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Resumo

D’EL REY DANTAS, Fernanda Timbd. Estratégias de diagnostico e tratamento da
gestacdo de risco em éguas. 2019. 77f. Dissertacdo (Mestrado em Ciéncias) -
Programa de Pos-Graduacgao em Veterinaria, Faculdade de Veterinaria, Universidade
Federal de Pelotas, Pelotas, 2019.

A placentite ascendente é uma das principais causas de aborto, natimorto e
parto prematuro em equinos. Dosagens hormonais tem sido utilizadas como auxilio
no diagnéstico e manejo terapéutico da placentite. Poucas moléculas foram avaliadas
guanto a sua difusédo placentaria e aplicabilidade no tratamento desta enfermidade.
Os objetivos do presente trabalho foram: (1) verificar se ha passagem transplacentaria
de doxiciclina em éguas higidas; (2) avaliar a utilizacdo da mensuracgéo plasmética de
estradiol 17-B, estrégenos totais, progestinas e progesterona como marcadores de
progndstico gestacional em éguas com placentite induzida experimentalmente. Para
o0 primeiro experimento, foram utilizadas 12 éguas saudaveis aos 320 dias de
gestacéo; seis receberam doxiciclina manipulada (10mg/kg, via oral a cada 12h) até o
parto, enquanto outras seis formaram o grupo controle. O parto das éguas tratadas foi
induzido (ocitocina, 10Ul, IM) quando o pH da secre¢cdo mamaria era <6.4. Durante a
segunda fase do parto, os liquidos alantoideano e amnidticos foram coletados
espontaneamente e por puntura do amnio, respectivamente. Amostras de plasma e
liquido sinovial do potro foram obtidas imediatamente apds o parto. As concentracfes
de doxiciclina no plasma e liquidos fetais/sinovial foram mensuradas por LC-MS/MS.
Para o segundo experimento, éguas foram aleatoriamente divididas aos 300 dias de
gestacdo em grupo controle saudavel (CONT, n=8) e éguas nas quais a placentite
ascendente foi induzida através da inoculacdo intracervical de Streptococcus equi
subespécie zooepidemicus (n=38). As éguas com placentite induzida foram divididas
em grupos tratados com sulfametoxazol-trimetoprim (TMS), flunixin meglumine (FM),
altrenogest (ALT) e/ou cipionato de estradiol (ECP), conforme segue: (1) TMS+FM,
n=8; (2) TMS+FM+ALT, n=8; (3) TMS+FM+ALT+ECP, n=6; (4) TMS+FM+ECP, n=6;
e (5) sem tratamento (INOC), n=10. Os tratamentos foram iniciados 48h apdés a
inducdo. Amostras de sangue foram obtidas de todas as éguas imediatamente antes
da inoculacao, diariamente por 12 dias (ou até o parto prematuro) e no dia do parto.
As concentracfes de estradiol 17-B e progesterona foram determinadas por
guimiluminescéncia, enquanto os estrogenos totais e progestinas foram mensurados
por radioimunoensaio. A doxiciclina atravessa a barreira placentaria, atinge a unidade
feto-placentaria e deposita-se na articulacdo dos potros. Nao foram observados sinais
sugestivos de toxicidade causada pelo uso prolongado da doxiciclina nos potros ou
nas éguas. No presente estudo, as concentracdes de estradiol 17-B, progesterona,
progestinas e estrégenos totais ndo apresentaram um padrao que pudesse auxiliar no
prognostico da gestacéo.

Palavras-chave: Placentite; Doxiciclina; Antibacteriano; Difusdo placentaria;
Hormonios.



Abstract

D’EL REY DANTAS, Fernanda Timbé. Diagnosis and treatment strategies of
compromised pregnancies in mares. 2019. 77f. Dissertation (Master degree in
Science) - Programa de Pds-Graduacdo em Veterinaria, Faculdade de Veterinaria,
Universidade Federal de Pelotas, Pelotas, 2019.

