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RESUMO

A analise do liquido cerebroespinhal (LCE) traz informagdes importantes ao clinico
como apoio ao diagnostico de enfermidades neuroldgicas inflamatoérias/infecciosas. O
objetivo do presente trabalho foi avaliar a estabilidade e comparar os métodos para
determinar a concentracéo de lactato liquérico de bovinos, caprinos e ovinos sadios
sob refrigeragéo e congelamento. Foram colhidas e avaliadas 30 amostras de LCE de
bovinos (n=10), caprinos (n=10) e ovinos (n=10). O LCE foi colhido por pungé&o no
espaco atlanto-occiptal sob sedacédo. Apds a colheita as amostras foram distribuidas
em sete aliquotas de acordo com o momento de sua analise Oh, 24h, 48h, 72h
refrigeradas a 4°C, e 3 meses, 6 meses e 12 meses congeladas a -20°C. A
concentragéo de lactato foi mensurada pelo lactimetro portatil (LP) e pelo analisador
bioquimico automatizado (ABA), padrao ouro. Nas amostras refrigeradas foram
realizadas as analises fisicas, bioquimicas (proteina e glicose) e celulares rotineiras.
Nas amostras congeladas foram mensurados concentracéo de eletrdlitos sédio (Na™*),
potassio (K*) e cloreto (Cl) e concentragao de lactato. A analise de variancia bifatorial
foi empregada para comparagao entre os diferentes momentos em cada espécie e o
teste de Bland-Altman foi utilizado para observar se havia concordancia entre os
métodos. A correlacdo de Pearson foi empregada para verificar as relagdes entre o
lactimetro portatil e o analisador bioquimico automatizado. O lactimetro portatil
avaliado ndo pode ser empregado como método de avaliagdo do lactato liquérico em
bovinos, caprinos e ovinos. Constatou-se que no LCE as espécies avaliadas possuem
estabilidade de até 72 horas sob refrigeracao a 4°C para a densidade, concentracao
de proteina e glicose e contagem total de células (leucécitos e hemacias), e congelado
a -20°C por até 12 meses de eletrdlitos. A estabilidade do lactato no LCE no ABA
variou de acordo com a espécie, nos bovinos apresentou estabilidade por até 72 horas
refrigerado, nos caprinos por até 3 meses congelado e nos ovinos por até 12 meses
congelado. Os resultados encontrados indicam que o LCE pode ser colhido a campo

e encaminhado ao laboratério a 4°C em até 72 horas sem comprometer a analise.



Palavras-chave: Diagnostico. Encefalite. Liquor.
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ABSTRACT

Cerebrospinal fluid (CSF) analysis provides important information to the clinician to
support the diagnosis of inflammatory/infectious neurological diseases. The aim of this
study was to evaluate the stability and compare the methods to determine the
concentration of lactate in CSF in healthy cattle, goats and sheep under refrigeration
and freezing. Thirty samples of CSF from cattle (n=10), goats (n=10), and sheep
(n=10) were collected and evaluated. The CSF was collected by puncture in the
atlanto-occiptal space under sedation. After collection, the samples were distributed in
seven aliquots determined according to the moment of their analysis, such as Oh, 24h,
48h, 72h refrigerated at 4°C, and 3, 6 and 12 months frozen at -20°C. Lactate
concentration was measured by portable lactometer (PL) and by automated
biochemical analyzer (ABA), gold standard. In the refrigerated samples physical,
biochemical (protein and glucose) and cellular analyzes were performed. In the frozen
samples, concentration of electrolytes sodium (Na*), potassium (K*) and chloride (CI)
and lactate concentration were measured. Analysis of variance bifactorial was used to
compare the diferente moments in each species and the Bland-Altman test was used
to observe whether there was agreement between the methods. Pearson’s correlation
was used to verify the relationships between the PL and the ABA. The evaluated PL
cannot be used as a method of evaluating lactate in CSF in cattle, goats, and sheep.
It was found that in the CSF the species evaluated have stability of up 72 hours under
refrigeration at 4°C for density, protein and glucose concentration and total cell count
(leukocytes and red blood cells), and frozen at -20°C for up to 12 months of
electrolytes. The stability of lactate in the CSF in the ABA varied according to the
species, in cattle it was stable for up to 72 hours refrigerated, in goats for up to 3
months frozen and in sheep for up to 12 months frozen. The results found indicate that
CSF can be collected in the field and sent to the laboratory at 4°C within 72 hours
without compromising the analysis.

Keywords: Diagnosis. Encephalitis. Cerebrospinal fluid
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1 INTRODUGAO

O rebanho brasileiro de bovinos, caprinos e ovinos representa um
montante de 238,77 milhdes de cabecas, sendo que esse numero equivale a um
aumento de 1,5% em relagdo ao ano de 2019 segundo o IBGE (BRASIL, 2022). Com
o0 aumento progressivo do rebanho espera-se também um acréscimo nas
enfermidades, dentre elas as doencgas do sistema nervoso central (SNC). O exame
laboratorial que auxilia no diagnéstico das doengas do SNC ¢ a colheita e analise de
liquido cerebroespinhal (LCE), que faz parte da rotina e traz informagdes importantes
ao clinico como, por exemplo, se a doenca é de origem inflamatéria ou ndo (NAGY,
2017).

Convencionalmente a analise liqudrica inclui a avaliacdo fisica,
quimica e contagem de células nucleadas (SCOTT, 2004; NAGY, 2017), entretanto
ha outras variaveis que podem ser mensuradas e que auxiliam no diagnéstico de
determinadas enfermidades. Entre os compostos que podem ser analisados
encontram-se o lactato, o sédio (Na*), o calcio (Ca) e o magnésio (Mg) (CURTI et al.,
2020).

Na medicina, a concentracao do lactato tem sido utilizada para auxiliar
no diagnostico das meningites, diferenciando se € de causa viral ou bacteriana (CHEN
etal., 2012; GRILLE et al., 2012; MASKIN et al., 2013). Na medicina veterinaria sabe-se
que ha aumento na concentracao de lactato no LCE no trauma encefalico em gatos
(INAO, et al 1988), nas doencas intracranianas de caes (CAINES et al., 2013) e em
convulsées (MARIANI et al., 2020). Nos ruminantes quase ndo existem estudos,
porém nos bovinos a concentragdo do lactato no LCE pode ser utilizada como
biomarcador nas encefalites (CURTI et al., 2020). E desconhecido, pelo presente
autor, o estudo na area em pequenos ruminantes.

O aumento da concentragao de lactato € considerado um marcador
de hipdxia tecidual e a sua produgao esta diretamente relacionada com condicdes de
anaerobiose (GONZALEZ; SILVA, 2006). Com o advento dos diagndsticos realizados
por meio da mensuracdo da concentracdo do lactato observa-se também a
necessidade de facilitar o atendimento a campo do médico veterinario que atua na
area de grandes animais, bem como avaliar a estabilidade do LCE. A utilizagdo de um
lactimetro portatil (LP) traz agilidade e praticidade. Em c&es, o LP Lactate plus® foi
validado e seu uso foi considerado eficaz em LCE refrigerado até 48 horas apds a
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colheita (NYE et al., 2018).

Deste modo, o objetivo do presente trabalho é comparar o lactimetro
portatii com o analisador bioquimico automatizado e avaliar a estabilidade dos
componentes, proteina, glicose, densidade e celularidade, do LCE refrigerado e

congelado em bovinos, caprinos e ovinos sadios.
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2 REFERENCIAL TEORICO
2.1 LiQUIDO CEREBROESPINHAL

O liquido cerebroespinhal (LCE) é um fluido biolégico que esta em
contato direto com o sistema nervoso central (SNC) e seus envoltérios, as meninges.
E um ultrafiltrado produzido pelos plexos coroides e permanece nos ventriculos
laterais e no espago subaracnoide que posteriormente é absorvido pelas vilosidades
aracnoides (VERNAU; VERNAU; BAILEY, 2008; DE LAHUNTA, 2009).

A sua funcgao é baseada em realizar um suporte estrutural do encéfalo,
diminuindo os danos em casos de traumatismo, regulagao da pressao intracraniana,
excregao de metabdlitos, transporte e controle de constituintes bioquimicos do SNC
(TERLIZZI; PLATT, 2006; VERNAU; VERNAU; BAILEY, 2008).

