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1 INTRODUCAO

A polioencefalomalacia (PEM) é um termo descritivo utilizado para se referir a
necrose da substancia cinzenta do encéfalo (GOULD, 1998). No primeiro relato
(JENSEN et al., 1956) ela era considerada uma doenca que acometia bovinos e ovinos
no Colorado, ndo tendo sido elucidada a causa, e em Wyoming associada a
intoxicacao por selénio. No Colorado era conhecida como intoxicacao por forrageira e
em Wyoming como "blind staggers".

A PEM, desde a década de 60, é atribuida a deficiéncia de tiamina (DAVIES
et al., 1965; HENTSCHL et al.,1966; FENWICK, 1967; DALY, 1968). Tal suposicéo
baseou-se na presenca de tiaminases no rimen de animais doentes, na recuperacao
dos doentes ap0s o tratamento com tiamina e na reproducao experimental da doenca
com a administragdo de antagonista da tiamina como o amprolio (BOYD; WALTON,
1977). Sabe-se que hoje o quadro clinico de PEM em ruminantes esta associado a
diversas outras causas. (SANT’ANA et al., 2009a).

A PEM ja foi relatada na regido Nordeste (LIMA et al., 2005), Mato Grosso do
Sul (ALMEIDA et al., 2013), Séo Paulo (NAKAZATO et al., 2000), Rio Grande do Sul
(SANCHES et al., 2000), Minas Gerais (FERREIRA et al., 1986) e Mato Grosso
(GRECCO et al.,, 2001). No Mato Grosso do Sul, a PEM representou a terceira
patologia que mais acometeu o sistema nervoso de bovinos (RIBAS et al., 2013).

A condicdo ndo apresenta carater sazonal e ocorre tanto na forma de surtos
como de forma isolada (SANT’ANA et al., 2009c) em todo o pais (MORO et al., 1994;
NAKAZATO et al., 2000; SANCHES et al., 2000; LEMOS; RIET-CORREA, 2007). Na
maioria dos surtos a morbidade e a mortalidade sédo menores ou iguais a 1% podendo
atingir 14%. A letalidade varia de 43 a 100% dependendo do momento em que o
tratamento é realizado (NAKAZATO, 2000; RIBAS et al., 2013).

O presente estudo objetivou examinar as lesdes agudas em ovinos com PEM
induzida por amprélio, correlacionando-as subsequentemente com o0s de ovinos
recuperados da doenca aguda. A recuperacdo em nossos casos foi induzida por
tiamina ou espontaneamente e o0s ovinos foram examinados seis meses apoés a

recuperacao.
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2 REVISAO DE LITERATURA
2.1 Defini¢éo e etiologia

A PEM é considerada uma condic&o nao infecciosa que acomete ruminantes
principalmente com idade entre 6 a 18 meses, podendo acometer animais mais velhos
(LIMA et al., 2005; RAMOS et al., 2005; SANT'ANA et al., 2009c), em condi¢cdes de
confinamento ou criagdo extensiva. Esta € uma enfermidade mundialmente dispersa
ja descrita no EUA (GABBEDY; RICHARDS, 1977), Inglaterra (DALY, 1968), Australia
(CHICK et al., 1981; BOURKE et al., 2005), Nova Zelandia (HILL; EBBETT, 1997),
Espanha (RAMOS et al., 2003; RAMOS et al., 2005), Turquia (KUL et al., 2006), india
(MAHAJAN et al., 2011), Canada (COLONTINO; BUKMER, 1977), Japdo (TSUKA et
al., 2008), Argentina (CANTON et al., 2010). No Brasil a PEM foi observada nos
estados do Mato Grosso do Sul (ALMEIDA et al., 2013), Sdo Paulo (NAKAZATO et
al., 2000), Rio Grande do Sul (SANCHES et al., 2000), Minas Gerais (FERREIRA et
al., 1986), Mato Grosso (GRECCO et al., 2001), Paraiba e Pernambuco (LIMA et al.,
2005).

Durante anos a etiologia tem sido atribuida a deficiéncia de tiamina
(MORGAN, 1974) devido a presenca de tiaminases no rimen e a melhora dos animais
afetados apds tratamento com cloridrato de tiamina, entretanto a patogenia ndo esta
esclarecida (BARROS et al., 2006).

Diversas outras causas tém sido atribuidas a condicdao (SANT’ANA et al.,
2009a), tais como mudancas bruscas na alimentacdo (RAMOS et al., 2005; KUL et
al., 2006), intoxicagdo por chumbo (BARKER, 1987), meningoencefalite por
Herpesvirus Bovino tipo 5 (BHV-5) (RIET-CORREA et al., 2006), intoxicacdo aguda
por Phalaris spp. (SOUSA; IRIGOYEN, 1999), intoxicacdo por cloreto de sodio
associada a privacdo de agua (PADOVAN, 1980), alimentacdo com melaco
(HUNTER, 2012) e ingestdo de levamizol e tiabendazol (LINKLATER et al., 1977). A
PEM tem sido reproduzida experimentalmente através da administracédo de amprolio
em bovinos (SANT’ANA et al., 2009a) e ovinos (SANT'ANA et al., 2009b) e com o
excesso de enxofre na alimentagédo (GOULD et al., 1998, ROUSSEAUX et al., 1991,
CUNHA et al., 2010).
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2.1.1 Deficiéncia de tiamina

