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RESUMO

As endometrites bacterianas sdo uma das principais causas de infertilidade na
égua. Entre os tratamentos utilizados nesta patologia, estdo as infusfes uterinas de
plasma homdlogo acrescido de leucdcitos e a infusdo de leucocitos heterélogos
criopreservados. O presente trabalho teve por objetivo realizar testes in vivo e in
vitro, que foram descritos em dois artigos. No primeiro artigo, objetivou-se avaliar in
vitro a quimiotaxia dos leucocitos equinos em relagdo a diferentes quimioatraentes,
bem como sua vitalidade e producdo de radicais livres de oxigénio (ROS) pds-
descongelamento. No experimento 1, testou-se dextrose em concentragdes de 0, 1, 2
e 6%, acrescida ou ndo de interleucina-8 (IL-8), como quimioatraente para leucécitos
equinos suspensos em salina fosfatada tamponada (PBS) ou em R3F; no experimento
2, testou-se plasma homdlogo ou heterélogo, a 3% (com ou sem IL-8), 10, 30, 60 e
90%, como quimioatraente; no experimento 3, foi testada a quimiotaxia de leucdcitos
integros em relacdo a diferentes quantidades de leucdcitos lisados. O experimento 4
avaliou a vitalidade e a geracdo de ROS pelos leucdcitos apds o descongelamento,
comparando quatro graus de diluigdo em NaCl e PBS. Concluiu-se que a dextrose
ndo apresenta bom efeito quimioatraente para leucdcitos equinos. Dentre as
concentracOes de plasma utilizadas, concentracdes de plasma homélogo entre 10% e
60% apresentam bom efeito quimiotatico. J& o plasma heter6logo apresentou boa
atracdo de leucdcitos quando em concentracGes de 10% e de 30%. Na concentracdo
de 10x10%/mL, os leucécitos lisados foram capazes de atrair leucécitos em proporgdo
semelhante a da IL-8. Com relacdo aos testes-pds-descongelamento, células
ressuspendidas em PBS ou NaCl apresentam vitalidade e geragéo de radicais livres
de oxigénio semelhantes, quando incubados por até 15 minutos. No segundo artigo,
realizaram-se testes in vivo compararando cinco tratamentos em eguas, em estro,
experimentalmente infectadas com Streptococcus equi subsp.zooepidemicus. Foram
utilizadas 25 éguas, 20 consideradas resistentes, e 5 éguas susceptiveis a endometrite.
Apo6s 24 horas, os animais foram submetidos a exame clinico, bacterioldgico e
citologico. Com a presenca de quadro clinico de endometrite, as éguas eram
submetidas a um dos seguintes tratamentos: 1-Infusdo de 120mL de plasma
homolégo com de leucdcitos frescos; 2-— Infusdo de 4 mL contendo 800 x 10°
leucdcitos integros, congelados; 3-Leucdcitos lisados - Infusdo de 4 mL contendo
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800 x 10° leucécitos lisados; 4- IL-8- Infusdo de 4 mL contendo 25 ng/mL de IL-8
congelada; 5-Controle — Infusdo de 4 mL de meio R3F congelado. Os exames
clinico, bacteriologico e citologico foram realizados diariamente até o sétimo dia
pos-infeccdo, ou até a eliminacdo da bactéria, ou até a auséncia de neutrdfilos no
esfregaco citologico. ApOs 0s exames, as éguas receberam o tratamento designado,
sendo estes realizados diariamente até a auséncia de crescimento bacteriano no
exame microbiolégico ou por, no maximo, quatro dias. No sétimo dia, todas as éguas
foram tratadas com infusdo intra-uterina de 5.000.000 Ul de penicilina G potassica
cristalina. Apds o término de um tratamento, aguardava-se cerca de sete dias para a
reinfeccdo, num outro ciclo, quando um outro tratamento era aplicados. Todas as
éguas foram submetidas a todos os tratamentos, perfazendo um total de 125
infecgOes experimentais num delineamento experimental do tipo Quadrado Latino.
N&o se observaram diferencas significativas no tempo de eliminagdo bacteriana nas
éguas resistentes. Entretanto, nas éguas susceptiveis, observou-se uma cura
bacteriana mais rapida quando as éguas foram tratadas com leucdcitos frescos,
leucdcitos congelados e leucdcitos lisados, em relagdo as tratadas com IL-8 e as do
grupo controle. Concluiu-se que o efeito bactericida dos leucécitos viaveis ou
lisados, associados ou ndo a presenca de fatores de opsonizacdo do plasma, foi o
responsavel pela cura bacteriolégica e que o efeito quimioatraente de neutrdéfilos,

plasma, restos celulares e IL-8 ndo influiu no tempo de eliminagéo bacteriana.
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ABSTRACT

Bacterial endometritis is one of the major causes of infertility in mares.
Uterine infusion of autologous plasma with leukocytes and infusion of frozen
heterologous leukocytes are treatments proposed for bacterial endometritis. The
present study aimed to do in vivo and in vitro tests, described in two articles. The aim
of the first article study was to test, in vitro, chemotaxis of equine leukocytes towards
different chemoattractants, as well as its vitality and generation of reactive oxygen
species (ROS) post-thawing. Experiment 1 tested chemotactic power of dextrose O,
1, 2 and 6%, with and without interleukin-8 (IL-8), to attract equine neutrophils;
experiment 2 tested homologous and heterologous plasma in the concentrations 3%
(with and without IL-8), 10, 30, 60 and 90%, as chemoattractant for equine
leukocytes; in experiment 3, the chemotaxis of normal equine leucocytes was tested
towards different concentrations of lysed leukocytes. Experiment 4 evaluated vitality
and generation of reactive oxygen species (ROS) of frozen-thawed equine
leukocytes, diluted either in NaCl or PBS. It was concluded that dextrose doesn’t
have a good chemotactic effect on equine leukocytes. The homologous plasma
concentrations between 10% and 60% have a good chemoattractant effect.
Heterologous plasma had a good leukocyte attraction when in the concentrations of
10% and 30%. Lysed leukocytes, at a concentration of 10x10%/mL, had a chemotactic
effect similar to that of IL-8. The post-thawing tests showed that cells ressuspended
in PBS or NaCl have a similar vitality and ROS, when incubated during 15 minutes.
The second article compared, in vivo, five treatments in estrous mares experimentally
infected with Streptococcus equi subsp.zooepidemicus. Twenty five mares were
used, twenty of them resistant, and five susceptible to endometritis. Cycles were
synchronized so that mares were in estrus in the day of infection. Mares were
infected with 1x10° Streptococcus equi subsp. zooepidemicus in 20mL of PBS.
Twenty four hours after the inoculation, clinical, bacteriological e cytological
examinations were performed. All mares showed clinical signs of endometritis, and
were assigned to one of the following treatments: 1- Fresh leukocytes: Infusion of
120mL homologous plasma with leukocytes; 2- Frozen leukocytes: Infusion of 4 mL
containing 800 x 10° frozen leukocytes; 3- Lysed leukocytes: Infusion of 4 mL
containing 800 x 10° frozen lysed leukocytes; 4- 1L-8- Infusion of 4 mL containing
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25 ng/mL of frozen IL-8; 5-Control- Infusion of 4 mL containing frozen R3F.
Clinical, bacteriological and cytological examinations continued daily until the
seventh day after infection, or until bacterial elimination, or until absence of
neutrophils in the cytologic smear. After clinical, bacteriological and cytological
examinations, mares were treated with the assigned treatment. Treatments were
performed daily until no bacterial growth was found or or for no more than four
days. On the seventh day, all mares were treated with an uterine infusion of
5.000.000 IU Pennicilin G. After the end of a treatment, there was an interval of
seven days until the beginning of the next cycle, when a new treatment was
applied.All mares were submitted to all treatments, in a total of 125 experimental
infections, in a crossover design with two Latin Squares. No significant difference
was found in the time for bacterial elimination in resistant mares. However, in
susceptible mares, there was a faster bacterial elimination when mares were treated
with fresh, frozen or lysed leukocytes, in comparison to IL-8 and control group. It
was concluded that the bactericidal effect of viable or lysed leukocytes, associated or
not to plasma opsonizing factors, was responsible for the elimination of bacteria and
that the chemotactic effect of neutrophils, plasma, cellular debris and IL-8 did not

influence the time needed for the elimination of bacteria.
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1 INTRODUCAO

A espécie equina é considerada como a de pior eficiéncia reprodutiva entre as
especies de animais domésticos (Merkt et al., 1979; Voss, 1984). O estudo
aprofundado das causas desta particularidade € relativamente recente (Caslick, 1937).
Voss, em 1984, definiu as causas de subfertilidade ou de infertilidade na égua como
sendo trés: transtornos enddcrinos, deficiéncias nutricionais e inflamagGes uterinas.

As endometrites bacterianas sdo consideradas como das maiores causas de
infertilidade na espécie equina (Hughes e Loy, 1975). O utero da égua é contaminado
por bactérias em situacdes de cobertura, parto ou exames ginecoldgicos (Castilho,
1994). Algumas eguas, ditas resistentes, conseguem eliminar o agente infeccioso em
um prazo de 48 a 96 horas (Troedsson et al., 1995), enquanto outras, ditas
susceptiveis, por falhas em seus mecanismos de defesa uterina, ndo conseguem fazé-
lo (Watson, 1988b; Troedsson et al., 1995).

Muitos tratamentos foram propostos nos ultimos anos para as endometrites
bacterianas. A prevencdo seria feita pelo uso de técnicas que diminuam a
contaminacédo por ocasido da monta natural ou inseminacéo artificial (Kenney et al.,
1975). A grande maioria dos tratamentos propostos busca auxiliar os mecanismos de
defesa uterina atraves do uso de drogas echolicas (LeBlanc, 1994), lavagens uterinas
(Asbury, 1990), infusbes de plasma homdlogo (Allen, 1991) e de plasma homologo
acrescido de leucaocitos (Castilho, 1994; Neves, 1998).

O objetivo deste trabalho foi testar, in vitro, diferentes agentes quimiotaticos
para leucocitos equinos, além de realizar testes de vitalidade e de geracéo de radicais
livres de oxigénio em leucdcitos criopreservados ap6s o descongelamento. Também
objetivou-se, apos a criacdo de um banco de leucdcitos criopreservados, testar 0 uso
dos mesmos no tratamento de éguas susceptiveis e resistentes experimentalmente
infectadas por Streptococcus equi subsp. zooepidemicus, em compara¢do com outros
tratamentos que auxiliariam a defesa uterina (plasma homologo acrescido de
leucdcitos frescos, leucocitos lisados criopreservados, interleucina 8 criopreservada e

um grupo controle composto de meio R3F, também criopreservado).
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2 REVISAO BIBLIOGRAFICA

2.1 Endometrites : Etiologia e Patogenia

Endometrites sdo alteracfes inflamatorias agudas ou crénicas que ocorrem no
endométrio, geralmente de natureza infecciosa (Kenney, 1993). Em éguas, as
endometrites bacterianas séo consideradas a principal causa de infertilidade (\Voss,
1984; Silva, 1989). A contaminacdo do trato genital da égua pode ocorrer em trés
situacBes: monta natural, exame ginecoldgico, ou parto (Ricketts e Macintosh, 1987,
Castilho, 1994).

Durante a cobertura, 0 pénis do garanh&o introduz no aparelho genital
feminino, além dos espermatozoides, bactérias e debris, que sdo depositados
diretamente no Iumen uterino (Ricketts e Macintosh, 1987). Como decorréncia
natural do trabalho de parto, também ocorre uma contaminacgéo, que persiste durante
toda a involugdo uterina (Ricketts e Macintosh, 1987). Nos primeiros dias apds o
parto, mesmo havendo involucdo uterina normal, a carga bacteriana encontrada no
utero € mais elevada (Gygax et al., 1978). Um exame ginecoldgico realizado sem as
devidas precaucgdes de limpeza da genitélia externa e sem esterilizacdo do material
pode carrear contaminantes para o limen uterino (Ricketts e Macintosh, 1987).

As éguas que conseguem eliminar facilmente a contaminacao séo ditas éguas
resistentes a endometrite. Ja as éguas que falham em eliminar o agente desenvolvem
endometrite persistente, sendo denominadas éguas susceptiveis a endometrite
(Farrelly e Mullaney, 1964; Hughes e Loy, 1969; Kenney et al, 1975). Foi também
proposto que, para classificar uma égua como susceptivel a endometrite, seria mais
acurado combinar o historico reprodutivo, sinais clinicos e a histologia endometrial
(Pycock et al., 1997). Além disso, as éguas deveriam sofrer uma agressdo bacteriana
ao Utero para determinar sua resisténcia ou susceptibilidade a infec¢do (Liu et al.,
1993). Troedsson et al. (1995) propuseram que égua susceptivel seria aquela que,
submetida a uma infeccdo experimental com Streptococcus equi subsp.
zooepidemicus, nao fosse capaz de elimina-la em um prazo de 96 horas. A idade e o
numero de partos estariam em relagdo direta com a probabilidade de ocorréncia de

infeccdo persistente (Hughes e Loy, 1969). Em um levantamento sobre uma
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populacéo de 90.000 éguas Puro Sangue de Corrida, Baker et al. (1992) encontraram
um decréscimo progressivo da fertilidade a partir dos 8 anos de idade. Entretanto,
podem ocorrer alteragfes endometriais em éguas de pouca idade, independentemente
do seu estado reprodutivo (Schoon et al., 1997), bem como éguas com historico de
endometrites recorrentes podem se beneficiar da correcdo da pneumovagina.

O agente causador de endometrites mais comumente isolado e identificado é
0 Streptococcus equi subsp. zooepidemicus (Wingfield-Digby e Ricketts, 1982;
Welsh, 1984; Ferreiro et al., 1986; Langoni et al., 1994). Em um estudo de 1500
amostras cervicais de éguas Puro Sangue de Corrida (PSC), obtidas de 1966 a 1969,
Merkt e Von Leppel (1970) encontraram uma porcentagem de 78% de Streptoccocus
equi subsp. zooepidemicus.

Vérios fatores contribuem para o desenvolvimento de uma infeccdo
bacteriana no utero, sendo o principal deles a adesdo bacteriana (Wittenbrink et al.,
1997). Esta resulta de estruturas chamadas adesinas, presentes na superficie da
bactéria, e de receptores na célula do hospedeiro. O Streptoccocus equi subsp.
zooepidemicus se liga a fibronectina, encontrada em membranas celulares de
mamiferos, mas ainda ndo esta estabelecido se isto contribui para sua patogénese no
endometrio equino. Ferreira-Dias et al. (1994), comparando a adesdo de
Streptococcus equi subsp. zooepidemicus a tecidos de bidpsias endometriais de todas
as categorias, demonstraram que a adesdo do Streptoccocus é maior ao endométrio
da categoria Il (Kenney e Doig, 1986) durante o estro. Caso a classificacdo
endometrial fosse ignorada, ndo haveria diferencas significativas para a adesao da
bactéria a superficie do endométrio entre as diversas fases do ciclo estral.

