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RESUMO

A cinomose canina € uma doenga causada pelo Canine morbillivirus (CM), um
patdogeno pantrépico que pode afetar o Sistema Nervoso Central (SNC), causando
desmielinizagdo. No entanto, a patogénese dessa lesdo ainda precisa ser esclarecida.
Amostras do SNC de 14 caes naturalmente infectados por CM foram analisadas para
avaliar a correlagao entre estresse oxidativo e desmielinizagdo. Fragmentos de SNC
desses caes foram submetidos a RT-PCR para detecgéo parcial do gene que codifica
a nucleoproteina de CM; imunohistoquimica anti-CM para localizar as proteinas virais
no tecido e imunohistoquimica anti-4-hidroxinonenal (4-HNE) como marcador de
produto da peroxidacgao lipidica. A presenca de peroxidacao lipidica foi comparada
com a presenga de desmielinizagdo em cortes histolégicos corados com HE. Foi
possivel a deteccdo de material génico de CM em todas as amostras. Por meio dos
resultados, observou-se que a area desmielinizada foi positiva para a presenca de
proteinas virais e células imunomarcadas para 4-HNE. Apds a analise dos resultados,
conclui-se que a presencga do virus gera estresse oxidativo que leva a peroxidagao
lipidica, causando danos aos tecidos e resulta em desmielinizagéo. Logo, o estresse

oxidativo desempenha um papel importante na patogénese da cinomose canina.

Palavras-chave: Cinomose canina, RT-PCR, imunohistoquimica, estresse oxidativo.



ABSTRACT

Canine Distemper is a disease caused by Canine morbillivirus (CM), a pantropic
pathogen that can affect the Central Nervous System (CNS) causing demyelination.
However, the pathogenesis of this lesion remains to be clarified. CNS fragments were
submitted to RT-PCR for partial detection of the gene that encodes the CM
nucleoprotein; anti-CM immunohistochemistry to locate viral proteins in the tissue and
anti-4-hydroxynonenal immunohistochemistry (4-HNE) as a marker of lipid
peroxidation product. Through the results, it was observed that the demyelinated area
was positive for the presence of viral proteins and cells immunostained for 4-HNE. The
results showed the presence of virus proteins in the demyelinated area with the
presence of 4-HNE. Considering these results, we strongly believe that the virus’
presence causes oxidative stress leading to lipid peroxidation, which causes tissue
damage and results in demyelination. In conclusion, oxidative stress plays an

important role in canine distemper pathogenesis.

Key-words: Canine distemper, RT-PCR, immunohistochemistry, oxidative stress.
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1. INTRODUGCAO

A cinomose canina € uma afeccdo decorrente da infeccdo pelo Canine
morbillivirus. Apresenta distribuicdo mundial e € reconhecidamente uma das mais
importantes doencas virais de cdes (MILLER; ZACHARY, 2017). Esse virus é capaz
de infectar e causar doengca em outros canideos, além de membros das familias
Felidae, Mustelidae, Ursidae, Procyonidae, Phocidae e Viverridae pertencentes a
ordem Carnivora e ainda algumas familias pertencentes as ordens Rodentia,
Primates, Artiodactyla e Proboscidea (MARTINEZ-GUTIERREZ; RUIZ-SAENZ, 2016).
No Brasil, ha descrigao de cinomose canina nos estados do Rio Grande do Sul, Santa
Catarina, Parana, S&o Paulo, Rio de Janeiro, Rondb6nia, Mato Grosso
(BUDASZEWSKI et al., 2014), Maranhdo (BRITO et al., 2016) e Minas Gerais
(BASTOS, 2018).

A cinomose afeta caes de maneira multissistémica, o virus é capaz de infectar
células epiteliais, mesenquimais e hematopoiéticas. As principais manifestacoes
clinicas incluem alterag¢des do trato respiratério, gastrointestinal, imunossupressao e
alteracgdes neurologicas (CARVALHO et al., 2012). Os sinais neuroldgicos ocorrem
com ou sem doenga sistémica precedente (VANDEVELDE; HIGGINS; OEVERMANN,
2012).

