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ABSTRACT
Canine Distemper is a disease caused by Canine morbillivirus (CM), a pantropic virus that can affect the central nervous 
system (CNS), causing demyelination. However, the pathogenesis of this lesion remains to be clarified. Brain samples 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 the brain, immunohistochemistry anti-CM was used 
to localize the viral proteins in the tissue, and anti-4-hydroxy-2-nonenal (4-HNE) was 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. Our 
results suggest that the CM virus infection causes oxidative stress leading to lipid peroxidation, which causes tissue damage 
and demyelination. In conclusion, oxidative stress plays a significant role in canine distemper pathogenesis in the CNS.
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RESUMO
A cinomose canina é uma doença causada pelo Morbilivírus canino (CM), um vírus pantrópico que pode afetar o sistema 
nervoso central (SNC), causando desmielinização. No entanto, a patogênese dessa lesão não está totalmente esclarecida. 
RT-PCR e imuno-histoquímica foram realizadas para confirmação do diagnóstico de cinomose em amostras de encéfalo 
de 14 cães naturalmente infectados. Após confirmação, foi realizada uma avaliação do estresse oxidativo por imuno-
histoquímica com uso de anti-4-hidroxi-nonenal (4HNE) como marcador de produtos resultantes da peroxidação lipídica. 
Os resultados sugerem que a infecção pelo CM causa estresse oxidativo no tecido, levando a peroxidação lipídica, a qual 
causa danos ao tecido, culminando com desmielinização. Conclui-se que o estresse oxidativo tem papel importante na 
patogênese da cinomose canina no sistema nervoso central.
Palavras-chave: Desmielinização. Peroxidação lipídica. RT-PCR. Imuno-histoquímica. 4-HNE.
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Introduction
Canine morbillivirus - CM (also known as Canine 

distemper virus - CDV) belongs to the genus Morbillivirus, 
family Paramyxoviridae, and is a single-stranded, negative-
sense, RNA virus (International Committee on Taxonomy 
of Viruses, 2018). Viruses with a broad host range such as 
CDV are highly contagious and cause high morbidity and 
mortality rates in wild and domestic animal populations 
(Duque-Valencia et al., 2019). CDV can adapt and evolve 
in a high range of animal species and is also capable to 
cross the species barrier, becoming an important target to 
study (Duque-Valencia et al., 2019).

Canine Distemper Virus induces multiple pathogenic 
effects, and different receptors are implicated in the infection 
and delimit the viral tropism in lymphoid and epithelial 
tissues, including the central nervous system (CNS) 
(Rendon-Marin et al., 2019). Demyelination is the most 
common microscopic change in the CNS (Lempp et al., 
2014). Many studies have been performed to explain 
the pathogenesis of this lesion (Vandevelde et al., 1982;  
Vandevelde & Zurbriggen, 2005; Pan et al., 2013; Ulrich et al., 
2014; Attig et al., 2019); however, the mechanisms are not 
entirely understood.

The central nervous system has elevated levels of 
polyunsaturated lipids in membranes of the neuronal cells, 
a high rate of oxygen demand, and at some point a weak 
antioxidative defense (Zarkovic  et  al., 2017). Ischemic, 
inflammatory, metabolic, degenerative, and carcinogenic 
processes in the CNS are related to brain damage by 
oxidative stress, accumulation of reactive oxygen species 
(ROS), and reactive aldehydes (Zarkovic  et  al., 2017). 
Myelin is sensitive to ROS-induced lipid peroxidation, 

and virus-induced activated microglia is an important 
source of ROS generation in acute demyelinating distemper 
(Stein et al., 2004).

Oxidative stress (OS) is a condition characterized by 
the imbalance between the production of ROS, and the 
level of antioxidants resulting in cellular damage and 
neurodegeneration. Different substrates in the cell may 
be targets of ROS causing protein, DNA, RNA oxidation, 
or lipid peroxidation (Gandhi & Abramov, 2012). Lipid 
peroxidation (LPO) generates highly toxic reactive aldehydes 
such as 4-hydroxy-2-nonenal (4-HNE) (Zheng et al., 2014). 
Omega-6-polyunsaturated fatty acids peroxidation derived 
from arachidonic and linoleic acids results in the production 
of 4-HNE (Esterbauer et al., 1991; Guichardant et al., 2002; 
Spickett, 2013) and forms covalent adducts with nucleophilic 
functional groups in macromolecule such as proteins, DNA, 
and lipids (Zhong & Yin, 2015). The evolution process of 
aerobic organisms has created a defense network and an 
adaptive system to cope with a moderate level of LPO; 
however elevated levels of LPO lead to degenerative and 
pathological consequences (Niki, 2009).