A adesdo das bactérias a superficies naturais e sintéticas se faz através dos
biofilmes, cuja formagdo depende de extenso glicocalix produzido pela bactéria
(Khardori e Yassien, 1995). Durante o processo de adesdo, as bactérias se justapdem
umas as outras e produzem uma matriz de polissacarideos, que formam um polimero
extracelular genericamente chamado glicocélix (Costerton et al.,1995). A isto se
denomina biofilme (Hoyle e Costerton,1991). As bactérias assim organizadas séo
pelo menos 500 vezes mais resistentes a agentes antibacterianos e a fagocitose
(Costerton et al., 1995).
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2.2 Mecanismos de Defesa Uterinos

Ap0s a invasdo bacteriana do endométrio, inicia-se um processo de resposta
inflamatdria ao agente, que permite que a maioria das éguas o elimine em até 96
horas (Hughes e Loy,1969; Ricketts e MclIntosh,1987; Troedsson et al.,1995). Isto se
deve a acdo dos chamados mecanismos de defesa uterina, os quais se subdividem em
mecanismos fisicos, mecanismo celular e mecanismo humoral. Além destes, 0

plasma seminal também poderia ser considerado como mecanismo de defesa.

2.2.1 Mecanismos Fisicos

Entre os mecanismos fisicos que contribuem para a defesa uterina incluem-se
o fechamento dos labios vulvares e o posicionamento da vulva (Caslick, 1937), a
contratilidade do miométrio (LeBlanc et al., 1989) e a eficiéncia da cérvice (Mattos,
1989), além da producdo de muco pelo endométrio (Causey et al., 1997), da
circulacdo sangiiinea e da linfatica. Esses mecanismos sdo considerados a primeira

barreira contra as endometrites bacterianas (Mattos, 1989).

a) Fechamento e Posicionamento da Vulva

A conformacdo vulvar ideal é aquela onde os labios estdo perfeitamente
coaptados e em posicionamento vertical. Sua comissura superior deve se encontrar
aproximadamente ao mesmo nivel do assoalho da pelve (Caslick, 1937; Rossdale e
Ricketts, 1980). VariagcOes nesses padrdes podem levar a falhas reprodutivas
decorrentes da entrada de ar e conseqiiente contaminacdo na vulva. Pascoe (1993)
relatou que, de 502 éguas cobertas no cio do potro, 66% conceberam apds a
realizacdo de vulvoplastia, ao passo que, das éguas ndo suturadas, apenas 34%
conceberam. De acordo com Malschitzky (1998), houve diferengas significativas
quanto as taxas de prenhez de éguas com ma conformacao perineal e éguas que ndo
necessitavam de correcdo cirdrgica mesmo que, nas éguas com problemas de
conformacao, a correcdo fosse feita logo apds a ovulacdo. As técnicas de correcao
cirurgica de Caslick (1937), Gotze (1949) e de Pouret (1982) sdo as mais conhecidas.
No Brasil, é bastante utilizada a técnica de Silva (1983).
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b) Contratilidade Miometrial e Eficiéncia da Cérvice

A contratilidade miometrial é considerada um potente mecanismo de limpeza
fisico do utero (LeBlanc et al., 1989a), drenando os contaminantes depositados no
limen uterino por ocasido da cobertura, no que é auxiliada pelo relaxamento da
cérvix (Black et al., 1953; Mattos, 1989). Eguas mais velhas tém essa capacidade de
limpeza diminuida, razdo pela qual, ap6s a cobertura, h4& maior acumulo de
conteddos no seu utero (LeBlanc et al., 1989a), podendo constituir um meio ideal
para o crescimento bacteriano (Allen e Pycock, 1989).

Troedsson e Liu (1991) analisaram a atividade miometrial de éguas
susceptiveis e resistentes a endometrite apds a inoculagdo com Streptococcus equi
subsp. zooepidemicus durante o estro. Nas primeiras oito horas, a atividade
miometrial de ambos 0s grupos era idéntica. Porém, no grupo de éguas susceptiveis,
esta atividade diminuiu sensivelmente apds este intervalo de tempo. Em um estudo
feito por LeBlanc et al. (1994a) sobre a eliminacdo de um radiocoldide do Utero
analisada pela cintilografia, verificou-se que, enquanto éguas resistentes drenam
quase todo o radiocoldide em trinta minutos, as éguas susceptiveis ndo eliminam
praticamente nada neste espaco de tempo. Porém, nem todas as éguas classificadas
como susceptiveis retiveram radiocoldide apds sua infusdo, e nem todas as ditas
resistentes eliminaram mais de 50% do mesmo (LeBlanc et al., 1994b). Apds uma
injecdo de ocitocina, tanto éguas susceptiveis como resistentes eliminaram quase
90% do radiocoldide (LeBlanc et al., 1994b). De acordo com Katila (1999), o exame
cintilogréfico permite a visualizacdo das contracfes uterinas, sua direcdo e 0
movimento do liquido infundido.

Nikolakopoulos et al. (2000), analisando niveis de ocitocina endogena
liberados ap6s uma inseminacdo artificial com sémen resfriado e diluido, ndo
encontraram diferenca significativa entre éguas resistentes e susceptiveis. No
entanto, os niveis de PGF,, foram maiores nas éguas susceptiveis que nas resistentes.
Como a contratilidade e a limpeza uterina s&o menores nas éguas susceptiveis, poder-
se-ia deduzir que o estiramento do miométrio causado por repetidas gestacbes
ocasionaria algum dano as terminac@es nervosas e fibras musculares do miométrio,

interferindo assim com a limpeza uterina (De Lille et al., 2000).



19

A cérvice também funciona como barreira contra as infec¢es uterinas. Na
égua, ela é formada por duas camadas de musculatura lisa (Sisson & Grossmann,
1975). Os principais fatores que interferem na fungéo cervical e, conseqiientemente,
na introducdo de patdgenos, sdo laceracBes e traumas no momento do parto que
podem impedir total ou parcialmente o fechamento da cérvice (Mattos, 1989). A
drenagem cervical também é critica para o acumulo de liquido uterino. Pycock
(1996) recomendou a dilatacdo manual da cérvice junto a administracdo de ocitocina
e tratamentos intra-uterinos em éguas susceptiveis a endometrite, para facilitar a

eliminag&o de liquidos existentes no Gtero.

¢) Muco Uterino

No endométrio equino héa células ciliadas que secretam muco, que é composto
de glicoproteinas, proteoglicanos, lipidios, DNA, células e debris (Causey et al.,
1997). Segundo o autor, 0 muco é secretado pelo epitélio luminal e levado pelos
cilios em direcdo a cérvice, evitando assim a adesdo bacteriana a membranas das
células do epitelio luminal. Também imunoglobulinas presentes no muco
neutralizariam as bactérias e a lisozima destruiria suas paredes celulares.

De acordo com Morresey (1997), a percentagem de células ciliadas anormais
€ maior nas éguas com limpeza uterina retardada. Causey et al. (1997) verificaram as
diferencas de producdo de muco entre éguas susceptiveis e resistentes nas diversas
fases do ciclo estral, e perceberam que o acimulo de muco é maior nas éguas
susceptiveis. Também observaram que a producdo de muco e o nimero de células
ciliadas estdo aumentados nos ninhos glandulares fibroticos.

Tiplady et al. (2001) e Allen et al. (2002) analisaram a viscosidade do muco
uterino de éguas em estro e diestro, concluindo que, na auséncia de uma boa
contratilidade uterina, o contetdo agiria como um gel, aderindo a superficie do
endométrio. Porém, com o aumento da contratilidade, a viscosidade do contetdo

diminui, facilitando a eliminacdo do muco.
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d) Circulacdo Linfatica e Sanguinea

Uma resposta inflamatoria aguda normalmente ocorre a partir da deposicao
de sémen no Utero. Os achados classicos incluem aumento da permeabilidade
vascular, edema intersticial e aumento do fluxo linfatico. Equas multiparas que se
tornaram inféerteis apresentam lacunas linfaticas no endometrio, o que sugere que a
drenagem linfatica possa estar prejudicada nestas éguas. De acordo com LeBlanc et
al. (1994a), vasos linfaticos e linfonodos, durante o diestro, drenam o excesso de
fluido e particulas da submucosa e do lumen uterino. Os pequenos vasos linfaticos
ndo possuem musculatura lisa e precisam das contracGes uterinas para movimentar a
linfa dorsalmente. Eguas com drenagem linfatica deficiente tendem a acumular
liguidos no utero, apresentar cistos linfaticos visiveis a ultra-sonografia e séo
freqUentemente sub-férteis (LeBlanc, 1997).

O padrdo vascular de uma bidpsia endometrial de éguas susceptiveis
geralmente apresenta angiose moderada a severa, frequentemente associada a
endometrose. A angiose esta relacionada a idade e ao numero de pari¢cdes da égua.
As angiopatias tém um papel importante na reducdo da perfusdo endometrial e na
diminuicdo da drenagem linfatica (Schoon et al., 1997; Schoon et al., 1999). Blaich
et al. (1999) utilizaram ultra-sonografia transretal com Doppler para avaliar o fluxo
sanglineo uterino em éguas de todos os grupos de bidpsia endometrial, no estro e no
diestro. Através deste exame, foram detectadas alteracdes ciclicas no fluxo sangliineo
uterino, sendo este maior na fase peri-ovulatéria. Nas éguas com endometrose houve
menor fluxo, causando uma menor perfusdo do Utero nestas éguas. De acordo com
Ludwig et al. (2002), éguas com alteracdes severas a moderadas do endométrio tém
uma resisténcia vascular significativamente maior comparadas as éguas com
alteracGes leves ou ausentes. Esta resisténcia vascular também é maior na artéria
uterina em éguas com angiopatias endometriais. Estrégenos e Oxido nitrico
circulantes também funcionam como moduladores do fluxo sangiineo uterino
(Bollwein et al., 2002). Na tentativa de aumentar a perfusdo sanguinea do Utero,
foram testadas trés drogas anticoagulantes ou vasodilatadoras para avaliar seu efeito
no fluxo sangtiineo uterino: acido acetil-salicilico, captopril e dinitrato de iso-sorbida

(Bollwein et al., 2001). Foi concluido que o fluxo sanglineo uterino pode ser
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melhorado pela administracdo destas drogas. Porém, sdo necessarias investigagoes

sobre um possivel efeito positivo na fertilidade.

2.2.2 Mecanismo Humoral

Apds uma contaminacdo bacteriana do Utero ocorre um rapido afluxo de
secrecOes (Watson, 1988a), que pode ser caracterizado como exsudato por envolver
saida de proteinas do sistema vascular para o tecido intersticial ou cavidades. O
exsudato uterino é rico em proteinas plasmaticas, fatores de opsonizacdo e células
inflamatdrias (Watson, 1988a).

Os primeiros a isolar imunoglobulinas das secrecBGes uterinas em equinos
foram Kenney e Khaleel (1975). Estes, usando as técnicas de imunodifusdo e
imunofluorescéncia, encontraram 1gGa, 1gGc, 1gG(B), IgT, IgM e IgA no trato
genital de éguas. Mitchell et al. (1982) concluiram que a IgA é produzida e secretada
localmente pela mucosa uterina. Isto foi confirmado por Widders et al.(1985) que,
usando a técnica de eletroforese, demonstrou que também a IgG é secretada
localmente no trato genital de éguas.

O endometrio foi considerado por Widders et al.(1985) como parte do
sistema imune de mucosas, devido a sua capacidade de produzir e secretar diferentes
classes de imunoglobulinas. Asbury et al. (1980) descobriram que as secregcOes
uterinas de éguas susceptiveis continham mais imunoglobulinas que as de éguas
resistentes. Mitchell et al. (1982) e Williamson et al. (1987) confirmaram esse
achado.

Véarios autores buscaram uma comparacdo entre as concentragfes de
imunoglobulinas de éguas susceptiveis e resistentes. Foram encontradas maiores
concentracdes de IgA e IgG nos lavados uterinos de eguas susceptiveis (Asbury et
al., 1980; Mitchell et al.,1982; Varner e Blanchard,1990; Waelchli e Winder,1991).
Por outro lado, Troedsson et al. (1993a) encontraram, em éguas susceptiveis e
resistentes infectadas experimentalmente, as mesmas concentragdes de IgA e
menores concentracdes de 1gG e de proteinas do sistema do complemento nas éguas
susceptiveis, concluindo que, provavelmente, a deficiéncia da defesa uterina em
éguas susceptiveis ndo se deve a imunodeficiéncia local. Esse fato foi confirmado

por Johnson et al. (1994), ao compararem as concentragdes de opsoninas nos lavados
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uterinos de éguas ovariectomizadas tratadas com estrogenos ou progesterona. A
concentracdo de imunoglobulinas nestes lavados nédo teve efeito direto na fagocitose
de Streptococcus equi subsp. zooepidemicus, sugerindo que outros fatores no
ambiente uterino podem ser importantes na ativagao das defesas uterinas.

Para LeBlanc et al. (1991), altos niveis de IgA seriam deletérios, pois
poderiam diminuir a capacidade da IgM e da 1gG de opsonizar, bloqueando o0s sitios
antigénicos nas bactérias. Embora as imunoglobulinas sejam componentes essenciais
da defesa uterina, seu papel na susceptibilidade a endometrite bacteriana ainda nao
esta bem elucidado. E possivel que a interagdo entre imunoglobulinas e neutrofilos
seja mais importante que a concentracdo de imunoglobulinas (Liu e Cheung, 1986).

A concentracdo de proteinas nos lavados uterinos foi estudada por diversos
autores. Asbury et al. (1980) e Williamson et al. (1987), analisando lavados uterinos
de éguas susceptiveis e resistentes na auséncia de infeccdes, encontraram
concentracfes semelhantes de proteinas nos dois grupos. Outros pesquisadores,
porém, encontraram maiores concentracGes de proteinas em éguas susceptiveis que
em éguas resistentes (Blue et al., 1982; Pycock e Allen, 1990). Mais recentemente,
Bader et al. (1997) procuraram caracterizar, através de eletroforese, os tipos de
proteinas existentes nos lavados uterinos de éguas susceptiveis e resistentes. Nas
éguas resistentes foram detectadas trés bandas tipicas de proteinas (22kDa, 17kDa e
<6,5kDa) durante a fase lutea. Estas foram identificadas como Fosfolipase A2 (17
KDa) e uteroglobina (<6,5kDa). A proteina de 22kDa ndo foi identificada. Em um
grupo de dez éguas susceptiveis, numa tentativa de caracterizar as proteinas, apenas
uma demonstrou os padrdes tipicos de proteinas acima descritos. As demais tiveram
deficiéncia nas bandas de 17 e 22kDa. Testando-se a fertilidade destas éguas,
verificou-se que as éguas susceptiveis que possuiam deficiéncia de proteinas na

secrecdo uterina da fase l0tea ndo ficaram prenhes.

2.2.3 Mecanismo Celular

No Utero, os neutrdfilos sdo os principais responsaveis pela fagocitose, que
consiste na ingestdo e digestdo celular de particulas estranhas. Eles estdo presentes
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no Utero de éguas reprodutivamente sadias trinta minutos ap6s uma infeccdo
experimental (Allen & Pycock, 1989).

