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RESUMO

Tese de Doutorado
Programa de Pos-Graduacdo em Medicina Veterinaria

Universidade Federal de Santa Maria, RS, Brasil

INTOXICACAO EXPERIMENTAL POR Ateleia glazioviana EM OVINOS:
PATOGENESE E BASES MORFOLOGICAS DA FALHA REPRODUTIVA, DA

INSUFICIENCIA CARDIACA E DOS DISTURBIOS NEUROLOGICOS

AUTORA: MARGARIDA BUSS RAFFI
ORIENTADOR: CLAUDIO SEVERO LOMBARDO DE BARROS

Data ¢ local da defesa: Santa Maria, 17 de setembro de 2004.

Este estudo foi realizado para investigar os seguintes aspectos da intoxicagdo por
Ateleia glazioviana em ovinos: (1) as propriedades abortivas da planta e a patogénese
dos abortos e da falha reprodutiva associada a toxicose e (2) a morfologia e patogénese
das lesdes cardiacas e encefalicas. Para a primeira parte do experimento, 17 ovelhas
prenhes receberam, por via oral, diferentes quantidades das folhas verdes ou secas de A.
glazioviana fracionadas em 1-24 doses diarias. Todas as 17 ovelhas manifestaram
alguma forma de falha reprodutiva. Nove ovelhas (52,9%) abortaram seus fetos aos 4-
36 dias apds o inicio da administragdo da planta; houve um natimorto ¢ uma morte
intra-uterina. Seis ovelhas pariram 8 cordeiros fracos, sete dos quais morreram de
alguns minutos até 48 horas apds o nascimento. Alteragdes macro e microscopicas

observadas em cordeiros, num natimorto € nos fetos abortados eram notavelmente
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semelhantes as observadas na intoxicagao espontanea por A. glazioviana em ruminantes.
Foi concluido que os abortos causados por A. glazioviana sdo devidos as lesdes
induzidas no feto por via transplacentdria e consistem de miocardiopatia toxica e
degeneragdo esponjosa da substancia branca do encéfalo. Para a segunda parte do
experimento, 15 ovinos adultos receberam diferentes quantidades diarias das folhas
verdes frescas de A. glazioviana por varios periodos de tempo (1-24 dias). Os sinais
clinicos observados nos ovinos afetados incluiram depressdo, anorexia, fraqueza,
incoordenagdo e decubito prolongado. Um ovino apresentou sinais de insuficiéncia
cardiaca congestiva. Os achados de necropsia incluiram edema subcutaneo e das
cavidades organicas em dois ovinos e figado de noz moscada em um. Os achados
histopatologicos incluiram degeneragdo, necrose e fibrose intersticial no miocéardio em 4
ovinos ¢ degeneragdo esponjosa da substincia branca do encéfalo (status spongiosus)
em 10 ovinos. A ultra-estrutura da lesao encefalica foi morfologicamente classificada no
grupo das mielinopatias espongiformes em que ocorre vacuolizagdo da mielina sem

degradacdo ou fagocitose significativas.
Palavras-chave: plantas toxicas, Ateleia glazioviana, miocardiopatia toxica,

intoxicacdo transplacentdria, falha reprodutiva, abortos, status spongiosus, doencas de

0ovIinos.
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(EXPERIMENTAL POISONING BY A4 glazioviana IN SHEEP: THE
PATHOGENESIS AND MORPHOLOGICAL BASIS FOR THE
REPRODUCTIVE AND CARDIAC FAILURE AND FOR THE

NEUROLOGICAL DISTURBANCES)

AUTHOR: MARGARIDA BUSS RAFFI
ADVISER: CLAUDIO SEVERO LOMBARDO DE BARROS

Santa Maria, September 17, 2004.

This experiment was undertaken to study the following aspects of the A. glazioviana
poisoning in sheep: (1) abortifacient properties of the plant and the pathogenesis of the
abortions and reproductive failure associated with the toxicosis and (2) the morphology
and pathogenesis of cardiac and brain lesions. In the first part of the experiment, 17
pregnant ewes were orally fed variable amounts of either green or dried leaves of A.

glazioviana fractioned in 1-24 daily doses. All 17 ewes manifested some form of
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reproductive failure. Nine (52.9%) aborted their fetuses at 4-36 days after starting being
fed the leaves of the plant; one had a stillbirth and in another one intrauterine fetal death
was diagnosed. The other six ewes delivered 8 weak lambs seven of which died from
few minutes to 48 hours after birth. Gross and histopathological changes observed in
lambs, stillborn, and in aborted fetuses were rather similar to those found in the
spontaneous poisoning by A. glazioviana in ruminants. It is concluded that abortions
caused by A. glazioviana are due to transplacental induced fetal lesions consisting of
toxic cardiomyopathy and spongy degeneration of the white matter of the brain. For the
second part of the experiment 15 mature sheep were fed varying daily amounts of the
fresh green leaves of 4. glazioviana for different periods of time (1-24 days). Clinical
signs observed in poisoned sheep included depression, anorexia, general weakness,
staggering gait and prolonged recumbency. One sheep had signs of congestive heart
failure. Necropsy findings included subcutaneous and cavitary edema in two sheep and
nutmeg liver in one. Histopathological findings included degeneration, necrosis and
interstitial fibrosis in the myocardium of 4 sheep and spongy degeneration of cerebral
white matter (status spongiosus) in 10 sheep. The ultrastructure of the brain lesion was
morphological consistent with those found in diseases grouped as spongiform
myelinopathies in which vacuolation of myelin occur in absence of significant myelin

break down or phagocytosis.

Key words: poisonous plants, Ateleia glazioviana, toxic cardiomiopathy, transplacental

poisoning, reprodutive failure, abortions, status spongiosus, diseases of sheep.



1 INTRODUCAO

Ateleia glazioviana é uma arvore que, no Brasil, ¢ encontrada no noroeste do
Rio Grande do Sul e oeste de Santa Catarina (Longhi, 1995). Dependendo da regiao

29 <¢

onde ocorre, a planta recebe diferentes denominagdes populares como “timbo”, “maria-
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preta”, “cinamomo bravo” e “amargo” (Gava et al., 2001).
Ha muitas décadas, produtores atribuem as altas taxas de abortos observadas
em bovinos da regido noroeste do Rio Grande do Sul a ingestdo de A. glazioviana.
Nessa regido, onde a planta ocorre em grande quantidade ha também alta incidéncia de
enfermidades em bovinos caracterizadas por apatia e depressdo (interpretadas pelos
produtores como tristeza parasitaria), por mortes subitas (interpretadas como carbunculo
hematico) e por edema subcutaneo de declive (interpretadas geralmente como
pericardite traumatica) (Barros 2004, Comunicacdo Pessoal). No entanto, por muito
tempo, as causas dessas doencas nao foram devidamente confirmadas nem investigadas.

No inicio da década de 1990, a reprodugdo experimental dos abortos em
bovinos pela administracdo oral de 4. glazioviana (Stolf et al, 1994) confirma
definitivamente a antiga suspeita dos produtores da regido de ocorréncia da planta.
Abortos espontaneos em eqliinos foram também verificados nessa época (Barros, dados
ndo publicados). No entanto, as possiveis lesdes associadas aos abortos ndo puderam ser
investigadas.

Experimentos realizados posteriormente com bovinos (Gava, 2000; Gava &
Barros, 2001; Gava et al, 2001) definiram que a doenca interpretada anteriormente
como tristeza parasitaria era causada por degeneragdo esponjosa da substancia branca
do encéfalo e que a doenga caracterizada por edema subcutineo de declive
(insuficiéncia cardiaca congestiva) e as mortes subitas eram causadas por
miocardiopatia cronica e que tanto essa miocardiopatia como a degeneracdo esponjosa
do encéfalo, eram induzidas pela ingestdo de A. glazioviana. Ficou entdo esclarecido
que essa intoxicagao era responsavel por grandes perdas econdmicas causadas tanto pela

falha reprodutiva como por mortes de bovinos adultos.



Desde o inicio dos experimentos com bovinos, observou-se que essa espécie
era dificil de ser usada como animal de experimentagdo, principalmente pelo alto custo,
dificil manejo e gestacdo longa.

Testes com animais de laboratério indicaram que coelhos, cobaias, ratos e
camundongos ndo sdao sensiveis (Leite et al., 2002) e, portanto, ndo servem como
modelo experimental. Por outro lado, experimentos com ovinos (Stigger ef al., 2001)
revelaram que essa espécie era a mais adequada para determinar doses toxicas,
morfologia e patogénese das alteragdes associadas a intoxicagdo por A. glazioviana.

O estudo que vai ser relatado a seguir investigou esses aspectos da intoxica¢ao
por A. glazioviana usando ovinos como animal de experimentagdo. Os objetivos foram
investigar a patogenia dos abortos, das lesdes encefalicas e das lesdes cardiacas e
determinar a morfologia e distribuicao das lesdes responsaveis pelas trés manifestagdes
clinicas. Os resultados dessas conclusdoes foram submetidos para publicacdo no
periodico Veterinary and Human Toxicology. Os manuscritos desses trabalhos estdo

anexados a essa tese e referenciados ao final.



2 REVISAO DE LITERATURA

2.1 Manifestacoes clinico-patolégicas da intoxicacdo por Ateleia

glazioviana e enfermidades semelhantes

Ateleia glazioviana (Leg. Papilionoideae) ¢ uma arvore decidua de copa
alongada, que ocorre no noroeste do Rio Grande do Sul, na zona da mata latifoliada da
bacia do Alto Uruguai e no oeste e meio-oeste de Santa Catarina (Lorenzi, 1992;
Longhi, 1995). Nessas regides, a planta ¢ conhecida como “timbd”, “cinamomo bravo”,
“maria-preta” ou “amargo” (Longhi, 1995; Gava, 2000). A arvore pode atingir alturas
de 8-20 metros. Possui tronco liso de 30-60 cm de didmetro, e as folhas sdo compostas e
imparipinadas. Floresce de novembro a janeiro (principalmente dezembro), possui
flores brancas, e seus frutos amadurecem de mar¢o a maio. Os frutos consistem de
vagens achatadas com 4pice afilado, contendo duas ou trés sementes redondas,
pequenas, reniformes e marrom-escuras (Lorenzi, 1992; Longhi, 1995). A. glazioviana ¢é
freqiiente em vegetacao secundaria, na orla de capdes, em beira de estradas e como
invasora de pastagens, geralmente em agrupamentos populacionais quase puros,
principalmente em terrenos umidos (Lorenzi, 1992; Longhi, 1995; Gava & Barros,
2001).

A intoxicacdo espontinea por A. glazioviana é observada freqlientemente em
bovinos (Gava, 1993) e ja foi descrita em ovinos (Gava et al, 2003). A planta ¢
palatavel para os bovinos que a ingerem prontamente quando ha escassez de forragem,
principalmente em casos de seca ou de superpopulacdo dos campos (Gava, 1993).
Viarias manifestacdes clinicas tém sido atribuidas a ingestdo de A. glazioviana pelos
bovinos; os animais afetados tém geralmente acima de um ano de idade (Stolf et al.,
1994; Gava & Barros, 2001; Gava et al., 2001).

As primeiras documentacgdes sobre a intoxicagdo por A. glazioviana relatam
uma alta freqiiéncia de abortos em vacas (Gava, 1993; Stolf et al., 1994). Esses abortos
ocorrem em qualquer fase da gestagdo, 6 a 16 dias apos a ingestdo da planta. Bezerros

de vacas afetadas no final da gestagdo podem nascer fracos, e as vacas podem



apresentar retencdo de placenta e corrimento vaginal sanguinolento. Nao foram
documentadas lesdes nos fetos abortados (Stolf ef al., 1994).

A intoxicagdo por A. glazioviana em bovinos manifesta-se também por
alteracdes clinicas relacionadas aos sistemas nervoso e cardiovascular. Bovinos
apresentam morte subita (insuficiéncia cardiaca aguda) ou insuficiéncia cardiaca
congestiva (insuficiéncia cardiaca cronica) caracterizada por edemas de declive,
ingurgitamento e pulso venoso positivo das veias jugulares. As manifestacdes clinicas
de disturbios neuroldgicos caracterizam-se por depressdo e cegueira. Esses sinais podem
ou nao preceder as manifestacdes de insuficiéncia cardiaca. A doenca aparece
principalmente no outono e inverno, com morbidade de 10 a 60% e mortalidade que
pode atingir 95% (Gava & Barros, 2001; Gava et al., 2001).

Os bovinos afetados geralmente estdo em bom estado nutricional. Ao serem
movimentados para a ordenha ou para outros procedimentos, como vacinagdo ou
everminagdo, os bovinos param, tornam-se ofegantes, cansados, trémulos e caem em
decubito esternal ou lateral. O tempo entre o aparecimento desses sinais clinicos e a
morte ndo ¢ mais que alguns minutos. Nesses casos, os achados de necropsia sdo
restritos ao coracao e caracterizados por areas brancas, firmes, bem demarcadas e de
contornos irregulares, mais facilmente perceptiveis na superficie de corte.
Histologicamente, h4d degeneracdo, necrose e fibrose acentuadas do miocardio (Gava,
2000).

Os sinais clinicos de insuficiéncia cardiaca congestiva associados a
intoxicagdo em bovinos por 4. glazioviana incluem edema subcutdneo de declive,
ingurgitamento e pulso venoso positivo da jugular. Quando os sinais clinicos estdo bem
desenvolvidos, os animais tornam-se lentos e cansam facilmente. Diarréia ¢ um achado
freqliente, e os bovinos afetados podem morrer subitamente apos serem forgados a se
exercitar. A morte sobrevém dentro de poucas semanas a alguns meses do aparecimento
dos sinais clinicos. Os achados de necropsia sdo relacionados a insuficiéncia cardiaca
congestiva, 1.6, edema subcutaneo, derrame nas cavidades organicas e figado de noz-
moscada (Gava & Barros, 2001; Gava et al., 2001).

Em alguns casos de intoxicacao por A. glazioviana em bovinos, predominam

os sinais clinicos de distarbios nervosos (Gava & Barros, 2001; Gava et al, 2001).