2.1.1 Histoérico

Os primeiros relatos sobre o LCE comegam no século XVII a.C.
escritos em papiros por Edwin Smith. Ja em 430 a.C. Hipdcrates faz a primeira
dissecagdao do SNC com acesso aos ventriculos, com auxilio de uma agulha. Nos
séculos seguintes sdo encontrados varios relatos de médicos sobre a descri¢ao do
SNC de forma melhor estruturada, com descricdo das meninges e dos ventriculos
(OLIVEIRA et al., 2020).

No século Il d.C., Claudius Galenus relata que o cérebro era
preenchido por um liquido claro, no qual presumiu-se que sua funcéo era fornecer
energia ao corpo. Este achado atrasou as pesquisas evolutivas da época, pois
acreditava-se que o liquido era vital (HERBOWSKI, 2013, OLIVEIRA et al., 2020).

Em 1543, André Vesalius, descreveu o sistema ventricular e em 1587,
Giulio Aranzi, publicou a existéncia do plexo coroide e a circulacdo do LCE pelo
terceiro e quarto ventriculo (HERBOWSKI, 2013). Somente em 1764, Domenico
Cotugno, reconheceu a continuidade entre os fluidos cerebrais e espinhais, bem como
0 espaco subaracndideo, por meio de dissecagao post-mortem. Sessenta anos apos,
Frangois Magendie, deu o nome de LCE (OLIVEIRA et al., 2020).

No Brasil, os estudos com LCE na medicina comegaram em 1897,

apos Miguel Couto, realizar a primeira pungédo no espago lombossacro in vivo. Em
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1928, Cerqueira da Luz e Waldemiro Pires fizeram mais de 5000 punc¢des no espago
atlanto occiptal, incluindo esta abordagem clinica em nivel mundial (LIVRAMENTO;
MACHADO, 2013; OLIVEIRA et al., 2020).

2.1.2 Producao, circulagao e absorgao do Liquido Cerebroespinhal

A producgao do LCE é realizada nos capilares localizados ao longo do
SNC e pelas leptomeninges, entretanto o principal local de formagao s&o os plexos
coroides. O plexo coroide é caracterizado por vilosidades que se projetam para os
ventriculos (DE LAHUNTA, 2009). A producéo é caracterizada por ser um ultrafiltrado,
que se inicia com a pressao hidrostatica dos capilares transferindo agua e os ions
para o epitélio coroide. Posteriormente o liquido vai para os ventriculos por meio de
transporte ativo (VERNAU; VERNAU; BAILEY, 2008).

A formacédo de LCE é diretamente proporcional ao peso do plexo
coroide e é diferente entre as espécies. A taxa de formacao € constante, porém pode
sofrer pequenas alteragdes durante o dia (VERNAU; VERNAU; BAILEY, 2008; DE
LAHUNTA, 2009).

Tabela 1 — Taxa de formagéao de liquido cefalorraquidiano (LCR) nos ruminantes

Espécie Taxa de formagao (uL/min)
Bovinos 290
Caprinos 164
Ovinos 118

Fonte: Kaneko, 2008.

A producao pode sofrer variagdes por diversos farmacos, como por
exemplo a furosemida e o diazepam, ou enfermidades. No entanto, o aumento
moderado da pressao intracraniana e a desidratacdo nao afetam a taxa de formacao
(VERNAU VERNAU; BAILEY, 2008).

Apos ser formado nos ventriculos laterais, o LCE circula no espaco
subaracnoide de forma continua. O fluxo ocorre através dos ventriculos laterais, passa
no terceiro ventriculo e por meio do aqueduto mesencefalico adentra ao quarto
ventriculo. Parte do LCE vai para o espaco subaracnoide e uma pequena fragao é
destinada ao canal medular (DE LAHUNTA, 2009). A velocidade com a qual o LCE se
movimenta no espago subaracnoide dependente diretamente da atividade
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cardiovascular, pois de acordo com a pressao e a pulsagao ocorre 0 movimento (DE
LAHUNTA, 2009).

A maior parte da absorcdo do liquido ocorre nas vilosidades
aracnoides, que sao estruturas projetadas para os seios durais. As vilosidades
aracnoides sio extensdes da membrana aracnoide e do espaco subaracnoide. A outra
pequena porgao pode ser absorvida nos vasos linfaticos da meninge duramater ou
pelas bainhas perineurais dos nervos cranianos, em particular o olfatério. A absorgao
ocorre de forma unidirecional, ou seja, do LCE para o sangue venoso (CHODOBSKI
et al., 1998; DE LAHUNTA, 2009).

De forma geral, a formacéo e absor¢édo do LCE ocorrem de forma
continua. A sua taxa de produgao nao é dependente da pressao intracraniana, dessa
forma a absor¢do do LCE é o principal mecanismo para regulacdo da presséao
(CHODOBSKI et al., 1998; DE LAHUNTA, 2020).

2.1.3 Colheita e Analise do Liquido Cefalorraquidiano

A analise de LCE ¢é o principal exame complementar realizado nos
casos de doencas do SNC. Apesar de raramente elucidar o diagndstico, ele em
conjunto com o histérico e exame neuroldgico, auxilia o médico veterinario nos
provaveis diagnoésticos diferenciais (NAGY, 2017).

O exame de LCE envolve trés etapas fundamentais, pré-analitica,
analitica e pds analitica. A fase pré-analitica consiste nos processos antes de avaliar
a amostra, como a colheita, armazenamento e transporte. A fase analitica envolve a
analise propriamente dita do LCE, e a fase pds analitica a emissdo do resultado.
Todas as etapas podem incorrer em erros. Por isso, deve-se ter bem estabelecido os
padrées para execugdo das etapas a serem desenvolvidas (DIMAS; PUCCIONI-
SOHLER, 2008).

A colheita de LCE pode ser realizada em dois locais: o espaco atlanto-
occiptal ou lombossacro (SCOTT, 2004; NAGY, 2017). A escolha do local de pungéo
depende do conhecimento da anatomia local, da localizagdo da lesdo e seguranga de
quem o realizara. Na literatura americana comumente encontra-se descrito que a
técnica de colheita no espago lombossacro é segura e de facil execugao (SCOTT,
2004; NAGY, 2017). No entanto, trabalhos no Brasil demonstram a colheita de LCE
por meio da atlanto-occiptal de forma efetiva, rapida e segura (ISERNHAGEN et al.,
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2011; QUEIROZ et al., 2012; QUEIROZ et al., 2018).

A colheita no espago atlanto-occiptal (Figura 1) deve ser realizada em
decubito lateral direito sob sedagdo ou anestesia geral e o animal ndo pode se
movimentar durante o procedimento. E realizada tricotomia ampla e antissepsia da
area com auxilio de clorexidine degermante e alcool 70%, apos flexiona-se o pescogo
em 90° graus. A colheita deve ser realizada com agulha metalica e a introdugcao deve
ser lenta e progressiva, quando a dura-mater for puncionada o LCE deve fluir (DE
LAHUNTA, 2009). Para a maioria dos bovinos e pequenos ruminantes, o mandril
metalico do cateter 18G é suficiente para realizar a colheita (QUEIROZ, et al., 2012;
QUEIROZ et al., 2018; CURTI et al., 2020). A colheita no espacgo atlanto-occiptal pode
ser guiada por ultrassonografia, o que torna o procedimento mais facil (BRAUN;
ATTINGER; BRAMMERTZ, 2015).

Figura 1. Imagem demonstrativa de colheita de LCE no espacgo atlanto occiptal em

equinos

Fonte: De Lahunta (2009).

Ja no espaco lombossacro a sedacao é facultativa, os bovinos devem
permanecer em estagcdo e os pequenos ruminantes podem ser posicionados em
decubito esternal. A tricotomia ampla e antissepsia com clorexidine degermante e
alcool 70% fazem parte do procedimento. No local de puncéo pode ser realizado um
botdo anestésico com lidocaina 2%, posteriormente a agulha metélica, com no minimo

15cm, deve ser introduzida verticalmente no espaco intervertebral entre lombar 6 (L6)
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e sacral 1 (S1). Quando as meninges séo perfuradas alguns animais podem ter uma
reacao involuntaria de movimentagéo ou abanar a cauda. Quando a agulha atinge o
espaco subaracnoide o LCE deve fluir, e com auxilio de uma seringa de 1mL pode ser
puncionado de forma gentil (STOBER, 1993). A analise de LCE do espaco
lombossacro ou atlanto-occiptal ndo possuem diferenga (DE LAHUNTA, 2009;
ANDRADE et al., 2022).