A tiamina é uma vitamina hidrossolavel presente no organismo dos animais
de forma livre ou combinada na forma de tiamina pirofosfato. E popularmente
conhecida como vitamina B1 e é encontrada em uma variedade de graos de cereais
e seus subprodutos (FRYE et al., 1991 ZEOULA; GERON, 2006). E uma substancia
essencial no metabolismo de glicidios, sendo a Unica via ha qual os agucares entram
no metabolismo energético e na sintese de acidos graxos. Além disso, auxilia na
digestado através da producéo do acido cloridrico (ZEOULA; GERON, 2006).

Dietas com concentra¢gfes inadequadas de carboidratos e nitrogénio e com
alto teor de sulfato proporcionam reducéo brusca do pH ruminal e quadros clinicos de
acidose ruminal. Nesse caso, bactérias sintetizadoras de tiamina morrem e as
produtoras de tiaminases se proliferam, ocasionando a diminuicdo desta substancia
no rumen (ZEOULA; GERON, 2006) e consequente menor absor¢cao (PASSLER et
al., 2002; ZEOULA; GERON, 2006).

Uma das principais alteracfes que a deficiéncia de tiamina causa é a necrose
da substancia cinzenta - polioencefalomalacia. A funcdo da tiamina no sistema
nervoso central ndo é totalmente esclarecida, mas acredita-se que ela interfira nas
reacdes que produzem energia no ciclo de Krebs e na sintese de glicose. Pelo fato da
glicose ser a principal fonte de energia para o cérebro, a falta dessa pode interferir no
funcionamento da bomba de sbédio e potassio neuronal, resultando em maior
guantidade de sodio e 4gua no interior dos neurénios culminando em morte neuronal
e PEM (PASSLER et al., 2002; ZEOULA; GERON, 2006).

2.1.2 Intoxicagao por chumbo

A intoxicacao por chumbo pode ocorrer em diversas espécies animais e é uma
das etiologias que podem levar a PEM. Ela ocorre devido a ingestdo acidental de
fontes de compostos de chumbo ou ingestdo de alimentos contaminados por este
mineral (DRIEMEIER; BARROS, 2007; RADOSTITIS et al., 2012a).

As doses toxicas sdo variadas entre as espécies, mas em bovinos a dose
varia de 400-600mg/kg em bezerros e 600-800mg/kg em bovinos adultos. Na
intoxicacdo aguda os principais 6rgdos afetados sédo figado e rim e, menos
comumente o cérebro. Os sinais de encefalopatia ocorrem devido as lesbes

vasculares com deposi¢cdo de chumbo no endotélio dos capilares e producdo de
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edema. Na intoxicagao cronica, o principal local de deposi¢cdo do mineral sdo 0s 0Ssos
e ndo ocorrem sinais neuroldgicos (DRIEMEIER; BARROS, 2007).

Na forma aguda, os principais sinais clinicos séo neurolégicos e caracterizam-
se por andar cambaleante, tremores musculares, incoordenacdo, opistotono,
nistagmo, bruxismo, cegueira, fasciculacdo dos musculos da face, convulsées e morte
(DRIEMEIER; BARROS, 2007; RADOSTITIS et al., 2012a).

LesBes macroscopicas sdo ausentes em casos agudos e no exame
histopatoldgico observam-se lesfes na substancia cinzenta do cortex cerebral, com
aumento no nimero de vasos sanguineos e tumefacéo do endotélio, necrose neuronal
e discretas areas de malacia (BAKER, 1987; DRIEMEIER; BARROS, 2007,
RADOSTITIS et al., 2012a).

2.1.3 Meningoencefalite por Herpesvirus Bovino tipo 5 (BoHV-5)

O Herpesvirus bovino-5 (BoHV-5) é um Alphaherpesvirus causador de
meningoencefalite em bovinos. E uma doenca infecciosa aguda que acomete animais
de 6-7 meses até 3 anos de idade (RIET-CORREA et al., 1989; SALVADOR et al.,
1998; COLODEL et al., 2002; GOMES et al., 2002; ELIAS et al., 2004) e ja foi descrita
experimentalmente também em ovinos e coelhos (BARROS et al., 2006).

A meningoencefalite por BoHV-5 esta distribuida mundialmente (BARROS et
al., 2006) e no Brasil é difundida principalmente nas regiées Centro-Oeste, Sul e
Sudeste (SALVADOR et al., 1998; COLODEL et al., 2002; GOMES et al., 2002; ELIAS
et al., 2004; SHARIFZADEH, et al., 2015).

