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RESUMO

SILVA, Henrique Barbosa, M.Sc., Universidade Federal de Vicosa, julho de 2018.
Estudo comparado do vaso dorsal pulsatil e tecidos associades diferentes
espécies de mosquito®rientador: Gustavo Ferreira Martins

O sistema circulatério de insetos é aberto, nele a hemolinfa circaEpalimente em
decorréncia da atividade contratil do coracdo. Esse 6rgdo estdadssaccélulas
pericardiais (CP) e musculos alares (MA). O coracdo desempenha um intgppégel

do ponto de vista imunolégico, uma vez que hemdcitos sdo bombeados erdndecorr

da atividade cardiaca. Apesar dessa importancia, ainda sao escassusiuss sobre a
morfologia e ultraestrutura do coracéo e dos tecidos associados em oso$tpritmeio

de diferentes técnicas de microscopia foi analisado, de maneiaaiva, aspectos

do coracédo, CP e MA em adultos de mosquitos hematéfsagtes aegypti, Anopheles
aquasalis e Culex quinquefasciatus e do fitdfagoToxorhynchites theobaldi. O coracao

das espécies analisadas esta na regido dorsal mediana deadbdén@en. Eles séo
formados por fibras musculares circulares que formam um 6érgao tubular e estriado. As
estrias correspondem a miofibrilas. Em todas as espécies analisadadcleos e
mitocondrias estdo posicionados na regido periférica. Entre @ mgiiansicdo dos
segmentos abdominais 1 a 8 foram observadas 0Ostias incurrentes, enquantcanes
terminal foi observado uma abertura excurrente. As CP localizam-dateass do
coracdo em regides correspondentes aos intersegmentos abdominaispl&nci
dessas células possui inclusGes citoplasmaticas que correspondeossanicss e
vacuolos. EmAn. aquasalis e emT. theobaldi, as CP sdo mais numerosas e formam um
cordao de células, semelhante a um sincicio. Aénaegypti e C. quinquefasciatus, as

CP ocorrem aos pares, sendo dois ou quatro pares de CP por regido intersegmentar. Os
AM sdao polinucleados e se ligam por meio de suas ramificacéaedepdo coracgao.

Em T. theobaldi os MA se ligam em todas as regifes do coracdo, enquanto que nos
outros mosquitos eles se ligam apenas nas regides do Orgao locafiaadegides
intersegmentais. A morfologia e ultraestrutura do coragéo € conservada entre as espéci
de mosquitos adultos de diferentes géneros e habitos alimentares. nEntrata
espécies apresentam diferencas quanto a morfologia das CP e disgositdd, que
provavelmente refletem diferencas evolutivas e fisioldgicas densascirculatorio de

mosquitos.



ABSTRACT

SILVA, Henrique Barbosa, M.Sc., Universidade Federal de Vigosa, July, 2018.
Comparative study of the pulsatile dorsal vessel and associated tissun different
species of mosquitoeAdvisor: Gustavo Ferreira Martins.

In the opened circulatory system of insects, the hemolymph circulates mainly through of
the contractile activity of a tubular-shaped heart. The heassecated with pericardial

cells (PC) and alary muscles (AM). The heart also plays an imparaminological

role, since hemocytes are propelled by the organ activity. Despeeiniportance,
works dedicated to the morphology and ultrastructure of the heart and assossatesl t

In mosquitoes are still scarce. In the present work, the morphology of tiie Rf@and

AM in adults of hematophagous mosquitd&sies aegypti, Anopheles aquasalis and

Culex quinquefasciatus and of the phytophagou3oxorhynchites theobaldi were
compared by means of different microscopy techniqiiés. hearts of mosquitos are
located in the median dorsal region of the entire abdomen. They aredfoynogrcular
muscle fibers that form a tubular and striated structure. Nuclei atothrandria are
positioned in the peripheral region of muscle fibers. Paired openings of thevhdar

ostia are located in the intersegmental regions of the abdomen tvdommal
segments 1 to 8. These ostia are of the incurrent type, while in theakoane an
excurrent opening was observed. PC are located on the sides of the heart and the
cytoplasm of PC has structures that correspond to lysosomes and vacGslesmeP
more numerous iAn. aquasalis andT. theobaldi and form a cord of cells, resembling a
syncytium. InAe. aegypti andC. quinquefasciatus, PC occur in pairs, with two or four

PC pairs per intersegmental region. AM are multinucleated and bind thrbagh t
branches to the heart wall. Th theobaldi AM binds in all regions of the heart, whereas

in other mosquitoes they bind only in the intersegmental regions. The morpholdgy
ultrastructure of the heart is conserved among adult mosquito species of different genera
and feeding habits. However, the species present differences regardmngrgimlogy

of PC and of AM. These differences seems to be related to evolutionary and

physiological differences in the circulatory system of mosquitoes.



INTRODUCAO E REVISAO BIBLIOGRAFICA

I. Mosquitos

Os mosquitos sao organismos pertencentes a Ordem Diptera, Subordem
Nematocera, e Familia Culicidae. Eles ocupam quase toda a regifiwental do
planeta, exceto Antartica, e sdo conhecidos, principalmente, por serenissanssnde
virus, protozoarios e nematelmintos causadores de doencas em seres Hdmanos

A familia Culicidae é um clado monofilético com cerca de 322 @ss
distribuidas nas subfamilias Anophelinae e Culicifige Anophelinae é considerado
um grupo primitivo e é formada pelos génersopheles, Bironella e Chagasia
enquanto que Culicinae € composta por 109 géneros dentre 0s quais estaooss géne
Aedes, Culex e Toxorynchites [2].

Os mosquitos sdo insetos holometabolos que possuem ciclo de vida aquético e
terrestre. As larvas e pupas desenvolvem-se na agua e os adultzlsd e vivem no
ambiente terrestre. O tempo de desenvolvimento varia entre aseespaepende de
caracteristicas ambientais, como temperatura e disponibilidadiendata. Os machos
e fémeas de mosquitos adultos se alimentam de solu¢des acsicBradzlguns casos,
como o dos mosquitos do géndraxorhychites, esse tipo de alimentacao € suficiente
para a producdo de ovos. Entretanto, algumas espécies, como as dos Aglesyos
Anopheles e Culex, necessitam de uma alimentagao de sangue para suprir a producéo de
ovos. Ao realizar a alimentacdo com sangue, 0S mosquitos anautqumeters
transmitir patégenos. Por essa razao, eles sdo considerados importanteso dide pont
vista médico-veterinarifi].