Ascending placentitis is one of the main causes of abortion, stillbirth and premature
labor in the equine species. Plasma hormone concentrations have been used to aid in
the diagnosis and therapeutic management of placentitis. Few molecules have been
assessed regarding its diffusion through the placenta and suitability in the treatment of
this pathology.The aims of this study were: (1) to verify placental diffusion of
doxycycline in healthy mares; (2) to assess the usefulness of 17-B estradiol,
progesterone, progestins and total estrogens concentrations as pregnancy prognostic
markers in mares with experimentally induced ascending placentitis. For the first
experiment, twelve healthy mares were enrolled in this study at 320 days of gestation;
six received compounded doxycycline (10mg/kg, PO, g12h) until delivery, while six
were the control group. Foaling of the treated group was induced with oxytocin (101U,
IM) when mammary secretion pH was <6.4. During second stage of labor, allantoic
fluid was collected by free catch and amniotic fluid by puncture. Blood and synovial
fluid samples from foals were collected immediately after parturition. Concentrations of
doxycycline in plasma and fetal fluids were assessed with LC-MS/MS. As for the
second experiment, on the 300t day of pregnancy, mares were randomly divided into
a healthy control group (CONT, n=8) and mares in which ascending placentitis was
experimentally induced via intracervical inoculation of Streptococcus equi subspecies
zooepidemicus (n=38). Mares with experimentally induced placentitis were assigned
to groups treated with sulfamethoxazole-trimethoprim (TMS), flunixin meglumine (FM),
altrenogest (ALT), and/or estradiol cypionate (ECP) as follows: (1) TMS+FM, n=8; (2)
TMS+FM+ALT, n=8; (3) TMS+FM+ALT+ECP, n=6; (4) TMS+FM+ECP, n=6; and (5)
no treatment (INOC, n=10). Treatment was started 48h after inoculation. Blood
samples were obtained from all mares immediately prior to inoculation, daily for 12
days (or until premature delivery) and on foaling day. 17-p estradiol and progesterone
concentrations were determined by chemiluminescence, whilst total estrogens and
progestins were assessed via radioimmunoassay. Doxycycline crosses the equine
placenta, reaches the fetoplacental unit and accumulates on foals’ synovial fluid.
Neither mares nor foals presented any clinical signs suggestive of doxycycline toxicity,
despite prolonged usage of this antimicrobial. In the present study, 17- estradiol,
progesterone, progestins and total estrogens concentrations lacked a pattern that
could indicate pregnancy prognosis.

Keywords: Placentitis; Doxycycline; Antibiotics; Placental diffusion; Hormones.
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1 Introducéo

A placentite ascendente é uma das principais causas de aborto, natimorto e
parto prematuro em equinos, situacdes que geram grandes perdas econdmicas (Hong
et al., 1993a). Os agentes etiolégicos envolvidos sdo fungos e bactérias,
principalmente Streptococcus equi subspecies zooepidemicus, Leptospira spp. e
Escherichia coli (Giles et al., 1993; Hong et al., 1993a, 1993b). A infec¢do ocorre com
a penetracdo do agente no utero através da ceérvix, causando um processo
inflamatorio necrosante na estrela cervical do alantocérion (Mays et al.,, 2002).
Inicialmente, foi proposto que esta infec¢éo poderia seguir pelo corddo umbilical ou
pelo liquido amnidtico (Mays et al., 2002). Porém, CANISSO et al., (2015a) em estudo
com inducdo de placentite ascendente, realizou culturas de liquido alantoide e
amnidtico e ndo observou crescimento bacteriano nas amostras alantoideanas,
apenas em uma amostra de liquido amnidético. Com isso, sugeriu que a infeccéo fetal
se d& primariamente pelo corddo umbilical e que o liquido amniético se contamina
com secrecoes fetais, ndo sendo importante fonte de infeccao do feto.

Os sinais clinicos observados em éguas com placentite ascendente sdo
secrecdo vulvar purulenta e desenvolvimento mamario precoce, apesar destes ndo
estarem sempre presentes (LeBlanc et al., 2004). O diagndstico pode ser realizado
aliando-se os referidos sinais clinicos a achados ultrassonograficos, como
espessamento da juncdo Utero-placentaria e areas de descolamento placentério, que
podem evidenciar ou ndo a presenca de secrecdo purulenta local (Canisso et al.,
2015a; Morris et al., 2007).

A unidade feto-placentaria é quem produz a maior parte dos horménios que
fazem a manutencao do terco final da gestacdo em equinos (Conley, 2016). Muitos
destes hormonios sdo esteroides e 0 conhecimento acerca das suas funcdes ainda é
limitado, especialmente na unidade feto-placentaria (Canisso et al., 2015a). O peffil
hormonal de éguas com alteracfes gestacionais vem sendo estudado ha alguns anos
em busca de ferramentas auxiliares no diagnéstico e tratamento destas alteracdes
(Douglas, 2004; Morris et al., 2007; Ousey et al., 2005; Shikichi et al., 2017).
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As progestinas sdo os hormoénios mais importantes na manutengdo da
gestacdo. Durante os primeiros 150 dias, a progesterona é a principal progestina,
sendo produzida pelos ovarios maternos (Ousey et al., 2005). ApGs este periodo, a
principal fonte passa a ser a placenta, que converte a pregnenolona produzida pela
adrenal fetal (Ousey et al., 2005). Ha entdo niveis muito baixos de progesterona e um
predominio da 5a-dihidroprogesterona, que é igualmente potente na ativacdo dos
receptores equinos de progesterona (Scholtz et al., 2014). Algumas semanas antes
do parto ha um aumento gradual na concentracdo plasmatica materna desses
horménios até que, dois ou trés dias antes do parto, hA uma queda (Legacki et al.,
2016; Rossdale et al., 1991). Esse aumento das progestinas esta relacionado ao
desenvolvimento mamario e o inicio de mudancas eletroliticas na secre¢cdo mamaria,
enquanto a queda acontece concomitantemente ao aumento do cortisol fetal (LeBlanc,
2010).

