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RESUMO

A infeccdo pelo lentivirus “Caprine arthritis-encephalitis virus” (CAEV) causa doenca
progressiva cronica caracterizada por artrite, lesdes no tecido linféide, sistema nervoso e
em outros 6rgaos, e o processo clinico é marcado por perda de peso, fragilidade e morte do
animal. No Brasil, a infeccdo pelo CAEV, vem sendo considerada um problema de satide
publica que envolve vérios rebanhos de caprinos do pais. O presente estudo tem como
objetivo avaliar o efeito da infec¢do pelo CAEV sobre o colesterol, fosfolipidios e
triglicerideos do plasma de caprinos de Pernambuco / Brasil. O plasma dos animais de
diversos rebanhos foi analisado por método de imunodifusdo em agar gel para detectar a
presenca de anticorpos para o lentivirus CAEV. Foram selecionados animais infectados
pelo CAEV, sem sintomatologia clinica. Animais do grupo controle foram selecionados de
rebanhos sauddveis da mesma regido e com similar manipulacdo. Lipoproteina de alta
densidade (HDL) plasmaética foi isolada por precipitacdo seletiva das lipoproteinas de baixa
(LDL) e muito baixa densidade (VLDL) com acido fosfotungstico (1,4 mmol/L) e MgCl
(53 mmol/L). Colesterol livre e esterificado, bem como, as subclasses de fosfolipidios
foram separados por cromatografia em camada fina. Colesterol total e da HDL (HDL-C),
bem como, triglicerideos do plasma foram quantificados por ensaios enziméticos, enquanto
o colesterol das lipoproteinas VLDL e LDL (VLDL-C e LDL-C) foi determinado pela
Equacao de Friedwald. Os fosfolipidios totais e subclasses foram analisados por método
quimico. Animais infectados por CAEV apresentaram um aumento significativo nos niveis
de colesterol total, ester de colesterila, fosfolipideos totais e LDL-C. Os niveis plasméticos
de triglicerideos, HDL-C e VLDL-C foram similares aos valores encontrados para o grupo
controle. As concentracdes de lisofosfatidilcolina, fosfatidicolina e fosfatidiletanolamina,
subclasses de fosfolipideos, foram aumentadas significativamente no plasma dos animais
infectados, em comparacdo com o grupo controle. Contudo, nenhuma alteracdo foi
observada em outra subclasse dos fosfolipideos plasmdticos dos animais infectados: a
esfingomielina. Os resultados indicam que a infec¢do pelo CAEV afeta o metabolismo
lipidico animal. Os resultados deste trabalho servirdo como teste laboratorial auxiliar do
diagnéstico e progndstico clinico/veterindrio, importantes para os pequenos e grandes

criadores de caprinos.
I



ABSTRACT

Caprine arthritis-encephalitis virus (CAEV) infection is a progressive chronic disease
characterized by arthritis, lesions in lymphoid tissue, nervous system and in other organs,
weight loss, weakness and death of the animals. The present study aimed to evaluate the
cholesterol, phospholipids and triglycerides levels in caprine flock from
Pernambuco/Brazil. Plasma of animals was analyzed by immunological method (ELISA)
for the presence of lentivirus, and it was selected animals infected by CAEV without
clinical signals. The control group was selected from health flocks from the same region
and similar management condition. Plasma low density lipoprotein (LDL) and very low
density lipoprotein (VLDL) were precipitated from high density lipoprotein (HDL) by the
addition of 1.4 mM sodium phosphotungstate with 53.0 mM magnesium chloride. Neutral
lipids and phospholipid subclasses were separated by thin layer chromatography. Plasma
cholesterol, HDL cholesterol (HDL-C) and triglycerides were analyzed by enzymatic
assays, whilst VLDL cholesterol (VLDL-C) and LDL cholesterol (LDL-C) was measured
by Friedwald Equation. The total phospholipids and its subclasses were measured by
chemical method. Animals infected by CAEV showed significant increase in total
cholesterol, cholesteryl ester, total phospholipids and LDL-C. However, the concentration
of triglycerides, HDL-C and VLDL-C were similar to those found for the control group.
The phospholipid subclasses, lysophosphatidylcholine, phosphatidylcholine and
phosphatidyletanolamine, were significantly higher in plasma from infected animals than in
plasma of the control group. However, sphingomyeline level in plasma of infected animals
appears similar to those from control group. The results show that the increase in plasma
total cholesterol and in the main phospholipid subclasses concentrations in CAEV. The
increase in plasma phospholipids found in the CAEV infected goats may lead to an
abnormal composition of cell membrane, and consequently may alter the cell function.
Furthermore, the increase in low density lipoprotein-cholesterol in animals infected by
CAEV could predispose this group to hypercholesterolemia and to coronary heart disease,
and this may have a clinical relevance, particularly, to those goats post-parturition and/or to

those involved in the milk production.
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I. INTRODUCAO

Lentiviroses sdo viroses ndo oncogénicas transmitidas por virus de RNA,

envelopados, que participam da familia dos retrovirus e sdo conhecidos por infectar

primariamente as células do sistema imune. Eles causam infeccdo persistente e doenga

degenerativa cronica em seus hospedeiros (Haase, 1986). Os lentivirus compdem um

grupo taxondmico de patdgenos que inclui vdrios virus de interesse veterindrio e

médico (Legastelois et al., 1996), conforme demonstrado na tabela.

Tabela 1. Etiologia e principais patologias das infec¢des por Lentivirus

(Legastelois et al,. 1996)

Hospedeiro Virus Enfermidade
Ungulados Maedi visna e Pneumonia intersticial difusa, encefalomielite, artrite, mamite
pequenos CAEV e emaareci
; grecimento.
ruminantes
Bovin BIV Linfadenopatia e linfocitose
ovinos JDV Emagrecimento, febre, anorexia, linfadenopatia e anemia.
. Pneumonia intersticial difusa, encefalite, febre,
Equideos EIAV emagrecimento e anemia.
Primat. SV Imunodeficiéncia,  infecgdes  oportunistas,  sindrome
rimatas neurolégica, pneumonia intersticial difusa e artrite.
Macacos
H HIV Imunodeficiéncia, infecgdes oportunistas, linfadenopatia,
omens sindrome neurolégica, pneumonia intersticial difusa.
FIV
g;?gggr 0s Imunodeficiéncia, infeccdes oportunistas, linfadenopatia,

sindrome neurolégica e emagrecimento.