Dentre as espécies transmissoras de patdgenos, destadeed®s aegypti, 0
Anopheles aquasalis e o0 Culex quinguefasciatus. O Ae. aegypti € um mosquito
originario da Africa Subsariana que se dispersou, principalmente, por meio de navios
durantes as grandes navegacfes durante a colonizacdo de diferentestesntiiuge,
ele é encontrado na maioria das regides tropicais e subtropicais do mundo. Possui habito
diurno, € antropofilico e seus principais criadouros séo recipientes contendinggua
e parada3]. Esse mosquito é responsavel pela transmissdo de virus causadores de
doencas como dengue, febre amarela e[4ika

Mosquitos do génerdnopheles sdo conhecidos por serem vetores das espécies
de protozoarios do génelasmodium causadores de maléria. Atualmente, existem
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cerca de 216 milhdes de pessoas ao redor do mundo com essa[8pdadgaBrasil, o
principal vetor de malaria € o mosquikmopheles darlingi [6]. Entretanto, ja foram
encontrados na nature2a. aquasalis contaminados com Blasmodium [7], porém, ele

s6 é considerado um vetor importante do protozoario quando hd aumento da densidade
populacional dessa espéffie 8].

O An. aquasalis € um mosquito zoofilico de habito crepuscular, que é
encontrado em regides litoraneas do Atlantico (Sado Paulo até Costa Rica) e no limite sul
da costa Pacifica (Equadd8]. Apesar de nao possuir grande importancia do ponto de
vista epidemiol6gico, An. aquasalis vem sendo usado como modelo de estudo do
génercAnopheles, uma vez que sua criacdo em laboratorio € relativamentéacil

O mosquitoC. quinquefasciatus € encontrado em ambientes urbanos e rurais de
regibes tropicais e subtropicais. Esse mosquito € antropofilico e zodilmussui
hébito noturno. Seus principais criadouros séo locais em que a aguaré ricatéria
organica em decomposicao [8, 10]. © quinquefasciatus € vetor de diferentes
patdogenos incluindo o nematelmintduchereria bancrofti que causa filariose
brancrofitiang11], doenca que atinge cerca de 120 milhdes de pessoas no mundo [12].

O géneroToxorhnychites compreende 89 espécies autdégenas que, portanto, nao
sdo capazes de transmitir patdgenos causadores de d¢&BgaEsses mosquitos,
também conhecidos como mosquitos elefantes, sdo grandes e sdo encontradtasem
de regibes tropicais e subtropic§lgl]. Os criadouros naturais d@xorhynchites sdo
microambientes aquéticos como folhas de bromélia, ocos de arvores e suigend
bambus. Nesse local os imaturos convivem com larvas de outros culigiciessrvem
como alimento para as larvas @exorhynchites que sédo predadorg43]. Por essa
razdo, considera-se que as espéciesoderhynchites possam ter um grande papel no

controle bioldgico de outros mosquitdgl].

[1.0 sistema circulatério de insetos

O sistema circulatorio dos insetos é aberto e possui um tubo dorsaé que s
estende da porcdo posterior do abdébmen até a cabeca. O tubo dorsal é d principa
estrutura responsavel pelo bombeamento da hemolinfa e é dividido em duas regide
anatbmicas: o coracao (contratil), localizado na porcdo abdominal, e aa(aéct

contratil) que se estende do torax até a cabeca. Aléem do coracao utsEEdsis
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acessorios sdo encontrados nas asas, pernas e antenas. Em congusisteess €
responsavel por propulsionar a hemolinfa pelo corpo do inseto e consequémtemen

transportar hormoénios, nutrientes, hemaocitos e exciEdés

lIl . Coracéo

O coracéo de insetos localiza-se em uma regidao denomsimadgpericardico.

Esta regido é limitada pelo diafragma dorsal, formado por tecido cenjenthisculos
alares (MA) onde se encontram também as células pericardiais (ER).uBh 6rgao
tubular e é considerado como o principal responsavel pela propulsdo da hemolinfa [15].

O coracéao é formado por fibras musculares ou cardiomiécitos arranjados de
forma helicoidal[16, 17] ou anelar [18]. Essas células sao caracterizadas por ter
sarcbmeros, compostos por bandas | e A, delimitados por linhas Z descontinuas, que
juntamente as mitocéndrias ocupam praticamente todo o volume ¢g&WJlaEm geral,
essas organelas estdo presentes em grupos nas regifes pefiféfieasas regides
centrais das célulagl8]. Alem disso, as mitocondrias podem formar estruturas
semelhantes a corddes entre as miofibfil&8 ou serem compactadas em estruturas
semelhantes a bolsas voltadas apenas para o lumen cardiacondonéerideclive
luminal uma ondulacéo profungtb9].

O cardiomidcito € pobre em termos de diversidade de organelas. Apenas e
larvas deCalpodes (Lepidoptera) e em adultos Bodinus (Hemiptera) foi observada a
presenca de reticulo endoplasmatico rugoso, complexo de Golgi e de vesiculas contendo
material elétron- denso. Essas observa¢fes sugerem que npsésa&seas 0rgado pode
secretar proteinas para a hemolif2@], porém, isso ainda nédo foi confirmado.

O coracao é revestido tanto na superficie luminal quanto na supediteidav
para hemocele por uma fina lamina basal, tornando os cardiomidciéognica massa
funcional. Também é possivel observar invaginacdes da membranatigasyué é
acompanhada pela lamina basal formando estruturas semelhantes TUR8, 24,

25, 27]. Especula-se que esses locais séo regides em que o impulso eéga as
células e estimula a liberacdo de célcio do reticulo sarcofti@smresultando em
contracao musculg?].

A posicao dos nucleos dos cardiomidcitos varia entre as espéciexeRglo,

em Ae. aegypti eles sdo observados sempre na periferia celular voltados tanto para a
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superficie luminal quanto na superficie voltada para a hemocele predominancia
de cromatina descondensddl@]. Ja enProtophormia terraenovae (Diptera), eles estéo
presentes apenas voltados para o lumen do ¢t§&o

O coracgdo possui aberturas em pares chamadas de Ostias. Elasos@iadas
nas regides intersegmentares e podem ser do tipo incurrente ou excurgente. A
incurrentes sdo aberturas que possuem valvulas que permitem a entradelddahe
durante a diastole, mas previne sua saida durante a sistole.a&sedstirrenteaao
possuem valvulas e em Diptera abrem-se na por¢cao posterior do coracaarids A
sdo formadas por cardiomiécitos especializgd8ke nos locais em que estdo presentes
h& uma tendéncia da parede do coracdo tornar-se mais fina [18, 19]. Em dal@itos
gambiae, cada Ostia € formada por valvulas que formam uma protrusdo em angulo em
direcdo ao lumen do coracédo, por essa razdo sdo chamadas de l4bid4 @fstiism
disso, emAe. aegypti foi observado um ndcleo em cada uma das células |1§brdis

O numero de Ostias em cada espécie € variavel. Por exemplo,ca Pnos
terraenovae possui cinco pares de oOstias, sendo o primeiro par localizado no limite entre
0 coracao e a aorta, 0 segundo, terceiro e quarto pares localizados, respatdivaos
limites do segundo e terceiro, terceiro e quarto, quarto e quinto tergiéos.dsso, o
quinto par de Ostias esta posicionado na porcdo final do coracdo em giéw re
denominada cone termindl9]. O mosquitoAn. gambiae possui 7 pares de Ostias e uma
aberturaexcurrente localizada no cone terminfl6, 24] enquanto que em adultosde
melonogaster existem cinco pares de 6st[25].