Os animais infectados tornam-se portadores permanentes devido a
capacidade do virus em estabelecer infeccdo latente nos ganglios sensoriais,
principalmente no ganglio trigeémeo. Condicbes de estresse como desmame,
transporte, vacinacdes, mudancas de pasto e outros, séo relacionadas a ocorréncia
de surtos por resultam em reativacdo viral (BARROS et al., 2006; HALFEN; RIET-
CORREA, 2007). Esta doenca pode ocorrer em surtos ou esporadicamente e a
letalidade é alta podendo chegar a 100% (RIET-CORREA et al., 2006).

Os sinais clinicos se caracterizam principalmente por secrecéo nasal e ocular,
febre, depresséo, cegueira, pressao da cabeca contra objetos, cegueira, movimentos
involuntarios, nistagmo, opistétono, paralisia da lingua, bruxismo, andar cambaleante,
convulsdes e morte (BARROS et al., 2006; RIET-CORREA et al., 2006).
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A necropsia os achados macroscopicos podem estar ausentes ou quando
observados séo variaveis podendo haver hiperemia das leptomeninges, edema e
malacia sendo essa mais frequente no coértex frontal. Esta lesdo caracteriza-se
inicialmente por tumefacdo e sdo amareladas ou hemorragicas, se tornando
gelatinosas e acinzentadas com a progressdao da doenca. Microscopicamente, ha
necrose neuronal, edema, tumefacdo do endotélio vascular, grande numero de
manguitos perivasculares e inclusdes virais eosinofilicas intranucleares em astrécitos
ou neurdnios, sendo essas duas Ultimas lesdes, as principais formas de diferenciar a
infecgao por BoHV-5 de outras causas de polioencefalomalacia (BARROS et al., 2006;
HALFEN; RIET-CORREA, 2007).

2.1.4 Intoxicacao por cloreto de sédio associada a privacdo de agua

O cloreto de sodio (NaCl) é um dos minerais mais requisitados pelos animais.
E o mais utilizado em suplementos e é palatavel (UNDERWOOD; SUTTLE, 1999). Em
animais domeésticos, a intoxicacdo por sal pode ocorrer de forma direta ou indireta. A
forma indireta € de ocorréncia incomum e caracteriza-se por ingestdo excessiva de
sal principalmente devido a maior salinidade da &gua ingerida ou acesso irrestrito a
suplementos com esse composto. Nesse caso, 0s sinais clinicos sao digestivos e
neurolégicos e caracterizam-se por politria, diarreia, dor abdominal, paresia e
cegueira (SUMMERS et al., 1995; CANTILE; YOUSSEF, 2016).

A forma direta € de ocorréncia mais comum em animais domeésticos,
principalmente suinos e aves, sendo mais esporadica em ovinos e bovinos, e envolve
um desequilibrio entre a ingestdo de sal e a disponibilidade de agua. Os casos
ocorrem, tipicamente, quando 0 acesso a agua € reestabelecido apés um periodo de
limitacdo ou total privacdo de forma que os animais usualmente ingerem agua
excessivamente. Dessa forma, essa sindrome € conhecida como intoxicacao por sal,
privacao por agua ou intoxicacao por agua (SUMMERS et al., 1995). Clinicamente, ha
cegueira, pressao da cabeca contra objetos, ataxia, agressividade. As lesGes
microscoépicas variam de edema cerebral a malacia cortical (SUMMERS et al., 1995;
CANTILE; YOUSSEF, 2016).
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2.1.5 Intoxicacao por enxofre

O enxofre (S) é um mineral presente nos alimentos como um dos
componentes da proteina. Este mineral € deficiente no solo e consequentemente nas
pastagens, e devido a sua importancia, € essencial que se faca sua suplementacao.
Quando ocorre deficiéncia de S, ha queda na producdo de proteina microbiana e
acumulo de &cido lactico no rimen (PEDREIRA; BERCHIELLI, 2006). A intoxicacao
ocorre guando o animal consome através de pastagem, concentrado, sal mineral e
agua, niveis maiores que 4% de S (LEMOS; RIET-CORREA, 2007).

Quando ocorre a intoxicagdo, o animal apresenta depressao, dor abdominal,
tremores musculares, diarreia escura, forte odor de sulfeto de hidrogénio na
respiracao, cegueira, pressdo da cabeca contra objetos, ataxia, decubito, convulsdes
e morte (RADOSTITIS et al., 2012b; LUTNICKI et al., 2014). A necropsia as lesdes
nao sdo aparentes e na microscopia observa-se malacia, necrose neuronal e

manguitos perivasculares linfocitarios (LUTNICKI et al., 2014).

2.1.6 Administracdo de amprolio

Substancias antitiaminicas sdo muito comuns na natureza e incluem
antagonistas estruturalmente semelhantes ou diferentes. Compostos sintéticos como
piritiamina, oxitiamina e amprélio sdo antagonistas semelhantes a tiamina
pertencentes a classe dos derivados quaternarios. Esses compostos inibem
competitivamente a tiamina, interferindo em seu metabolismo (ROGERS, 1962; FRYE
et al., 1991).