Nesses casos, a morbidade e letalidade sdo varidveis, mas podem atingir 30% e 20%
respectivamente. Os animais afetados demonstram profunda depressdo caracterizada por
inércia e indiferenca ao ambiente, permanecendo por longos periodos parados,
geralmente dentro de 4guas rasas ou banhados, com a cabeca baixa e orelhas caidas.
Ocasionalmente ha cegueira. Quando forcados a se movimentar, mostram
incoordenagdo e freqlientemente se chocam contra objetos. H4 emagrecimento, e as
fezes estdo ressequidas. Vacas prenhes abortam. Nao ha lesdes significativas na
necropsia, € os principais achados histopatoldgicos consistem de degeneracio esponjosa
(status spongiosus) na substancia branca do encéfalo (Gava, 2000). Acredita-se que essa
lesdo seja responsavel pelos disturbios nervosos observados clinicamente (Gava &
Barros, 2001; Gava et al., 2001). Lesdes semelhantes tém sido descritas em afecgdes
primarias do sistema nervoso central. Essas incluem condigdes hereditarias congénitas
como deficiéncias enzimaticas (Summers et al., 1995; Storts & Montgomery, 2000) e
disturbios adquiridos de natureza toxica. Em ruminantes, a condi¢cdo tem sido associada
a intoxicagdo pelas plantas Helichrysum argyrosphaerum em ovelhas e cabras (Van der
Lugt et al., 1996), Ornithogalum saundersiae ¢ O. prasinum em bovinos (Van der Lugt
et al., 2002a) e por substancias quimicas, como os anti-helminticos closantel e
rafoxamide em ovelhas e cabras (Ecco et al., 1999; Van der Lugt & Venter, 2002). A
degeneracdo esponjosa da substancia branca do cérebro tem sido também observada
como uma manifestacdo secunddria de lesdes hepaticas cronicas difusas, como as
causadas por Crotalaria spp (Van der Lugt et al., 2002b), Senecio spp (Finn & Tennant,
1974; Barros et al., 1992) em bovinos e intoxicacao cronica por cobre em ovinos (Ilha
et al., 2001). Essa ultima alteracdo em ovinos no Rio Grande do Sul tem sido associada
a intoxicagdo cronica por Senecio brasiliensis.

Outras condigdes associadas a degeneragdo esponjosa do cérebro incluem os
problemas hereditarios do metabolismo, como ¢ o caso da “doenca da urina de xarope
de bordo” (maple syrup urine disease) em bezerros (Harper et al., 1986; Baird et al.,
1987) e a doenga de Canavan em criangas (De Girolami ef al., 1999).

Nos casos de intoxicacdo por A. glazioviana relacionados a insuficiéncia
cardiaca em ruminantes, ha marcada degeneragdo, necrose e fibrose do miocéardio.

Alteragdes semelhantes em animais podem ser causadas por toxinas de plantas,



substancias quimicas, deficiéncias nutricionais (Barros et al., 1990; Barros et al.,1999;
Barros, 2001a; Barros, 2001b), distirbios metabolicos (Vogel & Fritz, 2003) e
neurogénicos (King et al., 1982).

As plantas que causam insuficiéncia cardiaca em ruminantes sdo divididas em
dois grandes grupos: plantas que causam insuficiéncia cardiaca aguda ou superaguda
com morte subita, sem lesdes morfologicas apreciaveis macroscopicamente, e plantas
que causam insuficiéncia cardiaca cronica, associada a acentuadas lesdes degenerativas
e fibrosantes no miocardio, que podem ser facilmente detectadas ao exame
macroscopico (Kellerman ef al., 1988; Tokarnia et al., 1990; Peixoto et al., 1995;
Tokarnia et al., 2000).

No Brasil, sdo descritas, até o presente, trés plantas do segundo grupo:
Tetrapterys acutifolia, T. multiglandulosa (Tokarnia et al., 1990; Peixoto et al., 1995) e
A. glazioviana (Gava & Barros, 2001; Gava ef al., 2001). Na Africa, sdo relatadas cinco
plantas que induzem lesdes miocardicas semelhantes em bovinos: Pachystigma
pvgmaeum, P. thamnus, Pavetta harborii, P. schumanniana e Fadogia monticola
(Kellerman et al., 1988). Embora todas as doencas desse grupo sejam caracterizadas por
lesdes cronicas do miocardio, todas elas podem, com maior ou menor freqliéncia, causar
morte subita, o que as torna clinicamente confundiveis com as doencas do primeiro
grupo. Alternativamente, essas enfermidades podem estar associadas a sinais de
insuficiéncia cardiaca congestiva (Kellerman et al., 1988; Tokarnia et al., 1990;
Tokarnia et al., 2000).

Uma outra doenga cardiaca, ndo associada a mortes subitas e provavelmente
associada a ingestdo de uma planta toxica, ocorre em bovinos do Planalto Leste de
Santa Catarina (Tokarnia et al., 1989b). A enfermidade ¢ conhecida como “doenga do
peito inchado” em razdo do edema subcutaneo de declive que ocorre como resultado da
insuficiéncia cardiaca congestiva. Outro sinal clinico de insuficiéncia cardiaca
congestiva observado nesses casos ¢ o ingurgitamento da jugular. Na necropsia,
observam-se figado de noz-moscada, dilatacdo cardiaca e areas brancas de contorno
irregular no miocardio, principalmente no septo interventricular. Achados
histopatologicos incluem tumefagdo difusa de miofibras cardiacas, vacuolizagdo de

fibras isoladas e fibrose intersticial.



A intoxicagdo por Senna occidentalis (fedegoso) € descrita em varias espécies
(Barros et al., 1990; Barros, 1993; Barth et al., 1994; Barros et al., 1999). Essa planta
causa lesdes degenerativas e necrosantes nos musculos esqueléticos e, em menor grau,
no miocardio, e ¢ geralmente mencionada no diagnodstico diferencial das
miocardiopatias toxicas e nutricionais de ruminantes (Barros, 2001a; Barros, 2001b).
No entanto, na intoxicagdo por S. occidentalis, as lesdes cardiacas, se de fato ocorrem,
sd0 minimas; ndo se comparam as causadas por A. glazioviana e Tetrapterys spp
(Barros et al., 1990; Barros, 1993; Barth et al.,, 1994) e nunca sao associadas a fibrose;
além disso, as lesoes degenerativas dos musculos esqueléticos, vistas na intoxicagao por
S. occidentalis, ndo sdo observadas na intoxicagao pelas plantas cardiotdxicas (Barros,
1993).

Surtos de morte stbita ou insuficiéncia cardiaca congestiva tém sido descritos
em bovinos e ovinos intoxicados por antibidticos ionoforos (Gava et al., 1997; Barros,
2001a). Alguns aspectos clinicos e achados de necropsia nesses casos podem se
assemelhar aos da intoxicacdo por A. glazioviana. Os animais intoxicados mostram
anorexia, incoordenacdo, rigidez muscular, diarréia, emagrecimento e se cansam
facilmente. Edema subcutaneo de declive e nas cavidades organicas e figado de noz-
moscada podem ocorrer associados as lesdes macroscopicas do miocardio que
consistem de areas branco-amareladas. Na histopatologia, h4d necrose de fibras e, em
casos avancados, fibrose. Lesdes degenerativas nos musculos esqueléticos fazem parte
dos achados de necropsia (Bastianello et al., 1995; Wouters et al,, 1997a, Wouters et
al., 1997b).

Surtos de miopatia nutricional (deficiéncia de vitamina E/selénio) t€ém sido
descritos no Rio Grande do Sul (Barros et al, 1988; Barros, 2001b). A doenca
caracteriza-se por degeneracdo dos musculos esqueléticos e do miocardio e afeta
principalmente bezerros e cordeiros jovens (2-4 meses) de crescimento rapido e
deficientes em vitamina E/selénio. A forma mais comum tem curso clinico subagudo
com evolucdo de alguns dias a uma semana. Os sinais clinicos caracterizam-se por
rigidez dos musculos, dificuldade de locomogdo, tremores musculares, posturas
anormais, depressao e morte. As lesdes de necropsia sao principalmente relacionadas a

musculatura esquelética e ao miocardio e sdo geralmente simétricas e bilaterais



localizadas nos musculos que trabalham mais. Lesdes iniciais aparecem como areas €
listras palidas na musculatura e podem passar facilmente despercebidas, particularmente
em musculos normalmente palidos. No entanto, & medida que a lesdo evolui, ocorre
calcificacdo sobre a fibra do musculo degenerado, as lesdes tornam-se opacas, brancas e
muito mais conspicuas. Lesdes histologicas incluem alteragdes degenerativas,
regenerativas e calcificacdo no musculo esquelético e no miocardio.

Os resultados dos experimentos com a reprodu¢do experimental da intoxicacao
por A. glazioviana indicam que o tipo de sinais clinicos predominantes depende da
quantidade de planta ingerida. Os sinais clinicos de distirbios nervosos ocorrem quando
os bovinos ingerem grandes quantidades (30-40g/kg) em um tUnico dia. Se o animal
exposto for uma vaca prenhe, ocorrerd o aborto, mas, nesses casos, geralmente ha
recuperagdo clinica do animal afetado. Quando a planta ¢ ingerida em quantidades
diarias de 10 g/kg até um total de 70 g/kg ou mais, predominam os sinais de distirbios
nervosos, € o quadro evolui para morte, mas as lesdes cardiacas sdo minimas ou
ausentes, e as lesdes encefilicas (status spongiosus) predominam. Quando quantidades
maiores que 70 g/kg sdo fracionadas em doses diarias de 2,5 a 7,5 g/kg e administradas
a bovinos, as mortes ocorrem associadas a lesdes cardiacas (Gava, 2000).

A intoxicacdo por A. glazioviana foi também reproduzida experimentalmente
em ovinos, que apresentam alteracdes semelhantes as observadas em bovinos (Stigger et
al., 2001). Por isso, essa ¢ a espécie de escolha como modelo experimental, pois sdo
animais de aquisi¢do mais facil, de menor porte e mais doceis para o manejo diario. A
tentativa de reprodugao experimental da intoxicacdo em cobaias, camundongos, ratos ¢
coelhos resultou negativa, o que elimina a possibilidade de uso desses animais de
laboratorio como modelos experimentais (Leite ef al., 2002).

O principio ativo de 4. glazioviana permanece desconhecido; no entanto, ¢é
conhecido seu efeito ictiotoxico, e tem sido isolado dos extratos das folhas da planta,
como principais componentes isoflavonas (afrormosina e 5-metoxiafrormosina), rutina,
flavondides, taninos, triterpenos/esterdides e aminoacidos (Ortega & Schenkel, 1987).
Extratos aquosos e hidroalcoodlicos de 4. glazioviana administrados a ratas, durante a
gestagdo, comprometeram a performance reprodutiva e o desenvolvimento ponderal

(Langeloh et al., 1992). Estudos utilizando extratos hidroetandlicos, administrados por



injecdo intraperitoneal a ratas prenhes, demonstraram aumento da reabsorcao fetal,

diminui¢do do ganho de peso e abortos (Marona ef al., 1992).

2.2 Disturbios reprodutivos em ovelhas

Para a manutencdo da gestacdo em bovinos e ovinos, ¢ necessario que a lise
ciclica normal do corpo amarelo seja inibida; isso ocorre pela inibicdo da sintese e
liberagdo endometrial de prostaglandina F,o pelos blastocistos, o que induz a
manuten¢do do corpo amarelo que determina o suporte hormonal parcial ou total da
gestacdo. O corpo amarelo ¢ essencial somente durante a primeira metade da gestagdo
em bovinos e ovinos. Nessas espécies, a morte embriondria precoce permite a liberacao
de PGF,a, lise do corpo amarelo e subseqiiente volta ao ciclo estral. As infecgdes
venéreas sdao algumas das causas de morte embriondria precoce, porém existem
evidéncias de que as anomalias cromossdmicas sejam de fato, as principais responsaveis
(Kennedy & Miller, 1993).

Em ovelhas, o parto ¢ iniciado por aumento brusco da secre¢ao de cortisol pelo
cortex adrenal do feto. Essa hipersecrecdo ¢ parcialmente devida a maior capacidade de
resposta a corticotropina (ACTH) e, parcialmente, ao aumento da producdo de ACTH
fetal. O cortisol fetal induz a sintese de enzimas placentarias indutoras da produgdo de
estrogeno a partir de progesterona, aumenta a producdo de estrogeno placentdrio e
diminui a progesterona. Essa alteragdo da relacdo estrogeno-progesterona estimula a
liberagcdo de PGF,a pelo endométrio materno. A PGF,a induz o relaxamento da cérvice
alterando as propriedades fisicas das fibras colagenas. Essas alteragcdes consistem, em
parte, na diminuicdo do colageno, mas principalmente num aumento nos
glicosaminoglicanos e 4gua, que tornam mais frouxa a matriz onde as fibras colagenas
estdo inseridas. A PGF,a também aumenta a resposta da ocitocina e estimula as
contragdes uterinas (Kennedy & Miller, 1993).

Desconhecem-se 0s mecanismos pelos quais os fetos mortos de bovinos e
ovinos sdo expulsos, porém ¢ provavel que a expulsdo tenha algumas caracteristicas em
comum com o parto normal. Certamente hé liberacdo de PGF,a, relaxamento cervical e

contracdes coordenadas do miométrio. Uma enfermidade fetal cronica em bovinos e



ovinos resulta na expulsdo prematura de fetos vivos, porém enfermos. O estresse fetal
ativa o mesmo eixo enddcrino hipotdlamo-pituitaria-adrenal do parto normal (Kennedy
& Miller, 1993).

O zigoto degenerado ou o embrido precoce podem ser reabsorvidos ou
expulsos do ttero. Nas etapas mais tardias do desenvolvimento, os efeitos da morte fetal
sao imprevisiveis. O feto pode ser abortado, sofrer maceragdo ou mumificar. Em alguns
casos, 0 corpo amarelo autolisa, o feto morto pode ser expulso, geralmente em estado
acentuado de autolise. O aborto ¢ definido como a expulsdo do feto antes de ele atingir
expectativa de viabilidade; um feto que ¢ expulso morto quando ja havia expectativa de
viabilidade ¢ denominado natimorto (McCue & Troedsson, 2002).

A mumificagdo fetal ¢ um evento ocasional em todas as espécies, porém mais
freqiiente nas multiparas, principalmente em suinos. Para que ocorra a mumificagdo
fetal, & necessaria auséncia de infec¢ao bacteriana. Os liquidos fetais sdo reabsorvidos e
as membranas se apdiam firmemente sobre o feto dessecado. Toda a massa se torna
marrom ou negra, com aspecto coriaceo, com sua superficie umedecida por um muco
pegajoso, porém inodoro e sem exsudato (Kennedy & Miller, 1993).