Nas proximidades das regides ostiais existe um pequeno espaco denominada
regido periostial. Mediante a uma infec¢cdo, hemocitos circulargpglamente
acumulam-se nessas regides e fagocitam os patdgenos, contribuindor@spasta
imune deAn. gambiae [26, 27]. Além disso, durante a jornada Ek@smodium na

hemocele, parte dos protozodrios circulantes é morta nesseg$26¢ais

IV . Células pericardiais (CP)

As CP séo os tipos de nefrocitos mais bem caracterizados dos ii&dtdslas
estdo dispostas nas laterais do coracdo formando estruturas sessedhemtdas, cada
uma em um dos lados do org@d]. A disposicdo das CP varia entre as espécies. E
Ae. aegypti foi possivel contabilizar 27 pares de células individualizadas rébdigias
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ao longo do coracdd?7]. Na abelh&captotrigona postica (Hymenoptera), observou-
se que as CP podem estar organizadas tanto individualmente quanto @mocoag
laterais do corag&ds].

A organizacdo morfolégica das CP € bastante similar entre asiesspiéc
insetos. Elas sdo ovoides com o citoplasma repleto de inclusbgsianso vistas em
microscopio eletrénico de transmissao equivalem a estruturas alémeas e elétron-
lucentes semelhantes a lisossomos e vacuolos, respetivamentielyZte persicae
(Hemiptera, Aphidae) as vesiculas séo classificadas em dois grapdss pequenas
vesiculas que estdo localizadas na superficie da célula, proximértés e o das
grandes vesiculas, presentes no interior ce[@d). Também ja foram identificados
reticulo endoplasmatico rugoso, complexo de Golgi, corpos multivesiculares e
mitocéndrias distribuidos no citoplasma das[Z324,25,26]

Uma lamina basal fina e granular com carga elétrica negatieateeas CPA
membrana plasmatica dessas células forma invaginacées. Em camjidntina basal e
estas invaginacoes, contribuem para a formacéo de canais feagpdas CH30]. A
localizac&oe a presenca de invaginacdes e vesiculas sao caracteristicaandizem
com o papel que as CP desempenham na desintoxicagdo atravdsagemntfi da
hemolinfa[15]. A filtragem da hemolinfa inicia-se quando ela atravessa airbarre
constituida pela lamina basal, sendo, em seguida, armazenada, porepopap ras
invaginacdes, ficando disponiveis para a endocifd8¢ Ha evidéncias de que ao
serem endocitados, 0os componentes téxicos da hemolinfa sdo transformados em
moléculas sollveis dentro de lisossorfg1q.

Ha exemplos na literatura que mostram o sequestro de substanciasotiafaem
pelas CP. Por exemplo, larvas Hgalophora cecropia (Lepidoptera) quando foram
expostaex-vivo a ferritina, apresentaram essa substancia nos vacuolos e invaginacoe
das CP[29]. Resultados semelhantes foram observados em larva&e. daegypti

alimentadas com o corante carmim acético em po, que tornaram-se haelandl7].

V. Mdusculos alares (MA)

O coracado é sustentado na hemocele por dois a 12 pares de makrel®s
dependendo da espéci@5]. Nos mosquitos esses musculos ocorrem nos sete
segmentos abdominais anteriores formando uma rede, semelhante a tandeces
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basquete, que liga a parede do corpo do inseto diretamente aos dois ladogatn cora
Préximo ao 6rgao, os musculos alares se ramificam formando fibras que se piiendem
superficie do coragda2].

Em An. gambiae foi contabilizado seis pares completos e dois pares incompletos
de musculos alarg®4]. Eles se originam proximo a juncdo de tergitos e pleuritos da
por¢cdo anterior de cada segmento abdominal e dividem-se, inicialmentdpis
grandes ramos o0s quais formam mais ramificacdes que por sua vez daocesoiige3a
miofibras que se ligam diretamente ao 6rgdo. Acredita-se queusiéiera abertura e
fechamento das Ostias e por tracionar a parede do coracdo quando os musculos
cardiacos sao relaxadds].

Em Periplaneta americana, as miofibras dos musculos alares estdo organizadas
em um arranjo difuso, contendo mitocondrias préximas as discretas bandasmz. Al
disso, sabe-se que a disposicao dos nucleos dessas células variambo ereP.
americana estdo localizadas na periferia [33] enquanto quéeraegypti concentram-
se em regides proximas as ramificacées, sendo mais abundantedtemdadque em

larvas e pupafd.7].

OBJETIVO

Comparar a morfologia do coracédo, das células pericardiais e dos musculos
alares entre os mosquitos adulfes aegypti, An. aquasalis, C. quinquefasciatus e T.
theobaldi.
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Abstract

Background — The hemolymph is propelled in the body cavity of insects mainly due to
the contractile activity of an abdominal tubular-shaped heart. Therefeehdart
contraction is pivotal in insect homeostasis by performing, for exampleintulation

of nutrients, hormones, and hemocytes. The heart is associated with pericaltdial
(PC) and alary muscles (AM). Despite this importance, works dedicatatieto
morphology and ultrastructure of the heart and associated tissues in mosgugbk a
scarce. In the present work, the morphology of the heart, PC and AM in adults of
hematophagous mosquitosAnopheles aquasalis, Aedes aegypti and Culex
guinquefasciatus and of the phytophagou®xorhynchites theobaldi were compared by
means of different microscopy techniques.