O amprdlio é um anticoccidiano antagonista da tiamina, ou seja, € uma
substancia que compete com a tiamina inibindo sua absorcéo intestinal e bloqueando
a fosforilacdo da vitamina (ROGERS, 1962). LOWE e DUNLAP (1972) descobriram
gue niveis elevados de amprélio (consideravelmente acima dos niveis necessarios
para prevenir a coccidiose) poderiam produzir os sinais clinicos e as lesbes

histol6gicas da PEM secundarias a deficiéncia dessa vitamina.

2.2 Diagnostico

O diagnostico da PEM deve ser baseado nos sinais clinicos neurologicos e

nos achados histopatolégicos que sdo semelhantes nas diferentes espécies e nas
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diferentes etiologias. Os principais sinais clinicos sdo caracterizados por afastamento
do rebanho, rigidez dos membros, cegueira, incoordenacéo, andar cambaleante ou
em circulos, tremores musculares, paralisia da lingua, opistotono, nistagmo,
estrabismo, depresséao, decubito lateral, movimentos de pedalagem, ataxia, bruxismo,
sialorreia e convulsdes (ROUSSEAUX et al., 1991; GONCALVES et al., 2001; LIMA
et al., 2005; DORE; SMITH, 2016). A cegueira é o sinal clinico mais caracteristico da
PEM e esta presente em quase 100% dos casos, no entanto ndo € patognomaonico ja
gue é observado em outras doencas nervosas como abscesso da pituitaria (LORETTI
et al., 2003) e raiva (RIBAS et al., 2013).

Macroscopicamente observa-se congestao e tumefacdo com achatamento
das circunvolucbes cerebrais, podendo ocorrer areas multifocais amolecidas e
amareladas e edema encefalico levando ao deslocamento do cerebelo para dentro do
forame magno (SANT’ANA et al., 2009a,b; NOGUEIRA et al., 2010; RIBAS et al.,
2013). Em casos de inducéo de PEM por amprélio pode-se observar hemorragias na
regido do lobos parietal e occipital e mesencéfalo, e dependendo da dosagem utilizada
pode ocorrer sindrome hemorragica (MORGAN, 1974; SANT'ANA et al., 2009a;
NOGUEIRA et al., 2010). Em intoxica¢des por Phalaris angusta h& coloracdo verde-
azulada no talamo e mesencéfalo (SOUSA; IRIGOYEN, 1999).

Histologicamente, o cortex telencefalico apresenta necrose neuronal
(neurbnios vermelhos), frequentemente com distribuicdo laminar. Ha também graus
variaveis de edema perivascular e perineuronal, tanto no cortex como na substancia
branca imediatamente subjacente, e hipertrofia do endotélio (SEIMIYA et al., 1991,
NAKAZATO et al., 2000; SANT'ANA et al., 2009a,b). Em animais acometidos por
BoHV-5, além das lesdes ja citadas, observa-se acumulos perivasculares de linfécitos
e corpusculos de inclusédo intranucleares eosinofilicas em astrécitos (RIET-CORREA
et al., 2006). Intoxicacdo por Phalaris angusta observa-se pigmento finamente
granular, marrom-amarelado, no citoplasma de neurénios (SOUSA; IRIGOYEN 1999).
Quando os animais sao induzidos por enxofre ou ocorre naturalmente a intoxicagao,

observam-se hemorragias nos segmentos ventrais do encéfalo (CUNHA et al., 2010).

2.3 Tratamento

Em casos graves a terapia consiste em reposi¢ao imediata de tiamina, e uma

recomenda¢do comum € a administragdo inicial de 10 mg/kg por injecdo intravenosa
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(IV). Nos casos em que a doenca esta no inicio, a terapéutica com cloridrato de tiamina
deve ser continuada durante vérios dias com 10 mg/kg administrados a cada 3 a 6
horas por via subcutadnea ou intramuscular. A melhora clinica é frequentemente
observada em 6 a 24 horas e a frequéncia de administracdo de tiamina pode ser
reduzida lentamente. Em animais com deficiéncia grave, foi recomendado o
tratamento do edema cerebral utilizando manitol 20% (1 a 2 g/kg IV), seguido de
dexametasona 3 horas mais tarde (1 mg/kg IV). A administracdo oral de cloridrato de
tiamina (1 g) foi recomendada quando as deficiéncias sdo causadas por tiaminases
ou em situac6es de surto em rebanho, nas quais outros animais sdo susceptiveis de
serem afetados. As administra¢des orais de tiamina também podem ser benéficas em
casos de acidose ruminal aguda (KARAPINAR et al., 2008; PASSLER et al., 2002).

2.5 Cicatrizacao de lesbes de PEM

Animais acometidos por polioencefalomalacia com ou sem manifestagéo de
sinais clinicos apresentam lesdes caracteristicas no cérebro de edema telencefalico,
necrose neuronal, migracdo de células gitter, astrécitos reativos, hiperplasia e
hipertrofia de endotélio (VANDEVELDE et al., 2012).