Segundo Liu et al., 1985, neutrdfilos obtidos do Utero de éguas com historico
de infertilidade mantém sua capacidade de deformacdo na diapedese inalterada até
doze horas apds o inicio do processo inflamatorio tornando-se posteriormente
inativos, 0 que ndo ocorre com neutrofilos de éguas sadias. Porém, 0s mesmos
autores ndo encontraram diferencas quanto a fagocitose e quimiotaxia dos neutrofilos
sanguineos entre éguas susceptiveis e resistentes. Estes achados foram confirmados
por Barros (1997). Para Watson et al. (1987a), os neutrofilos sanglineos e uterinos
de éguas susceptiveis tém menor capacidade migratoria e fagocitica,
respectivamente, que os de éguas resistentes, e os neutrofilos sangliineos de éguas
susceptiveis tém sua funcdo fagocitica inalterada. Produtos téxicos da atividade
bactericida poderiam estar deprimindo a funcdo dos neutrofilos uterinos, assim como
defeitos na quimiotaxia e na fagocitose podem resultar em menor capacidade
bactericida (Allen e Pycock, 1989). Contrariamente, Troedsson et al. (1993b), como
resultado de varios experimentos comparando fagocitose e quimiotaxia de leucdcitos
uterinos e sanguineos de éguas susceptiveis e resistentes, verificaram que 0s
leucdcitos uterinos de eéguas susceptiveis apresentaram maior fagocitose e
qguimiotaxia que os de éguas resistentes, quando incubados com um pool de plasma
ou com plasma homologo. As secregdes uterinas, entretanto, tiveram reduzido poder
opsonizante. Em conclusdo, a fagocitose defeituosa realizada pelos neutréfilos
uterinos em éguas susceptiveis seria resultado de disfuncdes na opsonizacdo, ao
invés de uma disfuncdo primaria dos neutrofilos. Por outro lado, a fagocitose e a
qguimiotaxia de polimorfonucleares (PMN) uterinos e sangliineos de éguas
susceptiveis foram maiores que as de éguas resistentes, quando utilizado como
quimioatrativo o liquido uterino.

Mais recentemente, descobriu-se que as plaquetas tém importante interacao
com os neutréfilos no processo inflamatdrio. A fagocitose e a fungdo respiratoria dos
neutréfilos, medidas através da quimiluminescéncia, foram potencializadas pela
presenca de plaquetas (Zalavary et al.,1996). Elas também aderem ao endotélio
lesado, liberando substancias que ativam o sistema do complemento, atraindo mais

leucdcitos (Roitt et al., 1992). A apoptose foi impedida quando os neutréfilos foram
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separados do sangue total utilizando a dextrose como gradiente de separacao
(Andonegui et al., 1997).

2.2.4 Outros
a) Plasma Seminal

O plasma seminal equino vem sendo considerado como um fator extrinseco
de defesa uterina da égua. No garanhdo, ele se compde das secre¢des do epididimo,
da ampola do canal deferente, da prostata, das vesiculas seminais e das glandulas
bulbo-uretrais (Tischner et al.,1975). Seus componentes tém a funcdo de proteger o0s
espermatozdides contra agentes oxidantes e peroxidantes (Mann,1975), além de atuar
no metabolismo dos espermatozoides (Magistrini et al.,1995).

O plasma seminal inibe a quimiotaxia dos neutrofilos in vitro. Como 0s
espermatozdides sdo capazes de induzi-la através da ativacdo do complemento, a
remocdo do plasma seminal do sémen congelado poderia explicar a maior reagédo
inflamatoria verificada apds a inseminacdo artificial com sémen congelado
(Troedsson et al., 1997).

Foi sugerido também que o plasma seminal induz as contracBes vaginais e
uterinas, facilitando assim a limpeza fisica e o transporte dos gametas até o oviduto
(Katila, 1997). Em um trabalho comparando sémen fresco, sémen fresco incubado
com plasma sanguineo, sémen congelado, sémen congelado incubado com plasma
sanglineo, plasma seminal e plasma seminal incubado com plasma sangiineo em
camaras quimiotaxicas, Troedsson et al. (1997) verificaram que praticamente
nenhum neutréfilo migrou em direcdo ao plasma seminal, deduzindo que este tem
um papel no controle da endometrite pos-cobertura. O sémen, tanto fresco como
congelado, provocou a quimiotaxia dos leucocitos em grande escala. Provavelmente
a modulacdo da inflamagdo pds-cobertura pelo plasma seminal ocorra através da
inibicdo do complemento. A retirada do plasma seminal dos ejaculados antes da
inseminacdo artificial pode alterar a regulacdo normal dessa inflamacdo apds a
inseminacdo (Troedsson et al.,2000). Em outro estudo, Troedsson et al. (1999)
concluiram que a supressao da quimiotaxia dos leucécitos pelo plasma seminal se faz

de forma dose-dependente. Também foram avaliadas trés fracGes de proteinas do
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plasma seminal de diferentes pesos moleculares: <10kDa, <50kDa e <100kDa. A
maior supressdo da quimiotaxia ocorreu com a fracdo de <100kDa, porém as demais
fragbes moleculares também suprimiram a quimiotaxia. Os resultados de Fiala et al.
(2002), comparando infusdes uterinas de plasma seminal e de diluente (leite
desnatado), em relacdo a inflamacéo uterina, mostraram que o plasma seminal e o
diluente também podem provocar uma resposta inflamatoria uterina. ApoOs as
infusdes, o Utero era lavado com 50mL de PBS para a contagem de neutrofilos
obtidos. Ao ser usado o plasma seminal, a resposta inflamatéria aumentou
progressivamente até 4 horas ap6s a infusdo, quando um maximo de 236x10°
leucdcitos foram encontrados. Quando o diluente foi usado, a inflamagcdo aumentou

progressivamente até as 24 horas, com 468x10° leucécitos no lavado.

2.3 Influéncia do Ciclo Estral

Vérios pesquisadores estudaram a influéncia do ciclo estral na
susceptibilidade as endometrites na égua, analisando-a em relacdo aos demais
mecanismos de defesa uterina.

Medindo as concentracbes de imunoglobulinas, Asbury et al. (1980) e
Mitchell et al. (1982) encontraram maiores concentragdes de imunoglobulinas em
lavados uterinos obtidos na fase de diestro, do que durante o estro. Ja Watson e
Stokes (1988) ndo encontraram diferenca nas concentra¢fes de imunoglobulinas nos
lavados obtidos de éguas ovariectomizadas tratadas com estrogeno ou progesterona.

Para testar a influéncia da fase do ciclo estral sobre a quimiotaxia dos
neutrofilos, testou-se o efeito do lavado uterino de éguas em estro ou diestro como
agente quimiotatico (Strzemienski e Kenney,1984). A capacidade de atrair leucécitos
foi a mesma para os lavados de estro ou diestro. Diferentemente, em um estudo com
éguas ovariectomizadas, constatou-se que os leucécitos do sangue apresentaram
elevada quimiotaxia sob influéncia da progesterona, enquanto o tratamento com
estradiol a reduziu (Watson, 1988a).

O estrogeno tem importante acdo na limpeza fisica do Gtero: promove a

abertura da cérvice, essencial para a eliminacdo de fluidos do Gtero, bem como



26

favorece a contratilidade miometrial, como foi demonstrado através da

eletromiografia por Troedsson et al. (1993c).

2.4 Diagnostico da Endometrite Bacteriana

Diversos procedimentos semioldgicos sdo utilizados para diagnosticar a
presenca de uma endometrite bacteriana. Séo eles:

2.4.1 Exame Clinico

Através da inspecdo da genitalia externa, pode-se analisar a conformacéo
vulvar e a coaptagdo dos labios vulvares. A conformacdo defeituosa em éguas facilita
a entrada de contaminantes no trato genital externo (Caslick, 1937; Silva, 1983).
Outra observacao importante é a presenca de secrecdo muco-purulenta na comissura
ventral da vulva, nos pélos da cauda e, muitas vezes, o acimulo na regido perineal
(Malschitsky, 1998). As éguas que apresentam acumulo de secre¢fes na regido
perineal podem ser portadoras de inflamag6es uterinas (Caslick, 1937; Pascoe, 1979).

No diagnostico de endometrite na égua, a palpacdo do Utero seria de valor nos
casos em que ha grande acimulo de liquido no lamen uterino ou, também, para se
perceber a mudanca de ténus na ocorréncia de inflamacdo. A palpacdo dos ovarios
determinaria a fase do ciclo estral, pois, durante o estro, os mecanismos de defesa
celular e anticorpo-associado do endométrio equino (Watson,1988b) sdo mais
eficientes.

Excessivo acumulo de liquido durante o estro, detectado ao ultra-som, pode
ser associado a infeccdo uterina (Allen e Pycock, 1989). Através do ultra-som pode-
se avaliar a quantidade de liquido acumulado no Iimen uterino durante a endometrite
e a qualidade deste. Curnow (1991) atribuiu um escore para estes quesitos, com 0
volume (V) variando de 1 a 3, de minimos para grandes acumulos. A qualidade (Q)
varia de 1 a 4, ou seja, de fortemente ecogénico a ndo ecogénico.

Através de um espéculo previamente flambado, se examina a area da vagina e

a cérvice da égua; observa-se a abertura e a forma da cérvice, sua coloracdo e
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umidade. No caso de endometrites, pode-se notar a presenca de secre¢fes no fundo
de saco vaginal, hiperemia da mucosa, cérvice relaxada, aberta e hiperémica (Mattos,
1989).

2.4.2 Exames Complementares

a) Citologia Endometrial

O primeiro a descrever a técnica para exame da citologia endometrial foi
Knudsen (1964). Hoje, ela é pratica corrente no auxilio ao diagnostico da
endometrite bacteriana. Consiste na observacdo, ao microscopio Optico, de um
esfregaco obtido com a passagem de cefanete através da cérvice (Mattos et al.,1984)
para detectar a presenca ou ndo de leucdcitos polimorfonucleares. Estes s sdo
encontrados se associados a inflamacdo (Ricketts e Wingfield-Digby, 1982). Vérios
pesquisadores divergem quanto a quantidade de células inflamatdrias necessarias
para se considerar um esfregaco positivo (Betsch,1992). Freeman et al. (1986)
consideram que todo o leucocito presente na luz do Gtero pode ser visto como sinal
de endometrite. Couto e Hughes (1985) relacionam a presenca dos
polimorfonucleares ao nimero total de células e consideram a citologia positiva
quando ha uma proporcdo maior ou igual a 3% de neutrofilos sobre o total de células
presentes. Mattos et al. (1984) afirmam que, na citologia endometrial de éguas
sadias, ndo aparecem neutrofilos em qualquer fase do ciclo estral, exceto nas
seguintes situacoes:

a) em amostras coletadas logo ap0s o parto;

b) em amostras coletadas logo apds a cobertura;

c) em amostras coletadas nos primeiros cios ap6s o anestro invernal.

A citologia é um método mais sensivel que o exame bacterioldgico no auxilio
ao diagnostico da inflamacdo endometrial, pois todas as éguas com endometrite
clinica devem apresentar também o exame citoldgico positivo (Ricketts e Wingfield-
Digby,1982; Mattos et al.,1984).

Kenney (1978) considera que a citologia endometrial permite apenas o
diagnostico da endometrite bacteriana, assim como Reiswig et al. (1993). Mattos et

al. (1984) encontraram uma correlacdo entre achados citolégicos e taxa de fertilidade
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pois, em 206 éguas submetidas a inseminacdo artificial, apenas 5% das éguas

portadoras de citologia positiva emprenharam.

b) Exame Bacteriologico

O exame bacterioldgico foi considerado por Hughes (1978) como um meio
auxiliar de diagnostico, pois o fato de se obter bactérias na cultura ndo indica
necessariamente endometrite. Ele deve sempre ser associado ao exame citoldgico e
ao quadro clinico (Pimentel et al., 1989). Allen e Newcombe (1979) dividiram as
bactérias coletadas em trés grupos: as oportunistas, como Streptococcus equi subsp.
zooepidemicus; as de transmissdo venérea, como Klebsiella sp. e Haemophilus
equigenitalis; e os patdgenos ocasionais, como Pseudomonas e fungos. Também
discorreram sobre as técnicas de coleta, e concluiram que a introducdo de um
cefanete retratil com a mdo enluvada atraves da cérvice seria a técnica mais
confiavel.

Merkt e Von Leppel (1970) propuseram uma técnica simples, que consiste no
uso da pinca de Albrechtsen para fixacdo da cérvice e da pinca de Merkt para a
coleta propriamente dita, a qual protege o material de contaminacdo. O conjunto é
introduzido na cavidade vaginal através de um espéculo de Polansky modificado
previamente flambado. Posteriormente, foi adaptado a pinga de coleta um cefanete
estéril (Merkt et al., 1979).

Ball et al. (1988) desenvolveram uma técnica de coleta por lavagem com
baixo volume de solucdo salina através de um catéter. Waelchli et al. (1992), no
entanto, comparando a técnica de lavagem com a de coleta através de um especulo,
em éguas cuja regido vulvar era marcada por uma solucdo com Escherichia coli,
concluiram que a contaminacgdo das amostras pelo marcador era muito maior (22/24)
com a técnica de lavagem do que com o auxilio de espéculo (3/12). Os resultados de
Troedsson et al. (1995) em um trabalho com infec¢bes experimentais, onde foi usada
a técnica de coleta de Ball, apenas confirmam estes achados. Além disso, Castilho
(1994), utilizando um grupo de éguas ndo-infectadas para controle da manipulagéo
do ciclo estral e utilizando a técnica de Merkt et al. (1979), ndo encontrou
contaminagdo em suas amostras, havendo tomado precaugfes de limpeza e

esterilizacdo do material.
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2.5 Tratamento da Endometrite Bacteriana

Para o tratamento da endometrite aguda ja foram propostas varias
alternativas. Estas buscam, em principio, eliminar os fatores predisponentes,
refazendo as barreiras fisicas contra as bactérias através de técnicas de vulvoplastia
e/ou perineoplastia (Caslick, 1937; Gotze, 1949; Pouret, 1982; Silva, 1983). Também
tenta-se evitar a entrada de patégenos no Utero através de técnicas de contaminagédo
minima, como a inseminacdo artificial, ou com uma boa higiene no caso da monta
natural (Kenney et al., 1975).

No caso de endometrites bacterianas, deve-se lancar mdo de meios que
provoquem a morte do agente, sejam eles o uso de antibidticos ou agentes que
provoquem ativacdo dos mecanismos de defesa do endométrio equino, bem como

promover a limpeza fisica do utero (Watson, 1988b).

2.5.1 Lavagem Uterina

A lavagem uterina € um meio eficiente de promover a limpeza fisica e a
drenagem de contetdos do utero. Com isto, facilita-se a acdo de drogas ou
antibidticos posteriormente administrados, 0s quais ndo agem satisfatoriamente na
presenca de pus e tecidos necréticos (Silva, 1989). A lavagem também promove um
maior afluxo de imunoglobulinas e polimorfonucleares para o Iimen uterino (Asbury
e Lyle,1993).

As solugdes usadas podem ser desde a solugéo salina a 0,9%, a qual permite a
avaliacdo visual (Asbury & Lyle, 1993) e por espectrofotometria (Castilho et al.,
1995; Neves, 1998; Vieira et al., 2002) da turvacdo do material recolhido, até
solucdes desinfetantes como iodo-povidona (Silva,1989). No entanto, ja foi relatado
por Brinsko et al. (1990) que esta inibe a locomocéo dos neutrofilos equinos in vitro,
em concentracdes de até 0,2%. Recomenda-se que a temperatura do liquido a ser
infundido seja em torno de +40° C para produzir uma leve irritagdo no endométrio, a
qual seria benéfica no sentido de produzir maior afluxo de polimorfonucleares
(Asbury, 1990).
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O volume ideal a ser infundido seria em torno de um litro (Mattos, 1989;
Asbury & Lyle, 1993), embora em éguas multiparas ja se tenha usado até cinco a seis
litros (Asbury & Lyle, 1993).