Para que ocorra maceracao ou enfisema, ¢ necessaria a infeccdo uterina. Nos
ovinos, existe uma enfermidade que se manifesta em fetos quase a termo, ocasionando
distensdo timpanica aguda do Utero, lesdes necrosantes e hemorragicas tipicas no feto, e
acumulo de exsudato escuro, liquefeito e escasso. A patogenia dessa infeccdo ndo esta
totalmente esclarecida, porém ¢ associada a praticas de manejo, como a tosquia
(Kennedy & Miller, 1993).

A baixa eficiéncia reprodutiva dos ovinos ocorre principalmente pelo alto
indice de mortalidade perinatal. Na Australia, Nova Zelandia e Inglaterra estima-se que
morram anualmente 15%-20% dos cordeiros nascidos; essas taxas sdo de 15%-32% dos
cordeiros no Uruguai. No Rio Grande do Sul, estima-se que morrem 15%-40% dos
cordeiros nascidos. Considerando-se uma mortalidade de 25%, calcula-se em 900.000 o
numero de cordeiros mortos anualmente (Oliveira & Barros, 1982; Riet-Correa &
Méndez, 2001).

Entre os fatores responsaveis pela mortalidade perinatal, que atuam

individualmente ou relacionados entre si, obtiveram-se as seguintes porcentagens, em
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trabalho realizado no Sul do Rio Grande do Sul (Méndez et al., 1982; Riet-Correa &
Méndez, 2001): a) condicdes ambientais adversas, que causam a morte como
conseqiiéncia da falta de adaptacdo do recém-nascido as novas condi¢des de vida (40%-
78%); b) distocias e suas conseqiiéncias (10%-22%); ¢) microrganismos causadores de
mortalidade fetal e abortos (2%-5%); d) predadores primarios (menor de 5%); e)

infecgdes neonatais (0,5%-3,6%) e f) malformagdes congénitas (0,5%-2,3%).

2.2.1 Causas infecciosas de aborto em ovinos

O protozoario Toxoplasma gondii ¢ comum a muitas espécies animais € ao
homem. 7. gondii ¢ atualmente reconhecido como a maior causa de aborto em ovinos;
os abortos podem ser esporadicos ou epizooticos € podem ocorrer também em caprinos
e suinos. As ovelhas mais propensas a desenvolver a infec¢do sdo as transportadas para
areas altamente contaminadas com material fecal de gatos; isso é comum em regides
onde as ovelhas sdo alojadas em estabulos (Kirkbride, 1990; Stewart & Turner, 1994).

A infec¢do é mais patogénica para os fetos no primeiro terco da gestacao e
determina morte e expulsao ou retencdo e reabsor¢do. Nos fetos infectados no terco
final da gestagdo podem ocorrer natimortos, nascimento de cordeiros fracos e
nascimento de cordeiros infectados, mas clinicamente normais. As ovelhas geralmente
ndo apresentam sinais clinicos de infeccdo apds o aborto. As lesdes mais pronunciadas
sdo na placenta e consistem de necrose multifocal e calcificacio das vilosidades
cotiledonarias. Essas areas de necrose podem ser discretas, moderadas ou acentuadas e
coalescentes. A regido intercotiledondria geralmente ndo estd afetada (Kirkbride, 1990;
Kennedy & Miller, 1993; Stewart & Turner, 1994).

O feto ndo apresenta lesdes macroscopicas significativas. Histologicamente,
em alguns desses pode haver lesdes e exemplares do parasita no miocardio, nos pulmoes
e no encéfalo. Focos irregulares, pequenos ou grandes de maldcia sdo freqiientes na
substancia branca do encéfalo. Na placenta observam-se areas de necrose caseosa nos
cotilédones que podem estar calcificadas. Os microrganismos podem ser observados na
forma livre ou em pseudocistos. Com freqiiéncia, os protozodrios sdo observados no

endométrio (Kennedy & Miller, 1993).
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Bactérias do género Brucella sio pequenos bacilos ou cocobacilos gram-
negativos. Os ovinos podem ser infectados por Brucella ovis e B. melitensis, que
ocasionam distlrbios reprodutivos nos machos e nas fémeas (Kennedy & Miller, 1993;
Smith, 2001). B. ovis é espécie-especifica e reconhecida em muitos paises como causa
de epididimite em carneiros e abortos em ovelhas (Kirkbride, 1990). Os abortos
causados por B. ovis e B. melitensis ocorrem geralmente no ter¢o final da gestacdo.
Algumas ovelhas infectadas podem parir natimortos ou cordeiros fracos, que morrem
nos primeiros dias apds o parto. Apos abortar, as ovelhas, em geral, permanecem
clinicamente normais (Kirkbride, 1990; Smith, 2001).

Alteragdes macroscopicas associadas ao aborto por Brucella spp incluem
espessamento e avermelhamento da placenta intercotiledonaria. Em casos mais graves,
0 espessamento ocorre em placas multifocais branco-amareladas que podem coalescer.
Os cotilédones podem apresentar necrose periférica ou difusa. No feto, ocasionalmente
se observa peritonite ou pleurite fibrinosa. No alantocérion hd edema e inflamagdo
supurativa difusa com vasculite fibrinosa e necrose das vilosidades coridnicas. Os fetos
podem apresentar bronquiolite € pneumonia supurativa. Menos freqiientemente ha
infiltrado inflamatdério neutrofilico intersticial no rim, particularmente na jungao
corticomedular, e na regido portal do figado (Kirkbride, 1990; Kennedy & Miller,
1993).

Campylobacter jejuni (principalmente) e C. fetus sdao as principais causas de
aborto em ovinos nos Estados Unidos (Smith, 2001). A transmissdo da
campilobacteriose ocorre em ovinos por via digestiva € ndo venérea, como ocorre em
bovinos. Ovinos podem permanecer por longos periodos infectados com C. jejuni na
mucosa da vesicula biliar e intestino. O microrganismo ¢ eliminado intermitentemente
nas fezes e contamina alimentos e agua. C. jejuni ¢ comumente observado nas fezes de
animais domésticos e silvestres, aparentemente normais, ¢ qualquer desses animais pode
fazer parte no ciclo de transmissdo da campilobacteriose nos ovinos. A taxa de aborto
em surtos espontaneos varia entre 5% e 70%; no entanto, usualmente, permanece em
torno de 25% (Kennedy & Miller, 1993; Van der Walt, 1994).

Ovinos suscetiveis contaminam-se por via oral, desenvolvem bacteremia

transitoria apds o que o microrganismo localiza-se na vesicula biliar e intestino. Quando
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ovelhas prenhes nao-imunizadas se infectam, ha comprometimento do utero e placenta,
e ocorre o aborto, geralmente, na sexta semana de gestagdo. A ovelha pode morrer em
conseqiiéncia de metrite apos o aborto. A freqiiéncia de abortos depende do nlimero de
ovelhas com mais de um més de gestacdo, e sua exposi¢do anterior ou nao a cepa
infectante. As lesdes placentarias sdo inespecificas e mais acentuadas nos placentomas
do que entre os cotilédones. Os cotilédones estdo aumentados de volume, amarelados,
opacos, fridveis, recobertos por um exsudato marrom-amarelado. Histologicamente, ha
edema, infiltrado inflamatério histiocitico e necrose. As alteragcdes no feto incluem
edema subcutaneo, derrame pleural fibrinoso e broncopneumonia. Quarenta por cento
dos fetos afetados apresentam focos de necrose hepatica aleatorios de 0,5 a 2 cm de
didmetro, salientes na cépsula. Microscopicamente, observam-se areas de necrose
hepatica multifocais. As lesdes devem ser diferenciadas de hepatite necrobacilar
multifocal secunddria a infec¢ao umbilical (Kirkbride, 1990; Kennedy & Miller, 1993).

Listeria monocytogenes afeta primariamente ruminantes e ¢ caracterizada por
encefalite ou aborto em adultos e septicemia nos fetos e natimortos (Kirkbride, 1990). L.
monocytogenes € L. ivanovii estdo envolvidas no aborto de ovinos, no entanto essa
ultima ¢ menos patogénica (Smith, 2001). A infeccdo € mais prevalente em locais de
clima frio do que em regides quentes ou tropicais. O microrganismo ¢ amplamente
distribuido na natureza, podendo ser encontrado no solo, plantas, silagem e outros
alimentos, superficie da agua, paredes e pisos de instalacdes e fezes. A bactéria ja foi
isolada da secregdo nasal e das fezes de ruminantes sadios (Schneider, 1994).

A infecgdo por L. monocytogenes em ovinos produz lesdes no feto e placenta,
especialmente durante o ultimo trimestre da gestagdo, e ¢ responsavel por taxas de
aborto em ovinos em média de 10% (Kirkbride, 1990). Se a infec¢do uterina ocorrer no
inicio do ultimo trimestre da gestagdo, o microrganismo desenvolve-se rapidamente na
placenta, e o feto morre em conseqiiéncia de septicemia e ¢ expulso aproximadamente 5
dias apdés a morte. H4 alteragcdes autoliticas que mascaram as lesdes macroscopicas
produzidas pela bactéria. Todos os 6rgdos contém grande ntimero de bactérias que
continuam a se multiplicar ap6s a morte fetal. Os abortos nesse periodo nio sdo
geralmente associados a doenga sistémica na ovelha. Ha retengdo de placenta secundaria

a metrite, no entanto o microrganismo ¢ rapidamente eliminado do Utero vazio. Se a
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infeccdo ocorrer no final da gestacdo, pode haver distocia, metrite e septicemia. Lesoes
macroscopicas incluem pequenos pontos multifocais amarelos no figado. Lesdes
microscopicas semelhantes sdo observadas no pulmao, miocardio, rim, adrenal, baco e
encéfalo. Essas lesoes correspondem a necrose com bactérias intralesionais, circundadas
por neutrofilos degenerados e células mononucleares. Se a infec¢do ocorrer préximo ao
nascimento o feto pode apresentar meningite ndo-supurativa difusa com bactérias
intralesionais. Ha necrose das vilosidades da placenta, recobertas por exsudato
purulento e colonias bacterianas intralesionais (Kennedy & Miller, 1993).

Chlamydia psittaci ¢ uma causa importante de infeccdo uterina de ovinos e
caprinos e causa aborto, natimorto e nascimento de cordeiros fracos. A doenca em
ovelhas ¢ conhecida como aborto enzodtico ovino (Kennedy & Miller, 1993; Smith,
2001). O microrganismo ¢ transmitido por via oral em ragdes contaminadas com fezes
ou produtos de abortos. C. psittaci pode infectar permanentemente o intestino. Em
ovelhas gestantes o microrganismo invade a corrente circulatoria e infecta a placenta e o
feto. Os animais mais suscetiveis sdo ovelhas prenhes sem imunidade. A morbidade
pode atingir 30% quando o microrganismo ¢ introduzido num rebanho livre; taxas de
5% ocorrem em areas enzodticas (Kirkbride, 1990; Kennedy & Miller, 1993; Smith,
2001).

A infecgdo ¢ cronica, e o aborto geralmente ocorre no final da gestacdo. A
reten¢do pode ocorrer ocasionalmente, provocando doenga nas ovelhas. Os cotilédones
estdo vermelho-escuros ou marrons, firmes e recobertos por exsudato vermelho. Entre
os cotilédones, hé areas irregulares marrom-avermelhadas, edema e espessamento que
resultam da marcada vasculite de vasos de médio e grande calibre. A vasculite é
caracterizada por necrose fibrindide da média com moderado infiltrado de neutréfilos e
algumas células mononucleares. No coérion, ha necrose superficial e inclusdes
intracitoplasmaticas caracteristicas nas células trofoblasticas. O feto geralmente esté
bem preservado e pode apresentar discretas hemorragias dispersas no tecido subcutaneo,
timo, linfonodos e musculos. No figado e bago, ha pequenos focos amarelos multifocais
distribuidos pela superficie capsular. Lesdes histologicas no feto sdo discretas, mas
caracteristicas. No figado e baco ha pequenos focos de necrose de coagulacao

circundados por infiltrado inflamatério mononuclear e, nos pulmdes, ha espessamento
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dos septos alveolares por infiltrado de células mononucleares. Meningoencefalite e
vasculite com hemorragia podem ocorrer (Kirkbride, 1990; Kennedy & Miller, 1993).

A lingua azul é uma enfermidade viral causada por um reovirus do género
orbivirus. Os ovinos sdo a espécie mais suscetivel a infec¢do, mas caprinos e bovinos
desenvolvem doenca com sinais clinicos discretos ou inaparentes. Ovinos afetados
apresentam enfermidade vascular sistémica com trombose na microcirculacdo,
hemorragia e edema decorrente da lesdo endotelial, determinando pequenas dareas
multifocais de necrose isquémica em varios 6rgaos (Michelsen, 2002). Se a infec¢ao
ocorre durante a gestagdo, pode resultar em diferentes distirbios reprodutivos,
dependendo do periodo gestacional; dos primeiros dias até o 50°. dia de gestacdo ocorre
morte fetal com reabsor¢do ou aborto; entre 50-55 dias de gestacdo, o feto desenvolve
encefalopatia necrosante grave e retinopatia, que resultam em hidranencefalia e
displasia da retina no recém-nascido; a infeccao aos 75 dias de gestacao causa encefalite
multifocal e vacuolizag@o da substancia branca, que resulta em porencefalia no cordeiro.
Se a infec¢@o ocorre aos 100 dias de gestacdo, ha discreta meningoencefalite focal (Jubb
& Huxtable, 1993). No terco final da gestagdo, os efeitos sdo mais leves; podem ocorrer
partos prematuros, mas geralmente os cordeiros sobrevivem (Jubb & Huxtable, 1993;

Michelsen, 2002).