As alteragbes da doenga no sistema nervoso central (SNC) geralmente séo
progressivas e evoluem para mau prognostico (LAPPIN, 2015). Os animais podem
apresentar convulsdes, mioclonias, tremores, disturbios de movimentos voluntarios,
andar em circulo, hiperestesia, paralisia e cegueira (MILLER; ZACHARY, 2017). As
alteragdes mais importantes sdo os de defeitos na condugido nervosa determinados

pela desmielinizagao de axénios, que resulta em mioclonia (ECCO et al., 2016).

A desmielinizacéo € o principal achado histopatolégico da cinomose, consiste
em areas multifocais vacuolizadas em substidncia branca, localizadas,
predominantemente, nas folhas cerebelares, entorno do quarto ventriculo, trato 6ptico
e medula espinhal (VANDEVELDE; HIGGINS; OEVERMANN, 2012).
Desmielinizagao, decorrente da infecgao viral, € alvo de varias pesquisas e debates
(PANIGASSI; MAIORKA, 2014).
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O estresse oxidativo é um processo deletério que pode serimportante mediador
no dano de estruturas celulares e, consequentemente, em varias doencas e no
envelhecimento (VALKO et al., 2007). Sendo uma das principais vias de
neurodegeneracao, a injuria oxidativa pode causar danos no tecido nervoso atraves
da oxidagcao direta de proteinas, DNA, lipideos e, indiretamente, de mitocéndrias,
provocando disturbios no metabolismo energético (LASSMANN; VAN HORSSEN,
2016). O SNC é objeto de estudo ideal para os efeitos da presenga de radicais livres,
devido a elevada quantidade de lipideos nas membranas das células do tecido
nervoso (ZARKOVIC; JAKOVCEVIC; ZARKOVIC, 2017). Na etiopatogenia de
doencgas neurodegenerativas, como Parkinson e Alzheimer, o estresse oxidativo
contribui para lesao tecidual no sistema nervoso central e pode participar da
desmielinizacdo (KARADENIZ et al., 2008).

Até o presente momento, ndo foram encontrados estudos que demonstrem a
presenca do estresse oxidativo na desmielinizagdo, através da marcacao do 4-
hidroxinonenal (4-HNE), produto da peroxidagao lipidica, tendo o cdo como modelo.
Portanto, objetivou-se avaliar o estresse oxidativo, através da imunomarcacgéo do 4-
HNE, no encéfalo de caes naturalmente infectados por Canine morbillivirus e elencar

a peroxidacao lipidica como uma das possiveis causas de desmielinizacao.

2. REVISAO DE LITERATURA

2.1 Cinomose

O agente etiolégico da cinomose, Canine morbillivirus — CM, previamente
denominado como Canine distemper virus, pertence ao género Morbillivirus, familia
Paramyxoviridae. E um virus composto por uma fita simples de RNA com polaridade
negativa com nucleocapsideo de simetria helicoidal; apresenta envelope composto
por bicamada lipidica, originado da membrana plasmatica da célula hospedeira
(LAMB; PARKS, 2007; ICTV, 2018). O genoma viral contém 15.690 nucleotideos,
compondo seis genes que codificam: nucleocapsideo (N), fosfoproteina (P), matriz
(M), fusdo (F), hemaglutinina (H), RNA polimerase RNA-dependente (L). O
nucleocapsideo de simetria helicoidal recobre o genoma viral (SAWATSKY;
DELPEUT; VON MESSLING, 2011).
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Por se tratar de um virus pantrépico, a patogenia da cinomose é diversa e
dindmica (RENDON-MARIN et al., 2019), podendo afetar pele, olhos, coxins,
glandulas exdcrinas e enddcrinas, tratos gastrointestinal, respiratério, genitourinario e
sistema nervoso (GREENE; VANDEVELDE, 2012). A disseminacgao viral acontece por
contato direto de caes com secregdes e excregdes de animais infectados, além de
aerossois (ARNS et al., 2012). Ap6s 24 horas, ha replicacdo viral em tecido linfoide
do trato respiratério superior. O virus € carreado por células mononucleares e se
dissemina para bacgo, figado, tecido linfoide associado ao trato gastrointestinal e
linfonodos mesentéricos, caracterizando a viremia primaria (GREENE;
VANDEVELDE, 2012). A progressao da doenga depende da resposta imune do
animal, a maioria dos animais desenvolve resposta celular e humoral contra a
infecgdo, permanecendo assintomaticos. Porém, em animais com resposta
imunoldégica comprometida, a infecgdo progride e as manifestagdes clinicas se
correlacionam com os 6rgaos e/ou tecidos afetados (ARNS et al., 2012). Caes com
resposta imune intermediaria ou ruim apresentam disseminacdo viral sistémica
(GREENE; VANDEVELDE, 2012).

