous and arterial blood.
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