2.2.2 Plantas que causam problemas reprodutivos

Pinus ponderosa induz aborto e partos prematuros em bovinos, principalmente
quando ingerida no terco final da gestacdo. Acomete apenas vacas em gestagdo; tanto
vacas ciclando, como ovelhas, cabras e coelhas ndo sdo afetadas. A intoxicagdo por P.
ponderosa ¢ descrita nos Estados Unidos, Canadd e México. Vacas intoxicadas
apresentam exsudato vaginal muco-hemorragico, edema da vulva, dilatagdo cervical
incompleta e contragdes uterinas fracas. Apds o parto, ocorre retencdo de placenta,
atonia uterina com retencao de detritos placentarios e exsudato mucoso com sangue;
pode ocorrer metrite com conseqiiente peritonite fatal. Quando a intoxicagdo ocorre no
final da gestagcdo, os bezerros nascem vivos, mas fracos, pequenos e susceptiveis a

enfermidades respiratorias (Panter et al., 1992; Burrows & Tyrl, 2001e). Tem sido
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sugerido que o aborto ou parto prematuro ocorrem por alteragdes na circulagdo da
placenta com conseqiiente hipdxia fetal causada pela agdo do acido isocupréssico
presente na planta, que aumenta o tonus das artérias carunculares e diminui o fluxo
sangiiineo (Stegelmeier et al., 1996; Burrows & Tyrl, 2001e).

Astragalus spp e Oxytropis spp causam em animais intoxicacdo conhecida
como “locoismo” e podem causar aborto e malformacdes congénitas em bovinos e
ovinos. Estudos em ovinos sugerem que o principio ativo de Astragalus aumente os
niveis circulantes das prostaglandinas ocasionando alteracdo na fung¢do do corpo
amarelo e induzindo a morte fetal (Burrows & Tyrl, 2001¢).

A ingestdo de Gutierrezia spp determina problemas reprodutivos em bovinos.
Animais afetados apresentam edema vulvar seguido de aborto, natimortos ou
nascimento de terneiros pequenos, fracos, que geralmente nao sobrevivem mais de 48
horas (Burrows & Tyrl, 2001Db).

Veratrum californicum ocorre no oeste dos Estados Unidos e causa
malformagdes congénitas em ovinos. Quando a ovelha ingere a planta nos dias 13 a 15
de gestagdo, ocorre ciclopia. A ingestdo da planta no periodo de 12 até 30 dias de
gestagdo pode causar multiplas anomalias, como fenda palatina, labio leporino,
braquignatia, sindactilismo, diminui¢do do comprimento e diametro de todos os 0ssos e
decréscimo no numero das vértebras coccigeas. Em muitos casos, ocorre aplasia da
pituitaria fetal, determinando uma gestacdo prolongada e fetos grandes que
invariavelmente provocam distocia tornando necessaria a intervengao cirurgica (Jones et
al., 1997; Burrows & Tyrl, 2001d).

Conium maculatum (cicuta) causa malformagdes congénitas em bovinos e
suinos. Animais de laboratério (por ex., ratas e coelhas) aparentemente nio sdo
susceptiveis. O principio ativo contém varios alcaldides piridinicos volateis. Os efeitos
teratogénicos sdo observados quando as vacas e porcas ingerem a planta no primeiro
terco da gestacdo. O periodo de suscetibilidade em suinos ocorre aos 30-60 dias de
gestacdo e em bovinos nos primeiros 50-75 dias de gestacdo e determina grave
malformagao esquelética (Burrows & Tyrl, 2001a).

A planta Nicotiana glauca também causa deformidades em recém-nascidos

que apresentam grave rotacdo lateral e flexura da articulagdo carpica, moderada rotagdo
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do boleto e, menos comumente, malformagdes da coluna espinhal que resultam em
lordose e escoliose (Burrows & Tyrl, 20011).

A ingestdo de Lupinus spp tem sido associada a problemas reprodutivos em
bovinos, como aborto, natimorto e defeitos congénitos. Em experimentos com vacas
prenhes, a ingestdo de L. formosus e L. arbustus produziu deformagdes nos terneiros
(Burrows & Tyrl, 2001c¢).

No Brasil, existem cinco plantas associadas a problemas reprodutivos em
ruminantes: A. glazioviana (Stolf et al., 1994), Tetrapterys acutifolia (Tokarnia et al.,
2000), T. multiglandulosa (Melo et al., 2001), Stryphnodendron obovatum (Tokarnia et
al,, 2000) e Aspidosperma pyricollum (Riet-Correa et al., 2003), que ja foram
confirmadas experimentalmente.

Tetrapterys acutifolia e T. multiglandulosa ocorrem nos estados de Sao Paulo,
Minas Gerais, Rio de Janeiro e Espirito Santo, principalmente nas encostas de morros.
Surtos espontaneos sdo relatados em bovinos causando problemas cardiacos e abortos
(Tokarnia et al., 2000). Recentemente, foi realizado experimento em ovinos com
reproducdo das lesdes cardiacas (Terra ef al., 2002). Nao foram publicados ainda, os
resultados de experimentos com vacas gestantes; no entanto o exame histopatologico do
miocérdio de fetos abortados revelou fibrose cardiaca, sugerindo que o principio ativo
da planta atravessa a barreira placentdria determinando lesdes no feto, semelhantes as
desenvolvidas pelos bovinos adultos (Tokarnia et al., 1989a).

Stryphnodendron obovatum ocorre no cerrado dos estados de Mato Grosso,
Mato Grosso do Sul, Goids, Minas Gerais ¢ Sao Paulo e ¢ conhecido popularmente
como “barbatimdo-da-folha-miuda” ¢ causa intoxicacdo em bovinos, determinando
transtornos digestivos e reprodutivos. As favas de S. obovatum sdo tdxicas quando
ingeridas em qualquer periodo da gestag@o e resultam em abortos e fetos mumificados.
No exame histologico de 6rgaos do feto e placenta, ndo foram observadas alteragdes
(Tokarnia et al., 2000).

Aspidosperma pyrifolium, conhecida popularmente como “pereiro”, ocorre nos
estados do nordeste, na regido semi-arida, e tem sido responsabilizada por produtores da

regido como causa de abortos e malformagdes em caprinos. Até o momento,
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experimentos realizados em cabras prenhes resultaram em abortos, mas o efeito

teratogénico nao foi ainda reproduzido (Riet-Correa et al., 2003).
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THE PATHOGENESIS OF REPRODUCTIVE FAILURE INDUCED IN SHEEP
BY THE INGESTION OF Ateleia glazioviana
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ABSTRACT. Seventeen pregnant ewes were orally fed variable amounts of either
green or dried leaves of Ateleia glazioviana fractioned in 1-24 daily doses. All 17 ewes
manifested some form of reproductive failure. Nine (52.9%) aborted their fetuses at 4-
36 d after starting being fed the leaves of the plant; one had a stillbirth and in another
one intrauterine fetal death was diagnosed. The other six ewes delivered 8 weak lambs
seven of which died from few m to 48 h after birth. Three ewes had neurologic
disturbances and loss of weight. Thirteen ewes were euthanatized 1-48 h after lambing
or pregnancy loss; two of them had gross and histopathological changes related to the 4
glazioviana poisoning. Gross and histopathological changes observed in seven lambs
and in a stillborn, and histopathological changes found in 4 aborted fetuses from A
glazioviana fed ewes were rather similar to those found in the spontaneous poisoning by
A glazioviana in adult cattle in the field. It is conclude that 4 glazioviana has a powerful
abortifacient activity whether if it is ingested green or dried. Our data also show that the
abortions caused by A glazioviana are not due to placental damage, but rather to
transplacental induced fetal lesions consisting of toxic cardiomyopathy and spongy
degeneration of the white matter of the brain. Fetuses succumbing to these lesions are
expelled from the uterus; those not lethally affected are born weak and with meager

chances to survive.

Ateleia glazioviana (Leg. Papilionoideae) is a tree (up from 5-10 m in height when

fully grown) frequently found in woods and roadsides and invading pastures; in Brazil it
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is found in large amounts in the southern states (1,2). The spontaneous poisoning by the
ingestion of the fallen leaves or the sprouts of A4 glazioviana has been described in cattle
(2) and sheep (3). The intoxication is manifested as 3 clinical forms 1) abortions, ii)
neurological disease characterized by lethargy and blindness and iii) acute or chronic
congestive heart failure; however considerable overlapping exist among the various
forms (2). The experimental disease was produced by feeding leaves of A glazioviana to
cattle (1,4) and to sheep (5,6); however the effect on the of A glazioviana on
reproductive performance of sheep has not been yet properly investigated, neither has
the pathogenesis of the the abortions in either of the two species affected spontaneously.

Our lab started a research line to study the pathogenesis of the various aspects of 4
glazioviana poisoning in sheep because previous attempts to intoxicate laboratory
animals such as rabbits, mice, rats, and guinea pigs have failed (6) and because our first
attempt using sheep as an animal model (5) indicated this species as being suitable to
study the pathogenesis of 4 glazioviana poisoning in ruminants.

This study was conducted to test, in sheep, the abortifacient properties of A
glazioviana and to determine the pathogenesis of the abortions and the related

reproductive failure associated with this toxicosis.

MATERIAL AND METHODS

Twenty crossbred adult ewes were identified by the numbers 1-20 (Table 1) and then
impregnated either by artificial (Ewes #1-13) or natural insemination (Ewes #14-20).
For the artificial insemination synchronization of heat was carried out using pessaries
containing 60 mg of medroxiprogesterone acetate (MPA) for 14 d, when the pessary
was withdraw from the vagina and 600 UI of equine chorionic gonadotrophin (eCG)
was injected intramuscularly. Fifty six h after eCG was injected the ewes were
inseminate using a laparoscopic technique described elsewhere (7).

The 5 ewes submitted to natural insemination have their heats detected by a teaser
ram and were then placed with a fertile ram to breed. Pregnancy was confirmed by
ultrasound in all 20 cases and the pregnant ewes were placed indoors in individual stalls

with concrete floors where they received water and alfalfa ad /ibitum and were kept for
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the whole duration of the experiment. Ultrasound was performed three times a w to
check for viable fetuses. A clinical exam was performed daily in each ewe to evaluate
cardiac and respiratory rates, rectal temperature, ruminal movements and changes in
behavior, posture and locomotion. Ewes #3 and 7 died from unrelated causes before the
feeding trial started. Variable amounts of either the green or dried leaves of 4
glazioviana were fed to 17 of the pregnant ewes. Ewe #13 was not fed the plant and
served as a control. It was euthanatized the day following lambing. Three normal
fetuses obtained by C section at 90 and 120 d of gestational age and five lambs obtained
from normal ewes of the same size and from same supplier as the other 20 ewes were
also used as controls for the necropsy and histopathological findings. Control lambs
were no older than 48 hours. One of the control lambs was the product of control Ewe
#13.

The leaves of A glazioviana were harvest once a w and kept in a (4°C) walk-in cooler
for no more than 7 d and used as needed. A portion of leaves were weighed and then
allowed to dry in the shade for 1-3 mo. After drying the leaves weighed half of their
original fresh weight. Six ewes (#9, 14-18) received the dried leaves of the plant; in all
instances in this paper when referring to the amounts of the plant we will be using the
green leaves weight, eg, when it is stated in Table 1 that Ewe #9 was fed 10 g/kg/bw/d
of A glazioviana leaves, it means that this ewe was fed Sg/kg/bw/d of the dried plant,
which, as we determined previously, corresponds to 10 g/kg/bw/d of the green leaves.

Every time a sheep aborted or delivered a lamb, the fetus or lamb were identified by
the ID number of the ewe preceded respectively by the letter F or L (eg, F8 or L16). If
twin fetuses were aborted or twin lambs delivered the ID of each fetus or lamb was
followed by letters A and B (eg, F8A; F8B and L16A; L16B). Thirteen ewes (#1, 2, 4-6,
8-13, 19 and 20) were euthanatized 24-48 h after abortion or lambing or immediately
after fetal death was detected. The euthanasia of these 13 ewes and of the 5 control
lambs was by barbiturate overdose. All fetuses (except for a mummified fetus), lambs
and euthanatized ewes and all control lambs were necropsied. Tissue sampled for
histopathology from the fetuses and lambs included brain, liver, lung, and kidney. From
the necropsied ewes uterus and placenta were included in the histological evaluation.

The placenta from Ewes #6, 14 and 20 was autholized and was not processed for
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histological exam. Fragments of all tissues were fixed in buffered 10% formalin,

routinely processed for histology and stained by hematoxilin and eosin.

RESULTS

Clinical signs

All 17 ewes fed 4 glazioviana were affected by some form of reproductive failure.
Types of reproductive failure observed in this study were pregnancy loss (abortions,
mummified fetuses and stillbirth) and deliver of weak lambs unable to suck and thrive
properly, eventually dying.

Gestational stage of ewes at the start of experiment varied from 60 to 120 d. Nine
ewes (#1, 2, 4-6, 8, 14, 15 and 19) aborted 4-36 d after the feeding of the leaves of 4
glazioviana started (AFL). Fetal death was diagnosed by ultrasonography at 18 d AFL
on Ewe #20; it was then euthanatized and two fetuses heavily autholized were found at
necropsy. Since six ewes that aborted or carried dead fetuses had twin pregnancies the
number of aborted or dead fetuses totalled 16 (Table 2). In one case (Ewe #6) abortion
was followed by placental retention; this ewe was euthanatized in the d following the
abortion. Ewe #14 had bloody vaginal discharge 28 d AFL and aborted a mummified
fetus 4 d after that.

The other 7 ewes carried their pregnancy to term or almost to term and delivered 8
live lambs — Ewes #10 and #16 had twin lambs — and a stillbirth (Lamb #9) (Table 3).
The 8 live born lambs were weak and undersized as compared to controls and unable to
suck by themselves. Except for L16B all other lambs died within few minutes to 48 h
after birth. L16B received nursing care, was bottled fed and recovered. Thereafter it
began to gain weight and developed to a normal size for its age and is healthy after § mo
of the end of the experiment.

Other than the signs related to the reproductive system, clinical signs were absent in
the pregnant ewes fed less than 60 g/kg/bw of A glazioviana leaves (Ewes #1, 2, 4-6, 8,
14, 16-18), except for Ewe #15 which at 3 d AFL presented lethargy, incoordination of
the hind limbs and head pressing; there was remission of these clinical signs but at 15 d

AFL the ewe have dropped from its original weight of 43 kg to 32.5 kg kg and at 39 d
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AFL developed dependant subcutaneous edema in the submandibular area. Again, these
signs abate within 10 d and the ewe recovered completely and is still alive and healthy,
8 mo after the experiment had been completed. Ewes #19 and #20, which were fed
respectively 130 and 170 g/kg/bw of A glazioviana leaves, start to show decreased
appetite when the amount of ingested plant reached 60 g/kg/bw. From the second w
AFL on, they were lethargic and remained recumbent for long periods. At 28 d AFL,

Ewe #19 had subcutaneous dependant edema and ascites.