CAEV-caprine arthritis-encephalitis virus; BIV-bovine immunodeficiency virus; JDV-jembrana
disease virus; EIAV-equine infectious anaemia virus; SIV-simian immunodeficiency virus; HIV-human
immunodeficiency virus; FIV-feline immunodeficiency virus.



O lentivirus Caprine Arthritis-Encephalitis Virus (CAEV) tem sido isolado de
caprinos e encontra-se fortemente relacionado com Human Immunodeficiency Virus
(HIV) e a lentivirose causada pelo Simian Immunodeficiency Virus (SIV), além de
possuir fragdes de seqii€ncias e organizacdo do genoma em homologia com o Maedi-
Visna Virus (MVV), que infecta ovinos.

Os lentivirus compartilham trés caracteristicas gerais que promovem a
persisténcia da infec¢do em seus hospedeiros. Primeiro, apds a transcrig¢do reversa do
RNA viral nas células infectadas, o DNA proviral se integra no genoma celular,
permitindo que o virus escape dos mecanismos de defesa do hospedeiro e preserve o
seu genoma. Segundo, os lentivirus se multiplicam em células do sistema imunoldgico
normalmente responsdveis pela eliminacdo de células infectadas, por isso, o
hospedeiro ndo consegue desenvolver resposta imunolégica curativa. Além disso, a
restricdo da expressdo viral, sem producdo de particulas virais, permite que as células
infectadas pelo virus escapem do sistema imunoldgico (Narayan et al., 1997; Callado
et al., 1999). Terceiro, esses virus acumulam alta taxa de mutacdo durante o processo
de replicacdo, devido a falhas da transcriptase reversa em corrigir as novas seqiiéncias
de nucleotideos, resultando em variabilidade genética e, consequentemente fenotipica,
que permite escapar do sistema imunoldgico do hospedeiro (Cheevers et al., 1993).

As denominadas lentiviroses de pequenos ruminantes, comumente
transmitidas pelos virus CAEV e o MVYV, geralmente levam anos para se
desenvolverem e sdo progressivas. A soroconversdo pode também ser demorada,
acontecendo num periodo que pode variar de algumas semanas até dois anos pos—
infeccdo. As lentiviroses de pequenos ruminantes sdo caracterizadas por promoverem
uma infec¢do permanente in vivo (Narayan et al., 1997) e por possuirem um tropismo
por células da linhagem monocitico-fagocitaria, servindo a medula éssea como um
reservatorio de células infectadas (Gendelman et al., 1986). Logo apds infectar uma
célula, o virus entra em um estado latente ou restrito de replicacdo (Haase, 1986). A
concentracdo do virus € usualmente muito baixa no sangue e nas secre¢des. No
sangue, por exemplo, encontramos em torno de 10° células brancas tipicamente
infectadas. Porém, apesar de se mostrarem aparentemente poucos, os virus sio
transmitidos, nio somente entre mae e prole, mas também, entre animais adultos.
Apesar das investigagOes, ndo estd claro como operam essas rotas de transmissdo ou
qual € a mais importante (Blacklaws et al., 2004). O CAEV, por exemplo, pode ser

difundido através de ingestdao do colostro ou leite de maes infectadas para seus



cabritos. As glandulas mamadrias sdo bem conhecidas como 6rgao—alvo da lentivirose
de pequenos ruminantes e apresentam, nao sd, as lesdes origindrias dessa patologia,
como também, os virus s@o encontrados nesse local (Kennedy — Stoskopf et al.,
1985). A transmiss@o das lentiviroses de pequenos ruminantes por via sexual tem
sido investigada em alguns estudos que sugerem que a presenca do virus no sémen
pode ser devido a excrecdo de células epiteliais do epididimo (Travassos et al., 1998;
Preziuso, et al., 2003).

Recentemente foram isoladas, no Brasil, amostras de caprino que foram
classificadas, por caracterizacdo molecular parcial do gene gag (Marchesin et al,.
1998) e estudos filogenéticos dos genes pol e tat (Castro et al., 1999a), no mesmo
grupo filogenético da amostra Maedi-Visna K1514. Esses achados sugerem a
transmissdo de lentiviroses de pequenos ruminantes de caprinos para ovinos e vice-
versa, como ja foi demonstrado experimentalmente (Banks et al., 1983, Oliver et al.,
1985). Neste caso, havendo possibilidade de recombinagdo entre amostras ovinas e
caprinas cujas conseqiiéncias sao desconhecidas (Castro et al., 1999a).

O mundo possui 764,5 milhdes de caprinos, sendo o Brasil possuidor de
aproximadamente 10 milhdes desses animais, colocando o pais como décimo produtor
mundial (FAO, 2004). Além de descri¢des clinicas e anatomopatoldgicas, tem sido
registrada a ocorréncia de animais soropositivos para lentiviroses em vdarios Estados
brasileiros (Figura 1). E na regido Nordeste que estdo cerca de 93% do efetivo caprino

(IBGE, 2003).

Figura 1. Distribuicio da infeccio pelas lentiviroses de pequenos ruminantes no Brasil.
( ® ) Estados de ocorréncia.



Os lentivirus de pequenos ruminantes t€ém sido identificados em diversos
paises, com prevaléncias mais elevadas naqueles em que a ovino e a caprinocultura
sd0 mais tecnificadas, causando perdas econdmicas decorrentes da diminuicdo da vida
produtiva e da producgdo leiteira, predisposicdo da glandula mamadria as infeccdes
bacterianas, retardo no crescimento das crias, desvalorizacdo comercial dos produtos
de criatérios com animais positivos e despesas com programas de controle
(Greenwood, 1995; Concha-Bermejillo, 1997).