2.1.1 Infecgao do Sistema Nervoso Central

Acredita-se que a infecgdo do sistema nervoso central (SNC), na maioria dos
caes, acontece em uma fase precoce da doenca, por meio de mondcitos e linfécitos
infectados (ECCO et al., 2016) quando a viremia tem magnitude suficiente, o que
depende da resposta imune ineficiente do hospedeiro (GREENE; VANDEVELDE,
2012). Por via hematdgena, carreado por células mononucleares, o virus entra no
parénquima do sistema nervoso e se deposita em espagos perivasculares. Via
circulagao sistémica, o virus infecta células do plexo coroide do quarto ventriculo, ha
replicacdo nas células epiteliais do plexo e se espalha pelo SNC através do liquor
(GREENE; VANDEVELDE, 2012).

2.1.2 Bainha de Mielina

Durante o desenvolvimento do sistema nervoso, as células de Schwann no
sistema nervoso periférico e os oligodendrécitos no SNC iniciam a sintese e o
transporte de grandes quantidades de componentes da membrana da mielina para
obter o envolvimento em espiral da membrana resultante ao redor do axénio
(SIMONS; TROTTER, 2007). A bainha de mielina é interrompida, em intervalos
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regulares, pelos nodos de Ranvier, fato esse que gera a condugao saltatoria do
potencial de agéo através do axdnio levando a uma alta velocidade de propagacgao do
impulso nervoso (KLEIN, 2006; KLEIN; CUNNINGHAM, 2008).

Grande parte da estrutura e fungdo da mielina depende de seu conteudo
lipidico. Os lipideos, portanto, tém utilidade na marcagao da integridade da membrana
da mielina e da fung&o associada das fibras nervosas (CHRAST et al., 2011). Uma
caracteristica marcante da mielina é sua alta quantidade de lipideos que corresponde
a, aproximadamente, 70% do peso seco da membrana ( NORTON; PODUSLO, 1973;
CHRAST et al., 2011). A mielina é de importancia vital e consequéncias devastadoras
das doengas desmielinizantes e dismielinizantes, nas quais a estrutura normal da
mielina estd comprometida, ressalta claramente sua importancia (AGGARWAL;
YURLOVA; SIMONS, 2011).

2.1.3 Desmielinizagao no Sistema Nervoso Central

No sistema nervoso central, o virus, por mecanismos ainda nao elucidados
completamente, provoca grave desmielinizagao. Independentemente de sua causa, a
desmielinizagao ocorre através de dois processos principais: dano da propria mielina
ou células mielinogénicas (desmielinizacdo primaria) ou lesdo axonal que promove
um efeito secundario na degeneragdo mielinica (desmielinizagdo secundaria)
(CARVALHO et al., 2012).