Gross Pathology

Gross lesions were observed at necropsies of Ewes #19 and #20. They consisted of
subcutaneous edema, ascites, hydrothorax and hydropericardium. At the cut surface of
the hearts of both ewes there were firm, irregular white or yellow areas. There was
marked dilatation of right ventricle in Ewe #19. The placenta was autholized in these
ewes. Other than the autholysis observed in the placenta of Ewes #6, 14, and 20, no
gross changes were observed in any of the other placenta examined.

Most necropsied fetuses were moderately to severely autholized which hindered a
reliable gross evaluation. Fetus F14 was mummified. In the case of twin pregnancies
one of the fetuses was in a more advanced autholytic stage than its sibling indicating
different times of death. The product of Ewe #9 was an almost full term lamb (138 d
gestational age) but it was already dead when expelled since its lungs were not aerated,
therefore it was considered a stillbirth.

Gross lesions were observed at necropsy of 8 lambs. .17 had 40 ml of clear fluid in
the abdominal cavity (Figl) and translucent subcutaneous edema. L9, L10A, L10B,
L11, L12, L16A, L17 and L18 all had moderately firm pale areas in the myocardium
which were more evident at the cut surface of the heart. Moderate to severe myocardial
hypertrophy of left and right ventricles and interventricular septum were observed in
these seven lambs. Hypertrophy was moderate in both ventricles and septum of L12. In
L11 the myocardial hypertrophy was moderate in the right ventricle and marked in the
left ventricle and septum. L16A and L.18 had marked hypertrophy of both ventricles and
septum (Fig 2).
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Histopathology

The main histopathological findings in Ewes #19 and #20 were degenerative and
necrotic changes in the myocardium and status spongiosus in the brain. There were
acute swollen of myocardial fibers associated with rectangle or irregularly shaped
nuclei. More advanced changes consisted of empty collapsed sarcolemmal tubes
surrounded by interstitial connective tissue and fibrosis. Hyaline and floccular necrosis
of myofibers were also occasionally observed. Varying degrees of spongy degeneration
(status spongiosus) were seen in the white matter of the brain of the two ewes.

Histopathological examination of fetal tissue was unrewarding in several instances
due to autholytc changes. However, moderate (F1A and F5A) to marked (F8A and F15)
multifocal areas of fibrosis could be observed in the myocardium of four fetuses (Fig
3).

Histopathological changes were found in the heart (Table 4) and in the brain of the 8
necropsied lambs. The myocardial cells had increased diameter and their nuclei were
enlarged, rectangular (boxcar shaped) and hyperchromatic; irregular nuclear contours
and irregularly orientated myofibers were also observed (Fig 4). Focal groups of
myofibers showed necrosis and there were multifocal areas of interstitial fibrosis. In all
lambs there was mild to severe sponginess (status spongious) of the white matter of the
brain. Large, round or oval vacuoles measuring up to 50 pum in diameter were observed
between axons, apparently producing vesiculation of myelin sheaths. These changes
were most marked in the white matter of the cerebellar folia (Fig 5). The intensity of
status spongiosus varied among lambs: it was marked in Lambs 17 and 18, moderate in
L10A, L11 and L16A and mild in L9, L10B and L12.

No histopathological changes were observed in the uterus or placenta of any ewe
examined microscopically.

No significant changes were observed in gross or histopathological examination
carried out on tissues of control fetuses, lambs and ewe. No histopathological changes

were observed in the placentae examined.
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DISCUSSION

In this study it was demonstrated that the ingestion of 4 glazioviana had negative
impact over reproductive performance of all sheep tested. Pregnancy loss (PL) occurred
in 11 out of 17 (64.7%) ewes that were fed the plant. Six ewes delivered 8 live born
weak lambs, 7 of which end up dying in the first 48 h after birth and one had a stillbirth.
The only surviving lamb would not make it in the field without the time consuming and
expensive nursing care it received during this experiment.

If one considers that the level of fertility in sheep is usually expressed as the
reproductive performance of the flock, defined as the number of lambs born per 100
ewes put to a ram, that is, true lambing percentage (8) in our feeding trial there was a
total loss of reproductive performance. In pastures of southern Brazil where A4
glazioviana abounds, a similar situation might occur naturally. Indeed, we have been
hearing from small sheep farmers of regions infested by 4 glazioviana, complains that
their sheep herds “hardly increase in number” or “increase very marginally”. Recently a
spontaneous abortion outbreak in sheep caused by 4 glazioviana was reported from this
region of Brazil (3).

Abortion in sheep is a diagnosis challenge and definite cause is reached in only 30%-
40% of the cases (9). Causes of abortion in this species include a diversity of factors
such as structural, functional, management, nutritional, infectious and toxic agents (8);
the importance of the latter has been overly neglected. The main causes of alteration in
reproductive ability in the sheep of this study included pregnancy loss (PL) and deliver
of weak lambs which ultimately died. Depending on the gestational stage in which PL
occurs, conditions associated with it are classified as early embryonic death, abortion or
stillbirth (10). Early embryonic death is defined by loss of concept before organogenesis
is complete which in sheep is around 34 days (11). This clearly was no the case of any
of the ewes of this study. Abortion is the death and expulsion of the concept after
organogenesis is completed which occurred in 52.9 % of the ewes fed 4 glazioviana.

Another form of PL is maceration and mummification. This condition occurred in

only one of the 17 ewes fed 4 glazioviana and it indeed is not a common form of PL in
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sheep (10). One ewe had a stillbirth and in another one intrauterine fetal death was
detected and the ewe euthanatized. This latter ewe would most probably abort.

There are several reports of spontaneous outbreaks of A glazioviana poisoning in
cattle in southern Brazil. The ingestion 4 glazioviana by adult cattle is associated with 3
main clinical manifestations: 1) abortions with rates up to 45% of pregnant cows (1), ii),
neurological disease characterized by lethargy, and iii) acute or chronic heart failure due
to myocardial degeneration and fibrosis (2); The ingestion of 4 glazioviana have been
confirmed as the cause of these 3 forms of clinical manifestation, by experimental
feeding the leaves of the plant to cattle (1,4).

Although until recently (3) the spontaneous disease was not reported in sheep,
experimental feeding trials carried out in this species reproduced the neurological and
myocardial forms of the disease (5). Earlier experiments with A glazioviana in sheep (6)
suggested that sheep might not be susceptible or might have low susceptibility to the
abortifacient substances in 4 glazioviana and that the active toxic principles in the plant
that causes abortion and those causing cardiac and neurological disease might not be the
same. Also, as in that experiment and in other previous experiment (5) the dried leaves
of plant were used to fed the experimental sheep (it is worth noting that only one
pregnant sheep was part of each experiment), led to the suspicion that the abortifacient
substance in A glazioviana is lost when the leaves drie out. Although the active
chemical principles that causes the clinical manifestations of A glazioviana poisoning
are not yet clearly determined, our work can clarify some of these points. Sheep is by
far more susceptible than cattle to abortifacient factor(s) in 4 glazioviana if one
compares the results of experiments done in pregnant cows (1) with those of our
experiment. Also, the plant kept it abortifacient and other toxic properties for at least 3
mo after drying. This can be clearly demonstrated by the 6 ewes which received the
dried plant and either aborted or delivered weak lambs that died soon after birth. It is
worth noting that this has practical epidemiological significance; as farm animals
generally have limited access to fresh green leaves of A glazioviana, a tall tree (2),
sheep and cattle can graze fallen and dried A glazioviana leaves in autumn and get

poisoned.
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As far as different active principles in the plant (one causing abortion and the other
causing the myocardial and neurological disease) although our study does not rule this
possibility out completely we think this is highly unlikely. Reasons for that are as
follows: The lesions induced in the fetus in utero and demonstrated more clearly in the
7 live born lambs and the one stillborn in our experiment, are the same observed in the
spontaneous disease in adult ruminants (cattle and sheep). It is known that ewes do not
depend on a corpus luteum to maintain most of the pregnancy and that fetal death will
cause an abrupt decrease in placental progesterone production, resulting in rapid
expulsion of the the dead fetus (10). Indeed our results suggest that A glazioviana
causes abortion by killing the fetus through cardiac and/or neurological lesions induced
by the toxic principles in the plant crossing the placental barrier. Fetuses that would not
be aborted, would born weak due to the neurological and cardiac lesion; if not attended,
these lambs will die. In fact, one of our affected lambs had lesions clearly related to
congestive heart failure such as subcutaneous edema, hydrothorax and ascites.
Transplacental lesions in the bovine fetus induced by A glazioviana has also been
observed in cattle (12). So if the disease induced by A glazioviana in the fetus is the
same as that induced in adult animals (sheep and cattle) there is no reason to advocate a
different chemical as the cause for the abortions. As said before, the toxic principle of 4
glazioviana remains undetermined. However, the plant is recognized as ichthiotoxic
(13), and isoflavones are reportedly responsible for the ichthiotoxicity (14). Aqueous
and hydroethanolic extracts of leaves of 4 glazioviana injected in pregnant rats induced
increased fetal resorption, decrease in weight gain, and abortion (15,16).

The neurological lesion might be the major cause of the weakness observed in the
newborn lambs. However, this lesions appears to be reversible; this has been supected
in cattle (2) and sheep (5) and seems to be the case in one lamb of this study that
received nursing care and recovered. The histopathological changes in the brain (status
spongiosus) are strikingly similar to the ones seen in inborn errors of enzymatic
metabolism, such as as maple syrup urine disease in calves (17,18) and Canavan’s
disease in children (19); in intoxications like Helichrysum argyrosphaerum poisoning in
cattle, sheep, and goats (20,21), closantel poisoning in goats (22) and hepatic

encephalopathy in cattle (23). The histological myocardial changes are somewhat
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similar to those described for hypertensive cardiopathy (enlarged fibers, enlarged
hyperchromatic boxcar nuclei) and for the autossomally inherited hypertrophic
cardiomyopathy (hypertrophy, disarray of the myofibers) of human beings (24).

A similar disease to 4 glazioviana poisoning including abortions and heart failure
occurs in Brazilian cattle poisoned by at least two other plants, namely Tetrapterys
acutifolia and T multiglandulosa (25,26). In a feeding trial carried out in pregnant goats
fed T multiglandulosa to determined the pathogenesis of the abortions caused by this
plant (27) it was concluded that lesions in the placentomes (increased numbers of
apoptotical cells) were responsible for premature placenta detachment and fetal death
due to lack of placental support. We failed to observe any changes in the placenta of our
treated ewes that could not be matched by those found in the placenta of the control
ewe, and in other placentae of normal ewes we had so far examined, but one has to bare
in mind that we are dealing with different plants and different animal species. However,
aborted fetuses from cows poisoned by Tetrapterys spp reportedly have myocardial
lesions similar to those observed in our lambs (26). Thus, the pathogenesis of
Tetrapterys spp induced abortion in cattle might have similar pathogenesis as the one

described here.
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Table 1. The pathogenesis of reproductive failure induced in sheep by the ingestion of Ateleia glazioviana. Experimental design.

Ewe ID D of pregnancy when Daily amounts of plant  Number of d Total amount of plant Outcome
experiment started fed (g/kg/bw) fed fed (g/kg/bw)
1 90 30 1 30 Euthanatized
2 90 30 2 60 Euthanatized
4 90 30 2 60 Euthanatized
5 94 35 1 35 Euthanatized
6 94 35 1 35 Euthanatized
8 100 10 6 60 Euthanatized
9% 100 5 12 60 Euthanatized
10 118 18 2 36 Euthanatized
11 120 5 20 100 Euthanatized
12 120 2.5 24 60 Euthanatized
13% - - - - Euthanatized
14*e 91 30 2 60 Still alive
15% 110 30 2 60 Still alive
16* 110 10 6 60 Still alive
17* 110 5 12 60 Still alive
18* 110 2.5 24 60 Still alive
19 60 10 13 130 Euthanatized
20 80 10 17 170 Euthanatized

*Ewes fed the dried leaves of the plant. Control ewe; was not fed the plant and it was euthanatized 24 hours after lambing. {Stillbirth; e
mummified fetus. Ewe #20 was diagnosed by ultrasound as having fetal death and was euthanatized prior to abortion at 18 d after the start
of the experiment. Ewe # 3 and 7 died of unrelated causes before being fed the plant.
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Table 2. The pathogenesis of reproductive failure induced in sheep by the ingestion of Ateleia glazioviana. D of pregnancy in which
abortion, stilbirth or fetal mummification was observed in the ewes fed 4 glazioviana.

Ewe ID Gestational period (d) at the  Total amount of plant  Abortion (d after the start ID of aborted fetuses

start of the experiment fed (g/kg/bw) of the experiment)
1 90 30 10 FI1A and F1B
2 90 60 5 F2A and F2B
4 90 60 4 F4A and F4B
5 94 35 19 F5A and F5B
6 94 35 28 F6
8 100 60 21 F8A and F8B
14%* 91 60 36 F14 1
15* 110 60 22 F15
19 60 130 13 F19
20 80 170 18 F20A and F20B

*Ewes fed dried leaves of the plant. {fetal mummification; ewes #1, 2, 4, 5, 8 and 20 had twin pregnancies. Ewe #20 was diagnosed as
having fetal death by ultrasound and was euthanatized prior to abortion at 18 d after the start of the experiment.
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Table 3. The pathogenesis of reproductive failure induced in sheep by the ingestion of Ateleia glazioviana. Time of lambing for the
ewes fed 4 glazioviana.

Ewe  Total of plant D of pregnancy when Lambing (d after the start Number and ID of lambs delivered

ID fed (g/kg/bw) experiment started of the experiment)
9*1 60 100 38 L9
10 36 118 20 L10A and L10B
11 100 120 21 L11
12 60 120 25 L12
16* 60 90 60 L16A and L16B
17* 60 110 24 L17
18* 60 110 35 L18

*Ewes fed the dried leaves of the plant. Ewes #10 and 16 delivered twin lambs. ;The product of this ewe was a stillbirth.
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Table 4. The pathogenesis of reproductive failure induced in sheep by the ingestion of
Ateleia glazioviana. Type and intensity* of histopathological changes in the
myocardium of lambs born from ewes which were fed A glazioviana leaves.