A artrite encefalite caprina foi reconhecida clinicamente pela primeira vez, em
1959, na Suica, onde foi observada a artrite cronica (Figura 2) em animais adultos
(Stiinzi ef al., 1964). Também foram relatados casos na India, em 1964, por Rajya &
Singh e no Japao, em 1971, por Nakagawa. O indicio de que a doenga era causada por
virus foi confirmado quando foi detectado, por microscopia eletrdnica, particulas
virais semelhantes as do virus Maedi-Visna, em células do plexo cordide caprino
(Weinhold et al., 1974). Primariamente, a artrite-encefalite caprina (CAE) foi
caracterizada por apresentar artrite progressiva em animais adultos e encefalomielite
desmielinizante em cabritos de menos de seis meses (Cork er al, 1974). O
reconhecimento internacional da CAE como uma virose ocorreu em 1980, apds a
identificacdo do agente etioldgico, como sendo um lentivirus da familia Retroviridae,

tendo sido denominado CAEV (Crawford et al., 1980, Narayan et al., 1980).

Figura 2. Cabra soropositiva para lentivirose
de pequenos ruminantes, com artrite.



No Brasil, a primeira descricdo de lentiviroses de pequenos ruminantes foi
feita no Rio Grande do Sul, com identificacdo de caprinos (Moojen et al., 1986) e
ovinos (Ravazzolo et al., 1995; Sotomaior & Milczewski, 1997) soropositivos. A
presenca de um virus foi confirmada pelo posterior isolamento do virus de caprinos
(Castro et al., 1999b).

As patologias causadas pelos lentivirus exibem uma série de manifestacoes
dramdticas em seus hospedeiros especificos (Clements and Zink, 1996). Enquanto
HIV enfraquece o sistema imune humano, com conseqii€ncias devastadoras, o CAEV,
causa doenga degenerativa cronica em caprinos e ovinos de todas as racas e idades
(Narayan et al., 1997).

O CAEV causa inflamagéo cronica e doenga degenerativa principalmente nas
juntas (Figura 3) e glandulas mamadrias; ocasionalmente infecta os pulmdes e o
sistema nervoso central dos caprinos. Em contraste com o HIV e o SIV, o CAEV nao
induz imunodeficiéncia nos animais infectados, esta propriedade esta correlacionada
com a inabilidade deste virus para causar infeccdo produtiva dos linfécitos T CD4+
(Gorrel et al., 1992). Além de infectar células das linhagens mondcitico-fagocitarias
também infectam células dendriticas (Narayan, 1989; Ryan et al, 2000). E
interessante ressaltar que os macréfagos pulmonares também s@o relatados como
células alvo, sendo que o nimero de macréfagos infectados presentes no fluido
pulmonar estd correlacionado com o grau de patologia do pulmio (Brodie et al.,
1992). A diferenciacdo dos mondcitos em macréfagos se faz necessdria para estimular

a expressao dos virus CAEV (Gendelman et al., 1986).

Figura 3. Inflamacao artritica
causada pelo CAEV



O CAEV pode se replicar em culturas de fibroblastos primdrios derivados do
plexo cordide ou da membrana sinovial. Por isso essas células sdo comumente usadas
para detectar e estudar as infeccdes pelo CAEV e MVV. Em estudos recentes foi
demonstrado que a membrana sinovial de caprinos pode ser o primeiro material de
referéncia para detectar e estudar as infeccdes pelo CAEV, assim como também para
estudos de biologia celular e molecular (Rolland et al., 2004).

Apesar das 6bvias diferencas nos sintomas das doencas, os lentivirus podem
compartilhar algumas propriedades bioldgicas, tais como, estrutura similar e
organizacdo genética (Clements & Zink, 1996; Miller ef al., 2000). Rea¢des cruzadas
entre o HIV e outras lentiviroses animais foram relatadas por Jacobs et al. (1992). No
referido trabalho foram encontrados no soro de vacas anticorpos contra bovine
immunodeficiency virus (BIV) que reagiram contra as proteinas pS1 e p63 do HIV.
Reacdes antigénicas cruzadas entre Maedi visna virus (MMV) e HIV (Maslak &
Schemerr, 1993), bem como MMV e CAEV (Ruby et al., 1985; Pyper, et al., 1986), e
também entre as glicoproteinas de superficie de 135 kDa de lentivirus de ovinos e
caprinos tém sido reportadas (Dahlberg et al., 1981). A entrada do virus na célula alvo
¢ mediada pelo envelope de glicoproteinas. O envelope proteico do CAEV ¢€ chamado
gp 135 e possui muitas similaridades estruturais com o gp 120 do HIV, fato que foi
demonstrado pela capacidade dos anticorpos gp 135 especificos apresentarem reacio
cruzada com o gp 120 (Louie et al., 2003). Tesoro-Cruz et al. (2003) observou uma
reacdo positiva mais intensa do soro humano para a gp135 do que a do soro de cabras
para a gp120 do HIV.

O perfil lipidico tem sido usado para avaliar problemas periparto (Sandabe et
al., 2004), alteracdes metabdlicas provenientes de patologias causadas por virus
(Constans et al., 1994), parasitas (Ramos et al., 2004) ou pelo estado nutricional dos
animais (Lima et al., 1986; Lima, et al., 1998).

O colesterol, precursor de dcidos biliares, fundamentais na digestdo dos
lipideos e sintese de hormonios esterdides, agentes essenciais nos processos
reprodutivos (McLachlan et al., 2002), também é um constituinte de grande
importancia das membranas celulares, e seu transporte através do sangue é mediado
pelas lipoproteinas plasmaticas. Brown e Goldestein (1992) demonstraram que as
células obtém colesterol principalmente por meio da endocitose mediada por

receptores da lipoproteina da baixa densidade (LDL).



Em conjunto com a LDL, a lipoproteina de muito baixa densidade (VLDL), e
lipoproteina de alta densidade (HDL) sdo as principais lipoproteinas transportadoras
dos lipideos de origem endégena. A VLDL ¢ produzida pelo figado e tem a fun¢ado de
transportar principalmente os triglicerideos. A LDL resulta do catabolismo da VLDL
e € a principal responsével pelo transporte de colesterol na circulagdo humana, e como

descrito acima pode ser endocitada por células do figado ou de tecidos extrahepéticos;

o

modifica¢es nesta particula induzem sua internalizagdo por macréfagos levando
formacdo de células espumosas (Goldstein e Brown, 1977).