A leucoencefalite desmielinizante que acontece na cinomose foi dividida em
fases de acordo com classificagdo histolégica em: aguda, subaguda e cronica. As
lesbes agudas s&o caracterizadas por vacuolizagao da substancia branca devido ao
edema da bainha de mielina; células inflamatdrias quase ausentes. Lesdes subagudas
apresentam perda progressiva da mielina, caracterizada por palidez ou auséncia de
eosinofilia no tecido; essas lesdes ainda podem ser divididas de acordo com presencga
ou auséncia de infiltrado de células inflamatdrias. Lesdes crénicas invariavelmente
exibem manguitos perivasculares com mais de trés camadas de células inflamatérias,
acompanhando a desmielinizacdo em curso e a perda axonal (VANDEVELDE;
ZURBRIGGEN, 1995; VANDEVELDE; ZURBRIGGEN, 2005; LEMPP et al., 2014;
ULRICH et al., 2014).

Estudos sugerem que, na fase aguda da doenga, ha transcricdo viral sem

tradugdo em oligodendrécitos (replicacdo restrita) podendo levar estas células a
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desordem metabdlica, que interfere na sintese e manutencdo da mielina, o que
resultaria em desmielinizagdo. Na fase crénica, um mecanismo de reacao “bystander”
associado a resposta imune antiviral, onde a microglia/macrofagos ativados
secretando, dentre outros produtos, espécies reativas de oxigénio, seriam
responsaveis pela destruicdo de oligodendrocitos e da bainha de mielina
(VANDEVELDE; ZURBRIGGEN, 2005). Outros autores apontam que a
desmielinizagdo do SNC seria causada por desordem metabdlica e por apoptose de
oligodendrdcitos, os quais produzem e mantém a integridade da bainha de mielina,
bem como por astrocitos com alteragdes funcionais que poderiam ajudar o virus a se
replicar e persistir no hospedeiro (PAN et al., 2013). Por outro lado, Ulrich et al. (2014)
sugerem que, através de alteragbes em transcrigées génicas durante a leucoencefalite
da cinomose, a desmielinizagao aconteca de forma bifasica, inicialmente com distrofia
nao-apoptotica de oligodendrocitos e, em sequéncia, uma onda autoimune com

producao de imunoglobulinas e sistema complemento contra mielina.
2.1.4 Resposta imune no sistema nervoso central

Astrocitos tém papel importante na resposta cerebral a injuria e a doengas
neurolégicas. Essas células, em sua forma reativa, ja foram encontradas antes do
inicio da desmielinizagao evidente na lesao cerebral aguda de cdes com cinomose
(KLEMENS et al., 2019). A mielina é sensivel a peroxidagao lipidica causada por
espécies reativas de oxigénio (ERO’s) e a ativagdo da micrdglia, frente a estimulos,
pode ser uma importante fonte de ERO’s durante a desmielinizagdo aguda da doenga
(STEIN et al., 2004).

2.1.5 Métodos diagnédsticos

A suspeita clinica de cinomose canina se da por combinagao do histérico do
animal e sinais clinicos apresentados (GREENE; VANDEVELDE, 2012; LAPPIN,
2015; ECCO et al., 2016). O diagnéstico direto € obtido com a transcrigao reversa
seguida da reagdao em cadeia pela polimerase (RT-PCR) (ELIA et al., 2006),
imunofluorescéncia, imunohistoquimica, ensaio de imunoabsorcdo enzimatica
(ELISA), e/ou imunocromatografia(GREENE; VANDEVELDE, 2012; LAPPIN, 2015;
ECCO et al., 2016).
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2.2 Estresse oxidativo e espécies reativas de oxigénio

Estresse oxidativo € uma condi¢cdo na qual ndo ha equilibrio entre a producao
de espécies reativas de oxigénio (ERQO’s)e o nivel de antioxidantes, resultando em
quantidade excessiva de ERO’s (GANDHI; ABRAMOV, 2012), as quais podem
provocar sérios danos ao organismo, reagindo com enzimas, lipideos de membranas,
acidos nucleicos e danificando-os (NELSON; COX, 2014). H4 muito se sabe que
elevados niveis de radicais livre ou espécies reativas de oxigénio causam danos
diretos ao lipideos (AYALA; MUNOZ; ARGUELLES, 2014).