Em um estudo envolvendo éguas infectadas experimentalmente, Castilho et
al. (1995) e Mattos et al. (1997) analisaram, pela espectrofotometria, a turvacdo do
liguido de 5 lavagens sequenciais diarias, de 1 litro cada, realizadas até a cura
bacteriologica. Concluiram que ao menos quatro lavagens consecutivas diarias,
durante pelo menos trés dias, sdo necessarias para promover uma limpeza uterina
adequada.

Utilizando lavagens com 3 litros de salina, em um prazo de 4 a 6 horas apés a
cobertura em um grupo de éguas, Knutti et al. (1997) obtiveram uma taxa de prenhez
maior do que no grupo controle, concluindo que lavagens uterinas feitas de 4 a 6

horas apds a cobertura ou a inseminacao nao afetam negativamente a fertilidade.

2.5.2 Antibioticoterapia

A utilizagdo da antibioticoterapia no tratamento das endometrites bacterianas
na égua é controversa, pois 0 surgimento e o emprego dos antibidticos em nada
afetou positivamente os indices de fertilidade equina através dos anos (Collins,
1964). Em um levantamento das taxas de pari¢cdo da raca Hanoverana no periodo de
1815 a 1973, Merkt et al. (1979) ndo encontraram melhora nos indices reprodutivos,
mesmo nos anos apos a Il Guerra Mundial, que coincidem com a disseminacdo do
uso de antibioticos. Parte dessa ineficiéncia pode ser creditada ao uso incorreto e mal
orientado dos antibacterianos, 0 que pode levar ao aparecimento de resisténcia
bacteriana, infec¢des fangicas e até mesmo de lesdes do endométrio (LeBlanc et al.,
1989b). Eilts et al. (1988) investigaram o efeito de infusbes uterinas de gentamicina,
através de bidpsias endometriais, em 9 éguas Puro Sangue de Corrida vazias do ano
anterior. A inflamac&o transitdria encontrada foi similar a de éguas que tiveram seu
utero infundido com salina.

Para se eleger um antibiotico para tratar a endometrite, € preciso, em primeiro
lugar, que a bactéria presente no Gtero possa ser considerada potencialmente
patogénica. Esta deve ser devidamente isolada e identificada e, em caso positivo,
deve-se proceder a um antibiograma (Davis e Abbit, 1977). E preciso também que a
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presenca de crescimento bacteriano em cultura seja compativel com o quadro clinico
e citologico e a presenca de infertilidade (Betsch, 1992).

Deve-se procurar, entdo, eleger a dosagem e a frequéncia de tratamento, bem
como o volume de antibi6tico a ser infundido. Cré-se que infusfes de antibioticos
diluidos em volumes maiores alcangam uma area maior do endomeétrio (Jones, 1995)
e tornam a absorcdo mais lenta do que a de medicamentos ndo diluidos. Isto é
importante se se considerar que uma rapida absorcao seria razéo suficiente para uma
administracdo de antibidticos mais frequente do que o usual (Threllfall e Carleton,
1986). Em contrapartida, a infusdo de grandes volumes de solugdes antibidticas na
égua em estro poderia causar refluxo através da cérvice aberta, havendo com isso
subdosagem e desperdicio do principio ativo (Jones, 1995). Também pode-se utilizar
a via sistémica, evitando, assim, a contaminagdo decorrente de repetidas infusfes
(Ley, 1994).

2.5.3 Administracdo de Agentes Ecbolicos

Agentes ecbdlicos sdo drogas que estimulam a contratilidade miometrial, tais
como ocitocina (Goddard e Allen, 1984; Allen, 1991; Mattos et al., 1999b e c¢);
prostaglandina F,, e seus analogos (Zimmer Jr., 1994; Combs et al., 1996; LeBlanc,
1997); e metilergonovina (Zimmer Jr., 1994; Mattos et al., 1995; Mattos et al.,
1999b).

A ocitocina sintética é fisiologica e quimicamente semelhante a enddgena
(Rall e Schleifer, 1987). A ocitocina induz uma resposta quase imediata, em torno de
60 segundos apds a administracao, e seu efeito dura cerca de 40 minutos (Combs et
al., 1996). Mais recentemente, Madill et al. (2002) propuseram 0 uso de
administracdo intramuscular de ocitocina, visando uma aplicacdo mais segura no
caso de o veterinario ndo se encontrar na propriedade. Utilizaram as dosagens de 5,
10, 20 e 40 UI. O tempo até o inicio da resposta variou de 5 a 22 minutos, com uma
duracdo de 100 minutos. A duracdo da resposta foi maior para a dose de 40 Ul, e
menor para a de 5 Ul, mostrando uma correlagdo entre dose e resposta. Os efeitos da
administragdo endovenosa de ocitocina foram comparados com os de sua
administracdo intra-uterina por Campbell e England (2002), que utilizaram, em

ambos os casos, 30 Ul. A administracdo endovenosa causou reducdo nas contracoes
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uterinas, engquanto o uso intra-uterino provocou aumento da contratilidade. Allen
(1991), prop6s que a ocitocina poderia ser usada apds a cobertura para estimular a
expulsdo do contetido uterino e que isto ndo afetaria adversamente a fertilidade da
égua. Durante o estro, hd maior resposta a administracdo de ocitocina exdgena,
porque ha mais receptores que se ligam a ocitocina no endométrio. LeBlanc et al.
(1994a e b), em experimentos usando cintilografia para avaliar a expulsdo de um
radiocoloide previamente infundido no Utero, observaram que todas as éguas,
susceptiveis a endometrite ou ndo, eliminaram mais de 90% do radiocoléide do utero
em trinta minutos, apds uma injecdo intravenosa de 20 Ul de ocitocina. As éguas
consideradas susceptiveis ndo conseguiram eliminar o radiocoldide na auséncia do
tratamento. Em outro estudo com cintilografia, Cadario et al. (1997) verificaram que
éguas com limpeza uterina retardada eliminaram apenas 74% do radiocoldide do
Utero apos a administracdo de ocitocina, enquanto as éguas consideradas resistentes
eliminaram 94% do radiocoldide. Ja Pycock e Newcombe (1996) preconizaram a
dilatacdo manual da cérvice apds a administracdo intravenosa de ocitocina, para dar
passagem ao conteldo acumulado.

A ocitocina, em comparacdo com a PGF,a, foi até 75% mais rapida em
proporcionar a eliminacdo de um radiocoléide do utero (Combs et al., 1996). Rasch
et al. (1996), em um estudo envolvendo 56 éguas da raca Hanoverana, observaram
que éguas que apresentavam liquido no lumen uterino apo6s a ovulagdo, obtiveram
melhores taxas de prenhez com uma injecao pds-cobertura de ocitocina.

Von Reitzenstein et al., em 2002, fizeram um experimento com o0 objetivo de
verificar se a administracdo de detomidina em éguas tratadas com ocitocina
interferiria no padrdo de contratilidade uterina, bem como para avaliar estes padrdes
e se eles difeririam entre éguas normais e éguas com limpeza uterina retardada. A
detomidina causou ondas de contra¢cdes em todas as éguas normais, porem s em
duas éguas com limpeza uterina retardada. De um modo geral, a detomidina nao
aumentou a resposta a ocitocina nas éguas com limpeza uterina retardada, talvez
devido ao fato de repetidas gestacdes afetarem o miométrio, fazendo com que estas
éguas tenham um defeito intrinseco na contratilidade.

Em experimento realizado por Mattos et al. (1999c), a adminstracdo de
ocitocina em éguas infectadas experimentalmente com Streptococcus equi subsp.

zooepidemicus ndo teve efeito benéfico adicional nas éguas tratadas com infusdo
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uterina de plasma homologo acrescido de leucdcitos e injecdo de 20 Ul de ocitocina,
em relacdo as éguas tratadas apenas com plasma. Também nas éguas tratadas apenas
com inje¢do de ocitocina ap0ds a inoculacdo, a eliminagdo da bactéria ndo ocorreu em
menos de 96 horas.

A prostaglandina F,, e seus andlogos, quando aplicados a partir do quinto dia
pos-ovulacdo na égua, promovem a lutedlise e, com isto, o retorno ao cio e o
encurtamento do diestro (Asbury & Lyle, 1993). Também exercem efeito sobre a
contratilidade miometrial (Irvine, 1993; Troedsson et al., 1993c). Neste sentido, seu
efeito é mais duradouro que o da ocitocina, durando cerca de 5 horas (Troedsson et
al., 1993c). Os objetivos desse tratamento seriam 0s mesmos que 0s da administragao
de estrdgenos, acrescido do fato de que a prostaglandina, por si mesma, promove a
contratilidade uterina (Troedsson et al., 1995) mais lentamente, mas por um periodo
maior que a ocitocina. Em um trabalho comparando a prostaglandina natural PGF,, e
as sintéticas fenprostalene e cloprostenol, administrados por via intramuscular,
Combs et al. (1996) concluiram que o cloprostenol promovia a limpeza uterina mais
eficaz. Até 75% do radiocoldide eram eliminados em 60 minutos ap6s sua
administragdo. A administracdo de PGF,, e fenprostalene ndo produziu efeito em
algumas éguas. O uso de prostaglandina parece benéfico em éguas com méa drenagem
linfatica, pois as contracbes prolongadas poderiam ser Uteis em drenar a linfa para
fora da parede uterina (LeBlanc, 1997). Sieme et al. (1997) infundiram dinoprost no
utero de 131 éguas no momento da inseminacdo artificial. Este tratamento
proporcionou melhores taxas de prenhez que o controle em éguas com idade acima
de 8 anos e nas éguas vazias do ano anterior. Mais recentemente, Nie et al. (2002)
hipotetizaram que a administracdo de cloprostenol no periodo periovulatorio poderia
causar insuficiéncia luteal e consequente morte embrionéria precoce. No estudo
realizado, porém, este efeito nao foi detectado, embora ndo fossem utilizadas éguas
susceptiveis.

Ocitdcicos derivados dos alcalodides do ergot, como a metilergonovina,
aumentam a atividade uterotdnica e sdo correntemente utilizados em humanos para
controlar hemorragias e aumentar o tonus uterino (Rall e Schleifer, 1987). A meia-
vida da metilergonovina é de duas horas, mas ha evidéncias de que seja sequestrada
em outros tecidos, o que contribuiria para uma acdo terapéutica mais duradoura

(Tepperman et al.,1977).
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Em trabalhos realizados visando diminuir o intervalo entre o parto e o cio do
potro, Zimmer Jr. (1994) e Mattos et al. (1995) utilizaram a metilergonovina, porém
seu uso ndo afetou os indices de concepcao no cio do potro, embora haja antecipado
a data da ovulacdo. Utilizando a metilergonovina no tratamento de éguas
experimentalmente infectadas com Streptococcus equi subsp. zooepidemicus, Mattos
et al. (1999c), ndo encontraram diferenca significativa em termos de cura
bacteriolégica entre a metilergonovina e o controle, provavelmente pela néo
disponibilidade de informac6es sobre a freqiiéncia e a dosagem dos tratamentos, ja
que se trata de um medicamento de uso humano (Zimmer Jr., 1994).

2.5.4 Infusdo Uterina de Plasma Homologo

A infusdo de plasma homologo foi proposta por Asbury (1984), com a
argumentacdo de que ela supriria o Utero de fatores de opsonizacdo nele deficientes.
O autor propds um protocolo de tratamento utilizando trés lavagens uterinas
sequenciais com 1 litro de salina cada e, logo apos, infusdo de 100 ml de plasma
homologo durante 5 dias. De um grupo de 26 éguas com historico de infertilidade e
sinais clinicos de endometrite submetidas a esse tratamento, 24 ndo mostraram mais
sinais clinicos de endometrite e 15 ficaram prenhes.

Adams e Ginther (1989) realizaram um tratamento comparativo em 43 éguas
consideradas subférteis, envolvendo os seguintes grupos de tratamento: controle,
infusdo de salina e infusdo de plasma durante quatro dias, e concluiram que a infuséo
de plasma ndo era eficaz para o tratamento da endometrite, pois ndo aumentou a taxa
de prenhez obtida; porém, os mesmos admitem que a analise estatistica ou o tamanho
da amostra poderiam ser inadequados. Scott (1993), comparando cinco tratamentos
com infecgdes experimentais, ndo encontrou redugéo do crescimento bacteriano em
éguas tratadas com plasma homdélogo, sendo os resultados similares aos do grupo
controle.

Castilno (1994), utilizando o plasma homdélogo no tratamento de éguas
infectadas experimentalmente pelo Streptococcus equi subsp. zooepidemicus,
concluiu que este tratamento foi mais eficiente que a lavagem uterina e o controle,

porém ndo mais do que o plasma autélogo acrescido de leucocitos. Em um estudo
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comparando o plasma homologo a infusdes uterinas de penicilina ou prostaglandina
(PGF,,) e lavagem com solucéo salina, Troedsson et al. (1995) encontraram maior
crescimento bacteriano 96h apos a inoculacdo da bactéria nos tratamentos plasma
autélogo e controle. Porém, uma Unica aplicacdo dos tratamentos, 12h apos a
inoculagao, foi usada neste trabalho.

Utilizando plasma homdlogo associado a infusfes uterinas de penicilina e
neomicina em 905 éguas PSC, Pascoe (1995) obteve melhores taxas de prenhez em
éguas em lactacdo e vazias, quando comparado ao tratamento apenas com
antibidticos. Mattos et al. (1997) testaram a infusdo de plasma homoélogo pds-
cobertura em éguas virgens, vazias e lactentes e observaram que, em éguas vazias,

este tratamento propiciou taxas de prenhez mais altas que o controle.

2.5.5 Infusdo de Plasma Homdélogo Acrescido de Leucdcitos

Baseado no mecanismo celular de defesa uterina, Castilho (1994)
desenvolveu um tratamento para endometrites bacterianas utilizando plasma
autologo acrescido de neutrofilos. Para chegar ao protocolo final do tratamento,
foram realizados varios experimentos visando estabelecer o melhor método de
separagdo dos neutréfilos do sangue total, verificar a quantidade de células
separadas, sua viabilidade e sua capacidade fagocitica apds a separacdo do sangue
total, concluindo que o melhor método de separacdo era utilizar um gradiente
osmotico com uma solucao de dextrose a 6% (Castilho et al., 1995).