Figura 2. Imagem demonstrativa de colheita de LCE no espag¢o lombossacro em

equinos.

Fonte: De Lahunta (2009).

A analise liqudrica rotineira inclui avaliagdo fisica, citoldgica,
mensuragao de proteina, glicose e densidade. A avaliacao fisica consiste em cor,
aspecto e viscosidade, dentre os parametros fisioldgicos incluem um LCE incolor,
limpido e viscosidade similar a agua. Entretanto nas enfermidades podem-se
encontrar alteracbes de cor, como por exemplo xantocromia e a eritrocromia. A
xantocromia indica a coloragao amarelada e esta relacionada com a concentragcao de
bilirrubina plasmatica proveniente de hemorragia subaracndidea ou transudacgéo de
proteinas do plasma para o LCE. A eritrocromia indica uma coloragao avermelhada
causada na maioria das vezes por acidente de pungao (DIMAS; PUCCIONI-SOHLER,
2008). O LCE que se apresenta turvo indica um provavel aumento de células
nucleadas e da concentragdo de proteina. (VERNAU; VERNAU; BAILEY 2008;
TERLIZZI; PLATT, 2009)

A contagem total de células nucleadas é realizada por meio da cdmara
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de Fuchs-Rosenthal e para realizar a diferenciacdo entre hemacias e leucocitos é
necessario conhecer as particularidades de cada célula. Os leucdcitos apresentam-se
de aspecto granular e refringentes, e as hemacias possuem halos no centro e
contornos regulares. No caso de hemacias crenadas proje¢des finas e pontiagudas
podem ocorrer (VERNAU; VERNAU; BAILEY 2008). O aumento do numero de
leucdcitos no LCE é classificado como pleocitose, porém ha divergéncias entre os
autores para o limite superior fisioldgico nos ruminantes, alguns aceitam até cinco
leucdcitos por mm3 e outros até dez (VERNAU; VERNAU; BAILEY 2008; STOKOL et
al., 2009).

A contagem diferencial de leucdcitos auxilia o clinico no diagndstico e
na escolha da terapéutica adequada. Nos casos de encefalites bacterianas espera-se
uma pleocitose com predominio de polimorfonucleares, ja nos casos de encefalites
virais encontra-se uma provavel pleocitose com predominio de células
mononucleares. Casos de pleocitose eosinofilica estdo associados a encefalites por
protozoarios como o caso da cenurose em ovinos. Em determinadas enfermidades a
colheita seriada de LCE se faz necessaria para acompanhar a evolugao do quadro
e/ou resposta ao tratamento (NAGY, 2017). Recente um estudo demonstrou que a
colheita seriada a cada sete dias n&o interfere nos valores de hemacias, leucécitos e
proteina total do LCE (ANDRADE et al., 2022).

A concentragao fisiolégica de glicose no LCE é considerada de 35 a
70 mg/dL, o aumento é denominado de hiperglicorraquia e ocorre nos casos de
hiperglicemia. A hiperglicemia em ruminantes pode estar acompanhada por estresse
agudo. A diminuicdo de glicose, hipoglicorraquia, esta associada nos casos de
encefalites bacterianas, nesses casos ha consumo de glicose do SNC. (SMITH,
METRE, PUSTERLA; 2019).

O aumento na concentracao de proteina, hiperproteinorraquia, pode
estar associada a diversos fatores como o aumento da permeabilidade da barreira
hematoencefalica, produgdo de globulinas intratecal e interrupcdo do fluxo ou
absorcdo do LCE. As encefalites virais, bacterianas e parasitarias apresentam
hiperproteinorraquia (VERNAU; VERNAU; BAILEY 2008; SMITH, METRE,
PUSTERLA; 2019).

Existem outros componentes que podem ser mensurados no LCE,
como as concentragdes dos eletrolitos sddio (Na*), potassio (K*) e cloreto (CI°), dos

minerais calcio (Ca) e fésforo (P), dos metabdlitos ureia, creatinina, e lactato, bem
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como a atividade das enzimas creatinina quinase (CK) e fosfatase alcalina (FA)
(WELLES et al., 1992; ST JEAN et al.,, 1997; CURTI et al., 2020). Entre os
componentes citados, a concentracdo de Na* é utilizada para o diagnéstico de
intoxicagao por sal, em que valores acima de 160 mmol/L determinam o quadro ante
mortem (NILES, 2017; SMITH, METRE, PUSTERLA; 2019). A concentragdo de Mg
pode ser empregada em casos de hipomagnesemia, os resultados no LCE podem ser
mensurados até 12 horas post-mortem (GOFF, 1999; NAGY, 2017). Em casos de
encefalites bacterianas e virais observou-se diminuicdo na concentracdo de Ca, a
gueda é mais intensa especialmente em casos de meningoencefalite por herpesvirus
bovino tipo 5 (BoHV-5). Supde-se que tal fato pode estar associado ao influxo de Ca

para dentro das células em casos de morte celular (CURTI et al., 2020).
2.1.4 Lactato

O lactato é considerado um marcador de hipdxia tecidual e sua
producdo ocorre em condi¢des anaerdbicas, pois com a privacdo de oxigénio ha
bloqueio da oxidacdo aerdbica da glicose pelo ciclo do acido tricarboxilico, ou em
células sem mitocéndrias, como os eritrécitos. Nesses casos, o piruvato € reduzido a
lactato, liberando uma molécula de trifosfato de adenosina (ATP) (CORLEY;
DONALDSON; FURR, 2005; GONZALEZ; SILVA, 20086).

O lactato apresenta dois isdmeros, o lactato L e o lactato D, sendo o
primeiro fisiologicamente predominante, correspondendo de 95 a 99% do lactato
corporal. O aumento da concentragdo sanguinea do lactato € denominado de
hiperlactatemia, a qual pode ou ndo estar correlacionada a acidemia e a disturbios
acido-base (GILLESPIE et al., 2017).

Na neurologia humana, a concentragdo de lactato no LCE ¢é
empregada para auxiliar no diagndstico de meningite bacteriana (SAKUSHIMA et al.,
2011) e meningite bacteriana pds craniotomia (MASKIN et al., 2013). No entanto,
outras enfermidades também apresentam aumento em sua concentragao, como por
exemplo nos casos de convulsées (TUMANI et al., 2015), na doenga de Alzheimer
(LIGUORI et al., 2014) e na esclerose multipla (ALBANESE ET AL., 2016).

Na medicina veterinaria a mensurac¢ao da concentragao de lactato no
LCE ainda é pouco empregada, porém existem estudos que comprovam que as

doencgas intracranianas geram aumento da concentracdo em caes (CAINES et al.,



24

2013), bem como nos casos de convulsdées (MARIANI et al., 2020). Em grandes
animais ha trabalhos com equinos (GREEN; CONSTANTINESCU, 1993; TENNENT-
BROWN, 2012) e bovinos com encefalites (CURTI et al., 2020). Em bovinos, o lactato
pode ser utilizado como biomarcador, e admite-se que valores acima de 3,6mmol/L
ocorrem em encefalites (CURTI et al., 2020).

Em episodios de hiperlactatemia, ha também aumento da
concentracdo de lactato no SNC em decorréncia de passagem pela barreira
hematoencefalica (BHE) (ABEYSEKARA et al., 2007), entretanto essa passagem &
pontual. A sintese de lactato ocorre no SNC principalmente em casos de encefalites
bacteriana (SAKUSHIMA et al., 2011; MASKIN et al., 2013; CURTI et al., 2020).

2.1.5 Estabilidade dos componentes do Liquido Cefalorraquidiano

A recomendacao é que a analise de LCE seja realizada entre 30 e 60
minutos apds a colheita, evitando dessa forma a lise das células nucleadas e a
diminuicdo da concentragdo dos componentes bioquimicos (SCOTT, 2004; FRY et al.,
2006; VERNAU, VERNAU; BAILEY, 2008).

Um estudo realizado em bezerros comparou os resultados de LCE
imediatamente apds a colheita e sob refrigeragéo a 4°C por 24 horas com adicao de
soro autologo, e ndo houve diferenga entre os métodos avaliados. Com a adigédo do
soro autdlogo foi possivel manter a estrutura celular de forma razoavel. No entanto ha
uma correlagao positiva entre a quantidade de células nucleadas e a concentragao de
proteina (D’ANGELO et al., 2009).