As lipoproteinas interagem com as membranas celulares possibilitando a
transferéncia de lipideos. O colesterol livre em excesso na membrana celular é
transferido & HDL para ser transportado para o figado pelo processo conhecido como
transporte reverso do colesterol (Jonas, 2000), onde, pela reacdo da enzima plasmatica
lecitina: colesterol aciltransferase (LCAT) ¢é esterificado e posteriormente transferido
pela proteina transferidora de ésteres de colesterol (CETP) para particulas aceptoras
como LDL em troca de triglicerideos (Lima et al., 2004). A concentragdo do
colesterol e dos fosfolipideos, bem como do colesterol de algumas lipoproteinas do

plasma sangiiineo varia de acordo com a espécie animal (Tabela 2).

Tabela 2 — Constituintes lipidicos do plasma de algumas espécies animais

Classes de Lipideos Camundongo* Gato* Cao* Homem**
(mg/dl) (mg/dl) (mg/dl) (mg/dl)
Triglicerideos 79,0+9,0 30,5+ 12,5 23,0t 4,6 <180
Colesterol total 65,0+4,0 130,0 £ 10,5 186,0 £ 4,7 <200
Colesterol da HDL 49,0+2,0 75,5+ 144 151,0£ 18,3 >40
Colesterol da LDL 11,5+1,3 420114 16,0+ 1,8 <120

LDL - Lipoproteina de baixa densidade; HDL — Lipoproteina de alta densidade.
*Valores obtidos de Maldonado et al., (2002); ** Valores obtidos de LABTEST,
2003.

No homem o metabolismo lipidico tem sido alvo de atencdo em pacientes

infectados com o HIV (Meyer et al, 1998; Hadigan et al, 1999; Yanovski et al.,



1999) nesses pacientes t€m sido observadas alteracdes metabdlicas importantes. Suas
lipoproteinas diferem em tamanho, densidade e composi¢do quimica (lipidica e
protéica). Estudos realizados por Constans ef al., (1994) em pacientes HIV infectados
encontraram niveis significantemente baixos de colesterol total e colesterol das HDL e
LDL, bem como a apolipoproteina A-I (Apo A-I), em comparagdo com individuos
controle de mesma faixa etdria. Entretanto, nos mesmos pacientes as concentracdes de
triglicerideos mostraram-se significativamente aumentadas.

O desenvolvimento de pesquisas cientificas que tenham por objetivo
determinar a influéncia de algumas patologias sobre o metabolismo animal € de
grande valor, tendo em vista a crescente importincia da caprinocultura para o nordeste
brasileiro, principalmente no que diz respeito a producdo de leite e carne desses
animais. Cabras infectadas pelo CAEV tém sido alvo de alguns estudos que trazem
como objetivo principal os indices de producio e a composicao do seu leite (Ryan et
al., 1993; Greenwood, 1995; Nord & Adnoyt, 1997). Por outro lado, pouco se
conhece sobre as alteracdes metabdlicas voltadas para o metabolismo lipidico nos
animais infectados pelo CAEV com ou sem desenvolvimento das alteracdes clinicas

caracteristicas dessa infec¢do viral (Gainer et al., 1989; Ryan et al., 1993).



II. OBJETIVOS

Geral

Descrever possiveis alteragdes nos niveis de lipidios e na composicdo de
colesterol das lipoproteinas plasmaticas em caprinos infectados com o lentivirus

caprine arthritis — encephalitis virus (CAEV).

Especificos

Analisar a concentragdo de colesterol total, triglicerideos, bem como os niveis
de colesterol das lipoproteinas de muito baixa, baixa e alta densidade, isoladas do
plasma de caprinos infectados com o CAEV e de animais ndo infectados (controles),

provenientes do mesmo rebanho;

Analisar os niveis dos fosfolipideos totais e suas subclasses
(lisofosfatidilcolina, esfingomielina, fosfatidilcolina e fosfatidiletanolamina), bem

como os niveis dos lipidios neutros no plasma de animais controle e infectados.
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ABSTRACT

The present study aimed to evaluate the plasma cholesterol, phospholipids and
triglycerides levels in dry female goats infected by caprine arthritis-encephalitis virus
(CAEV). The infection in dry female goats was detected by agar gel
immunodiffusion. Control goats were selected from healthy flocks and similar
management conditions. Animals infected by CAEV showed significant increase in
total cholesterol, cholesteryl ester, total phospholipids and LDL-C. However,
concentration of triglycerides, HDL-C and VLDL-C were similar to those found for
control  group. Unlike, lysophosphatidylcholine, phosphatidylcholine and
phosphatidyletanolamine were significantly higher in plasma of infected animals. The
increase in plasma cholesterol and phospholipids from infected goats likely reflect
high tissue demands for virus replication. Furthermore, the increase in low density
lipoprotein-cholesterol upon infection by CAEV could predispose this group to
hypercholesterolemia and to coronary heart disease, and this may have clinical
relevance, particularly, to goats post-parturition and/or to those involved in milk

production.

Keywords: Plasma lipids, Low density lipoprotein cholesterol, Phospholipid

subclasses, CAEV infection, Lentivirus infection.
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INTRODUCTION

Caprine arthritis-encephalitis virus (CAEV) is a lentivirus of the Retroviridae
family, which includes, among others, human immunodeficiency virus (HIV), and it is
closely related to maedi-visna virus of sheep, but more distantly related to the human
HIV-1, although Miller (2000) described that CAEV have structural and biological
similarities to the HIV. The lentivirus has similarities in ultra structure, genomic
organization, and disease progression, and CAEV causes persistent infection.
However, unlike the human, simian, and feline lentiviruses, CAEV does not cause
immune deficiency, but instead induces chronic mononuclear inflammation of various
tissues, because it has preferential tropism for the monocyte/macrophage lineage cell
(Narayan et al., 1989). CAEV infection causes chronic inflammatory disease mainly
in joints and mammary glands and occasionally in the lung and central nervous
system of the infected goats (Narayan et al., 1989). However, some infected animals,
which can transmit the disease, may never show clinical symptoms (Trujillo et al.,
2004).