Utilizando provas de fagocitose em placa, Castilho (1994) observou a
capacidade fagocitica e, através da coloracdo pelo Azul Trypan (TBS), a viabilidade
das células separadas, que foi de 92,6%. Estes resultados foram posteriormente
confirmados com o uso da citometria de fluxo, quando Castilho et al. (1997) testaram
a viabilidade e a capacidade fagocitica das células separadas do sangue total por
meio da dextrose a 6%. No mesmo experimento, o tempo de sobrevida dos leucdcitos
apos infundidos no Utero e recuperados através de lavagem foi, em média, 6 horas.
Este tratamento foi comparado, em éguas experimentalmente infectadas, com a
infusdo de plasma homdlogo sem adicdo de leucdcitos e com a lavagem com solucéo

salina, sendo observado que o tempo da cura das infec¢des foi significativamente
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menor para 0 grupo tratado com plasma com leucdcitos (Mattos et al., 1995a).
Posteriormente, foi testado o uso do plasma homdlogo acrescido de leucécitos em
éguas infectadas experimentalmente, em comparacdo com drogas echolicas como a
ocitocina e a metilergonovina (Mattos et al., 1999c). O tempo de cura foi menor para
0 plasma, obtendo-se 0s mesmos tempos para 0 plasma associado a administragéo de
ocitocina e plasma sem a associa¢do de ocitocina.

Mattos et al. (1997) realizaram um estudo envolvendo 394 éguas subdivididas
em virgens, vazias e com potro ao pe, e utilizaram o plasma com leucécitos como
tratamento pds-cobertura, em comparagdo com plasma homélogo, plasma homélogo
associado a antibioticoterapia e um grupo controle sem tratamento. As melhores
taxas de prenhez foram verificadas no grupo onde se utilizou plasma acrescido de
leucdcitos em éguas vazias do ano anterior. Posteriormente, em um estudo com 342
ciclos estrais de 237 éguas, Mattos et al. (1999b) compararam o plasma com
leucdcitos, infundido logo ap6s a cobertura, a injecdo intravenosa de 20 Ul de
ocitocina associada a plasma com leucocitos 14 horas apds, bem como apenas
ocitocina, aplicada logo apos a cobertura e 14 horas depois e controle. Os melhores
indices de prenhez foram observados no grupo de éguas vazias do ano anterior
quando tratadas com plasma acrescido de leucdcitos.

Em 1997, Castilho et al. propuseram a utilizacdo de leucdcitos
criopreservados para tornar o tratamento mais pratico para Seu uso a campo.
Estabeleceram a técnica de congelamento e testaram o0s leucécitos apds o

descongelamento.

2.6 Criopreservacao de leucdcitos equiinos

O primeiro a tentar a criopreservacdo de células sanguineas foi Pegg (1965),
que tentou congelar linfocitos, mas seu uso na pesquisa veterinaria foi limitado
(Truax et al., 1990). Os crioprotetores mais utilizados séo glicerol e DMSO, que
protegem as células dos efeitos do congelamento e descongelamento. As células
necessitam uma pronta diluicdo, pois os crioprotetores podem se tornar citotdxicos
em temperaturas acima de 0° C (Pegg 1965; Truax et al., 1990). Além disso, é

necessario estabelecer uma curva de congelamento e descongelamento para que nao
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se formem cristais de gelo intracelulares ou haja danos irreversiveis & membrana
celular (Castilho, 1998). A curva de congelamento para leucdcitos utilizada neste
trabalho foi adaptada por Castilho (1998) a partir de uma curva para congelamento
de linfécitos ja conhecida (Truax et al., 1990).

2.7 Infeccdes Experimentais

Varios autores utilizaram infec¢Bes experimentais para testar tratamentos para
endometrites bacterianas. Basicamente, busca-se introduzir no Utero uma grande
quantidade de um microorganismo causador de endometrites na égua. O
Streptococcus equi subsp. zooepidemicus tem sido o mais usado, por ser a bactéria
mais encontrada em casos de endometrites (Welsh, 1984). Entretanto, Hinrichs et al.
(1992) utilizaram como in6culo a Pseudomonas aeruginosa, e King et al. (1998) a
Escherichia coli.

A conservacdo da bactéria para posteriores infeccdes experimentais
geralmente € feita por congelamento com um crioprotetor, como glicerol a 10%
(Watson, 1988a; Widders et al., 1995; King et al., 1998; Castilho, 1994; Neves,
1998). De outro modo, Pycock e Allen (1990) mantiveram a bactéria repicando-a
semanalmente em placas de agar-sangue, que eram incubadas a +37°C por 24 horas
e, apds, mantidas sob refrigeracdo a +4°C.

O numero de bactérias inoculadas varia entre autores. Asbury et al.(1980)
utilizaram 50ml de S. equi subsp. zooepidemicus em caldo simples, incubando-os por
24 horas a +37°C . Todo o volume foi infundido no UGtero, sem preocupagéo com a
quantidade de bactérias. Posteriormente, Cheung et al. (1985), Watson (1988a),
Castilho (1994), Widders et al. (1995) e Neves (1998) padronizaram a quantidade de
bactérias em 1x10° diluidos em 20ml de solucéo salina. Ja Troedsson e Liu (1991),
Troedsson e Liu (1992), Troedsson et al. (1993a) e Squires et al. (1992), utilizaram
5x10° diluidos em 30ml de salina.

2.8 Citometria de fluxo

O citdmetro de fluxo permite analisar rapida e eficientemente grandes
quantidades de células. O aparelho consiste de um sensor para medir caracteristicas
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Opticas das células e outras particulas, bem como de um computador para
armazenamento e analise de dados (Castilho, 1998).

Para serem avaliadas pelo aparelho, as células devem estar suspensas em um
fluido, geralmente solucdo salina fosfatada tamponada (PBS). Esta suspensédo passa
através de um tubo capilar, que leva a camara de medicdo. Ai, sdo separados 0s
agregados celulares, o que permite que cada célula seja atravessada por um feixe de
raios laser. As celulas, entdo, emitem sinais de fluorescéncia que sdo detectados em
1024 canais por pardmetro, e armazenados para analise posterior. No caso de
leucdcitos, podem ser analisadas a vitalidade das células, a producdo de radicais
livres de oxigénio e sua capacidade fagocitica. Para cada uma destas andlises é
utilizado um corante que emite fluorescéncia a passagem dos raios laser. Para a
analise da quimiotaxia e da vitalidade é utilizado o iodeto de propidio. Na analise da
producdo de radicais livres de oxigénio, ¢ utilizado di-hidro-rodamina-123 (Castilho,
1998). Na andlise da fagocitose, as bactérias sdo marcadas pelo isotiocianato de

fluoresceina.

2.9 Quimiotaxia de leucdcitos

Quimiotaxia € a migracao direcional de células de acordo com o gradiente de
concentracdo de determinado fator quimiotédxico. A liberacdo de fatores da
inflamacdo, como o leucotrieno B4 (Watson, 1988a), fatores do complemento e
produtos inflamatorios de células induzem a quimiotaxia (Kwon, 1987; Castilho,
1998).

Para a avaliagdo da quimiotaxia, foram propostos diferentes tipos de camaras.
Grimstad e Benestad (1982) utilizaram camaras individuais com filtro de micropore,
nas quais eram contados os leucocitos que chegavam a camara inferior. Watson et al.
(1987h), utilizaram a técnica de migracdo em placas de agarose, corando-as apés a
incubacdo e contando as células ao microscopio Optico. Varios pesquisadores
utilizaram as cadmaras de Boyden para estudar a quimiotaxia de leucécitos equinos
(Liu et al., 1985; Pycock e Allen, 1988; Troedsson et al., 1993b; Barros, 1997;
Troedsson et al., 1999). Todos os autores coraram os filtros e contaram as células ao

microscopio optico.
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As camaras utilizadas por Zerbe et al. (2003) e Engelke et al. (1999),
consistem de duas partes de acrilico, uma inferior e outra superior, cada uma das
quais com dez pogos sobrepostos, de uma membrana de silicone, com perfuragfes
correspondentes aos pocos nos componentes de acrilico e de uma membrana de
policarbonato com poros de 3um. Estas camaras permitem fazer, ao mesmo tempo,
dez replicagdes, ou utilizar dez quimioatraentes diferentes. Também permitem a
contagem das celulas que migraram através da citometria de fluxo, bem como a

verificacdo de sua vitalidade.
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Abstract

This study compared four treatments for bacterial endometritis in mares
experimentally infected with Streptococcus zooepidemicus. Twenty-five mares were
used, twenty resistant and five susceptible to endometritis. Mares would be in estrus
when infected. Twenty-four hours after inoculation, clinical, bacteriological and
cytological examinations were performed and repeated until the first occurrence:
negative cytology and no Streptococcus growth or the seventh day post-infection. All
mares showed clinical signs of endometritis and were assigned to one of the
following treatments: 1-intrauterine infusion of fresh leukocytes; 2-intrauterine
infusion of frozen-thawed leukocytes; 3-intrauterine infusion of lysed leukocytes; 4-
intrauterine infusion of recombinant human Interleukin-8 (rhIL-8); 5-Control. Mares
were submitted to all treatments, with at least a fourteen-day interval between
treatments in a Latin Square design. Treatment did not affect (P = 0.121) time
needed for resistant mares to eliminate bacteria. Time needed for elimination of
bacteria was similar in susceptible mares treated with fresh and frozen leukocytes (P
= 0.333). Susceptible mares treated with frozen leukocytes also did not differ from
those treated with lysed leukocytes (P = 0.227) for time to eliminate bacteria, but
were significantly different (P > 0.02) from those treated with rhIL-8 and control. In
resistant mares, physical clearance ability was probably the responsible for bacterial
elimination. Intrauterine infusions in susceptible mares with viable or lysed
leukocytes associated or not to opsonizing factors, reduced the time to elimination of
bacteria. Infusions with bactericidal effect (functional neutrophil and granules) was
likely effective and responsible for the more rapid elimination of bacteria in
susceptible mares.

Keywords: mare, endometritis, plasma, leukocytes
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1. Introduction
Bacterial infections of the genital tract are one of the major causes of

infertility in mares (Hughes & Loy, 1975). Streptococcus equi subsp. zooepidemicus
is the pathogen most commonly identified in endometrial swabs from mares with
endometritis (Ferreiro et al., 1986; Timoney et al., 1986). This species has been used
in most studies of uterine defense mechanisms (Welsh, 1984; Cheung et al., 1985;
Watson, 1988; Castilho, 1994).

Mares with functional uterine defense are capable of eliminating bacterial
contamination from the uterus within 36 to 48 hours. These mares are classified as
resistant to chronic uterine infection. Mares that fail to clear the uterus from bacterial
contamination are classified as susceptible to chronic uterine infection and are
thought to have a compromised uterine defense (Troedsson, 1997). Susceptible
mares appear to have an impaired electrical myometrial activity in response to
intrauterine treatments (Troedsson, 1993). In addition, uterine neutrophils from
susceptible mares have lesser phagocytic activity, probably as a result of negative
effects of uterine secretions on phagocytosis. However, these neutrophils are fully
functional if given an optimal environment (Troedsson et al., 1993).

Castilho (1994) proposed infusion of fresh homologous leukocytes as a
treatment for bacterial endometritis. Mattos et al. (1999b and c) used this technique
to treat mares experimentally infected with an infusion of Streptococcus equi subsp.
zooepidemicus. Infusion of homologous leukocytes was compared with infusion of
homologous plasma, injection of ecbolic drugs (methylergonovine maleate and
oxytocin), uterine flushing and untreated controls. Treatment with homologous
plasma with leukocytes resulted in faster elimination of bacteria compared with other

treatments. Treatment of mares with infusion of homologous plasma with leukocytes
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after breeding increased pregnancy rates in barren mares (Mattos et al., 1997; Mattos
et al., 1999a). Castilho et al. (1997) proposed cryopreservation of viable leukocytes
as a method for storing immunocompetent leukocytes to be used as treatment of
endometritis in mares.

Recent studies have demonstrated that uterine infusions of recombinant
human interleukin-8 (rhlL-8) activate neutrophil migration in mares and cows. This
model allows analysis of leukocyte migration under controlled conditions and may
be a basis for simulations of different physiological and pathological conditions
(Zerbe et al., 2003Db).

The objective of the present study was to determine the effect of intrauterine
treatments with cryopreserved leukocytes, fresh leukocytes, lysed leukocytes, and
rh1L-8 on time needed for elimination of bacteria and normalization of endometrial
cytology in mares experimentally infected with Streptococcus equi subsp.

zooepidemicus.

2. Materials and methods
2.1. Animals

Twenty-five mares with ages between 8 and 16 years were used. Mares were
classified according to their uterine clearance ability as susceptible (eliminate
bacteria in more than 96 hours) and resistant (eliminate bacteria in less than 96
hours) to bacterial endometritis. An endometrial biopsy was taken before the
beginning of the experiment and used to classify twenty resistant mares to
endometritis, of which four were classified as grade I, 10 as grade Ila and 6 as grade
I1b, according to Kenney & Doig (1986). Five susceptible mares were classified as

grades Ilb (2 mares) and 111 (3 mares).
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2.2. Bacteriological and cytological examinations

To obtain the endometrial samples, the mare’s perineum was washed and the
tail bandaged. A guarded swab (Minitube GmbH, Tiefenbach, Germany) was passed
through the cervix into the uterine lumen, via a sterile speculum (Merkt & Von
Leppel, 1970). The swab was exposed into the uterine lumen to obtain an
endometrial sample without contamination. The swab was retracted into the sheath,
removed from the uterus and placed into a transport medium. A bacteriological
culture was considered negative when no growth was observed on the blood-agar
dish or insignificant contaminants were isolated. Another swab was taken
immediately, in a similar manner, to make an endometrial smear for cytological
examination (Mattos et al., 1984). The swab was rolled back on a clean microscope
slide, fixed (Merckofix, Merck, Germany) and stained with “Diff-quick” (Pandtico,
Laborclin, Brazil). Cytology was considered negative when no PMN was detected in

the slide.

2.3. Preparation of bacteria

The strain of Streptococcus equi subsp. zooepidemicus used was isolated
from a mare with clinical signs of endometritis. After isolation, bacteria were
cultured in brain heart infusion (BHI) for 24 hours. Glycerol was added to the
bacteria diluted in BHI. This solution was placed in 2.0 mL vials (Eppendorf do
Brasil — Sdo Paulo) and placed directly into a -20° C freezer. Before infusion,
bacteria were thawed in a water-bath at 37° C, cultured in BHI for 24 hours (37° C)
and seeded onto 100 mm blood-agar dishes (20 to 30 dishes). Dishes were incubated
at 37° C for 24 hours to allow bacterial growth. Dishes were washed with PBS and

bacterial colonies were carefully removed. The resulting bacterial suspension was
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then filtered, to remove agar particles, and re-suspended in PBS to a final
concentration of 1 x 10° bacteria/mL. The suspension was aliquoted into 20 mL vials

and kept at 5° C until use.

2.4. Procedure for harvesting fresh leukocytes

Blood (300 mL) was collected from the jugular vein of the mare to be treated
and drawn into a tube with 2,500 1U heparin (Liquemine, Sdo Paulo, Brazil). After
collection, 120 mL of a 6% dextrose (Dextrosol- Refinac6es de Milho Brasil, Itatiaia,
Brazil) solution were added, modifying the separation gradient and maintaining the
leukocytes in the plasma. Erythrocytes were allowed to settle spontaneously during
30 min in a water-bath at 37° C. The supernatant containing leukocytes (range 675 x
10° to 864 x 10°) was then aspirated (120 mL) and infused into the uterus (Castilho,

1994).