2.2.1 Peroxidacao lipidica e 4-hidroxinonenal

A peroxidagcao lipidica pode ser descrita como um processo pelo qual
oxidantes, como radicais livres ou espécies nao-radicais, atacam lipideos contendo
ligagdes duplas carbono-carbono, especialmente acidos graxos poliinsaturados que
envolvem abstragao de hidrogénio de um carbono, resultando na inser¢ao de oxigénio
em radicais peroxila lipidicos e hidroperoxidos (AYALA; MUNOZ; ARGUELLES, 2014;
YIN; XU; PORTER, 2011).

Aldeidos reativos altamente toxicos, como 4-hidroxinonenal (4-HNE), séo
gerados durante a peroxidagao lipidica (ZHENG et al., 2014). O 4-HNE derivado da
peroxidacao lipidica € um eletrdfilo lipidico reativo prototipico que forma prontamente
adutos covalentes com grupos funcionais nucleofilicos na macromolécula, como
proteinas, DNA e lipideos (ZHONG; YIN, 2015). A peroxidacgao lipidica é acelerada
durante o estresse oxidativo e € uma fonte adicional de geracédo de ERO’s (CSALA et
al., 2015).
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that can affect Central Nervous System (CNS) causing demyelination. However, the
pathogenesis of this lesion remains to be clarified. Samples from CNS of 14 naturally
infected dogs by CM were analyzed to evaluate the presence of oxidative stress and
demyelination. RT-PCR assay was performed to confirm a diagnosis of canine
distemper in CNS, performed immunohistochemistry anti-CM was used to localize the
viral proteins in the tissue and anti-4-hydroxy-2-nonenal (4-HNE) as a marker of a
product of lipid peroxidation. The results showed the presence of viral proteins in the
demyelinated area with the presence of 4-HNE. Taken the results together, we strongly
believe that the virus presence causes oxidative stress leading to lipid peroxidation,
which causes tissue damage and result in demyelination. In conclusion, oxidative

stress plays an important role in canine distemper pathogenesis.

Key-words: Canine distemper, RT-PCR, immunohistochemistry, oxidative stress.

Introduction

Canine morbillivirus - CM (also known as Canine distemper virus) belongs to
genus Morbillivirus, family Paramyxoviridae, is a single-stranded, negative sense, RNA
virus [1]. Viruses with a broad host range such as CM are highly contagious and cause
high morbidity and mortality rates in wild and domestic animal populations. The
capability of the virus to adapt to multiple species and evolve in those, makes CM not
only a well-known pathogen of domestic dogs, but one of the most important pathogen

of mammals with the ability to cross the species barrier [2].

CM induces multiple pathogenic effects and the use of diverse receptors
delimits the viral tropism since lymphoid, epithelium, and central nervous system
(CNS) cells have different receptors that are implicated in the infection [3]. The most

common microscopic alteration of CNS is the demyelination [4] and many studies have
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been performed to explain the pathogenesis of this alteration [5-9], however, the

process is not completely understood.

CNS is an ideal target for free radical damage because of high levels of
polyunsaturated lipids in membranes of the neuronal cells associated with relatively
weak antioxidative defense and with a high metabolic rate of oxygen. Damage of brain
structures due to oxidative stress and accumulation of reactive oxygen species (ROS)
and reactive aldehydes is a common feature of ischemic, inflammatory, metabolic,
degenerative and carcinogenic processes in the CNS [10]. Myelin is sensitive to ROS
induced lipid peroxidation and virus-induced activated microglia represent a potent

source of ROS generation in acute demyelinating distemper [11].