Lamb ID Histopathological change
Enlargement of Nucleus enlarged, retangular ~ Fibrosis Necrosis
sarcoplasm or irregularly shaped
L9% 2 2 2 1
L10A 3 2 2 2
L10B 3 3 2 3
L11 2 2 3 2
L12 2 2 2 3
L16A 3 3 1 1
L17 3 3 2 2
L18 3 3 2 2

*Intensity of histopathological changes are indicate as 1, mild; 2, moderate; and 3,
marked; Istillbirth.
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Figure 1. The pathogenesis of reproductive failure induced in sheep by the ingestion of
Ateleia glazioviana. Lamb #17. Abdominal cavity. Ascites (40 ml) was observed at

necropsy. This lamb also had marked translucent subcutaneous edema.
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Figure 2. The pathogenesis of reproductive failure induced in sheep by the ingestion of
Ateleia glazioviana. Lamb #18. Gross aspects of the heart. A. The heart is enlarged and
has pale areas in the free wall of right ventricle (R). B. Transverse section of the heart,
pale areas can be observed in the myocardium. Observe marked thickening of the right

(R) and left (L) ventricles and of the septum (S).
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Figure 3. The pathogenesis of reproductive failure induced in sheep by the ingestion of
Ateleia glazioviana. Fetus #8A. Myocardium, histopathological aspects. There is an
extensive area of fibrosis with few myofibers remaining, in the borders of fibrotic area.

Hematoxilin and eosin, 200x.

Figure 4. The pathogenesis of reproductive failure induced in sheep by the ingestion of
Ateleia glazioviana. Myocardium, histopathological aspects. A. Control lamb of same
age as the one in B. Observe the regularly oriented myofibers and the normal sized and
shaped myofiber nuclei. B. Affected Lamb #17. The myofibers are marked thickened
and the nuclei are enlarged, irregularly shaped and some have a boxcar appearance.

Observe the disarray of myofibers. Hematoxilin and eosin, 200x.
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Figure 5. The pathogenesis of reproductive failure induced in sheep by the ingestion of
Ateleia glazioviana. Cerebellum, histopathological aspects. A. Control lamb of same
age as the one in B. Molecular layer (M), Purkinje cell layer (P), granule cell layer (G),
white matter of cerebellar folium (WM). B. Affected Lamb #17. In the white matter of
the cerebellar folium there are round or oval vacuoles of variable sizes producing

vesiculation of myelin sheaths (status spongiosus). Hematoxilin and eosin, 200x.
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CHRONIC CARDIOMYOPATHY AND CEREBRAL SPONGY CHANGES IN
SHEEP EXPERIMENTALLY FED WITH Ateleia glazioviana
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MSc, Fabiano N Oliveira DVM, Severo S Barros DVM and Claudio SL Barros
DVM, PhD
Laboratory of Veterinary Pathology of the Department of Pathology, Federal University
of Santa Maria (UFSM), 97105-900, Santa Maria, RS, Brazil

ABSTRACT. Fifteen mature crossbred sheep were fed different daily amounts (2.5-35
g/kg/bw) of the fresh green leaves of Ateleia glazioviana for different periods of time
(1-24 d). One sheep was not fed the plant and served as control. All 16 sheep were
euthanatized at different stages of the experiment, necropsied, and several organs,
including heart and brain were evaluated histologically. Fragments of 5 brain regions
from 3 affected sheep were evaluated by electron microscopy. Clinical signs observed
in 3 sheep included depression, anorexia, general weakness, staggering gait and
prolonged recumbency. One sheep had signs of congestive heart failure. Necropsy
findings included subcutaneous edema and cavitary edema in two sheep and nutmeg
liver in one. Histopathological findings included degeneration, necrosis and interstitial
fibrosis in the myocardium of 4 sheep and vacuolation of cerebral white matter (spongy
degeneration, status spongiosis) in 10 sheep, although this latter change were marked
only in two of those 10. The ultrastructure of the brain lesion was morphological
consistent with those found in diseases grouped as spongiform myelinopathies in which
vacuolation of the myelin occur in absence of significant myelin break down or
phagocytosis. The morphology and pathogenesis of the chronic cardiomyopathy and of
the cerebral spongy change in affect sheep in this experiment are discussed and

compared with other similar conditions in domestic ruminants.

Ateleia glazioviana (Leg Papilionoideae) is a native Brazilian tree 5-15 m in height

which is commonly found in woods and roadsides and invading pastures of southern
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Brazil (1). The plant is palatable and is readily consumed by cattle when green herbage
is scarce due to long periods of drought or overcrowding; shipment seems to be a
predisposing factor (2).

Heavy losses occur in cattle due to the ingestion 4 glazioviana and 3 clinical
manifestations have been associated with the toxicosis: (i) Abortions, (ii) a neurological
disease characterized by lethargy and occasional blindness, and (iii) heart failure
associated to sudden death or signs of chronic congestive right heart failure. Lesions in
the myocardium include degeneration and myocardial fibrosis (1).

Our Laboratory has a research line aimed to study various aspects of the morphology
and pathogenesis of the lesions induced by A4 glazioviana poisoning. The pathogenesis
of the abortions and other forms of reproductive failure associated with the ingestion of
A glazioviana in sheep were recently determined (3). We use sheep as an experimental
animal to reproduce the toxicosis because previous attempts to intoxicate laboratory
animals such as rabbits, mice, rats and guinea pigs have failed (4) and also because our
first attempts to use sheep as an animal model (4,5) indicated that this species is suitable
to study the pathogenesis of A glazioviana poisoning in ruminants. Recently the
spontaneous intoxication by 4 glazioviana was reported in sheep (6).

This experiment was conducted to study the morphology and pathogenesis of cardiac

and brain lesions induced in sheep by the ingestion of 4 glazioviana.

MATERIAL AND METHODS

Data on the experimental design are on Table 1. Sixteen crossbred adult female
sheep with average weights of 43 kg were identified by letters A-P, kept indoors in
barns of concrete floor and fed alfalfa hay and water ad [libitum throughout the
experiment. Fifteen of those ewes were fed daily amounts of 2.5 to 35g/kg/bw of the
fresh green leaves of A glazioviana for different periods of time (1-24d). One sheep (P)
did not received the plant and served as control. The 15 plant-fed sheep were killed by
exanguination after anesthesia with sodium pentobarbitone in different times after the
start of the experiment (ASE). The control sheep was killed in the same way at the end

of the experiment. Necropsy was performed in all 16 sheep. Samples of the heart, brain,
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lungs, liver and kidneys were fixed in 10% neutral formalin, embedded in paraffin,
sectioned at 6 um, stained with hematoxilin-eosin and evaluated histologically.

Samples of the heart were taken from the septum and from the free borders of righ
and left ventricles. To provide more controls for the study of the myocardial changes,
the hearts from eight sheep were collected at an abattoir known to slaughter sheep from
regions free of A glazioviana. These hearts were processed for histology and examined
in the same way as the other 16.

The whole brain was fixed in 1.5 L of 10% formaldehyde for two weeks and then
sectioned coronally at intervals of 0.5 cm for gross inspection. Five regions of the brain
were consitently processed for histology: (i) medulla at the level of obex, (ii) cerebellum
and cerebellar peduncles (i) mesencephalon at the level of rostral colliculi, (i) parietal
cortex and thalamus (i) frontal cortex and basal ganglia.

Myocardial and brain histological lesions were classified according to their degree of
intensity and distribution in the various sections examined. The degree of intensity of
histological lesions were classified as 0 (absent), 1 (mild), 2 (moderate) and 3 (severe).
The degree of intensity for each lesion was determined by the average of degrees
ascribed by each of three of the authors (CSLB, MBR and RRR) after a blind
independent histological examination.

Prior top formalin fixation of the brains of Sheep L, N and O, small fragments of all
the 5 selected brain areas were sampled in 2% glutaraldehyde in phosphate buffer (pH
7.4) for 2 h, postfixed in 1% osmium tetroxide buffered in a 0.4 M sodium cacodylate
(pH 7.4) and embedded in Epon 812. Semithin sections were stained with methylene
blue. Ultrathin sections were stained with lead citrate and uranyl acetate and examined

with EM 109 Zeiss electron microscope.

RESULTS
Clinical signs
All sheep were killed 3-40 d ASE. Clinical signs were observed only in sheep (J, L-
O) that were fed amounts of the plant equal to or higher than 60g/kg/bw for periods
equal to or higher than 9 d. The time for appearance of the clinical signs ASE was 4 d-2

w. Clinical signs started as depression and loss of appetite and progress to weakness,
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staggering gait and prolonged periods of recumbency. Sheep O presented muffled
cardiac sounds, dyspnea, ascites and groaning 7 d before euthanasia. Sheep J and L
recovered from clinical signs and were clinically normal when euthanatized respectively
40 and 11 d ASE. The clinical signs in sheep M-O remained until they were
euthanatized, respectively 22, 18 and 37 d ASE with advanced clinical signs.

Necropsy findings

Gross lesions were observed only at necropsies of Sheep N and O and were
consistent with congestive (right) heart failure. There were subcutaneous transluscent
gelatinous edema, hydropericardium (respectively 15 and 55 ml), hydrothorax
(respectively 300 and 1,200 ml) and ascites (respectively 2-10 L) (Fig 1). There were
firm, irregular white or yellow areas in the myocardium which were more evident on the
cut surface of the heart (Fig 2). The liver of Sheep O was firm, dark red and had a

nutmeg aspetc in the cut surface.

Histopathology

Other than the centrolobular congestion, hepatocellular fat degeneration and necrosis
(secondary lesion to heart failure) observed in the liver of Sheep O, the
histopathological changes were restrict to the heart and brain.

Histopathologic changes observed in the myocardium will be presented in two
groups: (i) those occurring only in sheep that were fed 4 glazioviana (n=15) and (i1)
those found both in the hearts of experimental sheep receiving the toxic plant and in the
control hearts (n=24).

Lesions observed exclusively in the myocardium of sheep fed A glazioviana were
observed only in four sheep (I, L, N, O). Early lesions in this group were characterized
by swollen of myofibers with finely granular sarcoplasm, loss of cross striations and
paleness (rarefaction of myofibrils) in the perinuclear region. The nucleus of affected
cardiac myofibers had 2-3 times the size observed in the nucleus of control hearts and
were vesicular, round, oval or elongated, occasionally with indentations which
conferred a convoluted aspect to the nuclear membrane. Frequently two or more nuclei

could be seen in close proximity in the same myofiber (Fig 3).
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In more advanced lesions there was partial or complete loss of cytoplasm, remaining
only the collapsed basal laminas in the middle of a condensed interstitial stroma.
Subsequently large areas of fibrosis replaced large groups of lost cardiac myofibers
(Figs 4 and 5). In 2 cases (Sheep N and O) there were marked hyaline necrosis with
calcification of cardiac myofibers. Some of these fibers could be invaded by
inflammatory cells and abortive fiber regeneration associated to multinucleated giant
cells was occasionally observed. The degree of intensity and distribution of this lesions
in the 7 affected sheep are presented in Table 2.

Histological changes observed equally in the hearts of plant fed sheep as in the hearts
of control sheep consisted of eosinophilia of sarcoplasm and nuclear picnosis; these
changes could be seen in isolated fibers or as in clusters of degenerated fibers which
were occasionally associated to mild to moderate mononuclear inflammatory infiltrate
and fragments of necrotic fibers (floccular necrosis). Sarcocystis sp were found in all
sections of myocardium examined; they appeared in the sarcoplasm of cardiac
myofibers, within Purkinje fibers and, occasionally, within the cytoplasm of endothelial
cells. Cysts were 20-200 um in diameter and contained numerous 4-8 um, basophilic,
elyptical or banana-shaped tachyzoites. Frequently the protozoa were associated with
clusters of degenerate, necrotic fibers and inflammatory infiltrate.

No lesions were found in the brain of Sheep A-C, F, H and in the control sheep.
Lesions found in Sheep D-K and M were rather mild or minimal. Brain lesions were
moderate to severe in Sheep L, N and O. The main histopathological changes found in the
brain of affected sheep were widespred spongy degeneration (status spongiosis) which
varied from mild to severe. Lesions were symmetrical and most conspicous, in decreasing
order of frequency, in the telencephalic subcortical white matter adjacent to lateral
ventricles, in the mesencephalon at the level of rostral colliculi, in the peripheral white
matter of thalamus, in the white matter of cerebellar peduncles, in the white matter of
cerebellar medullae and in the internal capsule interposed between the basal ganglia. No
spongy lesions were found in the medulla oblongata. The vacuoles in the neuropil were
round to oval or elongated, uni- or multilocular, with 5-40 pm in diameter (Fig 6).
Coalescence of vacuoles was frequent. In sheep with mild spongy changes only a few

small vacuoles were seen in the white matter of thalamic optic tracts. There was no
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evidence of either axonal or myelin degeneration nor of inflammation. The severity and

distribution of spongy degeneration in the brain of affected sheep are presented in Table 3.

Ultrastructural findings

The ultrastructure of these vacuoles consisted of empty spaces located in the outer
portions of myelin sheaths (Fig 7). These empty spaces were formed by the splitting of
myelin sheaths at the intraperiod lines (Fig 8). The empty spaces were surrounded by

few myelin lamellae.

DISCUSSION

In this experiment the clinical signs (CS) induced in sheep by the feeding of A
glazioviana were characterized by chronic congestive heart failure and neurological
disturbances. Pathological lesions consisted of chronic degenerative cardiomyopathy
and spongy degeneration of the white matter of the brain. Those lesions are remarkable
similar to those found in cattle (1) and sheep (6) in the spontaneous intoxication by A
glazioviana.

CS were observed only in 5 sheep of this experiment fed large total amounts
(260g/kg/bw) of the plant for long periods of time (< 9 d). Large single dosis can cause
abortion in pregnant sheep (3) or nervous signs (5), but it seems that if the feeding is
discontinued remission of CS occurs. Myocardial lesions occurred only in sheep fed
smaller amounts of the plant (10 g/kg/bw) for 6-20 d totalling 60-200 g/kg/bw of A
glazioviana. Considering the data of this and of other experiments (5) with A4
glazioviana in sheep and also considering observations on the spontaneous disease in
cattle (1,2) it is apparent that ruminants which consume large amounts of 4 glazioviana
for short periods of time develop the nervous form of the disease which can be fatal, but
which, if the ingestion is discontinued, are potentially reversible. Smaller amounts
ingested for longer periods of time induce chronic cardiomyopathy and heart failure
which is eventually fatal.