It is not clear which routes of transmission are operational and which are the
most important, but direct or close contact between animals is important factor in
virus transmission besides ingestion of colostrums and milk (Blacklaws et al., 2004).
It was demonstrated that goat milk epithelial cells are permissive to CAEV infection
both in vitro and in vivo (Mselli-Lakhal et al., 1999). Recently, maedi visna virus
capsid antigen has been detected in lambs fed maternal colostrum and in macrophages
cultured from colostrums. It appears that the viral absorption occurs by intestinal
epithelial cells in the small intestine and mesenteric nodes are the sites of entry and
propagation of the lentivirus in lambs fed colostrums from infected ewes (Preziuso et

al., 2004).
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Some studies (Krieg, & Peterhans, 1990, Smith & Cutlip, 1988) suggest that
indurative mastitis is the most economically significant component of CAEV because
of the effect of this type of mastitis on milk production, fat production and others
components. The lipids are necessary energy component for the metabolic process
(Bauman, et al., 2003). Thus,the fat content of milk is of economic importance
because milk is sold on the basis of fat. Triglycerides account for 98.3% of milk fat.
Other classes of lipids include phospholipids (0.8%) that are mainly associated with
the fat globule membrane, and cholesterol (0.3%), which is mostly located in the fat
globule core. Lipids necessaries for milk production are transported to the secretory
cells via the blood and lymph (Goff, 2005). Cholesterol transport in the circulation is
carried out mainly by high density lipoproteins (HDL) and low density lipoproteins
(LDL). The later transports cholesterol from the liver to peripheral tissues, whereas
HDL is strongly involved in the transport of cholesterol from peripheral tissues to the
liver for excretion as bile salts and to steroidogenic synthesis of steroid hormones
(Jonas, 2000). This reverse transport of cholesterol by HDL is intimately dependent
on the action of the plasma enzyme lecithin cholesterol-acyltransferase known as
LCAT (Lima et al., 2004). Previous studies on lipid metabolism have introduced new
knowledge on the pathophysiology of diseases, such as parturition problems (Sandabe
et al., 2004), modification of metabolism due to parasites (Ramos et al., 2004, Lima et
al., 1998) and viruses (Constans et al., 1994) infections, or nutritional conditions of
animal (Bauman, et al., 2003, Lima et al., 1986).

In Brazil, as in several other countries (Erasmus et al., 2004, Németh et al.,
2004, Callado et al., 2001), the goat culture has become a very important source of
animal protein from milk and meat of these animals, and has real economic potential

for many producers, mainly in rural zone. On a worldwide basis, more people drink
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milk from goats than from any other animal (Haenlein, 2005). Due to the easily
digestible fat and protein content goat milk has increased its importance to infant diets
(both human and animal), as well as to invalid and convalescent diets, than cow milk.
Goat milk is used for drinking and to make cheese, butter, ice cream, yogurt, candy,
soap and other body products (Bruhn, 2002). Consequentially, CAEV lentivirus
infection is considered a health problem of flock populations.

Therefore, the development of scientific studies with the purpose to determine
the influence of some diseases on the animal metabolism is very important. Thus, the
aim of the present work was to evaluate the influence of CAEV infection, in naturally
infected goats, on neutral lipids, phospholipids and its subclasses, and lipoproteins
cholesterol contents in plasma of caprine flock from Pernambuco, Brazil, in order to

get more insights into the pathophysiology of CAEV infection.

MATERIAL AND METHODS

Animals. The experimental animals were 30 Anglo-Nubian dry adult female
goats, aged 2 to 4 years old. Plasma of 2700 animals was analyzed for the presence of
lentivirus antibodies by using the agar gel immunodiffusion (AGID) test, which is one
of the most frequent immunological method used for the diagnosis of the disease
(Adams & Gorham, 1986, Abreu et al., 1998). Animals infected by CAEV but
without clinical symptoms of the viruses were selected to be included in the infected
group. For the control group it was selected age matched female dry goats from
healthy flocks, which were in the same region and similar management condition,

including weight and nourishment, as the infected group.
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Plasma samples. Blood samples were taken from animals were obtained by
jugular venipuncture following the first meal, between 15:00 - 16:00 h and
anticoagulated with EDTA for lipid analysis. Plasma was isolated by centrifugation at
2,500 x g, for 15 min (Lima et al., 1998).

Extraction and isolation of plasma lipids. Plasma lipids were extracted with
chloroform: methanol (Folch, 1957), and aliquots of the extracts were taken for the
determination of total cholesterol and total phospholipids, and for isolation of neutral
lipids and phospholipids subclasses by thin layer chromatography (Ramos et al.,
2004, Maldonado et al., 2002). Phospholipids subclasses were isolated with
chloroform: methanol: acetic acid: water (50: 10: 10: 5, by vol.), the bands were
located by using I, vapor and directly scraped into tubes for analysis (Lima et al.,
1998). Neutral lipids were isolated with hexane: diethyl ether: acetic acid (90: 25:1,
by vol.), and after hexane elution of the identified bands, aliquots of free cholesterol,
cholesteryl ester and triglycerides were taken for quantification. Plasma VLDL and
LDL were precipitated from high-density lipoprotein (HDL) by the addition of 1.4
mM sodium phosphotungstate with 53.0 mM magnesium chloride, as previously
reported (Lima et al., 1998).