Oxidative stress (OS) is a condition in which the balance between production of
ROS and level of antioxidants is significantly disturbed and results in damage to cells
by the excessive ROS. It contributes to the development of neurodegeneration by
altering the function of biomolecules. ROS may target several different substrates in
the cell, causing protein, DNA, RNA oxidation, or lipid peroxidation [12]. Lipid
peroxidation (LPO) generates highly toxic reactive aldehydes such as 4-hydroxy-2-
nonenal (4-HNE) [13]. 4-HNE derives from omega-6-polyunsaturated fatty acids
peroxidation, mainly of arachidonic and linoleic acid [14—16] and forms covalent
adducts with nucleophilic functional groups in macromolecule such as proteins, DNA
and lipids [17]. It is surmised that the aerobic organisms have created a fine defense
network and sophisticated adaptive system during the course of evolution to cope with,
or even utilize, the moderate level of LPO, but that excessive unregulated LPO leads
to degenerative and pathological consequences [18].

The aim of this study was to evaluate the presence of 4-HNE in brain of dogs

naturally infected by Canine morbillivirus and evaluate its contribution in demyelination
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in canine distemper.

Materials and methods

Animals

All the experimental procedures were carried out in accordance with Animal Use
Ethics Committee of Federal University of Uberlandia, under the protocol number

A007/18.

Fourteen dogs, naturally infected by Canine morbillivirus were used. The
animals died due to disease progression or euthanazied due to a poor prognosis.
Necropsy occurred at Animal Pathology Laboratory, Veterinary Hospital of Federal

University of Uberlandia and was performed immediately post-mortem.

Histopathology

For histopathological analysis fragments of frontal lobe, from both sides, and
cerebellum were collected, fixed in 10%neutral-buffered formalin, routinely processed,
and embedded in paraffin. The 4-um-thick sections were mounted on glass slides and

stained with hematoxylin and eosin (HE) for light microscopy [19].

4-HNE Immunohistochemistry

The immunohistochemistry (IHQ) analysis were performed on the same
fragments stained with HE. Briefly, for the IHC assay, formalin-fixed paraffin-
embedded tissue sections (4 um thick) were prepared. Antigenic retrieval was
performed by heat induction 96°C for 40 minutes in citrate buffer (monohydrate citrate,
10 mM, pH 6). Endogenous peroxidase activity was blocked with 5% hydrogen
peroxide. A blocking step was performed using nonfat dry milk (5% wi/v). Slides were

incubated with the primary antibody polyclonal anti-4-HNE (1:200, Bioss, Woburn, MA,
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USA), at room temperature for 2 hours. The reaction was revealed by EnVision™
FLEX, High pH Link (Dako-Agilent, Santa Clara, CA, USA). Slides were counterstained
with Harris hematoxylin. Between each step the sections were rinsed with Phosphate

Buffered Saline (PBS).

Canine morbilivirus Inmunohistochemistry

The IHQ analysis were performed in cerebellum tissue to detect the presence
of virus protein. Briefly, for the IHC assay, formalin-fixed paraffin-embedded tissue
sections (4 um thick) were prepared. Antigenic retrieval was performed in pressure
cook 121°C for 3 minutes in citrate buffer (monohydrate citrate, 10 mM, pH 6).
Endogenous peroxidase activity was blocked with Immuno Detector Peroxidase
Blocker for 5 minutes. A blocking step was performed using equine serum (1:9
Phosphate Buffered Saline). Slides were incubated with the primary antibody
polyclonal anti-CDV (1:300, VMRD, Pullman, WA, USA), at4 C° for 12 hours. Samples
were rinsed in saline solution and added ImmunoDetector Bio SB Biotinylated Link for
10 minutes, rinsed with PBS and incubated with ImmunoDetector HRP Label (Bio SB,
Santa Barbara, CA, USA) for 10 minutes. The reaction was revealed by
diaminobenzidine (Buffer Substrate - Bio SB, Santa Barbara, CA, USA). Slides were

counterstained with Harris hematoxylin.

Reverse Transcription—Polymerase Chain Reaction

A fragment of frontal lobe was collected and stored immediately at -80C° in
cryotubes. RT-PCR target to nucleoprotein gene of CM was performed according to
previous study [20]. Also, all samples were tested by RT-PCR for glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) gene as endogenous control [20].