Results -The hearts of mosquitos are located in the median dorsal region of tige enti
abdomen. They are formed by circular muscle fibers that form a tubular anddstria
structure. Nuclei and mitochondria are positioned in the peripheral regionsaiemu
fibers. Paired openings of the heart wall or ostia are located imntiesegmental
regions of the abdomen from abdominal segments 1 to 8. These ostia are of the
incurrent type, while in the terminal cone an excurrent opening was obbs®«eare
located on the sides of the heart and the cytoplasm of PC has strticatiresrrespond

to lysosomes and vacuoles. PCs are more numerods. imquasalis and T. theobal di

and form a cord of cells, resembling a syncytium. Ae. aegypti and C.
quinquefasciatus, PC occur in pairs, with two or four PC pairs per intersegmental
region. AM are multinucleated and bind through their branches to the hearinwall.
theobaldi AM binds in all regions of the heart, whereas in other mosquitos thely bi
only in the intersegmental regions.

Conclusions -The morphology and ultrastructure of the heart is conserved among adult
mosquito species of different genera and feeding habits. However, thesspesent
differences regarding the morphology of PC and of AM. These differences seems to be
related to evolutionary and physiological differences in the circulasgstem of

mosquitos.

Keywords: mosquitos; heart; pericardial cells; alary muscles.
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Background

The circulatory system of the insects is opened and the dorsdligassenajor
component, extending from the posterior portion of the abdomen to the head. The dorsal
vessel is divided into two anatomical regions: the heart locetetthe abdominal
portion, and the aorta, that extends from the thorax to the head. The dorsahrdssel
accessory pulsatile organs found in the appendages are responsible for prapelling
hemolymph through the body of the insect and consequently transporting hormones,
nutrients, hemocytes and excrgtz?].

In mosquitos, the heart is a tubular organ, made up of helically arrangeld® musc
fibers or cardiomyocytes, and is associated with pericardial célls (® pericardial
nephrocytes) and allary muscles (AM) [3,4]. The heart wall contains péilateral
openings or ostia, which may be of the incurrent or excurrent type. The incutiant os
are valves that allow the entry of hemolymph during diastole, but préveintexit
during systole, whereas excurrent ostia do not have valves, and in Dipésrapen in
the posterior part of the hedtt]. Both ostia are formed by specialized cardiomyocytes
that extends towards heart lumen as ostial[bjps

The PCs are located on the sides of the heart and through endocytosassnmaint
the hemolymph composition6]. Due to this ability and its morphological
characteristics, such as the presence of many cytoplasmicegeaindl lysosome-like
structures, PCs can act in the filtration and detoxification of hemolyinph 7, 8] The
heart is supported by AM and they form a network of branches connecting thef wall
the insect's body to both sides of the hgHrtThere is evidence that AM helps to open
the ostia allowing hemolymph floy@, 10].

The heart has been considered an important organ in the context of the
distribution of pathogens within the mosquito body cavity, because the pngpefli
hemolymph by the heart facilitates the arrivalPbdsmodium in the salivary glands of
Anopheles gambiae [11]. In addition, the heart plays an important role in immune
defense because hemocytes are propelled into the body cavity astafresubliac
activity or can accumulate on the surface of the organ to phagoayigating
pathogens such as bacteria aRkhsmodium [12,1314]. Furthermore, the cardiac
activity can also play role in the thermoregulation during the blood sitiqui by
hematophagous insects. For example, in the kissindRbodnius prolixus, the

propelled hemolymph warms up due to the close contact between theaadrthe
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anterior region of the digestive system containing the blood, which adesrethe
temperature of the blood before it reaches the abd¢bidn Despite of the relevance
of the heart for insect homeostasis, there are few works about its morphiology
mosquitos, and one reason for this is that this organ is smallatéelbnd hard to
manipulate. In the last few years, many advances were aclgewsttlering the heart
morphology and functions in mosquitos using the malaria vestorgambiae as a
model[3,11,12,13,16], but the literature abounding other mosquito species is Btarce
9].

The family Culicidae comprises almost 3,220 species of mosquitos that are
included in the subfamilies Anophelinae and Culicinae. The geA@apheles
(Anophelinae) Aedes, andCulex (Culicinae) are famous for being vectors of pathogens
of medical and veterinary importance that can be transmitted byiegrdaring the
blood acquisition. Although hematophagous habit exists in most mosquitos, some
species do not require blood for egg production, such as those of the genus
Toxorhynchites [17]. In spite of the great diversity and dispersion of species of
mosquitos, little is known about the morphological and ultrastructural oegeomzof
the heart in species of different genera or with different feeding hébitsder to fill
this gap, in this work, the morphology and ultrastructure of the heart and asdociat
tissues PC and AM were studied in four adult mosquito species, being thre
hematophagousAnopheles aquasalis (Anophelinae),Aedes aegypti (Culicinae) and
Culex quinguefasciatus (Culicinae); and one phytophagous speciesorhynchites
theobaldi (Culicinae). This work brings a contribution to the existing data regardeng t
heart and associated tissues of blood-sucking mosquitos of the éedesaAnopheles
andCulex; and describes in details the heart and associated tissuegbitbphagous
T. theobaldi. We have provided a detailed comparison, pointing the similarities and

differences of the organ structure across different mosquito species.
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Results

Heart

The heart consists of a tube located along the dorsal and medial @drtian
abdomen. PC are located laterally to the heart and AM attach tsidethof the organ
(Fig. 1 e Fig. 2A). In addition to PC and AM, pericardial hemocytesewobserved on
the external surface of the organ (Fig. 2B). The hearfe.adegypti, An. aquasalis, C.
quinquefasciatus and T. theobaldi are similar. For this reason, we used representative
images of each morphological and ultrastructural aspect observed. Theisheart
composed of cardiomyocytes arranged in helicoidal layers (Fig. 2C), forntirgukar
organ with a large lumen. Regions with the most dilated lumen correspoiine to
cardiac chambers that coincide with the intersegmental regiortee cibidomen (Fig.
3A).

In all species studied, the cytoplasm of the cardiomyocytedasest due to the
myofibrils that occupy almost all sarcoplasm (Fig. @B-Up to three myofibrils can be
seen simultaneously on the heart wall, as sed@ntimeobaldi (Fig. 3D). Sarcomeres are
delimited by discontinuous Z-lines, band A is electron-dense and bendldctron-
lucent. Also, for all species stutl a basal lamina surrounds the external and internal
surfaces of the heart. It accompanies all invaginations of thenplagembrane of the
heart. When the invagination coincides with the Z lines, structiresar to the T
tubules are noted (Fig. 3E). Mitochondrial profiles were observed in @ &ngunt at
the fiber periphery (Fig. 3C). The cardiomyocyte nuclei are individuhlael located
in the outer or in the inner periphery from the heart of the species studigdFilgei®A,
5D-F) and have predominantly decondensed chromatin, as séenaguasalis (Fig.
3F).