Quantification of plasma lipids. Total phospholipids and its subclasses were
determined by the chemical method of Bartlett (1959). Cholesterol and triglyceride
concentrations were measured by the standard enzymatic colorimetric method used in
clinical settings. Cholesterol in the samples was determined by the CHOD-PAP
method using the enzymes cholesterol esterase, cholesterol oxidase and peroxidase,
according to the manufacturer's instructions (Labtest, MG - Brazil). Triglyceride was
measured by the GPO-PAP method using a combination of the reactions catalyzed by

lipase, glycerokinase, glycerol phosphate oxidase and peroxidase, as described in
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previous work (Sena et al., 2001). VLDL-cholesterol level was estimated as one-fifth
of the concentration of triglyceride (Friedewald et al., 1972), and the concentration of
LDL-cholesterol was calculated by subtraction of the concentration of HDL-
cholesterol plus VLDL- cholesterol from the total plasma cholesterol level
(Bergmeyer, 1974).

Statistical analysis. All the analyze were done in duplicate samples. Data are
presented as mean = SD. Comparison between the groups was performed with

Student’s t-test. The level of significance was set at P < 0.05.

RESULTS

Total cholesterol, cholesteryl ester, triglyceride, HDL-cholesterol, LDL-
cholesterol and VLDL-cholesterol levels in plasma of animals infected by CAEV is
shown in table 1. HDL-cholesterol in plasma of healthy goats was slightly higher than
the LDL-cholesterol. Total cholesterol and LDL-cholesterol levels from plasma of
infected animals were significantly (P < 0.005) increased by 24% and 48%,
respectively, in comparison to the control group. Similarly, the concentration of
cholesteryl ester was also significantly increased by 14%, in plasma of the infected
group (P < 0.05). The plasma concentration of triglyceride, HDL-cholesterol and

VLDL-cholesterol were similar to those found for the control group.

Figure 1 compares the composition of total phospholipids and its subclasses
from plasma of infected goats with those from plasma of control group. Total
phospholipids levels in plasma of infected animals were significantly (p = 0.03)
increased by 20%, in comparison with the control group. The major phospholipid

component phosphatidylcholine showed a significant (P = 0.012) increase by 15.6%,
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in plasma of animals infected by CAEV. Similarly, the concentrations of
lysophosphatidylcholine and phosphatidyletanolamine were also significantly
increased by 32.9% and 76.7%, respectively, in plasma of the infected group, in
comparison to the control group (P = 0.002, and P < 0.0001, respectively). However,
sphingomyeline, the second major phospholipid subclass, from plasma of infected

animals was essentially similar to those from plasma of health goats.

Figure 2 compares the molar ratio of lipoprotein cholesterol to total cholesterol
in plasma from goats infected by CAEV. HDL/LDL, LDL/HDL, total
cholesterol/HDL, total cholesterol/LDL. Plasmas of the infected animals have
LDL/HDL molar ratio cholesterol which was significantly higher (P = 0.02) than in
control group. However, the ratio HDL/LDL from plasma of infected animals was

essentially decreased to those from plasma of healthy goats (P=0.02).

DISCUSSION

Although CAEV infection is a common virus infection in goats, studies of
these goats have given considerable insight into the virus infection but not into the
lipoprotein metabolism. Goats with CAEV infection have been reported from a wide
geographical distribution including Europe, America and Africa. As far as known, the
influence of CAEV infection on the serum lipids of infected goats has not been
demonstrated. The animals investigated in this study come from the semi-arid region
of Pernambuco, Brazil. It was necessary to search for CAEV infection in a high
number of dry female goats (N = 2700), in order to select the infected group (without

clinical symptoms) and the control group from healthy flocks having the same
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management conditions and being sex- and age matched, important to avoid
environmental influences on the goat lipids.

Although the content and proportion of plasma lipoproteins differ between
mammals (Maldonado et al, 2002), in the vast majority of them, HDL is the
predominant fraction (Terpstra et al., 1982, Chapman, 1986). In several mammalian
species, the HDL accounts for 50% or more of the total particles of density < 1.21
g/ml in plasma (Chapman, 1986).

Previous works has demonstrated that the macrophage cell is infected by
CAEV in vivo (Zink and Johnson, 1994) and in vitro (Lechner, et al., 1997) and this
may interfere in the macrophage functions such as dysregulation of cytokines
expression. Previous work has been demonstrated that when macrophages were
infected by CAEV the expression of interleukin 8 increases and the binding activity of
activator protein-I decreases (Lechner et al., 1997). Previous works in HIV-positive
patients demonstrated that two types of cytokines, IL-6 and TNF-qa, leads to
hyperlipidemia (Constans et al., 1994). TNF-o has been found to play a role in the
peroxidation of plasma lipoproteins and lipids in experimental animals and in patients
by stimulating the production of reactive oxygen species (Gil et al, 2003). Oxidative
modification of plasma red blood fatty acids cells have been found in human infected
by HIV (Constans, et al, 1995) and by parasite (Facundo, et al., 2004). Moreove,
recent reports describe the presence of oxidized LDL in synovial fluid from
rheumatoid arthritis (Dai et al,. 1997). Several experimental observations support the
role of reactive oxygen species in rheumatoid arthritis, such as increase of lipid
peroxidation products and traces of catalytic iron salts in synovial fluid (Rowley et al.,
1984), and decrease of ascorbate in serum and synovial fluid (Lunec and Blake,

1985). Due to histophathological similarities, CAEV-induced arthritis serves as a
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model for rheumatoid arthritis in humans (Milhau, et al., 2005). Macrophages are the
target cells for CAEV infection, and this cell is also responsible for the elimination of
LDL from the blood circulation, mainly when LDL is oxidized (Lusis, 2000). Lipid
peroxidation may, in part, explain the alteration of cholesterol metabolism in plasma
of CAEV infected goats. The increase in LDL-cholesterol may also be explained by a
reduction on its clearance. On the other hand, recent evidences indicate that HIV-1
buds selectively from glycolipids-enriched membranes lipids rafts, and host cell
cholesterol within these domains are present in high concentration in the viral
envelope. Recently, studies have demonstrated that decreasing the levels of antibodies
against heat shock proteins in HIV infection, the cholesterol was markedly decreased
toward normal values (Fiist er al., 2005).