RESULTS
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Histopathology analysis

Characterization of histopathological alterations was performed in 42 slides. The
alterations found in HE stain were presence of edema of myelin sheath, demyelination,
astrogliosis with gemistocytes and inflammation: Gitter cells and mononuclear
perivascular infiltration. The most common alteration found in the cerebellum was
demyelination, present in all samples, followed by one or more inflammation signs in
78% (11/14) of samples. In all of the cases with inflammation, demyelinated areas was
also present.

At the frontal lobe, demyelination occurred in 57% (8/14) of cases and inflammation in
43% (6/14). Demyelination concomitant with inflammation occurred in 36% (5/14) of
samples.

4-HNE immunohistochemistry analysis

Characterization of oxidative stress performed in 42 slides by
immunohistochemistry using antibody anti-4HNE. In general, most of the cells
presented staining at some level. However, cells around and in the demyelinated areas
were stained stronger.

In cerebellum, 71% (10/14) of samples presented stained cells, most of them
were hypertrophic astrocytes with compatible morphology to reactive astrocytes
(gemistocytics astrocytes), presented in demyelinated areas. All of the samples
showed neurons and astrocytes marked diffusely, but around demyelinated areas, they
stained stronger. Inflammatory cells (activated macrophages/microglia, mononuclear
and Gitter cells) stained in 57% (8/14) of cases. Choroid plexus marked in 50% (7/14)
of cases (Figure 1). Neurons at pons had marked their respective axons (Figure 2).

Figure 1: Immunoreactive cells to 4-HNE in the cerebellum of dogs with

canine distemper.
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4-HNE-stained Gitter cells (400x). D: Perivascular Cuff with 4-HNE-stained mononuclear inflammatory
cells (400x). E: 4-HNE-stained Purkinje and glia cells (arrows) around demyelinated area with poorly

immunoreactivity (black star) (400x). F: 4-HNE-stained choroid plexus cells (400x).
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Figure 2: Immunoreactive neurons and glial cells to 4-HNE in the

cerebellum of dogs with canine distemper.

4-HNE-stained neurons with immunoreactivity in perikaryon (arrows) and axons (arrowheads) (400x).

Glial cells with immunoreactivity nearby the neurons.

At frontal lobe, all of the samples showed stained neurons, with some axons, in
presence or not of demyelination. However, 36% (5/14) of the samples had stronger
immunostaining around the demyelinated area. Into the demyelinated area, 28% (4/14)
of the samples showed marked cells. Mononuclear inflammatory cells present in 36%
(5/14) of the samples (Figure 3).

Figure 3: Immunoreactive cells to 4-HNE in the frontal lobe of dogs with

canine distemper.
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A-B: 4-HNE-stained neurons and glial cells (black stars) around demyelinated area with poorly
immunoreactivity (arrowheads) (40x). C-D: 4-HNE-stained neurons (arrows) and glia cells (400x). E: 4-
HNE-stained neuron with immunoreactivity in perikaryon (arrow) and axon (white arrowhead) (400x). F:

Perivascular Cuff with 4-HNE-stained mononuclear inflammatory cells (white arrow) (400x).
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Canine morbillivirus immunohistochemistry analysis
To detect the presence of virus protein in cerebellum immunohistochemistry
was performed. All samples showed reactivity anti-CM, stained in white matter into

demyelinated areas.

F|gure 4: Viral proteln in demyellnated area in cerebellum of dogs

A: presence of virus protein (arrows) in demyelinated area (arrowheads) (100x). B: presence of virus
protein (arrows) in extensive demyelinated area (100x). C: presence of virus protein (arrows) in

demyelinated area (arrowheads) (400x).

RT-PCR
For distemper all of the samples were positive in RT-PCR. All the 14 samples
analyzed were positive to CM and endogenous control GAPDH gene in RNA

extraction.