2.5. Procedure for harvesting and freezing leukocytes

Blood (2000 mL) was collected from the jugular vein of each of the four
donor mares. Each liter of blood was drawn into a siliconized 5 L Erlenmeyer flask
containing 5000 1U heparin. Erythrocytes were lysed through addition of distilled
water at 5° C (2 vol water:1 vol blood). Ten seconds later, the solution was diluted
further by addition of double concentrated PBS (Dulbecco Instant, 9.55 g/l, Fa.
Biochrom, Berlin, Germany) (2 vol PBS:1 vol blood). Leukocytes were then
separated through centrifugation at 4° C (Cryofuge 8000- Heraeus-Christ GmbH,
Osterode, Germany) for 12 minutes at 220 g. The supernatant was discarded and the
pellet re-suspended in PBS at 1X concentration (2 vol PBS:1 vol pellet). For

leukocyte washing, this material was centrifuged at 4° C for 12 minutes, at 220 g.
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Erythrocyte lysis and leukocyte washing were repeated two or three times until a
pellet containing only leukocytes was obtained, according to the observation in a
Burker chamber (Glaswarenfabrik K. Hecht, Sondheim, Germany). In the absence of
erythrocytes, leukocytes were counted and re-suspended in heterologous equine
plasma with 5% DMSO, in a final concentration of 200 x 10° leukocytes/mL. Cells
were then packaged in equine semen freezing macrotubes (Minitube GmbH,
Tiefenbach, Germany) and frozen using a cell-freezing machine (Gefrierautomat
Minidigicool- Fa. IMV- L’Aigle, France) at the following cooling rates: 1° C/min
from +4° C to -70° C; 10° C/min from -70° C to -140° C. Macrotubes were plunged
into liquid nitrogen once temperature reached -140° C (Castilho et al., 1997). The
leukocyte separation, dilution and packaging took approximately 3 hours and during
this manipulation the leukocyte suspension was kept over ice in order to preserve cell
vitality and lesser metabolism. After 2 weeks, some samples were thawed at 37° C
during 1 minute in a water-bath. After thawing, the content of each macrotube was
diluted in saline for analysis of vitality using flow cytometry.

After thawing 100 pL of cell suspension were transferred to the cytometry
tubes (FACScan Tubes, Becton Dickinson Labware Europe, Meylan Cedex- France)
and 200 uL of propidium iodide (100 ul/mL, Calbiochem Novabiochem GmbH,
Taunus, Germany) were added to each tube. The cells were then analyzed by flow
cytometry (Castilho, 1998) (Fluorescence Activated Cell Analyzer - Fa. Becton-
Dickinson, Heidelberg, Germany) to count live cells. Three thousand cells were
analyzed in each sample. Propidium iodide penetrates through cell membrane lesions
and binds to DNA. Live and dead cells can be distinguished by the emission of

orange or red fluorescence (FL2 or FL3). Cell samples had a mean vitality of 95%.
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2.6. Lysed leukocytes

Lysed leukocytes were obtained in the same way as frozen leukocytes. Cells
were counted, diluted (200 x 10° leukocytes/mL) and placed directly into a -100° C
freezer without cryoprotectant during 24 hours to cause cell lysis. Samples were then
thawed at 37° C, evaluated to verify lysis, placed in macrotubes (800 x 10° lysed

leukocytes) and frozen in liquid nitrogen.

2.7. rhIL-8
Recombinant human Interleukin-8 (Human IL-8, Bio-Concept GmbH -
Umkirch, Germany) was diluted in PBS to a concentration of 25 ng/mL (Zerbe et al.,

2003b), placed in macrotubes and plunged into liquid nitrogen.

2.8. Control

An inert substance with no bactericidal or chemoattractive effect was used.
R3F medium [RPMI 1640 medium (Fa. Biochrom, Berlin, Germany) + Hepes 15
nmol/mL + L-Glutamine 2 nmol/L + NaHCO3; 18 mmol/L+ 3% inactivated fetal calf

serum] was placed in macrotubes and frozen in liquid nitrogen.

2.9. Experimental infections and treatments

Before each experimental infection, mares were examined for reproductive
soundness, including evaluation of perineal conformation, palpation per rectum and
ultrasound of the genital tract, vaginal examination with speculum, bacteriological
cultures and cytology of the endometrium. Only clinically normal mares with

negative cytology and negative cultures were used.
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Time of estrus was synchronized in mares for every treatment with
prostaglandin F,, (Lutalyse 5 mg im — Pharmacia Brasil Ltda., S&o Paulo) so as to
result in estrus and presence of a dominant follicle at the time of infection. When a
dominant follicle (>35 mm) was detected, mares were experimentally infected with 1
x 10° Streptococcus equi subsp. zooepidemicus suspended in 20 mL PBS.

Clinical examinations of the genital tract, endometrial cytology and
endometrial cultures were conducted daily on all mares, beginning one day after
bacterial infusion. Treatments were started as soon as endometritis was clinically
detected, i.e., relaxed and congested cervix, presence of fluid in the uterus and in the
vagina and positive cytology (presence of PMNs). The following treatments were
conducted: Fresh leukocytes: Infusion of 120 mL homologous plasma with
approximately 750 x 10° fresh leukocytes (range of 675 x10° to 864 x 10°); Frozen
leukocytes: infusion of 800 x 10° heterologous leukocytes, frozen, thawed and
diluted in saline to a volume of 120 mL; Lysed leukocytes: infusion of 800 x 10°
heterologous leukocytes, lysed, thawed and diluted in saline to 120 mL; rhlIL-8:
infusion of 100 ng Interleukin-8, frozen, thawed and diluted in saline to 120 mL;
Control: infusion of frozen-thawed R3F medium diluted in saline to 120 mL.

Frozen treatment materials were color-coded using labels and kept in liquid
nitrogen. The operator administering the treatment did not know which color
corresponded to each treatment. Treatments were performed daily after clinical,
bacteriological and cytological examinations until the first occurrence of: no growth
in cultures from endometrial swabs or 4 days of treatment. Clinical, bacteriological
(Merkt & Von Leppel, 1970) and cytological (Mattos et al., 1984) examination
continued until the first occurrence of: seventh day post-infection, negative culture

for S. zooepidemicus from endometrial swabs, or absence of neutrophils in cytology.
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Soon after clinical, bacteriological and cytological examination, mares were
administered the assigned treatment. On the seventh day, all mares received an
intrauterine infusion of 5,000,000 U penicillin G (Ariston Industrias Quimicas, Sdo
Paulo, Brazil).

A Latin Square design was used. As 25 mares were used and each one was
submitted to the five treatments, a total of 125 treatments were obtained. New
infections were performed no sooner than 14 days following complete elimination of

bacteria previously inoculated. No mare was lost during the process.

2.10. Statistical analysis

Data were analyzed using General Linear Model Procedure of SAS
(Statistical Analysis System). The model included the main effects of mare, mare
category (resistant or susceptible), treatment and sequences of experimental groups
and the dependent variables of time required to eliminate bacteria after experimental
infection, time between experimental infection and the first negative cytology and

their interactions. Means were compared using Least Square Means.

3. Results

All mares showed clinical signs of endometritis 24 hours after inoculation
with Streptococcus. All 125 treatments began immediately after the first clinical
examination (i.e., 24 hours after the experimental infection). There was no significant
difference (P = 0.121) among treatments concerning the time needed for resistant
mares to eliminate bacteria (Table 1). Time needed for elimination of bacteria in

susceptible mares treated with fresh and frozen leukocytes was similar (Table 1, P =
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0.333). Susceptible mares treated with frozen leukocytes also did not differ from
those treated with lysed leukocytes (P = 0.227) for time to clear bacteria. Treatment
with fresh, frozen or lysed leukocytes reduced the time to elimination of bacteria in
susceptible mares relative to control and treatment with rhiL-8 (P < 0.002, Table 1).
Time needed between the experimental infection and the first negative
cytology in resistant mares treated with fresh leukocytes was less (P < 0.018) than in
resistant mares treated with rhIL-8, lysed leukocytes or control (Table 2). The
number of days to the occurrence of the first negative cytology after the experimental
infection in resistant animals treated with frozen leukocytes did not differ
significantly from that of resistant animals treated with fresh leukocytes (P = 0.30).
Treatment with fresh leukocytes, frozen leukocytes and lysed leukocytes reduced the
time required for normalization of cytology in susceptible mares (P < 0.008) in

comparison with mares from the control group and treated with rhiL-8 (Table 2).

3. Discussion

In the present study, resistant mares treated with plasma containing fresh
leukocytes eliminated bacteria in 2.0 days. These results were similar to those
reported by Mattos et al. (1999b) in another group of resistant mares (1.9 days). In
addition, the period of 2.6 days needed for susceptible mares treated with fresh
leukocytes to eliminate bacteria was similar to the period of 2.7 days observed by
Mattos et al. (1999c) in susceptible mares treated with fresh leukocytes.

Fresh leukocytes treatment was based on the therapeutic effect of neutrophil
phagocytic activity (Castilho et al., 1997; Zerbe et al., 2003a), on bactericidal effect
of proteins secreted by granulocytes (Faurschou & Borregaard, 2003), on plasma

opsonizing factors (Engelke et al., 1999) and on chemotatic properties from
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leukocytes (Faurschou & Borregaard, 2003) and blood plasma (Asbury, 1984). The
same therapeutic effects were presented by frozen leukocytes, except the opsonizing
and chemotactic properties from blood plasma. Treatments with lysed leukocytes
was based on its strong chemoattractive activity (Neves et al., 2005) and, probably,
on the bactericidal effect of leukocyte proteins. Treatments with rhiL-8 were based
on its chemoattractive action (Engelke et al., 1999; Zerbe et al., 2003a). The control
group received an inert substance with no bactericidal or chemoattractive effect.

Treatment did not affect time needed by resistant mares to eliminate bacteria.
Probably, their physical clearance ability was responsible for the bacterial
elimination. Reproductively normal mares are able to clear an intra-uterine inoculum
of Streptococcus within 96 hours, whereas this does not occur in susceptible mares
(Troedsson & Liu, 1991).

Treatment of susceptible mares with fresh or frozen leukocytes resulted in
similar times to elimination of bacteria and more rapid elimination when compared
with other treatments. The shorter time needed for bacterial elimination in the fresh
leukocyte group is probably due to an additive effect of plasma opsonizing factors
and viable phagocytic leukocytes (Mattos et al., 1999b). However, the lack of plasma
opsonizing factors in mares treated with frozen leukocytes did not affect the time
needed to eliminate bacteria, when compared with mares treated with fresh
leukocytes. This similar time was probably due to the bactericidal action being
performed by the functional neutrophils that were infused. Moreover, the separation
of fresh leukocytes from whole blood with 6% dextrose likely decreased leukocyte
apoptosis (Andonegui et al., 1997), and enhanced phagocytosis and respiratory burst
due to the presence of platelets (Zalavary et al., 1996). The Major Histocompatibility

Factor Class | (MHC-1) expressed by live neutrophils (Potter & Harding, 2001)



52

probably allowed T-cells and macrophages to enhance bacterial elimination.

Susceptible mares treated with lysed and with frozen leukocytes did not show
significant difference in the time needed for bacterial clearance. The proteins might
be present in granules of lysed leukocytes, such as myeloperoxydase, alpha-
defensins, lactoferrin and lysozime, facilitating elimination of bacteria through the
bactericidal effect, even after cell degranulation (Faurschou & Borregaard, 2003).

Susceptible mares treated with rhiL-8 eliminated bacteria in a period of time
similar to that of control mares, and greater than that of mares treated with fresh,
frozen and lysed leukocytes. Recombinant human IL-8 is considered an excellent
chemoattractant (Zerbe et al., 2003b; Engelke et al., 1999). However, in the present
study this effect was not observed. These results are confirmed from those of Keller
et al. (2004), where neutrophilia were not observed in biopsies from susceptible
mares 5 days after infection. A possible explanation for the greater time needed for
mares treated with rhiL-8 to eliminate bacteria would be the difference between its
effect in vivo and in vitro (Zerbe et al., 2003b) In this previous study in vivo
modulation of neutrophils was affected by mediators other than rhlL-8, which are
secreted by uterine cells and not present in vitro. Leukocytes also have the function
of presenting antigens and expressing cytokines such as MHC-I (Potter & Harding,
2001). According to Zerbe et al. (2003b), uterine leukocytes attracted by rhIL-8 had
lesser MHC-1. The lesser action of T-cells and macrophages could be responsible for
the lesser effect of rhIL-8 seen in the present study.

The control group had the longest times for normalization of bacteriology and
cytology. Elimination of bacteria in susceptible mares occurred on average in 6.2
days. This is similar to the results reported by Mattos et al. (1999c¢) in the untreated

mares (7.1 days).
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In the present study, uterine infusions with bactericidal effect (functional
neutrophils and granules), opsonizing effect (plasma) and chemoattractant effect
(neutrophils, plasma, cellular debris and IL-8) were performed in resistant and
susceptible mares. No treatment was effective in resistant mares; the physical
clearance ability was likely responsible for bacterial elimination. In susceptible
mares, bactericidal action was likely effective and responsible for the more rapid
elimination of bacteria. Opsonizing factors were used only in the group treated with
fresh leukocytes, which eliminated bacteria more rapidly than others. The infusion of
blood plasma as a thawing agent for frozen and lysed leukocytes could provide a
more efficient opsonization, allowing frozen or lysed neutrophils to promote a more

rapid bacterial elimination.
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Table 1
Length of time (days) between experimental infection and the first bacteriological
negative culture (no growth or insignificant contaminant isolates) in resistant and

susceptible mares experimentally infected and submitted to different treatments

Resistant Mares Susceptible Mares
Treatment Treated  Mean days + Treated Mean days +
mares (n) SD mares (n) SD
Fresh leukocytes 20 2.0+0.97° 5 2.6 £0.89°
Frozen leukocytes 20 1.9+1.23° 5 3.4 +1.14®
Rh-Interleukin-8 20 2.5+ 1.61°% 5 6.0 + 1.58°
Lysed leukocytes 20 2.8+147° 5 4.4+0.89"
Control 20 2.7+1.41° 5 6.2 + 2.05°

abe (p< 0.05) different characters indicate significant difference in the column



Table 2

59

Length of time (days) between experimental infection and the first negative cytology

(absence of PMNs) in resistant and susceptible mares submitted to different

treatments
Resistant Mares Susceptible Mares

Treatment Treated  Mean days + Treated Mean days £

mares (n) SD mares (n) SD
Fresh leukocytes 20 2.7+1.25 5 4.2+0.83°
Frozen leukocytes 20 3.2+1.37® 5 4.2 +1.09°
Rh-Interleukin-8 20 3.9+1.83% 5 8.4+2.4°
Lysed leukocytes 20 4.1+ 1.69% 5 5.8 +0.83
Control 20 4.2+1.41° 5 7.8+2.05

abe (p< 0,05) different characters indicate significant difference in the columns
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Abstract

This study aimed to determine the chemotactic effect of different leukocyte diluents,
of dextrose concentrations associated or not to rhiL-8, of lysed leukocyte
concentration, and blood plasma source and concentration (homologous vs.
heterologous) on fresh equine leukocytes vitality in vitro, and to verify the effect of
two post-thawing extenders (Phosphate Buffered Saline - PBS - or Saline) on vitality
and generation of Reactive Oxigen Species (ROS) by frozen leukocytes. These
experiments were conducted as a part of the development of a cryopreservation
protocol for equine leukocytes to be used as a treatment for endometritis. Assays
were conducted using acryl chemotactic chambers incubated at 37°C. After
incubation leukocytes were analyzed by flow cytometry. The percent of migrating
cells did not differ with different concentrations of dextrose. There was no
interaction between leukocytes diluents and dextrose concentrations. No difference
between homologous and heterologous plasma was found. However, an interaction
between different plasma types and plasma concentrations was observed.
Chemotactic effect of lysed leukocytes was directly related to their concentration.
The relative amount of live leukocytes after thawing was greater when there was
incubated in PBS than in saline. However, no interaction was found between the
period of incubation and the post thawing extender. Generation of ROS was not
different between PBS and saline. There was no interaction between extenders and
their dilutions rates. Concluding, dextrose was not a strong chemoattractant for
equine leukocytes; 10%, 30% and 60% homologous plasma was a good

chemoattractant. Lysed leukocytes and 10%, 30% and 60% homologous plasma had
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similar chemotactic effect. Cells diluted in PBS and saline showed similar vitality
and ROS generation in the post-thaw tests, when incubated for 15 minutes.