A colheita de LCE nos ruminantes comumente é realizada a campo
em atendimentos neuroldgicos, a amostra € acondicionada em caixa isotérmica e
posteriormente encaminhada ao laboratério. No entanto, dificiilmente a fase analitica
ocorrera em até 60 minutos, pois as propriedades podem ficar distantes do laboratério
de apoio, fato que desestimula a avaliacdo de LCE nesses animais. A escassez de
dados na literatura para os bovinos e pequenos ruminantes reforga a necessidade de

maiores estudos sobre a estabilidade nessas espécies.

2.1.6 Lactimetro portatil

O lactimetro portatii € um medidor de concentracdo de lactato
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sanguineo que fornece resultados de forma rapida, dentro de até 60 segundos
(Manual, Accutrend Plus, 2012). No mercado brasileiro é possivel encontrar diferentes
marcas, entre elas o Accutrend Plus®, lactimetro LT-1730® e Lactate Plus®.

O Accutrend Plus® (Figura 3.), utiliza o método de fotometria de
refletdncia para mensurar a concentracdo de lactato sanguineo e/ou plasmatico
(Manual, Accutrend Plus, 2012). A fotometria de refletédncia é utilizada em alguns
analisadores bioquimicos automatizados e em analisadores semiautomatizados
menores. A fotometria de refletancia € analoga a fotometria de absorbancia, em que
a reacao quimica que ocorre resulta em um produto que absorve parte da luz. A luz
restante é refletida a um fotodetector que mede sua intensidade, porém a intensidade
da luz refletida ndo esta relacionada linearmente com a concentragdo da substancia
produzida e a aplicagédo de férmulas s&o necessérias para a conversao dos resultados
(WEISER, 2022).

Figura 3. Lactimetro portatil Accutrend Plus®.

Fonte: Shoptime (2022)

Na medicina veterinaria existem varios trabalhos testando a eficacia
do lactimetro portatil Accutrend Plus® para avaliagdo do lactato plasmatico,
envolvendo diferentes espécies animais, entre elas bovinos (KARAPINAR et al.,
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2013), equinos (TEIXEIRA-NETO et al., 2011) e caes (NOSAN et al., 2017). Em caes,
o Accutrend Plus®, demonstrou ser eficaz quando comparado ao analisador
bioquimico automatizado, Idexx Catalyst Dx®, considerado pelos autores como
método ouro de avaliagdo (NOSAN et al., 2017). Entretanto em bovinos e equinos o
mesmo nao pode ser afirmado, os resultados ndo seguiram um padrdo quando
mensurados no plasma (TEIXEIRA-NETO et al., 2011; KARAPINAR et al., 2013).

2.1.7 Espectrofotometria de absorbancia

A espectrofotometria de absorbancia € uma técnica analitica em que
as concentragdes de substancias sao determinadas por direcionar um feixe de luz
através de uma solugao contendo a substancia a ser detectada, ou um produto desta
substancia, e em seguida medindo a quantidade de luz que as partes absorvem
(WEISER, 2022).

Um espectrofotdmetro de absorbancia basico segue os componentes
da imagem abaixo (Figura 4.). Varias fontes de luz podem ser utilizadas, com a
escolha sendo baseada na porgdo do espectro e questbes desejadas como a
longevidade da lampada. Normalmente, o comprimento de onda escolhido é aquele
em que a absorbancia maxima ocorre. Entretanto, alguns comprimentos de ondas
podem ser escolhidos para minimizar interferéncias, como por exemplo, a
hemoglobina e a bilirrubina, que podem estar presentes no soro devido a hemalise in
vitro ou in vivo (WEISER, 2022).

Figura 4. Componentes de um espectrofotdmetro de absorbancia simples

o )£

Fonte Foco Monocromador Foco Cubeta Detector Metro
de luz

Fonte: Weiser (2022).

Na medicina veterinaria, ha descricdbes de trabalhos que fazem

comparagdes entre a concentragdo de lactato plasmatico no analisador bioquimico
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automatizado e no lactimetro portatil (TEIXEIRA-NETO et al., 2011; KARAPINAR et
al., 2013; NYE et al., 2016; NOSAN et al., 2017). Entretanto, ndo ha relatos sobre a
utilizagcao do lactimetro portatil para uso no LCE em grandes animais, somente em
caes (NYE, MARIANI; 2018)

A validagéo de um lactimetro portatil seria um facilitador nos casos de
atendimentos neuroldgicos a campo, com a praticidade de obter um resultado dentro

de poucos minutos, e auxiliar nos diagndsticos diferenciais.
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3 HIPOTESE

Ho: A concentragao de lactato no LCE nao difere se mensurado pelo lactimetro portatil

e pelo analisador bioquimico automatizado nos bovinos, caprinos e ovinos sadios.

H1: A concentragao de lactato no LCE difere se mensurado pelo lactimetro portatil e

pelo analisador bioquimico automatizado nos bovinos, caprinos e ovinos sadios.

Ho: A concentragéo de lactato no LCE né&o é estavel se conservado sob refrigeragao

a 4°C ou congelagéo a -20°C em bovinos, caprinos e ovinos sadios.

H1: A concentragao de lactato no LCE é estavel se conservado sob refrigeracéo a 4°C

ou congelagao a -20°C em bovinos, caprinos € ovinos sadios.

Ho: A composicao eletrolitica do LCE de bovinos, caprinos e ovinos nao se altera se
conservado sob refrigeragcao a 4°C por 72 horas ou sob congelagao a -20°C por até

12 meses.

H1: A composigéo eletrolitica do LCE de bovinos, caprinos e ovinos altera-se se
conservado sob refrigeracado a 4°C por 72 horas ou sob congelagdo a -20°C por até

12 meses.



34

5 OBJETIVOS

5.1 OBJETIVO GERAL

Avaliar a conservagdo, a estabilidade e comparar métodos de
mensuragao de lactato no liquido cerebroespinhal de bovinos, caprinos e ovinos

sadios.

5.2 OBJETIVOS ESPECIFICOS

Avaliar a estabilidade do liquido cerebroespinhal refrigerado e

congelado de bovinos, caprinos e ovinos sadios

Comparar a concentragao de lactato no lactimetro portatil e no
analisador bioquimico automatizado no liquido cerebroespinhal de bovinos, caprinos

e ovinos sadios.
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6 ARTIGO A — CONSERVATION, STABILITY, AND COMPARISON OF METHODS
TO DETERMINE THE LACTATE CONCENTRATION IN THE CEREBROSPINAL
FLUID OF HEALTHY GOATS AND SHEEP

*Artigo formatado conforme as normas para publicagao do periddico Small Ruminant

Research (https://www.sciencedirect.com/journal/small-ruminant-research)
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Conservation, stability, and comparison of methods to determine the lactate

concentration in the cerebrospinal fluid of healthy goats and sheep

Abstract

Cerebrospinal fluid (CSF) analysis provides significant antemortem information to clinicians
in order to direct their diagnoses, especially for encephalitis cases. This study aimed to evaluate
the conservation, stability, and methods for determining the concentration of lactate in the
cerebrospinal fluid of healthy goats and sheep. Twenty CSF samples from goats (n=10) and
sheep (n=10) were collected and evaluated. CSF was collected by puncturing the atlanto-
occipital space under sedation. After collection, the samples were distributed in seven aliquots
according to their analysis times (refrigerated at 4°C: 0, 24, 48, and 72 h; frozen at -20°C: 3, 6,
and 12 months). Physical, biochemical (protein, glucose, and lactate), and cellular analyses
were performed on the refrigerated samples. The lactate and electrolyte concentrations (sodium,
potassium, and chloride) were measured in the frozen samples. The lactate concentration was
measured using a portable lactometer and biochemical analyzer to validate the method.
Analysis of variance bifactorial was used to compare the different analysis times, methods and
interaction of them in each species, and the Bland—Altman test was used to observe whether
there was agreement between the methods evaluated. Portable lactometer and biochemical
automatic analyzers tested in the present study are not concordant methods in the CSF of goats
and sheep; therefore, their use is not recommended. The CSF samples showed stability in terms
of density, protein, glucose, and cellularity for 72 h under refrigeration at 4°C and in electrolyte
concentration for 12 months when frozen at -20°C. The lactate concentration was stable for 3
months in goats and 12 months in sheep, as determined using a biochemical analyzer.