In all species, openings or pairs of ostia were observed on the waé beart
(Fig. 4A-B). In these structures, AM branches are found attached to the besm#nain
C. quinquefasciatus (Fig. 4A). In addition, a pair of nuclei were seen close to the ostia
(Fig. 4B). Only inAn. aquasalis, the ostial cell was observed in TEM (Fig. 4C). It has a
nucleus with predominantly decondensed chromatin. It occupies alrhostla fiber
together with the myofibrils (Fig. 4D). In order to determine the presehacstia in all

mosquito intersegments and their morphology, we performed cuts of the dransiti
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regions of abdominal segmentsl-2; 2-3; 3-4; 4-5; 5-6; 6-7 and 7& @stithe heart
portions located at these sites, the ostia are classified agein; because they are
valvar structures similar to funnels, with the ostial lips. At thdiges, the
cardiomyocytes are thinner, and it is possible to see two nuclei ebdhef each lip. In
addition, inAe. aegypti in the final portion of the heart (terminal cone) there is a gmpl
opening, or excurrent ostium (Fig 5A-G).

The width (lumen + heart walls) of the heart is similaA& aegypti (28.09 +
4.00um), An. aquasalis (15.73 £ 0.37um) andC. quinquefasciatus (24.33 = 1.0Qum)
(p>0.05). However, there is a significant difference between the heart wfidih
theobaldi (48.17 £ 2.21um) and the other species (p<0.05) (Fig. 6 A). The thickness of
the muscular wall of the heart ©f theobaldi (5 + 0.95um) is different of the wall o€.
guinquefasciatus (2.71 + 0.7um) but is not different of other species (p<0.05). The
thickness of the heart wall éfe. aegypti is 2.95 + 0.8um andAn. aquasalisis 3.30 +
0.31um (Fig. 6 B).

Pericardial cells (PC)

Among the species studied, a difference was found in the organizati@iof P
the intersegmental regions. In this sense, there are four pairs of PCchn ea
intersegmental region (segments 1 to 7hefaegypti [4] andC. quinquefasciatus (Fig.
7A) and only two pairs in the last segment (not shown) (Tab. Bn.lAquasalis andT.
theobaldi, PCs are also located in the intersegmental regions but are more numerous and
are grouped forming a cord of cells in a structure similar to a syncyhat made their
counting difficult (Fig. 7B). The other morphological and ultrastructural @speere
similar, for this reason, we used representative images of each of these chacacterist

PC of Ae. aegypti andC. quinquefasciatus are binucleated (Fig. 7DHowever,
we did not count the number of nuclei per PGAm aquasalis andT. theobaldi, since
the PC boundary was not clear (Fig. 7C and 7E). In TEM, it was observed thatafucl
PC have typically decondensed chromatin with evident nucleolus (FigV@#en three
nuclei are simultaneously seen in PCAof aquasalis, they are dimorphic in relation to
the degree of chromatin condensation, with the chromatin of the two periphelel nu

more decondensed than the central nucleus (Fig. 8F).
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The cytoplasm of PC is full of inclusions (Fig. 7C). These structures aite/pos
for LysoTracker (Fig. 7F) at least in PC Aé. aegypti, confirming that they are acidic
organelles related to the cellular digestion process. At TEM, thelssions are similar
to lysosomes and vacuoles (Fig. 8-Mitochondria, multivesicular and multilamellar
bodies, and rough endoplasmic reticulum are also seen (Fig. 8C). PC mayicaljyhy
associated with the heart and AM, but no cell junctions were dédtactéhe contact
regions between PC and these muscles, as sho®@nqguinquefasciatus (Fig. 8D). In
all species studied, PCs are enclosed by a basal lamina andeegpvenvaginations in
the plasma membranes, forming extracellular channels (Fig. 8E).

The total area of the PC by intersegment is similar betveeaegypti (6638.98
+ 1436.29um?) and C. quinquefasciatus (6330.03 + 1268.1§m?) and betweerAn.
aquasalis (16574.75 + 602.14m?) andT. theobaldi (16276.19 + 782.0him?) (p>0.05).
However, the PCs ohn. aquasalis andT. theobaldi occupy a larger area in relation to
the PCs ofAe. aegypti andC. quinquefasciatus (p<0.05) (Fig. 6 C).

Alary muscles (AM)

The attachment of AM to the heart wall is similar across hematophagous species
AM connect to the heart only in the intersegmental regiod®iaegypti, An. aquasalis
andC. quinquefasciatus, but in T. theobaldi, AM also bind directly to the heart in the
segmental regions (Fig. 9A-C) (Tab. 1). Despite this difference, ispalties studied
the AM attach through their branches to the heart wall, forming a supportmevitak
for the organ (Fig. 9D-E). In their opposite extremity, AM can be seen ctathi® the
body wall inT. theobaldi. In this case, immediately after the attachment point at body
wall, the AM form branches, which become more numerous close to the heart (Fig. 9F).
The AM of mosquitos are striated and multinucleated (Fig. 9G) nywdibrils
of AM do not evidence sarcomere details, such as Z-lines, A-band and IFob@EM.
In addition, we noticed the presence of mitochondria, which are digtlibat all

regions of the sarcoplasm, as showgimuinquefasciatus (Fig. 8E).
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Figure 1. Schematic drawings depicting two typical abdominal interseginesgians
(ir) of the heart (h) with associated tissues (i.e., pericardial c€llard allary muscles-
AM) of adult mosquitos ofe. aegypti andC. quinquefasciatus (A), An. aquasalis (B)
and T. theobaldi (C) Ae. aegypti and C. quinquefasciatus have four pairs of PC per
intersegmental region (ir) andin. aquasalis and T. theobaldi they are numerous and
grouped. In inA andB, AM bind only in the ir whereas ii. theobaldi, they bind in

both ir and sr. i: integument.
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Figure 2. Heart ofT. theobaldi. (A) Whole mounts showing a portion of the heart (h) in
the intersegmental region with ramifications of AM (arrows) and perilacdils (PC)
clustered on the sides of the heart ((B) Histological section of the heart with a
hemocyte (hm) on the surface of the hg&@j.Portion of heart wall with twisted cardiac
musculature (green). fb: fat body.
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Figure 3. Musculature of the heart of adult mosquit@s. Heart ofAn. aquasalis with
cardiac chambers (cc) and ostia (0). One chamber is separated from anaHhes®y
dilated region, positioned at a segmental region (sr) of abdomen. Green: FITC
phalloidin-labeled cytoskeleton; a: anterior region and p: posterior regitire dfody

(B) Histological section of the heart oAn. aquasalis showing striations of
cardiomyocytes and cell nucleus () Heart of C. quinquefasciatus showing the
basal lamina (bl), externally and internally lining the organ, witkochiondria (m)
concentrated in the external periphery of the wall of the heart. tanen of the heart.