Keywords: equine, leukocytes, freezing, vitality, chemotaxis
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Introduction

Bacterial infection of the genital tract has been recognized as an important cause
of infertility in the mare (Hughes & Loy, 1975). The ability of maintaining a uterine
environment compatible with embryonic and fetal life is essential for reproductive
efficiency in equines. However, the uterine environment is easily disturbed by an
inflammatory process following bacterial invasion (Asbury & Lyle, 1993), which can
occur during breeding, genital examination and parturition (Ricketts & Mackintosh,
1987). Mares that eliminate contamination easily are called resistant to endometritis.
Conversely, mares that fail to eliminate contaminants develop persistent uterine
inflammation, being called susceptible to endometritis (Hughes & Loy, 1975;
Kenney et al., 1975). Mares susceptible to post-breeding endometritis are also
susceptible to persistent bacterial endometritis (Troedsson et al., 1997)

Current treatment protocols for bacterial endometritis involve the rapid
removal of contaminant and inflammatory debris from the uterine lumen by uterine
lavage or by pharmacological induction of myometrium contraction. Uterine
infusions of fresh homologous plasma with leukocytes, using a 6% dextrose solution
to allow the presence of leukocytes in plasma, in mares experimentally infected with
Streptococcus equi showed a more rapid bacterial elimination than untreated mares
or treated with infusions of homologous blood plasma or ecbolic drugs (Castilho,
1994; Mattos et al., 1999a; c). These results were attributed to an increased uterine
phagocytic activity due the infused phagocytes and opsonizing factors present in
homologous plasma. However, a chemotactic effect might have been influenced
these results. The releasing of by-products from lysed leukocytes or the dextrose

solution is suggested to be involved.
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However, due to some practical limitations in the manipulation of fresh
leukocytes a method for cryopreservation of leukocytes was developed by Castilho et
al. (1997), providing in vitro viable and functionally competent neutrophils for
therapeutic use in mares susceptible to endometritis after thawing in phosphate
buffered saline (PBS). The use of cryopreserved leukocytes to treat mares with
endometritis is still not related.

Diluted recombinant human interleukin-8 (rhIL-8) in R3F cell culture
medium demonstrated to have a chemotactic activity for equine neutrophils in
transmigrations assays (Zerbe et al. 2003b). Similarly, the intrauterine infusion of
rhiL-8 (25ng/mL) induced neutrophils influx into the mare uterus. The author
concluded that the in vitro system can be very useful for complementary and detailed
analysis of selected mediators and cell populations such as polymorphonuclear
neutrophil granulocytes (PMN).

The objectives of these studies were to determine the chemotactic effect of
different leukocyte diluents, of dextrose concentrations associated or not to rhiL-8, of
lysed leukocyte concentration, and of blood plasma source and concentration
(homologous vs. heterologous) on fresh equine leukocytes vitality in vitro, and to
verify the effect of two post-thawing extenders (PBS or Saline) on vitality and
generation of ROS by frozen leukocytes. These experiments were conducted as a part
of the development of a cryopreservation protocol for equine leukocytes to be used

as a treatment for endometritis.
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Materials and Methods

Animals

Seven clinically healthy non-pregnant crossbred mares aging between 4 and
10 years old, with good body condition score and weighing between 450 to 650 kg
were used. Mares were kept in open stalls and fed twice a day with mixed grass hay

and concentrate.

General procedures
Separation of leukocytes

Blood was collected from each mare, into a heparinized container.
Erythrocyte lysis and washing was performed to separate leukocytes. Erythrocyte
lysis was conducted by adding distilled water at 5°C, to whole blood (2:1 v/v);
followed 10 seconds later by addition of PBS (Dulbecco Instant, 9.55¢/l, Fa.
Biochrom, Berlin, Germany) in double concentration to the diluted blood solution
(2:1 v/v). The blood diluted in PBS was then centrifuged (220 x g) at 4°C for 12
minutes (Cryofuge 8000- Heraeus-Christ GmbH, D-33660, Osterode, Germany). The
supernatant containing erythrocyte debris was discarded and the pellet re-suspended
with PBS (2:1 v/v). This procedure was repeated two to three times until a cell
suspension containing only leukocytes was obtained, as observed in a Birker (K.
Hecht, Sondheim, Germany) counting chamber. In the absence of red blood cells,
leukocytes were counted and re-suspended for immediate use in PBS or R3F
[medium composed of RPMI 1640 medium (Fa. Biochrom, Berlin, Germany) +
Hepes 15nmol/mL + L-Glutamin 2nmol/L + NaHCO; 18mmol/L] without

antibiotics, with 3% inactivated fetal calf serum.
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Cryopreservation of equine leukocytes

For cryopreservation, cells were re-suspended in heterologous equine plasma with
5% DMSO, to a final concentration of 200 x 10° leukocytes/mL. Immediately after
final dilution, leukocytes samples were placed in macrotubes (Minitib GmbH,
Hauptstrasse 41 - 84184 — Tiefenbach, Germany) and frozen at the following cooling
rates: from +4°C to -70°C = 1°C/min; from -70°C to -140°C = 10°C/min; and from -
140°C to -196°C, plunged into liquid nitrogen, using a semen freezing machine

(Gefrierautomat Minidigicool- Fa. IMV- L’Aigle, France) (Castilho et al., 1997).

Chemotactic assays

Assays were conducted using acryl chemotactic chambers (Cytogen -
Dieselstrasse 7 - 61239 - Ober-Morldw, Germany). The chambers consisted of two
compartments, a lower and an upper one, each of them with ten corresponding wells.
A silicon membrane separated compartments allowing communication between
them. Compartments were also separated by a polycarbonate filtering membrane,
with 3um pores (Nucleopore Track-Etch membrane - Corning, Corning, NY, USA),
through which cells could migrate. The solution to be tested for chemotactic activity
was poured into the lower wells, which had 415uL capacity. The fresh leukocytes
suspension to be attracted by chemotaxis was poured into the upper wells, which had
200uL capacity. The chambers were incubated at 37°C (Heraeus-Christ GmbH,

Hanau, Germany) with 5% CO, for 2 hours.

Measurement of leukocyte vitality
After incubation, the content of each upper and lower corresponding well was

stirred, 100uL of each mixture were transferred to the cytometry tubes (FACScan
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Tubes, Becton Dickinson Labware Europe, 38241 Meylan Cedex- France) and
200uL of propidium iodide (100ul/mL, Calbiochem Novabiochem GmbH, Liztweg
1, Bad Soden, Taunus, Germany) were added to each tube. The tubes were then
analyzed by flow cytometry (Castilho, 1998) (Fluorescence Activated Cell Analyser
- Fa. Becton-Dickinson, Heidelberg, Germany) to count live migrating and non-
migrating cells. The number of live cells in the lower well was divided by the total
number of cells added in the upper well, resulting in the percent of migrating cells.
Three thousand cells were analyzed in each sample. Propidium iodide penetrates
through cell membrane lesions and binds to DNA. Live and dead cells were

distinguished by the emission of white or red fluorescence (FL2 or FL3).

Measurement of the ROS generation

After thawing, cells were incubated for 15 minutes at 37°C, in a humidified
atmosphere with 5% CO, and, thereafter they were stimulated by the addition of
300nmol/L PMA (Phorbol-12-myristic-13-acetate-Sigma, Deisenhofen, Germany)
and gently stirred. Cells were reincubated for 15 minutes, for PMN activation. After
re-incubation, 5ulL of dihydrorhodamin-123 (DHR-123 -Mobitec, Gottingen,
Germany), a substance retained by PMN, were added. Myeloperoxidasis, a product
of the oxygen metabolism, acted catalyzing the oxidation of DHR-123, turning it into
Rodamin-123, which is fluorescent. Neutrophils green fluorescence intensity was
used to evaluate production of ROS. Two thousand cells of each sample were

analyzed by flow cytometry.

Experiment 1: Influence of different concentrations of dextrose associated or not to

rhiL 8 on the chemotaxis of equine fresh leukocytes.
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Leukocytes were separated as mentioned above. Cell vitality used in this
experiment, measured by flow cytometry, was > 95%.

A 2x4x2 factorial design was used. Main factors were leukocyte diluents
(PBS, R3F), dextrose concentration (0%, 1%, 2% and 6%), and rhlL-8 concentration
(OuL, 100uL). Two hundred microliters solutions containing 0%, 1%, 2% or 6%
dextrose (Muller's Muhle Traubenzucker, MN GmbH, 45801 Gelsenkirchen,
Germany) with or without 100uL rhiL-8 (Bio-Concept GmbH- Umkirch, Germany),
were placed in each lower well. The remaining space was completed with Percoll.
This procedure was conducted twice and 16 wells were filled. The 16 upper wells
were filled with 200 uL of a solution with 2 x 10° leukocytes, diluted in either PBS
(8 wells), or R3F (8 wells). The generalized linear model procedure of SAS was used
for statistical analysis. The model included the following main effects: donors,
diluents, dextrose and rhIL-8 concentration and their interactions. The dependent
variable was leukocyte migration. Differences between means were considered

significant at p<0.05. SAS for Windows 6.12 was the software used.

Experiment 2: Influence of different concentrations of homologous and heterologous
blood plasma on chemotaxis of equine fresh leukocytes

Leukocytes of two non-pregnant mares were used in this experiment. Main
factors studied were plasma type (homologous, heterologous) and plasma
concentration (3%, 5%, 30%, 60%, 90%). Separation of leukocytes was done as
described earlier. Vitality of leukocytes used was greater than 95% (range between
95% and 98%). To evaluate chemotaxis 200uL of solutions containing 3%, 10%,
30%, 60% and 90% of homologous or heterologous plasma diluted in distilled water

were poured in each lower well. The remaining volume was completed with Percoll.
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Positive controls were included for each plasma type consisting of 3% plasma,
100pL rhIL-8 (25ng/mL), and Percoll as a diluent. All samples and controls were run
in duplicates. Each upper well was filled with 2 x 10° leukocytes diluted in 200 pL
PBS.

Quadratic regression was used for statistical analysis. The model included the
main effects plasma source (homologous vs. heterologous), plasma concentration and
their interactions. The dependent variable was leukocyte migration. Differences
between means were considered significant at p<0.05. The software used was

Minitab for Windows 11.1.

Experiment 3: Influence of the number of lysed leukocytes on the migration of
equine fresh leukocytes

Leukocytes of two non-pregnant mares were used in this experiment.
Separation of leukocytes was performed as described earlier. Vitality of leukocytes
was greater than 95% (range between 96% and 99%). Leukocyte lysis was achieved
by freezing cells at —100°C without cryoprotectant. After 24 hours, samples were
thawed at 37°C and resuspended in PBS, to the desired concentration.

To evaluate chemotaxis, lower wells were filled with 300 puL of a PBS
solution containing 0.4 x 10°, 2.0 x 10° or 10.0 x 10° lysed leukocytes. An additional
well was filled with 300uL rhiL-8 (25ng/mL), as a positive control. Percoll was used
to complete wells volume. Samples were run in duplicates. Two hundred microliters
PBS containing 1.2x10° leukocytes were put into upper wells and the chemotaxis
was assayed as described earlier. The generalized linear model procedure of SAS
was used for statistical analysis. The model included the main effect concentration of

lysed leukocytes and the dependent variable leukocyte migration. Differences



70

between means were considered significant at p<0.05. SAS for Windows 6.12 was

the software used.

Experiment 4: Influence of two different post-thawing media (PBS and saline) and
four leukocytes dilutions on vitality and ROS generation in cryopreserved equine
leukocytes.

Leukocytes from all mares were pooled and frozen in macrotubes as
described above. Samples from six different batches were randomly thawed at 37°C
for 1 minute in water-bath. After thawing, cell suspension (200 x 10%/mL leukocytes)
was diluted in either PBS or saline using the following dilutions: 1:50, 1:25, 1:12.5,
and 1:6.25.

The samples were incubated in a microtiter plate with round bottom (Nunc,
Wieshaden Germany). To assess leukocyte vitality, half the samples were incubated at
37°C, with 5% CO,, for 15 minutes, and the remaining were incubated for 120
minutes. To assess ROS production, incubation lasted 15 minutes.

Analysis of variance was used. The software used was Minitab for Windows
11.1. The model included the main effects dilution medium and leukocyte dilution
and the dependent variables leukocyte vitality and ROS production. Differences were

considered significant at P<0.05.

Results

Figure 1-
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Donor did not influence leukocyte migration (P=0.73). Leukocytes diluted
with R3F had greater (P<0.01) leukocyte migration than leukocytes diluted in PBS
(Fig 1A). Interactions between medium and rhIL-8 (P=0.45), and between medium
and dextrose concentration (P=0.79) were not significant, indicating that varying
concentrations of rhlL-8 and of dextrose did not change the medium effect.

Presence of rhIL-8 increased migration of leukocytes (P<0.01, Fig. 1B).
Similarly, different dextrose concentrations influenced the number of leukocytes
found in the lower chamber (P=0.02). There was no interaction between presence of
rhlL-8 and dextrose concentrations (P=0.07) on migration of leukocytes.

The influence of different source of plasma (homologous vs. heterologous),
and plasma concentration on migration of equine leukocytes and the influence of

rh1L-8 with 3% of the two kinds of plasma are shown on Fig. 2.

Figure 2

Source of plasma (homologous vs. heterologous) did not affect migration of
leukocytes (P<0.39, Fig. 2A). However, different concentrations of plasma
influenced considerably (P<0.005) leukocyte migration, and an interaction between
the two types of plasma and different concentrations (P=0.04) on leukocyte
migration was found. Using quadratic regression analysis, a high correlation
(R?=0.75) between plasma concentration and leukocyte migration was observed.

Fig. 2B shows that the presence of rhIL-8 increased migration of leukocytes
(P<0.01). Source of plasma (homologous vs. heterologous) at 3% concentration did

not affect migration of leukocytes (P=0.94) in the presence of rhiL-8.
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Figure 3

Concentration of lysed leukocytes increased migration of leukocytes (P<0.01,
Fig. 3). A strong correlation between concentration of lysed leukocytes and
migration was observed (Rr’=0.96). When 10 x 10° lysed leukocytes were used, the
leukocyte migration was similar (P=0.42) to that of rhiL-8, and greater than those of
2.0 x 10° (P<0.01) and of 0.4 x 10° (P<0.01) lysed leukocytes. It was also observed
that the concentration of 2 x 10° lysed leukocytes caused a greater migration

(P=0.04) of cells than the concentration of 0.4 x1 0° leukocytes.