In this study, CAEV infection induced an increase in goat plasma total

cholesterol, which was essentially located in the LDL fraction.
The significant increase in plasma total phospholipids characterized by an increase in
its main subclass phosphatidylcholine can be related to the inflammatory process, in
which CAEYV is leashes. The infection by CAEV causes many lesions in various types
of cells. It is important to note that phospholipids subclassess are essential component
of the cells membranes and the increase in plasma phospholipids found in the CAEV
infected goats may lead to an abnormal composition of cell membrane, and
consequently may alter the cell function.

Whether the abnormal content of cholesterol within the LDL affects the action
of lecithin:cholesterol acyltransferase, an enzyme responsible for the cholesterol
esterification in plasma (Lima et al., 2004), remains to be investigated. Nevertheless,
the phospholipid substrate for LCAT reaction, phosphathidylcholine, was

significantly increased in the CAEV infected goats. LCAT converts free cholesterol
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into long-chain cholesteryl esters on HDL (Lima et al., 2004, Glomset, 1972), and
promotes free cholesterol movement from tissues to HDL (Jonas, 2000). In
subsequent transfers, excess cholesteryl esters are transferred from HDL to LDL.
Several studies have clearly demonstrated that high levels of plasma cholesterol
associated to the high LDL/HDL cholesterol ratio is a very important risk factor for
atherosclerosis (Lusis, 2000). A primary initiating event in atherosclerosis is the
accumulation of LDL in the subendotelial matrix. Accumulate on is greater when
levels of circulating LDL are raised, and both the transport and retention of LDL are
increased in the preferred sites for lesion formation (Lusis, 2000).

Despite the results of this study indicate that there are phospholipids
abnormalities and hypercholesterolemia in animals infected by lentiviruse CAEV, the
mechanism to which the viruses affect the plasma lipids and/or lipoprotein
metabolism remains to be understood. Therefore, new studies are necessary in order
to investigate the relationship between plasma lipid concentration and CAEV
infection in goats.

Finally, the increase in low density lipoprotein-cholesterol upon infection by
CAEV could predispose this group to hypercholesterolemia and to coronary heart
disease, and this may have clinical relevance, particularly, to goats post-parturition
and/or to those involved in milk production and also in the life expectance this

animals.
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TABLE

Table 1: Triglyceride, total cholesterol, cholesteryl ester and lipoproteins-cholesterol

levels in plasma of goats infected by CAEV.

Lipid class Control group Infected group
Content (mmol/1) Content (mmol/I)
Total cholesterol 2.50£0.36 3.11+0.13*
Triglyceride 0.68 £ 0.08 0.64 £0.08
HDL cholesterol 1.18 £0.10 1.24 £ 0.04
LDL cholesterol 1.06 £ 0.38 1.57 £0.52%
VLDL cholesterol 0.31+£0.04 0.29 £0.04
Cholesteryl ester 1.93 +0.29 2.20 + 0.34%*

Data are the mean + S.D. from 15 animals in each group. Values significantly

different from control group are shown: * P < 0.005. **P<0.05.
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LEGENDS FIGURES

Figure 1. Phospholipid levels from plasma of dry female goats infected by CAEV.
Total phospholipids (TP), lysophosphatidylcholine (LPC), sphingomyeline (SPH),
phosphatidycholine (PC) and phosphatidyletanolamine (PE) were determined by
phosphorus analysis from plasma lipid extracts. Values significantly different from

control animals are shown: * P < 0.05, ** p=0.002, ***P < 0.0001.

Figure 2. Comparison of the molar ratio of lipoprotein cholesterol to total cholesterol
in plasma from goats infected by CAEV. HDL/LDL, LDL/HDL, total
cholesterol/HDL, total cholesterol/LDL. Values significantly different from the

control is shown: * P < 0.05.



FIGURES

FIGURE 1

Phospholipids (mmol/L)

FIGURE 2

Molar ratio

3,5 *
3
2,5 -
2 4|
1,5
1 T T
0 5 | skksk
0 ‘ ‘ ‘ I':._
TP LPC SPH PC PE
3
ES
2,5
2
1,5 :
1 | ES
0,5 +
0 ‘ ‘ ‘
HDL/LDL LDL/HDL TC/HDL  TC/LDL

31

0 Control
m Infected

0O control
m infected




32

IV. CONCLUSAO

A infecclo pelo caprine arthritis encephalitis virus causa anormalidades nas
concentracdes plasmaticas dos fosfolipidios totais, bem como das suas subclasses.
Hipercolesterolemia e o aumento no conteudo de colesterol das lipoproteinas de baixa
densidade também foram fatores observados nos animais infectados pelo lentivirus.
Através dos resultados encontrados neste trabalho observamos que a infec¢cdo pelo

CAEV afeta o metabolismo lipidico animal.
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Influence of small ruminant lentivirus infection on lipids levels serum in caprine flock Pernambuco/Brazil

The present study aimed to evaluate the cholesterol, phospholipids and triglycerides levels in caprine flock
from Pernambuco/Brazil. Serum from animals were analyzed by immunological method (ELISA) for the
presence of lentivirus antibodies. The plasma high-density lipoprotein (HDL) was isolated by selective
precipitation of low-density lipoprotein (LDL) and very low-density lipoprotein (VLDL) with phosphotungstic
acid (1.4 mmol/L) and MgCl (53 mmol/L). Plasma total cholesterol, cholesterol HDL (HDL-C) and
triglyceride was analyzed by enzymatic assay, while, = VLDL (VLDL-C) was measured by Friedwald
Equation. The total phospholipids were measured by chemical method (Bartlett, 1959). Total cholesterol, total
phospholipids and LDL-C levels from the infected animals were significantly higher. However, the
concentration of triglycerides, HDL-C and VLDL-C were similar to those of the control group. The results
suggest that the infection by lentivirus affects the lipid metabolism mainly of LDL.

Introducao sobre o metabolismo lipidico. O perfil lipidico
tem sido usado para predizer problemas
periparto, diagnéstico de doengas metabdlicas
e o estado nutricional dos animais . Além de
que, alguns estudos t€m proposto o uso de
hepatécitos de caprinos em xenotransplantes,
visto que possuem uma grande similaridade
com as células hepiaticas humana'” 1.