Two sheep in this experiment had CS of heart failure. The myocardial lesions related

to the administration of 4 glazioviana to sheep in this experiment consisted of pale and
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firm areas in the myocardium. In the light microscopical examination, these pales areas
corresponded to degenerated/necrotic, occasionally mineralized myocardial fibers and
interstitial fibrosis. The intensity of myocardial lesion was the same in all the 3 regions
of the heart examined, differently from what is reported by others (5) which
doccumented more severe lesions in the left ventricle and atria.

It seems that the first change observed in the myocardium by light microscopy is
swelling of the myofiber and loss of eosinophilia (paleness) around nuclei of myocardial
fibers. Our observations based on light microscopic examination suggest the following
sequence of events: sweelling of the myocardial fibers progresses to destroy the
sarcoplasm turning the myofiber in an empty tube limited only by the sarcolemma
which eventually collapses. When the myocardium is histologically examined at this
stage, one can observe multifocal pale areas (less eosinophilic) which correspond to
areas of fiber loss and passive fibrosis. As time goes by, fibrosis may dominate the
histological picture. Hyaline and floccular necrosis of cardiac myofiobers were
observed frequentely in our cases. These changes were occasionally associated with
inflammatory events and abortive attemps in regeneration (invasion of the sarcolemmal
tube by inflammatory cells, multinucleated giant cells). It was not possible to determine
whether these lesions were advanced stages of the previously described events or
whether they were independent events. The early myocardial lesions in sheep
experimentally fed 4 glazioviana are compatible with changes described as colliquative
myocytolysis (7) and the ultrastructural aspects of these lesions are referred as
myofibrilar degeneration (5,8). However these changes are non-specific and may be
caused by several agents. In cases of degeneration/necrosis of the myocardium there
have been attempts to relate certain responses of myofibers to the injury from different
agents, but a conclusive association of this kind remain ellusive (7).

The gross and microscopical lesions observed in the myocardium of sheep from our
study are qualitatively the same as described in several spontaneously occurring toxic
and nutritional cardiomyopathies induced in domestic ruminants by the ingestion of
plants such as A glazioviana (1), Tetrapterys acutifolia and T multiglandulosa (9-11),

Pachystigma pygmaeum, P thamnus, Pavetta harborii, P schumaniana, Fadogia
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monticola (12) and Acacia georginae (13), by toxic chemicals as ionophore antibiotics
(14,15) or by nutricional deficiences such as Selenium and/or vitamina E (16).

Some of the histopathological changes observed in the myocardium of sheep from
this experiment occurred both in plant fed sheep and in controls. A secure knowledge of
these non-specific incidental lesions and histological artifacts to which the myocardium
is prone is essencial for the recognition of true and significant myocardial lesions.
Incidental findings observed in all 24 hearts examined (of which nine were controls)
consisted of eosinophilic fibers associated with inflammatory foci and protozoal cysts
(Sarcocystis sp). These cysts are common in skeletal and cardiac muscles of ruminants
(7). In this experiment inflammatory foci, related or not to myofiber necrosis, occurred
both in treated and control sheep and are common incidental findings in domestic
ruminants (17). Sarcocystis spp are potential causes of focal myocarditis in cattle and
sheep (7, 18) and it is described that degenerated protozoal cysts occur associated with
focal non-suppurative myocarditis (7). Although Sarcocystis sp is likely to be the cause
of the focal myocarditis observed in sheep of this experiment, we were unable to
demonstrate intralesional fragments of degenerate cysts by the routine histological
techniques employed here. Eosinophilic fibers are described in cases of acute cardiac
failure but are also found in equal numbers of hearts from healthy sheep (17) and is
probably that in both intances these findings are actually contraction artifacts caused by
fixation (7). As eosinophilia of cardiac myofibers is described as an early myocardial
lesion in ischemia (7) or caused by action of cathecolamines (15) it is important to
included sufficient numbers of controls to allow accurate histological evaluation of
myocardium in suspected toxic cardiomyopathies.

It is argued wether the myofiber degeneration is caused by the action of the parasite
or alternatively the degeneration of myofiber releases bradyzoites to the interstitium
where they would no longer be protected from the host immune system and would incite
inflammation (19). This suggest the interesting possibility that toxic induced muscle
lesions could be amplified by this mechanism.

Neurological signs were observed in 3 sheep fed A glazioviana. These included
depression, loss of appetite, weakness, staggering gait and prolonged periods of

recumbency. Similar signs have been described in spontaneous and experimental
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poisoning A4 glazioviana in cattle (1,2) and in sheep (5,6). In 4 glazioviana poisoning in
cattle (1) these neurological signs have been atributed to spongy degeneration (stafus
spongiosis) of the white matter of the brain and has been suggested that this lesion is
potential reversible (1,2). Histologic lesions of spongy degeneration were observed in
the brains of 10 out 15 sheep fed A glazioviana. These lesions were minimal or very
mild in 8 of those sheep and moderate or severe in 2 sheep of this study.

The type of histological lesion described in the brain of our sheep can be classified
within the group of myelinopathies (20) which are non-inflammatory conditions of the
central or peripheral nervous system in which the primary event relates to some disorder
of myelin formation, maintenance or stability and includes several subcategories (21).
The condition observed in the sheep of this study falls in the subcategory known as
spongiform myelinopathy in which the dominant pathological feature is vacuolation of
myelin in absence of significant degree of myelin breakdown or phagocytosis (20). The
vacuolation observed by light microscopy in this condition are referred to as spongy
degeneration or status spongiosis and may result from vacuolation within processes of
the neuropil, vesiculation of myelin sheaths or swelling of astrocytes or
oligodendrocytes (22). The specific morphological basis for the spongy change can only
be determined by electron microscopy. Most of the times the spongy changes result
from intramyelinic vacuolation caused by splitting of myelin lamellae along the
intraperiod line producing empty vacuoles lined by myelin lamellae (23); the
ultrastructural findings in the brain of sheep in this study indicate that intramyelinic
vacuolation is the case in A4 glazioviana poisoning.

The morphology and distribution of the light microscopic changes of status
spongiosis observed in sheep of this study are rather similar to those induced in the
ruminant brain by other poisonous plants such as Helichrysum argyrosphaerum in sheep
and goats (24), Ornithogalum saundersiae and O prasinum in cattle (25) and chemicals
compounds such as the antiparasitc closantel and rafoxanide in sheep and goats (26).
Cerebral spongy degeneration in ruminants has also been described as a condition
secondary to chronic and diffuse liver disease (hepatic encephalopathy) from several
causes, such as Senecio spp (27,28) and Crotalaria spp (29) poisoning in cattle and

chronic copper toxicosis in sheep (30).
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It is interesting to note that myocardial lesions and the cerebral spongy degeneration
similar to the ones found in sheep of this study to the ones described in adult sheep and
cattle with spontaneous A4 glazioviana poisoning were reproduced in the fetus of
pregnant ewes experimentally fed with 4 glazioviana (3); this lesions are responsible for
death of the fetus and abortion, stillbirth or deliverance of weak lambs that die soon
after birth.

The active principle of 4 glazioviana remains undetermined. However the plant is
known to be icthyotoxic (31) and isoflavones are reportedly responsible for this effect
(32). Furthermore, aqueous and hydroethanolic extracts of the leaves of 4 glazioviana
induced increased fetal resorption, decreases in weight gain, and abortion when injected

in pregnant rats (33,34).
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Table 1. Ateleia glazioviana poisoning in sheep. Experimental design.

Sheep  Daily amounts of Number of daily Total amount of D of
plant fed (g/kg) feedings plant fed (g/kg) euthanasia*

A 30 1 30 12
B 35 1 35 20
C 35 1 35 29
D 18 2 36 23
E 30 2 60 6

F 30 2 60 3

G 30 2 60 5

H 20 3 60 4

I 10 6 60 23
J 5 12 60 40
K 2.5 24 60 26
L 10 9 90 11
M 5 20 100 22
N 10 17 170 18
O 10 20 200 37

*D after the beginning of the trial. All sheep and were killed by exanguination after

anesthesia with sodium pentobarbitone.
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Table 2. Degree of intensity and distribution of microscopic lesions found exclusively in the

myocardium of sheep experimentally fed Ateleia glazioviana.

Sheep Septum Free border of righ Free border of left ventricle
ventricle
I 2 2 2
L 2 1 2
N 3 3 3
@) 2 3 2

No histopathological findings related to the ingestion of the plant were found in sheep A-H, J,
K and M and in the control.

Table 3. Degree of intensity and distribution of microscopic lesions found in the brain of

sheep fed A glazioviana.

Sheep Ce CePe Mes PCort. Thal FCort BG
D 1 0 1 1 1 1 0
E 0 1 1 NE 1 0 0
G 0 0 1 1 1 0 NE
I 0 0 1 1 1 1 0
J 1 0 0 1 1 0 0
K 1 0 1 1 1 1 0
L 0 2 2 0 1 0 0
M 0 0 1 1 0 1 0
N 2 2 1 1 1 0 0
O 3 3 3 2 NE 2 2

No lesions were found in the brain of Sheep A-C, F, H and in the control sheep. Abreviations
used: Ce = cerebellum, CePe, cerebellar peduncles, Mes, mesencephalon at the level of
rostral colliculi, PCort = parietal cortex, Thal = Thalamus, FCort = Frontal cortex, BG, basal
ganglia. 0 = absence of lesion, 1 = mild lesion, 2 = moderate lesion and 3 = severe lesion. NE

= not examined.
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Figure. 1. Experimental Ateleia glazioviana poisoning in sheep. Necropsy findings.

Abdominal cavity. Ascites.

Figure 2. Experimental Ateleia glazioviana poisoning in sheep. Necropsy findings.

Heart. Firm, irregular white or yellow areas were observed on the cut surface.
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Figure 3. Experimental Ateleia glazioviana poisoning in sheep. Histopathology.
Myocardium. There are two marked enlarged round nuclei in close proximity within the
same myofiber. The two longitudinal oriented clear spaces seen above and below

represent areas of sarcoplasma loss in two adjacent myofiber. HE, X 400.

Figure 4. Experimental Ateleia glazioviana poisoning in sheep. Histopathology.
Myocardium. Large areas of fibrosis as the one shown here represent advanced lesions
where fibrovascular tissue replaced large numers of lost cardiac myofibers. Such lesions

were associated with clinical signs of cardiac heart failure. HE, X 200.
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Figure 5. Experimental Ateleia glazioviana poisoning in sheep. Histopathology.
Myocardium. Cross section of a similar lesion as the one shown in the previous figure.

HE, X 200.

Figure 6. Experimental Ateleia glazioviana poisoning in sheep. Histopathology.
Cerebrum. Vacuolation of the white matter of the telencephalic subcortical white matter

at the level of the parietal lobe. HE, X 200.
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Figure 7. Experimental Ateleia glazioviana poisoning in sheep. Transmission electron
microscopy. Cerebrum. There is intramyelinic vacuolation (arrow) and distension of

extracellular space. Bar = 10 pm.

Figure 8. Experimental Ateleia glazioviana poisoning in sheep. Transmission electron
microscopy. Cerebrum. A higher magnification illustrates splitting of myelin lamella at

the intraperiod line. Bar = 5 nm.
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5 DISCUSSAO GERAL

Toxinas de plantas com acdo transplacentaria ¢ eliminacdo no leite podem
afetar o embrido, o feto e o recém-nascido. Muitos desses eventos t€ém importancia
econdmica significativa. No Brasil, hd aproximadamente 70 espécies de plantas de
interesse pecudrio (Tokarnia et al., 2000). Dessas, trés sdo reconhecidas por produzirem
miocardiopatias, i.¢, Ateleia glazioviana (Gava & Barros, 2001), Tetratpterys acutifolia
e T. multiglandulosa (Tokarnia et al., 2000; Melo et al., 2001); pelo menos cinco, i.€, 4.
glazioviana (Stolf et al., 1994), Tetratpterys acutifolia, T. multiglandulosa (Tokarnia et
al., 2000; Melo et al., 2001) Stryphnodendron obovatum (Tokarnia et al., 2000) e
Aspidosperma perycollum (Riet Correa et al., 2003) provocam abortos em animais de
producdo. No caso especifico de A. glazioviana, a doenga provocada em bovinos pela
ingestdo da planta consiste de trés manifestagdes clinicas que, juntas, sdo responsaveis
por grandes perdas econdmicas. As trés manifestagdes clinicas principais da intoxicacao
por A. glazioviana incluem abortos (com morbidade de até 45%) e outras formas de
falha reprodutiva, insuficiéncia cardiaca e distarbios neuroldgicos (Gava & Barros,
2001). Os detalhes dessas manifestagdes clinicas foram apresentadas na Revisdo da
Literatura.

Este trabalho discute as bases morfoldgicas e a patogénese da intoxicagdo por
A. glazioviana. Foram usados ovinos para a reprodu¢do experimental da doenca com a
presuncao de que as alteracdes encontradas nessa espécie possam ser extrapoladas para
a doenca espontanea em bovinos e ovinos. Os sinais clinicos e as lesdes na intoxica¢ao
experimental em ovinos (Stigger et al., 2001) sdo muito semelhantes aos da intoxicagdo
espontanea por 4. glazioviana em bovinos (Gava & Barros, 2001) e ovinos (Gava et al.,
2003). Na insuficiéncia cardiaca, observa-se miocardiopatia cronica com perda de
miofibras por necrose e fibrose passiva e de substituicdo. A manifestagdo neurologica
estd associada a degeneracdo esponjosa do encéfalo, mas hd poucos dados sobre a
patogénese e bases morfologicas do aborto, embora experimentos recentes com A.

glazioviana em vacas prenhes (Garcia y Santos, 2003) indiquem que as lesdes
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encontradas nos casos espontaneos em adultos sejam reproduzidas nos fetos por acao
transplacentaria da planta.