Keywords: diagnosis, encephalitis, stability, lactate.
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1 Introduction

Cerebrospinal fluid (CSF) is a biological fluid in direct contact with the central nervous
system. CSF is classified as an ultrafiltrate, produced in the choroid plexus, and is responsible
for providing structural support to the brain (De Lahunta, 2009). The collection and analysis of
CSF is a fundamental complementary exam in neurological care, as it provides antemortem
information about diseases, especially in cases of encephalitis (Scott, 2004; Nagy, 2017).

Routine analysis of CSF samples provides information about the cellularity, density,
and concentrations of proteins and glucose. In addition, other components can be measured,
including electrolyte, sodium (Na®), potassium (K¥), and chloride (CI") levels (Scott, 2004;
Nagy, 2017). Lactate concentrations are also clinically important in CSF samples. In humans,
the concentration of lactate in the CSF is used as a biomarker to differentiate between viral and
bacterial encephalitis, which helps in patient care (Chen et al., 2012; Grille et al., 2012; Maskin
et al., 2013; Xiao et al., 2016). In veterinary medicine, lactate concentration in the CSF has
recently been used in clinical practice (Caines et al., 2013; Curti et al., 2020; Mariani et al.,
2020). It is known that cattle with viral and bacterial encephalitis have an increase in lactate
concentration (Curti et al., 2020); however, information about lactate concentrations in the CSF
of goats and sheep is lacking.

In dogs, the Lactate Plus® portable lactometer has been validated for the measurement
of lactate in CSF in samples immediately after collection and after being refrigerated for up to
48 hours (Nye and Mariani, 2018). The collection and analysis of CSF is part of typical
veterinary practice when providing neurological care; however, sending the sample to the
clinical pathology laboratory is time consuming when the distance between the field and
laboratory is extensive. Thus, the hypothesis of the present study is that a portable lactometer
can be used in routine veterinary practice to facilitate the measurement of lactate in CSF. This

study aimed to evaluate the conservation and stability of samples and compare the methods
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used to determine the lactate concentration in the CSF of healthy goats and sheep under

refrigeration and freezing conditions.

2 Materials and methods
This study was approved by the Animal Care and Use Committee of the Universidade

Estadual de Londrina (No. 9621.2019.04).

2.1 Animals

Twenty CSF samples from healthy goats (n=10) and sheep (n=10) were analyzed. The
goats belonged to a herd from the Centro Universitario do Ingd, Maringd, Parana, Brazil.
Included nine non-pregnant and non-lactating females and one male. They were Saanen goats,
were 14 months old, and their mean weight was 35.3+7.5 kg. The animals were placed in a field
of Cynodon nlemfuensis, fed pelleted feed (1% weight) (Cocari goats and sheep adults, Cocari,
Mandaguari, Brazil) with probiotics (Organew, Vetnil), and had free access to water and
mineral salt (Sal Rural Maringd, Cocamar, Maringd, Brazil). One day before sample collection,
the goats were placed in collective stalls without water or food for 12 h.

The sheep belonged to a herd from the Veterinary Teaching Hospital of the
Universidade Estadual de Londrina, Londrina, Parand, Brazil. Included non-pregnant and non-
lactating adult and crossbred females weighing a mean of 41.4+2.6 kg. The animals were placed
in a field of Cynodon dactylon and received corn silage with free access to water and mineral
salt (Ovinof6s, Tortuga). One day before sample collection, the sheep were placed in single

stalls without water or food for 12 h.
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2.2 Data collection
Physical examinations were performed in all animals before data collection (Dirksen,
1993), including heart and respiratory rates, number of ruminal movements, rectal temperature,
clinical assessment of mucosal collar, and capillary refill time. Only animals without abnormal
physical examination results were included in the experiment. For CSF collection, the
animals were sedated with 2% xylazine (0.1 mg/kg of body weight [BW]) intramuscularly and
kept in right lateral recumbency. After shaving and antisepsis, CSF was collected in dry tubes
(Eppendorf Tubes; Thermo Fisher Scientific, Sdo Paulo, Brazil) by puncturing the atlanto-
occipital space using an 18-gauge 5.1 cm catheter stylet (Queiroz et al., 2012). CSF was
collected by spontaneous dripping totaling 4.0 mL of total volume. Immediately after
collection, the CSF was placed in an isothermal box with ice to maintain the temperature at 4°C

and was evaluated at most two hours after collection.

2.3 Laboratory procedures

The total volume of CSF was distributed in seven aliquots of 500 pL. The first sample
was analyzed within two hours after collection (time 0 (0 h)), the refrigerated samples (4°C)
were evaluated at 24, 48, and 72 h, and the frozen samples (-20°C) were evaluated after 3, 6,
and 12 months.

The samples at O h and the refrigerated samples were evaluated for color and
appearance, and cell counts were performed in a Fuchs-Rosenthal chamber. The concentrations
of glucose (Glucose Flex) and protein (Urinary/Cerebrospinal Fluid Protein Flex) were
determined by enzymatic colorimetric methods using a biochemical automatic analyzer
(Dimension Xpand Plus; Siemens).

The CSF lactate concentrations were measured using a portable lactometer (Accutrend

Plus, Roche) and enzymatic colorimetric assays based on the oxidation of lactate to pyruvate
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(Lactic acid Flex, Siemens) in a biochemical automatic analyzer (Dimension Xpand Plus,
Siemens). The concentrations of Na*, K*, and ClI" were measured using the selective ion

electrode method (QuickLYTE Integrated Multisensor; Siemens).

2.4 Statistical methods

Analysis of variance (ANOV A) was used to compare the effect for time in cases in wich
the variables presented a Gaussian distribution. For lactate concentrations repeated-measures
analysis of variance was used to test the effects of time, equipment and interaction between
them the two factors (time and equipment). Tukey’s test was used when the F-statistic was
significant. The agreement between the methods was evaluated using the Bland—Altman test.
For CSF red blood cells and total nucleated cells, the Kruskal-Wallis test were used. Pearson’s
correlation coefficient was used to verify the relationship between the portable lactometer and
the biochemical automatic analyzer. The data are presented as mean and standard error of the
mean (SEM) or median and percentiles 25 and 75 in the non-parametric distribution An error
probability of 5% was allowed. BioEstat 5.0 and SPSS were used to perform the statistical

analyses.

3 Results
The CSF analysis in the goats and sheep revealed stability of protein and glucose
concentrations, density, and cellularity when refrigerated at 4°C for 72 h (Table 1) and stable

electrolyte concentrations when frozen at -20°C for 12 months (Table 2).
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Table 1 — Goat and sheep CSF sample biochemical analysis and cellularity at O h and after 24,
48, and 72 h of refrigeration at 4°C. The data were presented with mean and SEM or median

and percentile 25 and 75 in the non-parametric distribution.

Oh 24h 48h 72h SEM P
Goats
Glucose 46.2 46.6 46.4 46.4 0.57 0.99
(mg/dL)
Protein (mg/dL) 24.7 244 244 243 0.47 0.99
Density 1007.6 1007.2 1007.2 1007.0 0.15 0.597
TNC (uL) 35(1.0to 35(1.0to 452.0to 1.5(1.0to - 0.27
4.25) 5.0) 8.75) 5.25)
RBC (uL) 122.0(13.0to0  129.5(11.5 113.5Q21.5t0 745(52t0 - 0.90
2056.2) to 2389.2) 2649.0) 264.0)
Sheep
Glucose 48.2 48.1 47.3 45.5 0.98 0.76
(mg/dL)
Protein (mg/dL)  21.85(19.57  22.15(19.45  22.65(20.75 22.9(21.40to - 0.99
to 38.1) to 38.15) to 38.15) 46.62)
Density 1006.4 1006.8 1006.4 1006.4 0.13 0.68
TNC (uL) 1.0(1.0to 20(1.0to 1.0(1.0to 25(1.0to - 0.72
3.5) 2.25) 3.0) 5.0)
RBC (uL) 108.5(2.0t0  287.0(225 2745(145t0 289.5(3.0to - 0.93
528.5) to 1557.25) 2361.0) 2686.0)

TNC: total nucleated cells; RBC: red blood cells
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Table 2 — Concentration of electrolytes in CSF samples from healthy goats and sheep at O h,
after 24, 48, and 72 h of refrigeration at 4°C, and after 3, 6, and 12 months of being frozen at -

20°C. The data were presented with mean and SEM.