Neste trabalho foi avaliado o efeito da
infeccdo por lentivirus de pequenos ruminantes
sobre os niveis plasmdticos do colesterol e
fosfolipidios  totais, bem como dos
trigliceridios e lipoproteinas em caprinos do
estado de Pernambuco - Brasil.

Caprine arthritis-encephalitis virus (CAEV) e
maedi-visna sdo lentivirus de pequenos
ruminantes que infectam caprinos e ovinos,
respectivamente ', Esses virus pertencem a
familia Retroviridae e particularmente o
CAEV possui similaridades estruturais e
biolégicas com o virus da imunodeficiéncia
humana (HIV) ™. Enquanto o HIV infecta e
prejudica o sistema imune humano,
apresentando conseqiiéncias devastadoras em
seus hospedeiros, o CAEV causa doenca
degenerativa cronica em caprinos de todas as
racas e idades !, A patologia pode se
manifestar na forma artritica, respiratéria
mamadria € nervosa, ou mesmo atingir varios
orgdos, devido a replicacdo viral em células da
linhagem fagocitico monocitaria.

A transmissdo entre os animais déa-se
principalmente pela ingestdo do leite
contaminado . Porém, estudos feitos por
Mselli-Lakhal et al”™ tém demonstrado que

Experimental

O soro de 1344 animais distribuidos em 26
rebanhos do estado de Pernambuco foi
analisado por ensaio imunoldgico (ELISA)
para detectar a presencga de anticorpos contra o
lentivirus.

sd0 necessarios receptores funcionais para que
o CAEV infecte células humanas.

Para melhor conhecimento da fisiopatologia
das lentiviroses tem sido proposto o estudo

Foram colhidas amostras de sangue de
animais infectados e ndo infectados, por
puncdo venosa apds jejum de 12 horas. Essas
amostras foram anticoaguladas com EDTA



para a andlise dos lipidios. O plasma foi
isolado por centrifugacdo a 2.500 x g, por 15
min.

As lipoproteinas de alta densidade do
plasma (HDL) foram isoladas das lipoproteinas
de baixa (LDL) e muito baixa densidade
(VLDL) por precipitagdo seletiva com acido
fosfotungistico (1,4 mmol/L) e MgCl (53
mmol/L). Apds a precipitagd@o, as lipoproteinas
LDL e VLDL fordo removidas por
centrifugacdo a 2500 x g por 10 min. O
colesterol da HDL-C foi determinado no
sobrenadante como descrito em trabalho
anterior *

O colesterol total e os triglicerideos foram
mensurados pelo método enzimatico
colorimétrico, enquanto que a concentracdo dos
fosfolipidios totais foi determinada pelo método
quimico de Bartlett 1 Os niveis de colesterol da
LDL e VLDL foi determinado pela equacdo de
Friedwald """,

Resultados e Discussao

A andlise pelo método do imunoensaio
mostrou que 23% (N = 309) dos animais
estudados apresentaram-se infectados pelo
lentivirus e essa contaminagdo estava
distribuida em 77% dos rebanhos (N = 20).
Os niveis de colesterol total e o colesterol da
LDL nos animais infectados foram
significantemente  (p<0.005) aumentados,
sendo este aumento em torno de 21.6% e
33.2%, respectivamente. O mesmo foi
observado com relacdo a concentracdo de
fosfolipidios e o aumento observado foi de
20.1%, quando comparados os niveis dos
animais infectados com o grupo controle.
Também foi observada uma redugdo nos niveis
de triglicerideos e colesterol da VLDL, porém
a diferenca ndo teve significancia (p = 0,22). J4
o colesterol da HDL apresentou discreto
aumento que também mostrou ser similar (p =
0,09) ao grupo controle (tabela 1).

As lentiviroses apresentam alguns quadros

draméticos em seus hospedeiros especificos
[11]

Em caprinos sauddveis e em algumas outras
espécies animais, porém nao em humanos,
uma porcdo substancial do colesterol
plasmatico  estd localizada na fragdo
lipoprotéica da HDL ", Por outro lado, neste
estudo, o colesterol plasmdtico apresentou-se
aumentado, mas ndo significativamente, na
fracdo HDL, mostrando, todavia, um aumento

40

substancial em animais infectados como o
lentivirus, na fracdo LDL das lipoproteinas.

A infec¢do pelo CAEV causa muitas lesdes em
varios oOrgdos e tecidos. Sabe-se que os
fosfolipidios s@o elementos fundamentais na
composi¢do das membranas celulares.

Essa acdo invasiva do virus pode ser uma das
explicacdes para que os niveis de fosfolipidios
totais plasmadticos estivessem aumentados em
animais infectados (p = 0.03) quando
comparados aos niveis dos animais do grupo
controle.

Esse distirbio no metabolismo do colesterol
pode, ainda, estar relacionado com a agdo de
uma enzima plasmadtica, a lecitina colesterol
aciltransferase (LCAT), que converte o
colesterol livre em ésteres de colesterila na
HDL, promovendo, assim, a retirada do
excesso de colesterol dos tecidos para dentro
desta lipoproteina !'*'4,

Apesar dos resultados encontrados neste estudo,
outros trabalhos precisam ser feitos, visto que, o
mecanismo do metabolismo do colesterol nesta
patologia permanece desconhecido.

Tabela 1: concentragdo plasmatica dos lipidios em
caprinos infectados com o CAEV e do grupo controle

Lipidios

Colesterol 3.92 +0.56 475 +0.81*
Total

Triglicerideos 0.68 +0.08 0.64 +0.08
Fosfolipidios  2.49 + 0.64 2.99 + 0.56*
Totais

HDL 118 +0.04 1.23+0.12
LbL 243 +057 3.23 +0.81*
VLDL 0.31+0.03 0.29 + 0.04
Conclusoes

Os resultados sugerem que a infec¢do dos
caprinos pelo lentivirus — Caprine Arthritis
encephalitis virus - afeta o metabolismo
lipidico e das lipoproteinas, porém a relagdo
entre a concentragdo plasmdtica dos lipidios e
a saide / doenca nesses animais ¢ ainda
desconhecida.
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