LesOes cerebrais cronicas podem estar presentes, mas muitas vezes serao
clinicamente silenciosas ou 0s animais podem permanecer cegos e com debilidade
mental (MAYHEW, 2009). H& descricdo de um caso em um equino que morreu algum
tempo apds recuperar-se de sinais neurolégicos e que, microscopicamente,
apresentava lesdes cronicas semelhantes de PEM (MAYHEW, 2009). Em animais que
morrem e naqueles que se recuperam, o tecido morto é removido e substituido pela
micréglia e em areas onde a substancia cinzenta esta necrosada ha separacdo da
substancia branca por um espaco vazio semelhante a uma cicatriz formada pela
ligacdo com os astrocitos proliferados (CANTILE; YOUSSEF, 2016).
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ANEXOS

1. Healing of brain lesions in sheep recovered from amprolium-induced
polioencephalomalacia, artigo aceito para publicacdo na revista Pesquisa Veterinaria
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ABSTRACT.- Paula |J.P.L., Leal P.V.,, Pupin R.C,, Lima S.C.,, Souza M.A.S, Santos A.A,,
Lemos R.A.A. & Gomes D.C. 2017. [Healing of brain lesions in seep recovered
from amprolium-induced polioencephalomalacia.] Pesquisa Veterindria
Brasileira 00(0):00-00. Faculdade de Medicina Veterinaria e Zootecnia,
Universidade Federal de Mato Grosso do Sul, Av. Senador Filinto Miiller 2443,
Campo Grande, MS 79074-460, Brazil. E-mail: danilo.gomes@ufms.br

To evaluate the outcome of acute lesions in the brains of sheep that completely
clinically recover from acute polioencephalomalacia (PEM), ten sheep were used in
this experiment. Eight of those sheep received varying doses of amprolium to
induce PEM. Four sheep were treated intramuscularly with 40mg/kg/body weight
with thiamine to allow recovery and four sheep were left untreated. Two control
sheep did not receive either amprolium or thiamine and were kept along with the
other eight sheep for the duration of the experiment. Except for the two drugs, the
diet and water source were the same for the ten sheep. Two sheep receiving high
daily doses of amprolium and one sheep receiving a lower dose had acute deaths
and developed acute brain lesions consisting of neuronal laminar cortical necrosis
(red neurons), edema, reactive astrocytes, swollen endothelial cells and gitter cells
infiltration. Four sheep that recovered from lower doses of amprolium-induced
PEM after being treated with thiamine and another one that recovered
spontaneously were euthanatized six months after clinical recovery and had gross
changes consisting of segmental absence of cortical tissue. Histologically these

segmental cortex-deprived areas corresponded to quasi-empty spaces where only
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vessels and gitter cells existed. No changes were seen in the brains of the two

control sheep.

INDEX TERMS: Small ruminant diseases, brain, polioencephalomalacia, healing of

central nervous tissue

RESUMO.- [Cicatrizacdo das lesdes cerebrais em ovinos recuperados de
polioencefalomalacia induzida por amprolio]. Para avaliar a evolugdo das
lesdes agudas no cérebro de ovinos que se recuperam clinicamente de
polioencefalomalacia aguda (PEM), dez ovinos foram usados neste experimento.
Oito desses ovinos receberam doses varidaveis de amproélio para induzir PEM.
Quatro ovinos foram tratados intramuscularmente com 40mg/kg/peso corporal de
tiamina para permitir a recuperacao, e outros quatro ficaram sem tratamento. Dois
ovinos controles ndo receberam amprdlio nem tiamina e foram mantidos com os
outros oito ovinos durante a duragdo do experimento. Exceto pelas duas drogas, a
dieta e a fonte de 4gua eram as mesmas para os dez ovinos. Dois ovinos que
receberam doses diarias altas de amproélio, e um que recebeu doses menores,
tiveram mortes agudas e desenvolveram lesdes cerebrais constituidas por necrose
neuronal laminar cortical (neur6nios vermelhos), edema, tumefagdo de células
endoteliais, astrdcitos reativos, tumefagdo de células endoteliais e infiltragdo por
células gitter. Quatro ovinos que se recuperam da PEM induzida por amprélio,
apos tratamento com tiamina, e um outro que se recuperou espontaneamente,
permaneceram clinicamente normais e foram submetidos a eutanisia seis meses
apos a recuperacio clinica. Na necropsia, apresentavam alteragdes macroscopicas
caracterizadas por auséncia segmentar de tecido corticocerebral.
Histologicamente, essas areas privadas de tecido cortical consistiam de espagos
praticamente vazios onde apenas vasos e células gitter eram vistos. Nao foram

encontradas alteracdes no encéfalo das duas ovelhas controle.

TERMOS DE INDEXACAO: Doencas de pequenos ruminantes, cérebro,

polioencefalomalacia, cicatrizacdo do tecido do sistema nervoso.

INTRODUCTION
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Polioencephalomalacia (PEM) is a morphologic descriptive term for necrosis with
softening of the encephalic gray matter (Vandevelde et al. 2012). Although several
causes have been described for this condition in several species, the term is
commonly used to refer a disease in cattle and sheep attributed mainly to sulfur
poisoning (Cunha et al. 2010) and/or thiamin deficiency (Sant’Ana & Barros 2010)
and that has been successfully treated with parenteral thiamine (Daly 1968,
Mendes et al. 2007). Sulphur poisoning related PEM may have a relationship with
thiamine deficiency through the process of sulfite cleaving thiamine (Miller &
Zachary et al. 2017).