Oh 24h 48h 72h 3m 6m 12m SEM P

Goats

Na* (mmol/L) 143.1 144.1 142.8 142.6 142.1 140.8 143.5 039 0.70
K* (mmol/L) 2.92 2.93 2.96 2.87 291 2.88 2.90 0.0l  0.67
Cl' (mmol/L) 128.5 129.9  128.55 12722  131.2 126.8 127.11 0.34 053
Sheep

Na* (mmol/L) 146.3 146.4 145.6 145.6  141.71 144.8 1424 027 0091
K* (mmol/L) 2.96 2.95 2.94 2.94 2.89 297 2.96 0.005 0.98

CI' (mmol/L) 129.62 129.13 128.0 128.75 12629  131.66 125.5 0.25 0.94

In goats, the lactate concentration in the CSF determined using the portable lactometer
differed between the evaluated time points (p<0.001) (Table 3). It showed stability up to 48 h
after collection, after which it showed a slight increase at 72 h, and with freezing (-20°C), the
concentration decreased. When using the automatic biochemical analyzer, the samples
remained stable for 12 months under freezing conditions.

In sheep, the concentration of lactate in the CSF determined using the portable
lactometer also showed a difference between the evaluated time points (p<0.001). It remained
stable for up to 72 h after refrigeration, but after freezing (-20°C), there was an increase in
concentration when compared to previous periods. The automated biochemical analyzer
showed stability throughout the refrigerated and frozen periods up to 12 months after collection.

Validation of the portable lactometer was not possible, as in both goats and sheep, the
Bland—Altman analysis showed non-agreement between methods (Figure 1), which

corroborates the findings of the ANOVA bifactorial test.
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Figure 1 —Bland—Altman plot of healthy goats and sheep, respectively, in the CSF
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There was no correlation between the portable lactometer and automated biochemical
analyzer results in goats (r=-0.220; p=0.06); however, the results in sheep had a mean
correlation (r=0.457; p<0.001).

The results showed that it was possible to estimate the physiological range of lactate
concentrations in the CSF of goats and sheep. In goats and sheep, a range of 2.26 to 3.38
mmol/L and from 2.72 to 4.24 mmol/L can be admitted, respectively.

All the animals that underwent CSF collection recovered from sedation without
complications within 2 h. In the samples collected, 2/20 were reddened on physical examination

due to a puncture accident.
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Table 3 — Lactate concentrations in the CSF of healthy goats and sheep measured using a

portable lactometer (PL) and automated biochemical analyzer (ABA). The data were presented

with mean and SEM.
CSF Oh 24h 48h 72h 3m 6m 12m SEM P
Goats
PL (mmol/L) 37140 38640  4.44% 4824 270 1.37A4 1.80°Y 0,15 <0.0001
ABA (mmol/L) 2098 308 2978 2978 2874 336% 2974 0,03
Sheep
PL (mmol/L) 37140 3,628 3367 33140 4.60% 4274 5014 0,09 <0.0001
ABA (mmol/L) 3.48%  3.54A1 3414 334Ac  332Ba 339Ba 339Ba ()05

Different superscript letters, uppercase in column and lowercase in line, indicate statistical difference (P< 0.05).

SEM: Standard error of mean

4 Discussion

In this study, the portable lactometer (PL) was not validated for measuring the
concentration of lactate in the CSF of goats and sheep because when the Bland—Altman analysis
and ANOVA bifactorial were applied, the methods were not in agreement. In dogs, the PL
results were validated when samples were refrigerated at 4°C for up to 48 hours after collection.
However, after freezing at -20°C or -80°C, the samples’ stability changed (Nye and Mariani,
2018). Based on these results, the same cannot be said for small ruminants.

Although the PL was not feasible for use with CSF, the device demonstrated stability in
lactate values in samples from goats and sheep that were refrigerated at 4°C for 48 h and 72 h,
respectively. The results of the automated biochemical analyzer (ABA) were reliable in goats
and in sheep for 12 months after being frozen at -20°C, which is the standard method.

In humans, the CSF lactate concentration is stable for 3 days at room temperature, for

21 days when refrigerated at 4°C, and for 21 days when frozen at -20°C. These results
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demonstrate that the compounds have high stability and are not easily degradable. However,
the study did not describe the method used for measurements (Zhang, 2015).

A possible explanation for the different results between the evaluated methods can be
elucidated by measuring lactate levels. While the PL uses reflectance photometer observations,
the ABA uses absorbance spectrophotometry as the method of analysis. The reflectance
photometer observation method is based on a test in which the intensity of the color on the test
strip is measured after illumination by a LED, in which the intensity of the light reflected by a
dye with a detector is calculated, resulting in an enzymatic reaction involving a constituent,
such as lactate (Accutrend® Plus Instruction Manual, 2012). The absorbance spectrophotometry
method consists of measuring the intensity absorbed light absorbed by a chemical substance
when a beam of light passes through the solution in the sample. The basic principle is that each
compound absorbs transmitted light within a certain wavelength range (Compri-Nardy et al.,
2009).

From the results obtained, the CSF is stable when refrigerated for 72 h in terms of
density, total cell count (leukocytes and erythrocytes), protein and glucose concentration. When
frozen for 12 months, the CSF is table in terms of electrolytes (Na*, K*, and CI') in healthy
small ruminants. The literature recommends that analysis of CSF be carried out up to 30—-60
min later at most, as cell degradation occurs later (Scott, 2004; Fry et al., 2006; Vernau et al.,
2008); however, the results here contradict this information. Studies in dogs (Fry et al., 2006),
healthy cattle, and in those with encephalitis (D’angelo et al., 2009; Bellino et al., 2015) have
reported a stability up to 48 h after collection in terms of total cell and protein count and used
autologous serum for cell preservation. The certainty of stability in the samples reassures
veterinarians who collect CSF because regardless of the distance from the laboratory, reliable
results can be obtained if the sample is properly stored. The present study did not evaluate cell

morphology, as CSF samples from healthy animals with low cell numbers were evaluated and
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the differential leukocyte count is recommended when there are at least 20 leukocytes to
characterize the predominance of cells (Vernau et al., 2008; Scott, 2010; Nagy, 2017). In
addition, the amount of CSF was small to perform cell morphology. The authors chose to
worsen other analyses.

In the CSF, the presence of erythrocytes is associated with a puncture accident or
intracranial hemorrhage; thus, no erythrocytes are expected when acquiring samples
methodically (Scott, 2004; Vernau et al., 2008; Nagy, 2017). Here, the animals had a high
median number of red blood cells due to a puncture accident at the time of collection. This is
common in small ruminants, as the atlanto-occipital space is small and any movement causes
bleeding into the leptomeningeal vessels.

The protein concentration and density remained within normal physiological standards
for the species studied (Scoot, 2010; Scott, 2013; Smith et al., 2019; Nagy, 2017), which
provides security in the refrigerated results up to 72 h after collection. The concentration
remained stable in all ruminants; however, in sheep, the physiological range is from 48 to 109
mg/dL (Smith et al., 2019), and it was possible to observe mild hypoglycorrhachia after 48 h of
refrigeration. This finding may be related to the consumption of glucose by the blood cells
present in the sample.

The determination of lactate concentration in the CSF of small ruminants presents
important information such that, in the future, it will be possible to conduct studies in animals
with neurological diseases and determine any increases in viral and bacterial encephalitis, as in
cattle (Curti et al., 2020).

The present study’s results provide important information for clinicians who collect
CSF, as proof of the stability of the sample under refrigeration at 4°C for up to 72 h guarantees
safety and precision in the data.

The authors acknowledge the limitations of this study, which include the small number
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of CSF samples analyzed. However, this study provides new information on the conservation
and stability of CSF components under refrigeration and freezing, as well as the lactate
concentration in the CSF of goats and sheep. Although no studies have assessed lactate
concentrations in small ruminants with encephalitis, it is believed that there may also be
increases in encephalitis in these cases and that lactate measurement is a possible diagnostic
method. In cattle, the concentration of lactate in the CSF can be used as a biomarker, with values
above 3.6 mmol/L indicating encephalitis (Curti et al., 2020). Consequently, studies with
animals affected by viral and bacterial encephalitis may be conducted in the future to elucidate
any differences between the methods evaluated, in addition to verifying any increase in the CSF

lactate concentrations of small ruminants.