This study aimed to evaluate the presence of 4-HNE in 
the brain of dogs naturally infected by Canine morbillivirus 
and its relationship with demyelination in canine distemper.

Materials and Methods

Animals 

Fourteen dogs naturally infected by Canine morbillivirus 
with a fatal outcome or euthanized due to a poor prognosis 
were selected. Necropsy of all animals was performed at 
Laboratório de Patologia Animal, Hospital Veterinário, 
Universidade Federal de Uberlândia.

All the experimental procedures were conducted per the 
Animal Use Ethics Committee of Universidade Federal de 
Uberlândia, under the protocol number A007/18.

Histopathology

Fragments of the frontal lobes and cerebellum were collected, 
fixed in 10% neutral-buffered formalin, routinely processed, 
and embedded in paraffin. The 4-μm-thick sections were 
stained with hematoxylin and eosin (Fischer et al., 2008).

4-HNE Immunohistochemistry

Immunohistochemistry (IHQ) assay was performed 
on histological sections of the brain. Antigenic retrieval 
was performed for 40 min in citrate buffer, pH 6.0, 96°C. 
Slides were incubated with the primary antibody polyclonal 
anti-4-HNE (1:200, Bioss, Woburn, MA, USA), at room 
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temperature for 2 h, and reaction revealed by EnVision™ 
FLEX, High pH Link (Dako-Agilent, Santa Clara, CA, USA).

Canine morbillivirus Immunohistochemistry

Antigenic retrieval of samples of the cerebellum was 
performed in a pressure cooker at 121°C for 3 min in citrate 
buffer, pH 6.0, and incubated with the primary antibody 
polyclonal anti-Canine Distemper Virus (1:300, VMRD, 
Pullman, WA, USA), at 4 C° for 12 h. The reaction was revealed 
with ImmunoDetector Bio SB (Bio SB, Santa Barbara, CA, 
USA). Slides were counterstained with Harris hematoxylin.

RT-PCR

A fragment of the frontal lobe was collected and stored 
immediately at -80C° in cryotubes. RT-PCR target to the 
nucleoprotein gene of CDV was conducted according to 
a previous study (Furtado et al., 2017). All samples were 
evaluated by RT-PCR for the glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) gene as endogenous control 
(Furtado et al., 2017).

Results

Histopathology

Characterization of histopathological changes was performed 
in 42 slides. Edema of the myelin sheath, demyelination, 
astrogliosis with gemistocytes, and inflammation (Gitter cells 
and mononuclear perivascular infiltration) were observed. 
The most common alteration found in the cerebellum was 
demyelination, present in all samples, followed by one or 
more inflammatory cell types in 78% (11/14) of samples. 
In all of the cases with inflammation, demyelinated areas 
were 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

The evaluation of oxidative stress was 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.

At the cerebellum, 71% (10/14) of all samples presented 
stained cells, most of them were hypertrophic astrocytes 
with compatible morphology to reactive astrocytes 
(gemistocytic astrocytes), presented in demyelinated areas. 

All of the samples showed neurons and astrocytes with low 
immunoreactivity marked diffusely, but around demyelinated 
areas, the immunoreactivity was high. Inflammatory cells 
(activated macrophages/microglia, mononuclear and gitter 
cells) were positive in 57% (8/14) of cases. Choroid plexus 
was positive in 50% (7/14) of cases (Figure 1). Neurons 
at pons were positive in perikaryon and axon (Figure 2).

At the frontal lobe, all samples showed positive neurons 
in the 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 all samples showed positive cells. Mononuclear 
inflammatory cells were present in 36% (5/14) of the samples 
(Figure 3) and had strong immunostaining.

Canine morbillivirus immunohistochemistry

Immunohistochemistry was performed to detect the 
presence of virus protein in the cerebellum. All samples 
showed reactivity anti-CDV, stained in white matter into 
demyelinated areas (Figure 4).

RT-PCR

All of the samples were positive in RT-PCR for 
distemper. All 14 samples analyzed were positive to CDV 
and endogenous control GAPDH gene in RNA extraction.