Discussion

The current study demonstrates that lipid peroxidation occurs in brain of dogs
naturally infected by Canine morbillivirus. Neurons, glia cells, choroid plexus and
inflammatory cells showed immunoreactivity to 4-HNE and the presence of this
aldehyde might lead to demyelination. 4-HNE is recognized as one of the key culprits
in cell and tissue damage caused by oxidative stress [21]. It is suggestive that the

presence of the Canine morbillivirus in the brain can be a trigger to demyelination.
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The initial trigger of oxidative injury induces different cascades of molecular
events, leading to cell death and cell process degeneration, which may be different in
different cell types [22]. This fact might explain the diffuse immunoreactivity in most of
the cells types in the brain. At cerebellum, most of the samples showed neurons and
glia cells stained around demyelinated area. At frontal lobe, most of the marked cells
were neurons, in the presence or not of demyelination. Different populations of
neurons, in different brain regions, have different morphologies and biochemical
characteristics. Due to this diversity, it is very likely that each neuronal population has
its own level of vulnerability to OS [23].

Reactive astrocyte were found already before the onset of overt demyelination
in acute brain lesion of CM-infected dogs [24]. This study shows 4-HNE-stained
astrocytes in the demyelinated areas, showing hypertrophic morphology, which leads
us to think that these cells might begin a cascade process that culminates in tissue
damage. Here, itis proposed that the demyelinating process starts at the astrocyte and
spread to the tissue around, causing damage.

This can be explained by the fact that reactive astrocytes in canine distemper
show neurotoxic properties, which have the potential to cause neurodegeneration,
demyelination, and impaired remyelination [24]. Besides, excessive generation of free
radicals induces glutathione depletion in both neurons and astrocytes; impairing
neuronal viability as glutathione depletion leaves the neurons vulnerable to damage by
oxidative stress [25]. Neurons and oligodendrocytes are the most vulnerable cells for
oxidative injury, while astrocytes and microglia are much more resistant. These
differences appear to be due to different intrinsic factors, such as differential
expression of antioxidant defense molecules, to differences in the susceptibility for

apoptosis induction and differences in the metabolic handling of divalent cations, such
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asiron [22]. 4-HNE is present, at low concentrations, in almost all cells and tissue fluids
under physiological conditions because of the natural occurrence of lipid peroxidation
in aerobic biologic systems [21]. However, degradation of 4-HNE is slow in the brain;
low rates of degradation suggest that 4-HNE accumulates in greater amounts in the
brain during oxidative stress and may lead to increased susceptibility to tissue
damage[13].

In this study was possible to observe axonal immunoreactivity to 4-HNE
showing that not only OS can affect the perikaryon but also other structures which are
involved by myelin. Axonal damage represents a key event in the initial disease phase
and during the progression of demyelinating leukoencephalitis induced by Canine
morbillivirus. Further investigations have to focus on the detailed molecular
pathogenesis of axonal injury [4].

Choroid plexus expressed immunoreactivity do 4-HNE, showing that these cells
also pass through oxidative stress maybe caused by virus infection. CM antigens are
detect in a variety cell types in CNS, including choroid plexus, which has a receptor,
nectin-4, that has an important role in the virus spread in CNS [26].

In conclusion, there is presence of 4-HNE in most of the cells in brain of dogs
naturally infected by Canine morbillivirus. Due to the presence of virus protein found
into demyelinated areas, detected by immunohistochemistry anti-CM, and the
presence of 4-HNE immunoreactive cells in the same area, we conclude that the virus
cause an oxidative stress leading to lipid peroxidation, which is involved in the tissue
damage resulting in demyelinating process. This study provides a basis for further

functional research into the role of oxidative stress in canine distemper.
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Abbreviations

4-HNE: 4-hydroxy-2-nonenal
CEUA: Comité de Etica na Utilizagdo de Animais

CM: Canine morbillivirus

CNS: Central nervous system

DNA: Deoxyribonucleic acid

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase
HE: Hematoxylin and eosin

IHQ: Immunohistochemistry

LPO: Lipid peroxidation

OS: Oxidative stress

PBS: Phosphate Buffered Saline

RNA: Ribonucleic acid

ROS: Reactive oxygen species

RT-PCR: Reverse transcription polymerase chain reaction
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