5 Conclusion

In conclusion, the PL and biochemical analyzer devices are not concordant methods for CSF
assessment; therefore, the use of a PL is not recommended for measuring lactate in the field.
CSF components such as protein and glucose concentrations, density, and cellularity
demonstrate stability for 72 h under refrigeration, and electrolytes remain stable for 12 months

under freezing conditions.
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Efficacy of a portable lactometer to measure the lactate concentration in cerebrospinal

fluid of healthy cattle

Abstract

Introduction: Analysis of cerebrospinal fluid (CSF) provides important antemortem
information to the clinician, aiding in diagnosis, especially in cases of encephalitis. The aim of
this study was to evaluate whether a portable lactometer can be used to measure lactate
concentration in healthy cattle and the stability of the CSF.

Methods: Ten CSF samples from cattle were analyzed. CSF was collected by puncturing the
atlanto-occipital space under sedation. After collection, the samples were distributed in seven
aliquots determined according to the time of their analysis at O h, 24 h, 48 h, and 72 h which
remained refrigerated at 4°C, and 3, 6, and 12 months of storage at -20°C. In the refrigerated
samples, physical, biochemical (protein and glucose), cellular, and lactate concentration
analyses were performed. In the frozen samples, the concentration of electrolytes: sodium
(Na*), potassium (K*), chloride (CI'), and lactate were measured. Analysis of variance was used
to compare the different moments, and the Bland-Altman test was used to observe whether there
was an agreement between the methods evaluated.

Results: The portable lactometer and biochemical analyzer are not concordant methods for the
CSF of cattle. The CSF showed stability for 72h under refrigeration at 4°C in density, protein
and glucose concentrations, and cellularity for 12 months under freezing at -20°C. The
equipment presented differences at all moments; however, in the PL, the lactate concentration
was stable for 12 months and 72 h in cattle in the automated biochemical analyzer, the gold

standard.
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Conclusion: The results of this study indicate that a portable lactometer cannot be used to
measure the concentration of lactate in the CSF of healthy cattle, although the PL was stable at
all time points.

Keywords: Freezing, encephalitis, refrigeration, bovine.

1. Introduction

The collection and analysis of cerebrospinal fluid (CSF) is a part of the neurological
care of cattle with neurological signs, and it is an antemortem examination that helps determine
the definitive diagnosis, especially in cases of encephalitis. '

There are two different locations for CSF collection: in the atlanto-occiptal or
lumbosacral space; sedation is necessary.® Physical evaluation, cellularity, density, and
concentration of protein and glucose are evaluated in the CSF sample. In addition, other
components such as electrolytes: sodium (Na*), potassium (K¥), and chloride (CI) can be
measured.'

Lactate concentration is used in medicine to differentiate viral meningitis from bacterial
meningitis in children,* and it can also be used as a biomarker for bacterial meningitis after
craniotomy.’ In veterinary medicine, lactate concentration in the CSF is rarely used, and the
work is focused on dogs with neurological diseases.®’ However, it was found that lactate can
be used as a biomarker in cattle with encephalitis. ®

The gold standard for measuring the concentration of lactate in biological fluids is the
automated biochemical analyzer (ABA); however, the availability of a portable device helps
obtain data and avoids packaging the sample. CSF collection in ruminants is commonly
performed in the field, and samples are stored in an isothermal box and later sent to the clinical
laboratory. Given this fact, this work aims to elucidate whether the portable lactometer can be

used to measure lactate concentration in healthy cattle and the stability of the CSF.
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2. Materials e methods
This study was approved by the Animal Care and Use Committee of the Universidade

Estadual de Londrina (CEUA/UEL), under protocol 9621.2019.04.

2.1. Animals

Ten CSF samples from cattle were evaluated. The animals came from the herd of the
Centro Universitario Inga (UNINGA), composed of non-pregnant and non-lactating females of
the Nelore breed, aged approximately 20 months and weighing 330.50+36.80 kg. Feeding
management consisted of staying in a paddock of Cynodon nlemfuensis with free access to
water and protein mineral salts (Rural Proteico, SRM Nutricao Animal®). On the eve of harvest,
cattle were placed in a corral for water and food fasting for 12 h.

All cattle underwent physical examination to ensure that they were healthy at the time
of collection. Physical examinations included heart and respiratory rates, body temperature,

ruminal movements, mucosal staining, and capillary refill time.

2.2 Data collection

For collection, the animals were sedated with 2% xylazine 0.1 mg/kg intravenously,
placed in the right lateral decubitus position, and restrained with the aid of ropes. Trichotomy
and antisepsis were performed by degerming chlorhexidine and alcohol, followed by collection
in the atlanto-occipital space using a 5 cm 18-G metallic needle. The initial volume was
discarded, and 4.0 mL of total volume was subsequently collected in a dry tube (Eppendorf
Tubes; Thermo Fisher Scientific, Sdo Paulo, Brazil) and stored by spontaneous dripping.
Immediately after collection, the CSF was placed in an isothermal box with disposable ice to

maintain a temperature of 4°C. The samples were evaluated no more than 2 h after collection.
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2.3 Laboratory procedures

CSF samples were distributed in seven 5S00uL aliquots. The first analysis was performed
within two hours after collection, and at time O (O h), refrigerated samples (4°C) were evaluated
at 24 h, 48 h, and 72 h, and frozen samples (-20°C) were evaluated after 3, 6, and 12 months.

Samples from time O h and refrigerated samples were evaluated in terms of color and
appearance. Erythrocytes and nucleated cells were counted in a Fuchs Rosenthal chamber.
Glucose (Siemens, Glucose Flex®) and protein (Siemens, Urinary/Cerebrospinal Fluid Protein
Flex®) concentrations were determined by colorimetric enzymatic methods using an automatic
biochemical analyzer (Dimension Xpand Plus®, Siemens).

In all the fresh, refrigerated, and frozen samples, the Na +, K +, and Cl-electrolytes and
the lactate concentration were measured. Electrolyte analysis was performed using the ion-
selective electrode method in an electrolyte and blood gas analyzer (Rapid Point ®, Siemens).
Lactate concentration was measured using a portable lactometer (PL) (Accutrend Plus ®,
Roche) and using the colorimetric method, enzymatic test (Siemens Flex® reagent cartridge)
with spectrophotometric reading using a biochemical analyzer (Dimension Clinical Chemistry

System; Siemens), the gold standard in the study, at different time points.

2.4 Statistical methods

Analysis of variance (ANOV A) was used to compare the effect for time in cases in wich
the variables presented a Gaussian distribution. For lactate concentrations repeated-measures
analysis of variance was used to test the effects of time, equipment and interaction between
them the two factors (time and equipment). Tukey’s test was used when the F-statistic was
significant. The agreement between the methods was evaluated using the Bland—Altman test.
For CSF red blood cells and total nucleated cells, the Kruskal-Wallis test were used. Pearson’s

correlation coefficient was used to verify the relationship between the portable lactometer and
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the biochemical automatic analyzer. The data are presented as mean and standard error of the
mean (SEM) or median and percentiles 25 and 75 in the non-parametric distribution. An error
probability of 5% was allowed. BioEstat 5.0 and SPSS were used to perform the statistical
analyses.

Results
In this study, it was observed that the CSF from cattle were stable for the concentrations
of protein, glucose, density, and cellularity under refrigeration at 4°C for 72 h (Table 1), and

for the concentrations of electrolytes frozen at -20°C for 12 months (Table 2).

Table 1- Cattle CSF sample biochemical analysis and cellularity at Oh and after 24, 48, and 72
h of refrigeration at 4°C. The data were presented with mean and SEM or median and percentile

25 and 75 in the non-parametric distribution.

Oh 24h 48h 72h SEM P
Glucose 57.6 58.2 58.7 58.6 1.50  0.99
(mg/dL)
Protein 34.6 34.8 35.2 345 1.64 099
(mg/dL)
Density 1,007.5 1,007.6 1,008.0 1,007.7 0.10  0.50
TNC (uL) 654 75to0 55@5to0 4.0@3B.0to 45@.0to - 0.96
13.75) 12.5) 12.2) 16.5)
RBC (uL) 75042t0 700G2to 45@3B0to 2.0(1.25to - 0.42
3575.7) 4197.7) 12097.7) 3977.0)

TNC: total nucleated cells; RBC: red blood cells.