Discussion
This study demonstrates that lipid peroxidation occurs in 

the brain of dogs naturally infected by Canine morbillivirus. 
Neurons, glial 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 agents in cell and tissue damage caused 
by oxidative stress (Zhang & Forman, 2017). It is suggested 
that the presence of the Canine morbillivirus in the brain 
can trigger oxidative stress.

The initial trigger of oxidative injury induces different 
cascades of molecular events, leading to cell degeneration 
and death, which may be different in diverse cell types 
(Lassmann & van Horssen, 2016). This fact might explain 
the diffuse immunoreactivity in most of the cell types in 
the brain, as found here. In the cerebellum, most of the 
samples showed neurons and glial cells positive for 4-HNE 
around demyelinated areas. At the frontal lobe, most of 
the positive cells were neurons, regardless of the presence 
of demyelination. The brain has diverse types of neurons 
with their morphologies and biochemical characteristics, 
in different regions. Due to this diversity, each neuronal 
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Figure 1 – Immunoreactive cells to 4-HNE in the cerebellum of dogs with canine distemper. A – B: 4-HNE-stained astrocytes 
(arrows) into the demyelinated areas (arrowheads) (400x). C: 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 
the demyelinated area with poor immunoreactivity (Black star) (400x). F: 4-HNE-stained choroid plexus cells (400x).

population may have its level of vulnerability to OS (Wang 
& Michaelis, 2010).

Reactive astrocytes were found before the onset of overt 
demyelination in acute brain lesions of CDV-infected dogs 
(Klemens et al., 2019). This study shows 4-HNE-positive 
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, it is 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 in canine distemper 
reactive astrocytes show neurotoxic properties, with the 
potential to cause neurodegeneration, demyelination, and 
impaired remyelination (Klemens  et  al., 2019). Besides, 
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Figure 2 – Immunoreactive neurons and glial cells to 4-HNE in the cerebellum of dogs with canine distemper. A-C: 4-HNE-stained 
neurons with immunoreactivity in perikaryon (arrows) and axons (arrowheads) (400x). Glial cells with immunoreactivity 
nearby the neurons.

Figure 3 – Immunoreactive cells to 4-HNE in the frontal lobe of dogs with canine distemper. A-B: 4-HNE-stained neurons and glial 
cells (Black stars) around the 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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Figure 4 – Canine morbillivirus immunohistochemistry, viral protein in the demyelinated area at cerebellum of dogs. A-C: the presence 
of viral protein (arrows) in the demyelinated area (arrowheads) in different sites of the cerebellum (A-B:100x. C: 400x).

excessive generation of free radicals induces glutathione 
depletion in neurons and astrocytes. Impairing neuronal 
viability as glutathione depletion leaves these cells more 
susceptible to damage by oxidative stress (Abramov et al., 
2010). The most vulnerable cells for oxidative injury are 
neurons and oligodendrocytes, while astrocytes and microglia 
show more resistance. These differences might be due to 
different intrinsic factors, such as the expression of antioxidant 
defense molecules, susceptibility for apoptosis induction, 
and differences in cellular metabolism (Lassmann & van 
Horssen, 2016). The lipid peroxidation occurs naturally in 
aerobic biologic systems, so, at low concentrations, 4-HNE is 
present in cells and tissue fluids under normal physiological 
conditions (Zhang & Forman, 2017). However, degradation 
of 4-HNE is slow in the brain. As a consequence, 4-HNE 
accumulates in greater amounts during oxidative stress 
and may lead to increased susceptibility to tissue damage 
(Zheng et al., 2014).

In this study, it 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 (Lempp et al., 2014).

Choroid plexus expressed immunoreactivity to 4-HNE, 
showing that these cells also pass through oxidative stress 
that may be caused by virus infection. CDV antigens can be 

detected in a variety of cell types in CNS, including choroid 
plexus, which has a receptor, nectin-4, which has a significant 
role in the virus spread in CNS (Pratakpiriya et al., 2017).

In conclusion, 4-HNE can be found in most of the 
cells in the brain of dogs naturally infected by Canine 
morbillivirus. Due to the presence of virus proteins found 
in demyelinated areas, detected by IHC anti-CDV, and the 
presence of 4-HNE immunoreactive cells in the same area, 
we conclude that the virus causes oxidative stress leading to 
lipid peroxidation, which participates 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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