O presente estudo foi conduzido para testar em ovinos os seguintes aspectos da
intoxicacdo por A. glazioviana: (1) as propriedades abortivas da planta, a patogénese
dos abortos e da falha reprodutiva e (2) morfologia e patogénese das lesdes cardiacas e
encefélicas. Os resultados obtidos nestes experimentos encontram-se discutidos nos
trabalhos que resultaram desses experimentos (Raffi ez al., 2004 a,b) e que se encontram
anexados a essa tese e referenciados ao final.

Algumas das duvidas geradas por experimentos anteriores e relacionadas com
o item 1 eram as seguintes: (a) Os ovinos sdo suscetiveis aos efeitos de A. glazioviana?
(b) A planta seca perde seus efeitos toxicos em relagdo a produgdo de abortos? (c) O
principio ativo que causa abortos ¢ diferente do que produz lesdes nos casos
espontaneos em animais adultos? (d) Qual a patogenia do aborto produzido pela
ingestao de A. glazioviana?

Experimentos relacionados anteriormente com A. glazioviana em ovinos (Leite
et al., 2002) sugeriram que ovinos poderiam ndo ser susceptiveis ou poderiam
apresentar baixa susceptibilidade aos efeitos abortivos de A. glazioviana. Os resultados
deste experimento (Raffi ef al., 2004a) esclarecem que ovinos sdo até mais suscetiveis
que bovinos aos efeitos de A. glazioviana sobre a gestagdo e que a planta induz, em
ovinos, abortos, mumifica¢do fetal, natimortos ou produgdo de cordeiros fracos que
morrem poucas horas apos o nascimento. Neste estudo, o efeito negativo da planta sobre
a performance reprodutiva de ovelhas incluiu perda da gestagdo em 10 de 17 ovelhas
(58,8%); seis ovelhas pariram cordeiros fracos, sete dos quais morreram até 48 horas
apos o nascimento e uma ovelha pariu um natimorto. Isso d4 uma idéia do sério
problema econdmico que pode advir da falha reprodutiva induzida pela ingestdo de A.
glazioviana em bovinos e ovinos no noroeste do Rio Grande do Sul e oeste de Santa
Catarina. Recentemente foi relatado um surto espontdneo de aborto em ovinos
relacionado a ingestdo de 4. glazioviana (Gava et al., 2003).

Em experimentos anteriores com ovinos (Stigger et al., 2001; Leite et al.,
2002), a administracao de folhas secas de 4. glazioviana nao causou aborto em duas

ovelhas prenhes utilizadas, uma em cada experimento. Isso gerou a suspeita de que a
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planta seca perdesse sua acdo abortiva, mantendo sua acao sobre o miocardio e tecido
nervoso, uma vez que lesdes cardiacas e encefélicas foram encontradas nas ovelhas que
abortaram. Isso gerou também a idéia que existiam dois principios ativos em A.
glazioviana, um que provocava o aborto € outro que provocava a miocardiopatia e a
degeneracdo esponjosa. Esses experimentos, no entanto, ndo foram delineados para o
estudo dos abortos, o numero de ovinos prenhes usados foi reduzido, ovinos prenhes
fizeram parte dos experimentos de forma acidental e em nenhum dos casos os tecidos do
feto foram examinados. Os dados do nosso experimento (Raffi et al., 2004a)
demonstram claramente que a planta mantém a capacidade de causar aborto e outras
formas de falha reprodutiva até trés meses apds a secagem; neste experimento, seis
ovinos que receberam a planta seca abortaram ou pariram cordeiros fracos que
morreram logo apos o nascimento. Esse fato tem importancia epidemioldgica nos surtos
espontaneos, pois ovinos € bovinos podem se intoxicar pela ingestdo de folhas de 4.
glazioviana que caem ao chao no outono.

Quanto a suspeita de que hé diferentes principios em A. glazioviana, um
causando abortos e outro causando a doencga cardiaca e neuroldgica, os dados de nosso
experimento ndo incluiram métodos quimicos que permitam confirmar ou negar com
seguranga essa hipotese. Mas ¢ muito pouco provavel que existam dois principios
ativos. Uma forte razdo para refutar a teoria dos dois principios ativos ¢ que, neste
experimento (Raffi er al., 2004a), as lesdes induzidas in utero e demonstradas mais
claramente em um feto, 7 cordeiros ¢ um natimorto sdo notavelmente semelhantes as
observadas na doenga espontanea em bovinos e ovinos adultos (Gava & Barros, 2001;
Gava et al., 2003). Nao seria logico, portanto, supor que um principio ativo diferente
produzisse o aborto através de lesdes virtualmente idénticas as produzidas pela planta
em adultos. Nossa conclusdo, portanto, com base nessas evidéncias circunstanciais, €
que héa apenas um principio ativo que causa miocardiopatia, degeneragdo esponjosa €
abortos.

Quanto a resposta ao quarto item, a nossa hipdtese era de que ingestdo da
planta provoca aborto pela intoxica¢dao e morte do feto por via transplacentaria. Sabe-se
que ovinos nao dependem do corpo amarelo para manter a gestacao e que a morte fetal

causa um decréscimo abrupto na producao de progesterona pela placenta resultando em
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rapida expulsdo do feto morto (McCue & Troedsson, 2002). Os resultados de nosso
experimento (Raffi et al, 2004a) demonstram que A. glazioviana causa aborto pela
morte do feto. Mais ainda, que essa morte ¢ provocada pela indugdo transplacentaria de
miocardiopatia degenerativa com fibrose e degeneracdo esponjosa cerebral no feto.
Fetos que ndo morrem nao sdo abortados, mas nascem fracos devido as lesdes cardiacas
e neuroldgicas e ndo resistem por muito tempo no ambiente apos o nascimento. Lesdes
transplacentarias causadas por 4. glazioviana no feto bovino ja haviam sido observadas
(Garcia y Santos, 2003). O principio toxico de A. glazioviana permanece indeterminado.
A planta tem sido reconhecida como ictiotoxica (Ortega & Schenkel, 1987). Extratos
aquosos ¢ hidroetanolicos das folhas de A. glazioviana induziram aumento da
reabsor¢do fetal, decréscimo de ganho de peso e abortos quando injetados em ratas
prenhes (Langeloh et al., 1992; Marona et al., 1992).

As alteracdes histopatolodgicas (status spongiosus) encontradas nos cérebros
dos cordeiros cujas maes foram intoxicadas por A. glazioviana sdo comparaveis as
lesdes encontradas em erros hereditarios do metabolismo, como ¢ o caso da “doenga da
urina de xarope de bordo” (maple syrup urine disease) em bezerros (Harper et al., 1986;
Baird et al., 1987) e da doenga de Canavan em criangas (De Girolami et al., 1999).
Essas alteracdes sdao também comparaveis as observadas em intoxicagdes por plantas
como Helichrysum argyrosphaerum (Basson et al., 1975; Van der Lugt et. al., 1996) e
por substincias quimicas, como os anti-helminticos closantel e rafoxanida (Van der
Lugt & Venter, 2002) em ovinos ¢ cabras; status spongiosus, como foi observado nos
fetos de nosso experimento (Raffi et al., 2004a), ocorre também na encefalopatia
hepética associada a doenca cronica do figado, como na intoxica¢do por espécies de
Senecio (Finn & Tennant, 1974; Barros et al., 1992) e Crotalaria em bovinos (Van der
Lugt et al., 2002b) e na intoxicagdo por cobre associada a intoxicagao por Senecio spp
em ovinos (Ilha ef al., 2001). As lesdes histologicas observadas no miocardio dos fetos
em nosso experimento guardam certa semelhanca com o que ¢ descrito em cardiopatias
de ocorréncia em seres humanos, como a cardiopatia hipertensiva (aumento de volume
das fibras cardiacas, nicleos aumentados de volume e retangulares) e a miocardiopatia
hipertréfica de fundo genético autossomico (hipertrofia, desorganizagdao das miofibras)

(Jennings & Steenbergen, 2001).
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Quanto as lesdes cardiacas e encefalicas, as nossas conclusdes sao de que a
morfologia e a patogénese dessas alteracdes sdo as mesmas tanto para as alteracdes
induzidas no cérebro do feto (Raffi ez al., 2004a) como para o ovino adulto (Raffi et al.,
2004b).

A doenca induzida por A. glazioviana em ovinos adultos (Raffi e al., 2004b)
foi caracterizada por insuficiéncia cardiaca congestiva e disturbios neuroldgicos. As
alteracdes histopatologicas consistiram de miocardiopatia cronica e degeneragdo
esponjosa da substancia branca do cérebro. Essas lesdes sdo idénticas as encontradas na
intoxicagao espontanea por 4. glazioviana em bovinos (Gava & Barros, 2001) e ovinos
(Gava et al., 2003) adultos. Os dados desse experimento (Raffi et al., 2004b) sugerem
que animais que consomem grandes quantidades de A. glazioviana por periodos curtos
desenvolvem uma doenga neuroldgica que pode ser fatal, mas que, se a ingestdo ¢
interrompida, pode ocorrer remissdo. Pequenas quantidades da planta ingerida por
longos periodos de tempo induzem miocardiopatia cronica. Dados desse e de outros
experimentos (Stigger et al., 2001) e da observa¢do de casos espontaneos (Gava &
Barros, 2001) sugerem que a doenca cardiaca quase sempre ¢ fatal.

A lesdao miocardica relacionada a ingestdo de A. glazioviana nesse
experimento (Raffi et al., 2004b) consistiu de areas palidas e firmes no miocardio. Ao
exame no microscopio de luz, essas areas palidas correspondiam a degeneracdo e
necrose das miofibras cardiacas e a fibrose intersticial. A intensidade da lesdo era a
mesma em todas areas cardiacas examinadas, ao contrario do que havia sido observado
em trabalho anterior (Stigger et al., 2001). Nossas observacdes, baseadas no exame em
microscopia de luz, sugerem a seguinte seqiiéncia de eventos: a tumefacdo das fibras
miocardicas progride para a dissolu¢do do sarcoplasma; a fibra resulta num tubo vazio
limitado por sarcolema e acaba colapsando. Quando o miocardio ¢ examinado ao
microscOpio nesse ponto, podem-se observar areas palidas (menos eosinofilicas) que
correspondem a areas de perda de fibras e fibrose passiva. Com o passar do tempo, a
fibrose pode predominar no quadro histologico.

Os aspectos macroscopicos € microscopicos observados no miocardio dos
ovinos desse estudo (Raffi e al., 2004b) sdo qualitativamente os mesmos descritos para

outras miocardiopatias toxicas ou nutricionais de ruminantes. As miocardiopatias
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toxicas incluem a intoxicagdo pelas plantas Tetrapterys acutifolia e T. multiglandulosa
(Tokarnia et al., 1989a; Peixoto et al, 1995; Tokarnia et al, 1990), Pachystigma
pvgmaeum, P. thamnus, Pavetta harborii, P. Schumaniana, Fadogia monticola
(Kellerman et al., 1988) e por antibidticos inondforos (Barros, 2001a; Bastianello et al.,
2001); as causas nutricionais incluem a deficiéncia de selénio e vitamina E (Barros,
2001b).

Os sinais clinicos neuroldgicos observados em ovinos adultos intoxicados por
A. glazioviana (Raffi et al., 2004b) incluiram depressdo, anorexia, fraqueza, andar
cambaleante e periodos prolongados de decubito, que sdo semelhantes aos da doenga
espontanea observada em bovinos (Gava & Barros, 2001; Gava et al., 2001) e ovinos
(Gava et al., 2003). Histologicamente, status spongiosus foi observado no cérebro de 10
de 15 ovinos que receberam A. glazioviana nesse estudo (Raffi et al., 2004b). Pelo
exame ultra-estrutural realizado no cérebro dos ovinos deste experimento, as lesdes
foram classificadas no grupo das mielinopatias (Van der Lugt, 2002) que sdo condi¢des
ndo-inflamatorias do sistema nervoso central ou periférico nas quais o evento primario
esta relacionado com um distarbio na formacao, manuten¢do ou estabilidade da mielina
e inclui varias subcategorias (Jubb & Huxtable, 1993). A condi¢do observada nos
ovinos de nosso experimento, podem ser classificadas na subcategoria conhecida como
mielinopatia espongiforme, na qual o aspecto patolégico dominante ¢ a vacuolizagdo
sem degradacdo significativa ou fagocitose da mielina (Van der Lugt, 2002). Quando
observada na microscopia de luz, essa alteracdo ¢ denominada degeneragdo esponjosa
ou status spongiosus (Summers et al., 1995) e pode resultar de vacuolizacdo nos
processos localizados na neurdpila, vacuolizacdo da bainha de mielina ou pela
tumefacdo de astrocitos e oligodendrocitos (Adornato & Lampert, 1971). A alteragdo
especifica responsavel pela degeneragdo esponjosa pode ser determinada apenas pela
ultra-estrutura (Summers et al., 1995). Os achados ultra-estruturais encontrados no
cérebro dos ovinos desse experimento (Raffi ef al., 2004b) indicam que a vacuoliza¢do

intramielinica ¢ a causa da degeneracdo esponjosa na intoxicacao por 4. glazioviana.
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6 CONCLUSOES

1. Ovinos sdo suscetiveis a intoxicagao por Ateleia glazioviana.

2. Abortos e outras manifestagdes de falha reprodutiva sdo produzidos tanto

pela planta verde como pela seca armazenada por até trés meses.

3. Falha reprodutiva induzida experimentalmente em ovinos inclui abortos,

mumificacdo fetal, natimortos ¢ nascimento de cordeiros fracos.

4. Ateleia glazioviana provoca aborto pela intoxicacdo e morte do feto por via

transplacentaria.

5. Lesdes produzidas no feto pela agdo transplacentaria de Ateleia glazioviana
incluem miocardiopatia cronica e degeneragdo esponjosa da substincia branca do

encéfalo.

6. As alteragdes produzidas por Ateleia glazioviana no miocéardio e encéfalo
sdo as mesmas para fetos e animais adultos e, portanto, causadas pelo mesmo principio

toxico.
7. As alteragdes produzidas por Ateleia glazioviana no miocardio do feto
ovino induzem insuficiéncia cardiaca congestiva em cordeiros recém-nascidos,

semelhante a observada na doenga espontanea em bovinos adultos.

8. A alteracdo esponjosa observada no encéfalo dos ovinos ¢ uma mielinopatia

espongiforme causada por vacuolizagdo intramielinica.
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