Amprolium is a thiamine analog coccidiostat drug that blocks thiamine uptake
in coccidian and has been used also as an experimental tool in the induction of
PEM in ruminants (Morgan 1974, Spicer & Horton 1981, Sant’Ana et al. 2009).

Although there are reports on the residual brain lesions of ruminants
recovering from spontaneous PEM (Jensen et al. 1956) there are no detailed
observations of the evolution of the lesions, as the brains of recovered animals are,
for obvious regions, rarely examined.

This study examined the acute lesions in sheep with amprolium-induced PEM,
and subsequently correlates them with those of sheep recovered from the acute
phase of amprolium-induced PEM. The recovery in our cases was either thiamine-

induced or spontaneous and sheep were examined six months after recovery.

MATERIAL AND METHODS
Ten sheep were used in this experiment. Their mean ages and weights were
respectively 6-month-old and 19kg. At the beginning of the experiment, they were
dewormed and identified by sequential numbers from 1-10.

During a seven-day adaptation period and throughout the experiment the ten
sheep were kept indoors in five stalls of 1.5x2m (two sheep per stall). They were
offered free access to water and 2% of their body weight in dry matter consisting
of corn silage and ovine commercial ration. A clinical exam was performed daily in

each sheep.
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In order to induce PEM, two sheep - Sheep 1 and 2 - received amprolium#* at
daily doses of 1,000mg/kg/body weight (bw) for 5 and 10 days respectively. As
this high dosage of amprolium induced a disease too acute to be treated which
included gastrointestinal disturbances, additionally six sheep - Sheep 3-8 - were
given amprolium at daily doses of 500mg/kg/bw for respectively 49, 20, 22, 28,
30, and 31 days. Sheep 4-6and were treated with on single intramuscular (IM)
dose of 40mg/kg/bw of thiamine> and Sheep 8 received three IM doses of
40mg/kg/bw of thiamine. Sheep 3 and 7 were left untreated. The criterium to
determine the time of implementation of the thiamine treatment was the day the
sheep showed unequivocal neurological signs including blindness, opisthotonus,
and recumbency. Two control sheep did not receive either amprolium or thiamine
and were kept along with the other eight sheep for the duration of the experiment.
Except for the two drugs, the diet and water source were the same for the ten
sheep. Sheep either died spontaneously or were euthanatized (including the two
controls) at the end of the experiment. All ten sheep were necropsied and
fragments of several organs were processed for histopathology. Data of the
experiment are summarized in Table 1. The experiment was approved by Ethics
Committee of the Federal University of Mato Grosso do Sul that regulates the use of

experimental animals, and registered under the protocol no. 780/2016.

RESULTS
Sheep 1 and 2 were found dead respectively 5 and 10 days after the start of the
experiment. They did not develop clear-cut neurological signs and died too acutely
preventing the implementation of treatment. The only clinical signs observed were
anorexia and marked diarrhea.

Sheep 3-8 developed neurological clinical signs compatible with PEM that
develop 11-47 days after the start of the experiment (Table 1). Those signs
included tremors, opisthotonus (Fig.1), blindness, recumbency, and paddling. The
four thiamine-treated sheep (Sheep 4-6, and 8) recovered from clinical signs

within 6-10 hours of treatment and remained clinically normal for 6 months after

4 Amprobase, Satide Animal, Ltda. Av. Emilio Marconato 100, Galpao A3, Jaraguaina, SP. CEP 13820-
000, www.farmabase.com.br

* Monovin B1. Uso veterinario. Laboratério Bravet Ltda. Rua Visconde de Santa Cruz, 276, Rio de
Janeiro, R]. CEP 20950-340
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recovery when they were euthanatized for necropsy. One untreated sheep (Sheep
7) recovered spontaneously after a neurological clinical disease of two-week
duration and was euthanatized 6 months after recovery. Controls (Sheep 9 and 10)
were euthanatized at the end of the experiment immediately after the last
experimental sheep was euthanatized.

Significant necropsy findings were restricted to the cerebral cortex of Sheep 1-8.
No significant necropsy findings were present in the two control sheep.

The brains of Sheep 1-3 were moderately swollen as detected by flattened gyri
and narrowing of sulci. (Fig.2). Additionally Sheep 3 had hemorrhages visible at cut
surface of the brain stem Sheep 4-8 that survived for longer periods had similar
gross lesions in the brain which consisted of segmental loss of cerebrocortical
tissue. These areas of cortical loss were characterized by cavitations (Fig.3) in the
cortical gray matter.