z: discontinuous z-linegD) Three myofibrils (mi) inT. theobaldi cardiomyocytes and
sarcomeres with z-stained lines (z), band A (A), band | (I). bl: basahda (E) T.
theobaldi cardiomyocyte with two z lines (z) delimiting the space of a sarcomere (s) and
with invaginations that coincide with the z lines, corresponding tauBules
(arrowhead). (F) Cardiomyocyte nucleus ofAn. aquasalis with predominantly

decondensed chromatin. nm: nuclear membrane, nu: nucleolus and s: sarcomere.
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Figure 4. Ostia of the heart of mosquitogA) Pair of ostia (arrows) inC.
guinquefasciatus with ramifications of AM associated with the ostial lips.aaterior
region and p: posterior region of the bo@8) Heart portion ofC. quinquefasciatus
stained with phalloidin-FITC (green) with a pair of nuclei (n; redined with TO-PRO

3 close to the ostia (0JC) Ultrastructure of an ostial lip ofAn. aquasalis showing
nucleus (n) with predominantly decondensed chromatin. *: opening to the baty cav
L: heart lumen(D) Detail of the nuclear region of the ostial lip with nucleus (n) and
myofibrils (mi).
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Figure 5. Histological sections of portions the heart of adult mosquitos corresponding

to abdominal intersegmental regions showing incurrent ostia found between
intersegments 1-2A), 2-3 (B), 34 (C), and 45 (D) in T. theobaldi, 5-6 (E) in Ae.
aegypti, 6-7 (F) in T. theobaldi and 7-8G) in Ae. aegypti. Nuclei (n) of cardiomyocytes

may be positioned towards the heart lumen (as in A) or outside of the lse@rD(a In

(G) an excurrent opening (arrowhead) is observed in the terminal cone (red square) of
the heart (h) near the region between the abdominal segments 7 aadt8riar region

and p: posterior region of the body; g: hind gut; i: integument; L: heartnlufe:
binucleated pericardial cell; s: spermathecae; r: reproductivarsy@g, (B), (D), (E)

and(G) were stained with toluidine blue aif@) and(F) were stained with methylene

blue.
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Figure 6. Morphometry of heart and PC of mosquit¢a) Width (lumen + muscular

wall) of the heart(B) Thickness of muscular wall of the hedf€) Total area of the PC

in intersegmental regions of abdomen. Different letters indicatefisegmti differences

Asterisk (*) indicates the statistical difference found betw€enuinquefasciatus and
T. theobaldi, according to the Tukey test (p<0, 05).
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Figure 7. Pericardial cells (PC) of adult mosquitq#) Internal view of the dorsal
abdomen ofC. quinquefasciatus after the injection of carmine solution. In the
pericardial sinus (white line) the heart (h) is associated vatitardial cells (red) in
intersegmental (i) regions. a: anterior region and p: posterior region of thdBoEC

of T. theobaldi forming a cord of cells along the sides of the whole heart (h), resembling
a syncytium. AM: alary muscles; fb: fat bodfC) PC of T. theobaldi with many
basophilic cytoplasmic inclusions (*). AM: branches of the alary muskldseart wall.

(D) Binucleated PC if€. quinquefasciatus *: basophilic inclusion; n: nucleuée) PC of

An. aquasalis, nucleus stained with DAPI (light blue); h: heaf) Two PC ofAe.
aegypti with inclusions positively marked by LysoTracker (green).
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Figure 8. Ultrastructure of pericardial cells (PC) of adult mosquifs3.Overview of a
contact region between PCs with intercellular spaces {ii) theobaldi. The cytoplasm
is filled by several electron-dense vesicles (v), similar tsodgmes. mvb:
multivesicular bodies; n: nucleus; nu: nucleol(&.andC) Details showing the rough
endoplasmic reticulum (rer) and multilamellar and multivesicular bddiésand mvb)
in a PC ofT. theobaldi. v: electron-dense vesicles; m: mitochondfi2). The region of
physical contact between a PC and the heart surface (h)gouinquefasciatus without
cell junction. (E) The cortex of a PC o€. quinquefasciatus with invaginations or
canaliculi (c) and electron-denses vesicles (v). bl: basal larAiMa.ramifications of
alary muscles; mi: myofibrils; m: mitochondrig:) PC ofAn. aquasalis with dimorphic
nuclei. When there are three nuclei/cell, the central nucleushés)nore condensed
chromatin than the two peripherals (pn). *: regions of communication between PC. c:
cell canaliculus.
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Figure 9. Alary muscles (AM) of mosquitogA) AM in An. aquasalis attached to
intersegmental regions (ir) of the heart (h). sr: segmental re@nD) AM in T.
theobaldi. (B) AM attached to ir and sfC) Details of the ramifications (arrows) that
attached to sr and i(D) Branches of AM (arrowheads) attaching to the heart()).
Intersegmental region of heart (h) with alary muscles (AM) withr th@inches (arrows)
attaching to the heart i€@. quinquefasciatus. (F) Attachment point of AM (*) in the
integument (i) inT. theobaldi. Immediately after this point, AM ramify (arrowq)G)
Polynuclear AM of T. theobaldi. Arrowheads: nuclei; fb: fat body. Green: FITC

phalloidin-labeled cytoskeleton.
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Table 1: Summary of the morphological differences of heart-associated tissadalin

females of mosquitos

Species/ Structure Pericardial cells Alary muscles

_ clustered cells with no clea
Anopheles aquasalis

separation Attached to intersegment:
Aedes aegypti 4 per intersegmental regiot regions
Culex quinquefasciatus except last intersegment
) ~ clustered cells with no clea Attached to segmental an
Toxorhynchites theobal di . _ .
separation intersegmental regions
Discussion

The heart ofAn. aquasalis, Ae. aegypti, C. quinquefasciatus andT. theobaldi are
associated to PC and AM, and it is located in the dorsal midfinbe abdominal
cavity. This general organization and position coincide with wiaat d&ready been
described for other insectf7,18,19]. The cardiac fibers or cardiomyocytes are
organized in helicoidal layers forming a tube, and this twisted tatien is also
described for Diptera [3, 4]. It is assumed that this orientation confestares to
muscle contraction and hemolymph propuld®nl8, 20]

The heart is dilated or has cardiac chambers in the portion loctatdw a
intersegmental regions of the abdomen. However, it was not alwayblpdss see
them in all the preparations. This may have occurred due to the momentgtre
during dissection/fixation that could change the state of muscle coortrathus, when
hemolymph passes through these chambers, they become more eviderd thegaase
full [3]. In the widest regions, the heart Bftheobaldi is wider than the other three
mosquitos and this can be related to the larger size of this sfgtjiewhich can deal
with greater relative volumes of hemolymph than the other smaller mosquitos.