PL cannot be used in the CSF of cattle because the methods did not agree after the
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Bland-Altman analysis (Figure 1). There was no Pearson’s correlation between PL and ABA
(r=0,187; p=0,12) in Pearson’s correlation.

Figure 1- Bland-Altmann plot of cattle healthy in the CSF
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The lactate concentration in ABA remained stable for 72 h, that is, the entire period in
which the CSF was kept refrigerated at 4°C. In the PL, the lactate concentration remained stable
throughout the evaluation period, refrigerated, and frozen (Table 2).

All animals that participated in the study recovered well from sedation, in a period of 3
h, and returned to the station position with food intake. Among the CSF samples collected, one
was red and two were light yellow. In the analysis, all had an increase in the number of red

blood cells, indicating a puncture accident.
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Table 2- Concentration of electrolytes in the CSF of healthy cattle at O h, 24 h, 48 h, 72 h

refrigerated at 4°C, and 3, 6, and 12 months frozen at -20°C. The data were presented with

mean and SEM.

Oh 24h 48h 72h 3m 6m 2m SEM P

Na* (mmol/L) 138.6 1394 1385 139.0 1394 1386 1389 0,30 0.98
K* (mmol/L) 2.8 29 29 29 2.8 2.8 2.8 0,01 099

CI' (mmol/L) 1237 1239 1241 124.2 122.1 1224 121.6 033 0.17

Table 3- Lactate concentrations in the CSF of healthy cattle measured using a portable
lactometer (PL) and automated biochemical analyzer (ABA). The data were presented with

mean and SEM.

Lactate (mmol/L) Oh 24h 48h 72h 3m 6m 12Zm SEM P

PL 2.158  1.98Bs 1.85B 1.78B* 19582 1.79Bs 233Ba (05
<0,001
ABA 2.834b QA 9 QFAb ) gpAld 3 5pAa 3 3gAd D ROAP (.06

Different superscript letters, uppercase in line and lowercase in column, indicate statistical differences (P< 0.05).

Discussion

In this study, the PL was not validated to measure the concentration of lactate in the
CSF because when applied to the Bland-Altman analysis, the methods did not agree. These
results may be related to the use of different lactate concentration measurement methods. The
PL uses observation by a reflectance photometer and the automated ABA uses absorbance
spectrophotometry.®!° The basic difference between the methods is that the spectrophotometer
allows the measurement in the spectrum of all wavelengths, whereas the photometer isolates a
specific wavelength of light.!” In dogs, the Lactate Plus PL has been validated for samples

freshly collected and stored for up to 48 h refrigerated at 4°C; however, this monitor uses an
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enzymatic amperometry method to determine extracellular lactate in biological fluids. This
method includes an electrochemical lactate oxidase biosensor to determine the production of
hydrogen peroxide resulting from the oxidation of L-lactate to pyruvate, generating an electrical
current proportional to the lactate concentration in the sample.!!

Although the PL device has not been validated for CSF, its results demonstrated stability
throughout the period evaluated, both in samples refrigerated at 4°C and in samples frozen for
12 months at -20°C. The stability of the PL allows determining a reference range for its use,
which comprises from 1.73 to 2.57 mmol/L, lower results are expected when measuring the
concentration of lactate in the PL when compared to the ABA. ABA was shown to be stable in
the refrigerated samples for up to 72 h, generating applicability in the measurement of CSF
lactate in the routine of the veterinarians of large animals. One possible explanation for the
increase in lactate concentration at 72 h and 3 months may be related to sample interference,
with 3/10 cattle presenting reddish CSF, and the presence of hemoglobin in the samples hinders
the reading by the absorbance spectrophotometer.

It can be seen that the CSF is stable when refrigerated for 72 h for density, total cell
count (leukocytes and erythrocytes), protein and glucose concentration, and frozen for 12
months in the electrolytes Na*, K*, and CI". The literature recommends that CSF analysis should
be performed within 30 to 60 min; after this period, cells begin to degrade,'? however, the results
found here contradict this information. Studies in sick dogs'® and cattle'* observed stability for
up to 48 h after collection of total cell and protein concentrations and used autologous serum
for cell preservation. In this study, the cell morphology was not evaluated because the CSF
samples were obtained from healthy animals, which have a low number of cells. Differential
leukocyte counts were performed in cases of pleocytosis to characterize the predominance of
cells.?

Electrolyte concentrations were within the physiological standard for the species
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throughout the experimental work.'> In addition, knowing the physiological range and stability
of electrolytes is important. As an increase in Na* concentration above 160 mmol/L closes the
diagnosis of salt poisoning in cattle, this condition generates neurological signs similar to
polioencephalomalacia.?

Protein and glucose concentrations remained within physiological standards for the
species®, which provide security in refrigerated results up to 72 h after collection.

Physiologically, it is expected that red blood cells are not present in the CSF; however,
the most common cause of erythrocytes is a puncture accident in the leptomeningeal vessels.!*
In this study, a median of 7 red blood cells/uLL was attributed to a puncture accident during
procedure collection.

The authors acknowledge the limitations of this study, which include the small number
of CSF samples analyzed and the non-evaluation of cell morphology. Further studies are needed
to elucidate the stability of the CSF in ruminants with different central nervous system
disorders, since the alterations in the CSF vary according to the disease and the degree of lesions
in the brain.!? The authors are not aware of the results of stability for longer periods in cattle,

and therefore, this study is an original contribution.

Conclusion

It can be concluded that the PL cannot be used to measure the concentration of lactate
in the CSF of healthy cattle; however, stability was observed in the PL, and a confidence
interval was suggested for its use. It was shown that it is possible to collect the CSF sample and

send it for analysis within 72 h under refrigeration at 4 °C.
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8 CONCLUSOES

Conclui-se, portanto, que o LP e o ABA ndo sdo métodos
concordantes para o LCE em bovinos, caprinos e ovinos. Desta forma a utilizagao do
lactimetro portatil testado neste estudo néo é recomendada para a mensuragao do
lactato a campo. Entretanto, nos bovinos observa-se uma estabilidade no LP, e um
intervalo de confianga foi estabelecido de 1.73 a 2.57 mmol/L.

O LCE dos bovinos, caprinos e ovinos sadios é estavel por 72 horas
refrigerado a 4°C para a contagem total de células (leucécitos e hemacias), densidade,
concentracdo de proteinas e glicose e congelados a -20°C por 12 meses para 0s
eletrdlitos. Ja a concentracio do lactato no LCE no ABA demonstra estabilidade nos
bovinos por 72 horas, nos caprinos por 3 meses e nos ovinos por 12 meses. Estes
dados geram seguranga nos resultados avaliados apos 60 minutos de colheita para o
clinico de grandes animais.

Maiores estudos sdo necessarios com ruminantes acometidos por

encefalites para avaliagao da estabilidade.
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9 PERSPECTIVAS FUTURAS

O presente trabalho foi desenvolvido com animais saudaveis, nao foi,
portanto, realizada a mensuracao da concentragao do lactato em animais acometidos
por doengas do sistema nervoso central, bem como a comparagdo do lactimetro
portatil e analisador bioquimico nestas condicdes. Estes estudos sado importantes para
determinar se ha aumento da concentracdo de lactato nos pequenos ruminantes, e
para validagao, ou ndo, do lactimetro portatil. Da mesma maneira, se faz importante o
estudo da estabilidade do LCE em animais acometidos por doengas neurolégicas, pois
com o aumento da proteina e pleocitose pode ter alteragbes significativas nos
resultados obtidos do presente trabalho.

Em estudos futuros, se faz importante, dividir em doengas de causa
inflamatdria (doencas virais e bacterianas) e nao inflamatéria, além de aumentar o
numero observacional.

A disseminacdo de informacgdes relevantes por meio dos resultados
de pesquisas, estimula a busca e a aquisicdo de conhecimento por médicos
veterinarios, aumentando a pratica da colheita e analise do LCE em casos

neurolégicos com resultados que auxiliam no diagnéstico a campo.
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Aprovacgao e registro na comissao de ética no uso de animais (CEUA/UEL)
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