Microscopic examination of the brain of Sheep 1-3 revealed acute lesions
characterized by edema, acidophilic (red) neuronal laminar necrosis and
hypertrophy of capillary endothelial cells, infiltration of foamy macrophages in the
neuropil and perivascular spaces, and cleavage of the deeper lamina of the cortical
brain (Fig.4). The red neurons developed and angular shrunk silhouette and dark
pyknotic nucleus. Five Sheep (Sheep 4-8) had similar changes of segmental
decortication. In these segmental areas, the normal cortical tissue has vanished
(Fig.5) and was replaced by only two elements: blood vessels (and some associated
connective tissue) and gitter cells (Fig.6). No histological lesions were observed in

the controls (Sheep 9 and 10).

DISCUSSION

Sheep with amprolium-induced PEM in this experiment either died or were
euthanatized in two periods after the onset of clinical signs: 2-5 days (three cases)
and six months (5 cases). Hereafter we shall refer to these stages as acute and
healing (cured). Gross lesions were limited to cerebral cortex. The
histopathological examination of the brains of affected sheep at these two periods
allows us to speculate on the time frame of lesion development.

The time of development and morphological constituents of acute PEM lesions

in the three sheep of this study conforms with which is described in a recent
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edition of a veterinary pathology reference book (Miller & Zachary 2017): two
days after onset of disease, the surface of the brain was edematous with flattening
of cerebrocortical gyri and narrowing of sulci. The microscopic lesions consisted of
laminar necrosis (red neurons) of the deeper lamina of the cerebral cortex, edema,
and prominence of small blood vessels, infiltration of foamy macrophages in the
neuropil and perivascular spaces and separation of the deeper lamina of the
cortical brain. The resolution (cure, healing) of this lesions could be appreciated in
the brain of five sheep examined after they recovered either spontaneously or due
to thiamine treatment. The typical neurological clinical signs of PEM developed by
these sheep allow us to infer that they developed acute disease and lesions as the
ones just described above, and that the lesion characterized by a segmental
absence of brain cortex found grossly and microscopically in these cases
represents the healing process of the active lesions. The dead neurons, their
processes, and dead glial elements are phagocytosed by monocytes coming from
the blood (mostly) and by resident microglial cells which engorge becoming foamy
macrophages, known as gitter cells, which find their way out of the brain carrying
their load of dead material mainly through perivascular space (Vandevelde et al
2012). The healed lesions of these five sheep were of cavities within which only
gitter cells and vascular remains could be observed. Most likely, the decline and
disappearance of brain edema was determinant in improving the clinical status.

Although it is stated that ruminants recovering from PEM “become partially
decorticate and remain blind and stupid” (Cantile & Youssef 2016) this was not the
case with the five recovered sheep in the current experiment: a fortnight or less
after treatment, in spite of loss of extensive areas o cerebral cortex, sheep were
clinically normal and remained so for the six months before euthanasia. Although
this is difficult event to equate, it is not unheard of regarding domestic animals.
Sometimes, quite large chronic brain lesions will be present but be clinically silent
whereas smaller but acute lesions do often have a clinical expression (Mayhew
2009). This fact is more likely related to the anatomical site of the lesions and
probably sheep can do well even with extensive loss of their cerebral cortex but
would succumb to smaller lesions in the brain stem.

Our results seem to point out that 500mg/kg/bw is an adequate dose to

systematically induce PEM in sheep without the risk of developing a too acute
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disease complicated with gastrointestinal signs, such as diarrhea (Morgan et al
1975). This information could be useful for further experiments. On the other
hand, although the number of cases is in this experiment are too limited to be
conclusive, the treatment with thiamine (40 mg/kg/bw) seem to be adequate to
halt the progression of the disease. More studies though are necessary to establish
a model for disease production and treatment.

This study demonstrated that healed cerebrocortical lesions of PEM although
extensive are compatible with life and clinical normalcy in sheep and that
spontaneous recovery may occur. This may have some importance in the routine
diagnosis of brain diseases in ruminants, since the adequate significance can be

attributed to residual lesion such as these when found at necropsy.
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Legends of figures

Fig.1. Sheep 3. Affected by amprolium-induced polioencephalomalacia showing
opisthotonus.

Fig.2. Sheep 4. Affected by amprolium-induced polioencephalomalacia. Died on day
5 of the experiment. There is edema of the cerebral cortex evidenced by flattening
of gyri and narrowing of sulci.

Fig.3. Sheep 6. Recovered from amprolium-induced polioencephalomalacia. Brain.
Cut surface at the level of basal nuclei. Six-month-old lesion. Loss of cortical tissue
can be seen as cavitations (arrows) in the cortical gray matter. CN= caudate
nucleus; IC = internal capsule.

Fig.4. Sheep 3. Affected by amprolium-induced polioencephalomalacia. Died after

an acute clinical course of two days. There is severe widespread neuronal necrosis,
infiltration by foamy macrophages (gitter cells) and cleavage (arrows) of
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cerebrocortical lamina resulting in laminar separation. There is also striking
prominence of the capillaries due to endothelial cell hyperplasia and hypertrophy.
HE, obj.10x.