As in other insects, the heart is surrounded externally and internallyohyah
lamina[18,22]. In addition to isolating the organ from direct contact with hemolymph,
the basal lamina contributes to the formation of structures similarttbules. These

structures may be sites where the electrical impulse retfltheslls and stimulates the
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release of calcium from the sarcoplasmic reticulum, resultingnuscle contraction
[22]. This contraction is important because with the force exerted, themolymph
circulates in the anterograde and retrograde direction in the body ohihiy mosquito
[3].

During anterograde contraction, hemolymph enters the lumen of the heart
through ostia of intersegmental regidi3$, which were visualized together with the
ostia lips, as described for other Dipt¢4al8]. In spite of their conserved location in
the intersegmental regions, the number of ostia may vary amonigspédche order.

For exampleDrosophila melanogaster has five pairs of ostja8], but An. gambiae [12]

and all species studied here have seven pairs. Although there arentiffemgbers of
ostia in Diptera, they have the same morphology, and due to the presendeesf va
they are classified as incurrent ostia, whose format is essentiahdotaining the
direction of hemolymph flow towards heart lumé¢h]. Furthermore, among the
mosquitos studied here, a pair of incurrent ostia is found on each intersaigment
regions, and an excurrent opening is found in the terminal cone. These data tioafi
ostial organization and distribution previously described Aor. gambiae [16],
indicating that in different species of mosquitos, the number of ostianserved in
adults.

Periostial hemocytes were found in the heart wall in the interseghregtons.

In Galleria mellonela (Lepidoptera) infected with bacterium aAd. gambiae infected

with bacteriumand Plasmodium, these cells rapidly initiate an immune response,
including phagocytosis and melanization in the periosteal regions (gpagks near the
ostig [12,13,14]. The presence of pericardial hemocytes in the species studied here
suggests that the immune response that occurs near the heart is coaseoned
different mosquito genera.

The distribution pattern of nuclei and organelles, such as mitochondria; and
subcellular structures such as sarcomeres, with their Z lines, A laaads, are also
similar in the heart of all mosquitos studied here. These daiaeihforce the idea that
organ structure is conserved among mosquito spfjies

The presence of carmine within PC vesicles, the positivity of thesieles for
Lysotracker, together with their high electron density confirm the paation of PC in
the endocytosis and digestion of components taken from hemolymph. It isstaagge

that extracellular channels, formed through invaginations of the plasensbrane of
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PC, facilitate filtration by endocytosis. After filtration through the abasmina,
hemolymph accumulates in the channels, where toxic components are captured, forming
vesicles that are delivered to lysosomes for digestion[6, 23]. Tioplagm of PCs is

also plenty of multivesicular and multilamellar bodies that delikeir content to the
degradation in the lysosonji24].

The amount of PC varies across the species studied here. There are 54
individualized PC inAe. aegypti andC. quinquefasciatus [4, 25]. However, it was not
possible to quantify the number of PCAN. aquasalis andT. theobaldi because they
have many agglomerated cells with no clear limit under light miopescT he total area
occupied by agglomerates of PC in the intersegmenténofaquasalis and in T.
theobaldi is larger (around 2.5-fold) than the total area of P@enaegypti and C.
quinquefasciatus whose PCs are few and individualized. It can be speculated that the
larger area occupied by the PC Tftheobaldi or An. aquasalis should enhance the
filtration of hemolymph in comparison tAe. aegypti and C. quinquefasciatus, but it
was not tested yet. The differences in the amount and organization ofTPtheabal di
(Culicidae-Toxorhynchitini) in comparison to the evolutionarily related ispege.
aegypti andC. quinquefasciatus (Culicidae-Culicini) suggest that during the evolution
of these mosquitos, the total area of these cells increased in Toxotimynghis may
have been an independent event considering the similar condition (nunzerdus
agglomerated PC with the larger total area) observed in the g&nogheles
(Anophelinae-Anophelini)9, 12, 25]

The AMs originate near the integument and branch out as they approach the
heart. The branches of the AMs connect directly to the sides of the amgaharbor the
PC. These branches extend along the surface of the heart and form a aettgi@nil
basketball hoop3,4,910]. The physical association of AM and heart promote a tension
in the heart wall, creating the cardiac chaml§dfsin addition, we observed that AM
branches attach directly to the ostial lips, suggesting that #distain the opening and
closing of ostig3]. Unlike other mosquitos, if. theobaldi AM also bind directly to the
regions of the heart located at segmental regions of the abdomediffEnence should
occur due to the larger size of individuals of this spef@#&k which would need more
AM attached to the heart.
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Conclusions

The basic plane of the adult heart is conserved across adult mosofuitos
different species and with different feeding habits. Traits such as tla@izagon in
helicoidal layers of the cardiac muscle fibers, the presence of astiacardiac
chambers in all abdominal intersegment, mitochondria located in thghesriof the
cells and the presence of T tubules are conservée.inegypti, An. aquasalis andC.
quinquefasciatus (hematophagous species) and Tn theobaldi (a phytophagous
species). This conserved organization of the heart traits during mosqudtatispeis
expected considering the importance of the organ for the maintenanceiraditicual
homeostasis that depends on the efficient hemolymph propelling to guathatee
functioning of endocrine system, nutrient supply, detoxification and immuneoreact
Differently of the heart structure, morphological differences were found inorelet
PC andAM. PC are individualized and less numerous, occupying a smaller taahar
Ae. aegypti andC. quinquefasciatus and do not form agglomeration of cells on the sides
of the heart such as An. aquasalis andT. theobaldi. Additionally, only inT. theobaldi
AM bind directly to regions of the heart that are located in the abdbsegaents of
the mosquito. These morphological differences related to the heartadsgdaissues
probably reflect evolutionary and physiological differences in the ctaylaystem of
mosquitos that deserve to be studied in detail.

Methods

Mosquitos

Females ofAe. aegypti (PPCampos strain, Campos de Goycatazes, Rio de
Janeiro, Brazil) were obtained from the colony kept in the insectary (Repamto de
Biologia Geral, Universidade Federal de Vicosa-UFV). The insects ymaintained
under a photoperiod of 12 hours, temperature 25 + 2°C and 60% * 5% relative humidity
(RH). The larvae were kept in plastic trays containing dechlorinatézt wad fed with
cat food. Female pupae were transferred to plastic cages for subseqaeyarnee of
the adults. Adults with 5 to 10 days post-emergence were separated for dissection. Adult
females ofAn. aquasalis with 3 to 10 days post-emergence were obtained from a colony

kept in the insectary at Centro de Pesquisas René Rachou (CPgRR, Fiocruz, Minas
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Gerais). The insects were raised under a photoperiod of 12 hours, tenep2vatiit°C
and 70 = 10% RH.