Figure 4

Percentage of live cells was greater with leukocyte re-suspension using PBS
than using saline (P=0.01, Fig. 4). In addition, percentage (P<0.01) of live leukocytes
increased with increasing dilution rates. Incubation period did not affect the number
of live leukocytes (P=0.79, Fig. 4A and 4B). No interaction was found between the
period of incubation and medium (P=0.37). However, there was an interaction
between period of incubation and dilution rate (P<0.01), and between medium used

and dilution rate (P=0.03).

Figure 5

Production of reactive oxygen species was not affected by post thawing

extenders (P=0.91), but it was by the dilution rate (P<0.01, Fig. 5). There was no



73

interaction between extenders and leukocyte concentration (P>0.05). A high
correlation between leukocyte dilution and formation of ROS was found for

leukocytes diluted in both saline (R*=0.86) and PBS (R?*=0.88).

Discussion

In Experiment 1, the percentage of migrating leukocytes (51%) using only
rhlL-8 as chemoattractant was lower than the observed by Zerbe et al. (2003a) (75%)
and the observed in Experiment 3 (72%). In both studies, the same model of
chemotactic chamber and the same rhIL-8 concentrations were used. The
concentration of 25ng/mL is considered to have the best chemotactic effect for
equine leukocytes (Zerbe et al., 2003b). However, in the study of Zerbe et al.
(2003a) and in Experiment 3, a volume of 300uL rhlL-8 was used, totalizing 7.5ug
per well, while in Experiment 1, 100uL rhIL-8 per well were used, totalizing 2.5ug
per well. The lower migration observed in Experiment 1 could be related to the lower
amount of rhlL-8 used as chemoattractant and, in this way, RHIL-8 concentration
should not be the only variable to be considered in the evaluation of chemotaxis.

To separate leukocytes from whole blood, Zerbe et al. (2003a) proceeded to
lysis and washing and then to migration through a 55%-78% Percoll gradient. After
centrifugation at 100 x g and 20°C for 25 minutes, neutrophils were washed twice
with PBS (220 x g, 4°C, for 8 minutes) and cells were resuspended only in R3F.
Using this method only live neutrophils (95% vitality) were obtained. In the present
study, the separation method used provided a mixed leukocyte population with 95%

vitality. In spite of the different separation techniques used in both experiments,
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vitality rate was similar, and, probably, not responsible for the lower migration rate
observed in the present experiment.

In Zerbe et al. (2003a) cells were counted using a fluorescence microscope; in
the present study cells were counted by flow cytometry. This could also explain the
higher percentage of leukocyte migration (29%) without rhIL-8 and dextrose, when
compared to the 8% observed in Zerbe et al. (2003a).

Dextrose used to separate homologous plasma containing fresh leukocytes
could exert a chemotactic effect, being responsible for the shorter time to eliminate
bacteria (Castilho, 1994; Mattos et al., 1999a). According to the studies of Mattos et
al. (1997; 1999b), the use of dextrose for leukocyte separation could also explain the
greater pregnancy rates in barren mares infused with plasma containing fresh
leukocytes after breeding. In that case, 6% dextrose was used in leukocyte
separation, resulting in about 2% dextrose in the supernatant (results not shown). In
the present study, dextrose concentrations of 0%, 1%, 2% and 6% were used, with or
without rhIL-8 (Zerbe et al., 1996; Zerbe et al., 2003a; b). Increasing dextrose
concentrations did not increase equine leukocyte chemotaxis, when rhlL-8 was not
added to the solution. This demonstrates the lack of chemotactic effect of dextrose.
Therefore, the effect on bacterial elimination observed in previous reports (Castilho,
1994; Mattos et al., 1999a, c), as well as the better pregnancy rates obtained (Mattos
et al., 1997; Mattos et al., 1999b), can not be explained by chemotactic effect of
dextrose, but probably by lower leukocyte apoptosis and enhanced phagocytic
activity caused by use of dextrose as a gradient of separation. The use of a 6%
dextrose solution to separate leukocytes also causes platelets to move into the plasma
fraction. Zalavary et al. (1996) found that phagocytosis and respiratory burst

triggered in neutrophils by immunoglobulin G (IgG)-opsonized yeast particles were
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potentiated by platelets. Andonegui et al. (1997) showed that when neutrophils are
cultured in the presence of platelets, the occurrence of apoptosis is reduced in
comparison with a control where the incubation was performed without platelets.

A greater migration occurred when 1% dextrose with rhlL-8 was used.
Migration decreased as dextrose concentration increased. However, there was a
significant difference only when 6% dextrose with rhlL-8 was used compared with
the other concentrations. This does not agree with the findings of Oldenborg and
Sehlin (1999), who evaluated human neutrophil chemotaxis towards the peptide N-
formyl-metionil-fenilalanin. The authors observed that the chemotactic effects of the
peptide were regulated by glucose concentration, which induced activity of non-
locomoting cells and improved neutrophil adhesion to the substrate.

In Experiment 2, plasma source (homologous vs. heterologous) did not affect
chemotaxis. However, plasma concentration influenced leukocyte migration, and the
interaction between the two kinds of plasma and concentration affects the leukocyte
migration. These results demonstrate a chemotactic effect of 10% and 30%
heterologous plasma as well as a chemotactic effect of 10%, 30% and 60%
homologous plasma. Previous experiments (Castilho, 1994; Mattos et al., 1997;
Mattos et al., 1999a; b; c) used plasma with leukocytes in a plasma final
concentration of about 60%. Moreover, according to Mattos et al. (1997; 1999a),
infusion with homologous plasma resulted in a shorter time to eliminate bacteria and
in higher pregnancy rates when compared to untreated controls. That treatment,
however, was less effective than homologous plasma with fresh leukocytes, which
demonstrates a possible chemotactic and opsonizing effect from plasma, even
without leukocytes. The present results concerning to plasma chemotaxis confirm

those of Mattos et al. (1997; 1999a), who explained the therapeutic action of plasma
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containing leukocytes due to a possible synergistic effect of both components of this
treatments: first, plasma infusion provides opsonizing factors, such as complement
and immunoglobulins, to the uterine lumen; second, fresh blood leukocytes improve
phagocytosis.

Results obtained in Experiment 3 demonstrate that lysed leukocytes have
chemotactic effect. When 2 x 10° lysed leukocytes were used, leukocyte attraction
rate was similar to that of 30% homologous and heterologous plasma. Also, 10 x 10°
lysed leukocytes had an effect similar to that of 25ng/mL rhlL-8.

Use of PBS as a diluent resulted in greater post-thaw leukocyte vitality than
use of saline. The difference between both diluents increased proportionally to
dilution rate and after 120-minute incubation. In the experiments of Castilho et al.
(1997) and Zerbe et al. (2001), only PBS was used to resuspend thawed cells, in a
dilution of 1:12.5. The cell separation method, the extender and the cryoprotectant
used were the same as used in this study. Vitality and generation of ROS obtained by
Castilho et al. (1997) and Zerbe et al. (2001) were measured after 6-hour incubation
and are similar to the present data. These authors compared fresh and cryoconserved
leukocytes and found that vitality of frozen-thawed leukocytes was similar to that of
fresh leukocytes, but frozen-thawed leukocytes generated more ROS after thawing
than fresh leukocytes. This might be due to stimulation of ROS production during
freezing, cryopreservation, or thawing process, already described for cryoconserved
spermatozoa (Weitze and Petzold, 1992).

Although leukocytes have shown greater vitality in PBS than in saline,
vitality in saline was similar to PBS after 15-minute-incubation, dropping below 90%
vitality after 2 hours of incubation. Both extenders showed similar effect on

generation of reactive oxygen species after 15 minute-incubation. Therefore, saline
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could be used as a post-thaw extender in a quick procedure (thaw, re-suspension and
uterine infusion).

The present study showed that dextrose does not have a strong chemotactic
effect on equine leukocytes. Among the plasma concentrations used, 10%, 30% and
60% homologous plasma and 10% and 30% heterologous plasma showed greater
chemotactic effects. Lysed leukocytes, in the concentration of 2 x 10%/mL, showed a
chemotactic effect similar to that of 10 to 60% homologous plasma. In a
concentration of 10 x 10°/mL, lysed leukocytes were able to attract leukocytes at the
same rate that rhiL-8. Cells re-suspended either in PBS or saline showed similar
vitality and generation of reactive oxygen species in the post-thaw tests, when
incubated for 15 minutes. These findings should contribute to develop a treatment
protocol for mare’s endometritis based on fresh or cryopreserved leukocytes uterine

infusions.
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Figure 1. (A) Percent of leukocytes, diluted in PBS or R3F cell culture
medium, migrating towards different dextrose concentrations (P<0.01).
(B) Percent of leukocytes, with or without rhiL-8, migrating towards different

dextrose concentrations (P=0.02).
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Figure 2. (A) Percent of leukocyte migration towards different concentrations
(3%, 10%, 30%, 60% and 90%) of homologous and heterologous plasma
(P<0.39). Quadratic regression analysis expressed the following equation:
Migration = 134483 + (88298.8 conc.) - (2004.04 conc?) + (11.7682 conc®).

(B) Effect of the presence or not of rhIL-8 (P<0.01) with 3% homologous or

heterologous plasma (P=0.94) on the migration of equine leukocytes.
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Figure 4. (A) Vitality of leukocytes thawed and re-suspended in PBS or in
saline after 15-minute incubation.

(B) Vitality of leukocytes thawed and re-suspended in PBS or in saline after
120-minute incubation.

(PBS vs. saline P=0.01; dilution rate vs. vitality P<0.01; incubation period

vs. vitality P=0.79).
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stimulated with 300nMol PMA and incubated for 15 minutes in saline or
PBS with different dilution rates. (PBS vs. saline P=0.92; dilution rate vs.

fluorescence P<0.01).
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CONCLUSOES

Conclui-se que:

-A dextrose ndo apresenta bom efeito quimioatraente para leucécitos equinos.

-As concentracfes de plasma homologo entre 10% e 60% tém bom efeito
quimiotatico. J& o plasma heter6logo mostrou boa atracdo de leucocitos nas
concentracoes de 10% e de 30%.

-Na concentracdo de 10x10%/mL, os leucdcitos lisados atrairam leucdcitos em
propor¢do semelhante a da IL-8.

-As células diluidas em PBS ou NaCl apresentam vitalidade e geracdo de
radicais livres de oxigénio semelhantes, quando incubados por até 15 minutos.

-Os fatores quimioatraentes ndo foram eficazes, porém, o efeito bactericida
foi eficaz e responsavel pela eliminacdo da bactéria.

-A infusdo de plasma sanguineo como diluente dos leucdcitos congelados e

dos leucacitos lisados poderia melhorar os resultados de eliminagdo bacteriana.
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ANEXO 1. TABELAS DE ANALISE DE VARIANCIA
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TABELA 7- Analise de variancia da migracdo em relacdo a diferentes concentracfes

de dextrose

FONTE GL SQ QM F P

EGUA 6 0.20469836 0.03411639 0.61 0.7252
IL8 1 4.02264163 4.02264163 71.42 0.0001
MEIO 1 1.10804166 1.10804166 19.67 0.0001
CONCENTRACAO 3 0.56553976 0.18851325 3.35 0.0219
IL8*CONC. 3 0.41736995 0.13912332 2.47 0.0659

TABELA 8- Analise de variancia da migracdo em relacéo a diferentes concentracfes

de plasma

FONTE GL  SeqSQ Adj SQ Adj QM F P
Tipo 1 8.7768E+10  1.9850E+10  1.9850E+10  0.92 0.391
Concentm 1 3.9633E+10  6.83210E+10 6.83210E+10 31.75 0.005
Conc? 1 7.1198E+10  4.89210E+10 4.89210E+10 22.74 0.009
Conc® 1 3.3860E+10  3.3860E+10  3.3860E+10  15.74 0.017
Meio*conc 1 1.8743E+10  1.8743E+10  1.8743E+10 8.71 0.042
Erro 4 8.6065E+10 8.6065E+10 2.1516E+10

Total 9 1.4515E+10

TABELA 9- Andlise de variancia da migragdo em relacdo a 3% de plasma com ou

sem IL8.

FONTE GL  SeqSQ Adj SQ Adj QM F P
Tipo 1 133564249 133564249 133564249 0.01 0.940
IL8*MEIO 1 9.7494E+11  9.7494E+11  9.7494E+11  64.92 0.079
Erro 1 1.5017E+10  1.5017E+10  1.5017E+10

Total 3 99009E+11
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TABELA 10-Analise de variancia vitalidade pds-descongelamento de leucdcitos

equinos em meio PBS ou NaCl

FONTE GL  SeqSQ  AdiSQ AdjoM  F P
Diluicio 1 0.16872  0.16872  0.16872 38.78 0.000
Tempo 1 020138  0.00027  0.00027 0.06 0.810
Meio 1 032079  0.04059  0.04059 9.33 0.012
Tempo*Diluigio 1 009369  0.09369  0.09369 21.54 0.000
Meio*Diluigio 1 0.02646  0.02646  0.02646 6.08 0.033
Erro 10  0.04350  0.04350  0.00435

Total 15 0.85454

TABELA 11- Andlise de varidncia dos dias necessarios a eliminacdo da bactéria em

éguas resistentes

FONTE GL Seq SQ Adj SQ Adj QM F P
Repeticéo 4 5.200 5.200 1.300 0.76 0.555
Egua 19 46.800 46.800 2.463 1.44 0.137
Tratamento® 4 12.700 12.700 3.175 1.85 0.128
Erro 72 123.300 123.300 1.712

Total 99 188.000

TABELA 12- Analise de variancia dos dias necessarios a normaliza¢do do quadro

citoldgico em éguas resistentes

FONTE GL Seq SQ Adj SQ Adj QM F P
Repeticdo 4 14.340 14.340 3.585 1.61 0.180
Egua 19 61.240 61.240 3.223 145 0.132
Tratamento® 4 32.840 32.840 8.210 3.69 0.009
Erro 72 160.020 160.020 2.222

Total 99 268.440
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TABELA 13- Analise de variancia dos dias necessarios a eliminacdo da bactéria em

éguas susceptiveis

FONTE GL Seq SQ Adj SQ Adj QM F P
Repeticdo 4 15.440 15.440 3.860 247 0.101
Egua 4 4.240 4.240 1.060 0.68 0.619
Tratamento® 4 49.840 49.840 12.460 7.99 0.002
Erro 12 18.720 18.720 1.560

Total 24 88.240

TABELA 14- Anélise de variancia dos dias necessarios a normalizacdo do quadro

citoldgico em éguas susceptiveis

FONTE GL Seq SQ Adj SQ Adj QM F P
Repeticéo 4 13.840 13.840 3.460 1.37 0.302
Egua 19 6.240 6.240 1.560 0.62 0.659
Tratamento® 4 77.440 77.440 19.360 7.66 0.003
Erro 72 30.320 30.320 2.527

Total 99 127.840
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ANEXO 2- RESUMO PUBLICADO EM PERIODICO