Fig.5. Sheep 5. Recovered from amprolium-induced polioencephalomalacia. Brain.
Histopathology of the telencephalic cortex. Six-month-old lesion. The cortex has
disappeared leaving a quasi-empty space between the pia-arachnoid (pa) and the
subcortical white matter (wm). Within this quasi-empty one can see only
remaining vessels and gitter cells. HE, obj.10x.

Fig.6. Sheep 8. Recovered from amprolium-induced polioencephalomalacia. Brain.
Histopathology of the telencephalic cortex. Six-month-old lesion. Remaining
vessels and gitter cells after the dead cortical tissue have been removed. HE,
0bj.20x. In the inset, one can see the details of the lesion showing vessels (arrows)
and gitter cells (arrowheads). HE, obj.40x.

https://mc04.manuscriptcentral.com/pvb-scielo



Page 11 of 17 Pesquisa Veterinaria Brasileira

:
2
3
4
53
6
7 Tablel. The evolution of brain lesions in seep recovered from amprolium-induced polioencephalomalacia. Experimental design and results
8 Sheep ID DD Clinical signs Thiamine treatment = Outcome Histology of brain
9 Ovino 12 5 Apathy anorexia and diarrhea startingat None Found dead day 5 of the experiment Acute lesions
10 day 4 of the experiment.
11 Ovino 23 10 Apathy anorexia and diarrhea starting at None Found dead at day 10 of the experiment Acute lesions
12 5 of the experiment.
13 Ovino 3P 49 Neurological signs starting day 47 of the None Died 2 days after the onset of clinical signs Acute lesions
14 experiment
15 Ovino 4b 20 Neurological signs at starting day 13 of 40 mg/kg/bw IM Improved clinical signs within 10 hours and Healed lesions
16 the experiment (one dose) remained normal for 6 months until it was
17 euthanatized
18 Ovino 5P 22 Neurological signs starting atday 11 of 40 mg/kg/bw IM Improved clinical signs within 6 hours and Healed lesions
19 the experiment (one dose) remained normal for 6 months until it was
20 euthanatized
Ovino 6P 28 Neurological signs starting atday 16 of 40 mg/kg/bw IM Improved clinical signs within 10 hours and Healed lesions
21 the experiment (one dose) remained normal for 6 months until it was
e euthanatized
23 Ovino 7P 30 Neurological signs starting at day 20 of  None Spontaneous recovery after two weeks. Healed lesions
24 the experiment Euthanatized six 6 months after recovery
25 Ovino 8P 31 Neurological signs starting at day 16 of 40 mg/kg/bw IM Remained blind for two weeks and then Healed lesions
26 the experiment (three doses) recovery completely. Euthanatized six 6
27 months after recover
gg [D: Identification; DD: number of daily doses; IM: intramuscular. aSheep that received amprolium at daily doses of 1,000mg/kg/body weight (bw). "Sheep that
30 received amprolium at daily doses of 500mg/kg/bw
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46 https:/mc04.manuscriptcentral.com/pvb-scielo
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48
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Sheep 3. Affected by amprolium-induced polioencephalomalacia showing opisthotonus.

338x190mm (150 x 150 DPI)

https://mc04.manuscriptcentral.com/pvb-scielo

Page 12 of 17



Page 13 of 17 Pesquisa Veterindria Brasileira

O©OoO~NOOU AWM =

Sheep 4. Affected by amprolium-induced polioencephalomalacia. Died on day 5 of the experiment. There is
30 edema of the cerebral cortex evidenced by flattening of gyri and narrowing of sulci.

32 287x190mm (150 x 150 DPI)
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Sheep 6. Recovered from amprolium-induced polioencephalomalacia. Brain. Cut surface at the level of basal
nuclei. Six-month-old lesion. Loss of cortical tissue can be seen as cavitations (arrows) in the cortical gray
matter. CN= caudate nucleus; IC = internal capsule.

296x189mm (150 x 150 DPI)
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Sheep 3. Affected by amprolium-induced policencephalomalacia. Died after an acute clinical course of two
47 ) ; o oo 5 :

days. There is severe widespread neuronal necrosis, infiltration by foamy macrophages (gitter cells) and
cleavage (arrows) of cerebrocortical lamina resulting in laminar separation. There is also striking prominence
49 of the capillaries due to endothelial cell hyperplasia and hypertrophy. HE, obj.10x.

51 157x210mm (150 x 150 DPI)
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Sheep 5. Recovered from amprolium-induced polioencephalomalacia. Brain. Histopathology of the
telencephalic cortex. Six-month-old lesion. The cortex has disappeared leaving a quasi-empty space
between the pia-arachnoid (pa) and the subcortical white matter (wm). Within this quasi-empty one can see
only remaining vessels and gitter cells. HE, obj.10x.

540x404mm (72 x 72 DPI)
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Sheep 8. Recovered from amprolium-induced polioencephalomalacia. Brain. Histopathology of the
telencephalic cortex. Six-month-old lesion. Remaining vessels and gitter cells after the dead cortical tissue
have been removed. HE, obj.20x. In the inset, one can see the details of the lesion showing vessels
(arrows) and gitter cells (arrowheads). HE, obj.40x.
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