Immature ofC. quinquefasciatus were collected with the aid of a plastic sieve in
the S&o Bartolomeu River basin (Vicosa, Minas Gerais, Brazil, 20°8&5'30"
42°52'45"W), a water stream polluted by raw sewage. The individualstreesported
to insectary at UFV. Adult females with 5-15 days post-emergerere wsed T.
theobaldi immature were collected in Mata do Paraiso (20°45'14"S, 42°52'55"W)
(Vicosa, MG) in dark plastic buckets containing fluvial water, transfercedhé
insectary and kept individually in plastic pots containing dechlorinatatér. The
larvae (predators) were fed larvae Ad. aegypti and the pupae transferred to plastic
cages. Adult females with 7 to 15 days post-emergence were usecollHution was
done under license number 56917-1 of ICMBIio (Instituto Chico Mendes de
Conservacao da Biodiversidade, Ministério do Meio Ambiente). Mosquitdsedbur
species were fed with 10% sucrose solution.

Adult females of the four species were anesthetized with &@1@ dissected in
PBS (phosphate buffered saline, 0.1 M, pH 7.2). The abdomen was laterally opened
with the aid of a microscissor (Petrovich Surgical Instruments, Sé)Pand the
visceral organs were removed, and the heart was kept attached &odaesc Samples
for light, confocal and fluorescence microscopies were fixed in Zambonivéxati
solution (4% paraformaldehyde and 0.4% picric acid in PBS, pH 7.3) and samples for
transmission electron microscopy (TEM) were fixed in 2.5% glutaraldelmy@eli M
sodium cacodylate buffer (pH 7.3). Samples were kept in the fixativeghmtilext of

sample preparation at 4°C.

Whole mounts

For the initial observation of the heart, whole mounts of the organ of four
species were made. The freshly dissected (unfixed) organs were removethérom
abdominal carcass of the mosquito, mounted on glass slides and photographed using the
Zeiss Primo Star light microscope coupled with the AxioCamERS5 camera.

In order to facilitate the observation of PC, a saturated solution cawfaime
powder carmine in PBS was injected about gD0n the thorax of five adult females of

each species with the aid of the Drummond Nanoject Il nanojet (DrumBwaditific
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Company, Broomall, PA, USA). The heart with PC was dissected 12 h rgéetion

and photographed using the light microscope.

Light microscopy

Twenty fixed carcasses with the heart of each species wetedvas PBS,
dehydrated in ascending ethanol series (70% -100%) and embedded in Leicairhistores
(Heidelberg, Mannheim, Germany). Samples were included in plastic ,nvatalsh
were stored in a vacuum chamber for polymerization. Histological seBofsim
thick) were obtained with glass knives coupled to the microtoméioS8savere stained
with toluidine blue or methylene blue solutions and mounted with Eoiatinting
medium (Fluka, St. Louis, MO, USA).

In order to study the intersegmental ostia of hearts separately, abdasent
in sequential pairs of segments (totalizing seven pairs: 1-2, 234%, 5-6, 6-7, and
7-8) with the aid of microscissors. Stained histological sectionsgofieset pairs of five
females of each species were photographed under the fluorescence microscope Olympus
BX53 coupled to the Olympus DP73 digital camera.

Confocal laser scanning microscopy (CLSM)

Five fixed carcasses @dfe. aegypti, An. aquasalis, C. quinquefasciatus, andT.
theobaldi were washed in 0.1% Triton X-100 for one hour. For actin (cytoskeleton)
labeling, the samples were incubated in Phalloidin-FITC (Signdrich, Sigma-
Aldrich, Brazil) 1:50 for one hour and 30 min in the dark. After incubation, the samples
were washed in PBS and stained with TO-PRO 3 (Invitrogen, Eugen&)$%,1:500
for 30 min for nuclei (DNA) labeling. The samples were again washed and edoomt
glass slides with mowiol-based mounting medium. The material ama/zed ad
photographed under the CLSM Zeiss 510 Meta at the Nucleo de Microscopia e
Micoranalise (NMM/UFV).

Fluorescence microscopy
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To evidence acidic organelles, about 2000f fluorescent green LysoTracker
(Life Technologies, Eugene, OR, USA) 1:1000 (1 mM) was injected into the thorax side
of ten adultsAe. aegypti using a microneedle made from microcapillary coupled to the
nanoinjector. After 10 min, the females were dissected, and the heartmea&dsfrom
the abdomen and mounted on glass slides with mowiol. The samplesistakzed
and photographed under the fluorescence microscope Olympus BX60 attached to the
Olympus QColor 3 camera.

Three fixed dorsal carcassesToftheobaldi andAn. aquasalis were washed in
PBS for 15 min and were incubated with 4'-6-diamidino-2-phenylindole (PAPI
(Biotium, Inc., Hayward, CA, USA) for 30 min in the dark to stain DNA (blue). The
samples were washed again, mounted on slides and photographed undentbesOly

BX53 microscope.
Transmission electronic microscopy (TEM)

Three fixed dorsal carcasses of each species (ekeeptgypti) were washed in
PBS and post-fixed in 1% osmium tetroxide and 0.1M sodium cacodylate buffer (pH
7.2) for two hours in the dark. The samples were washed in PBS, dehydrated in
ascending ethanolic series and included in the LRWhite resin (London ®asipany,
Berkshire, UK). The polymerization was done in gelatin capsules for 12 hdd0s @t
Ultrathin sections were contrasted with 2% uranyl acetate and Oa2f«cikeate for 20
min each. Sections were photographed under the Zeis EM 109 microscope (NMM-
UFV).

Morphometry

Measurements of heart width (muscle walls + lumen of hearts in igteeseal
regions) and thickness of the heart muscle wall were performed in thesiofagiained
histological sections (tangential and longitudinal sections) of four ohais of each
species using the Image ProPliprogram. In order to analyze the width and thickness
of the wall of the heart, three and six measurements were perforspettieely. The
total area occupied by the PC (individually or in cell agglomeratggndiéng on the

species and on both sides of the Haarthe intersegmental regions was also measured
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using the same software in three individuals per species. For compafisihe

measurements among different species, the mean values obtainedhmeitéed to the
one-way variance test (ANOVA) and multiple comparisons were maaeigh the
Tukey test. Statistical analyzes were performed in the GrapPfPsd 7 program. The

results were considered significant when p<0.05.
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