Assim como as progestinas, os estrdgenos também séo produzidos na unidade
feto-placentaria. Porém, neste caso, a producdo se da com a aromatizacdo de
andrégenos produzidos pelas gbnadas fetais (Fowden et al., 2008; Pashen and Allen,
1979). As concentracdes de estrogenos aumentam durante o segundo trimestre da
gestacdo, tendo seu pico ao redor do 180° dia, quando comecam a reduzir
progressivamente (Douglas, 2004). Entretanto, nos ultimos dias antes do parto as
concentracbes de 17-B estradiol aumentam consideravelmente, especialmente a
noite, coincidindo com um aumento na atividade mioelétrica do Utero (Mcglothlin et al.,
2004; O’Donnell et al., 2003).

Entre o 150° e o 280° dia de gestacdo, éguas com placentite geralmente
apresentam concentracdes plasméaticas mais altas de progestinas e mais baixas de
estrogenos, quando comparadas com éguas higidas (Ball et al., 2013; Douglas, 2004).
Deve-se observar, no entanto, que em casos de afecc¢des placentarias mais agudas,
as progestinas tendem a estar diminuidas, provavelmente pela falta de tempo habil
para uma resposta fetal com maior producéo de pregnenolona (Ousey et al., 2005).

O tratamento da placentite tem trés objetivos principais: reduzir a carga
microbiana e sua dispersdo pelos tecidos fetais, manter a quiescéncia uterina e
bloquear a producdo de citocinas proé-inflamatérias (LeBlanc, 2010). Com isso,
diversos protocolos terapéuticos tem sido testados. A utilizagdo de antimicrobianos
por si sO ja demonstrou melhorar substancialmente os resultados gestacionais, porém

outras drogas, como anti-inflamatorios e horménios, tem sido adicionadas aos
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protocolos para aumentar as chances de sobrevivéncia do potro (Bailey et al., 2010;
Christiansen et al., 2010; Curcio et al., 2017).

Um grande desafio na escolha dos farmacos utilizados € a falta de literatura
acerca da passagem de moléculas pela placenta equina. Atualmente sabe-se que
gentamicina, penicilina potéssica, enrofloxacina, sulfametoxazol e trimetoprim sao
capazes de ultrapassar a barreira placentaria (Ellerbrock et al., 2018; Murchie et al.,
2006; Rebello et al., 2006). A combinagéo de sulfametoxazol e trimetoprim é a mais
comumente utilizada no tratamento de placentite, especialmente pela
biodisponibilidade oral do farmaco e sua boa penetragdo no utero (LeBlanc et al.,
2004). A doxiciclina € uma tetraciclina de segunda geracao caracterizada por maior
biodisponibilidade oral, maior carater lipofilico e penetracao tecidual, além de melhor
atividade contra gram-positivos e maior ligacéo a proteinas (Agwuh and Macgowan,
2006). Por essas caracteristicas, teria grande potencial no tratamento da placentite,
porém sua utilizacdo nessa situacao clinica ainda nao foi avaliada.

A inflamacdo causada pela infeccdo da placenta leva a producédo de
prostaglandinas e aumenta a expressado de citocinas inflamatérias (Leblanc et al.,
2012). Com isso, ha aumento das contracdes uterinas, o que pode levar ao parto
prematuro (Mcglothlin et al., 2004). Para evitar que iSso ocorra, é preconizado 0 uso
de anti-inflamatérios, pois sabe-se que o0 prolongamento da gestacdo com
consequente cronificacdo da placentite esta associada a aceleracdo da maturacéo
fetal (Rossdale et al., 1991). Nesse sentido, diversos anti-inflamatorios ja foram
empregados no tratamento de éguas com placentite como dexametasona, &cido acetil
salicilico e flunixim meglumine (Christiansen et al., 2010; Curcio et al., 2017; LeBlanc,
2010).

Terapias hormonais também sédo bastante empregadas no tratamento da
placentite. A mais comumente utilizada baseia-se na administragéo de progesterona
exdgena, especialmente o altrenogest (Bailey et al., 2010; LeBlanc, 2010). A duracéo
do tratamento ainda é alvo de controvérsia. Em relacdo ao altrenogest, a
recomendacao é que nao se prolongue o tratamento apds os 320 dias de gestacéo,
visto que observou-se aumento da duracdo do segundo estagio do parto e maior
namero de complicacdes neonatais em poneis tratadas com este progestageno até o
parto (Neuhauser et al., 2008). Mais recentemente, CURCIO et al. (2017)
demonstraram que éguas tratadas por 10 dias com sulfametoxazol + trimetoprim,

flunixim meglumine e cipionato de estradiol tiveram tempo gestacional normal e ndo
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houveram perdas gestacionais ou partos prematuros. Além disso, nenhum potro
destas éguas foi classificado como “alto risco”, o que diferiu dos outros grupos de
tratamentos. As respostas enddécrinas dos potros com este tratamento também foram
mais satisfatérias que as dos outros grupos (Muller et al., 2018).

Levando-se em consideracdo esses dados, este trabalho teve duas hipéteses
principais: 1) Eguas com placentite ascendente induzida tratadas com cipionato de
estradiol apresentam perfil hormonal similar a éguas com gestacdes saudaveis; 2) A
doxiciclina atravessa a placenta, atingindo a circulacédo e os liquidos fetais.

Portanto, o objetivo do presente trabalho foi avaliar a utilizagdo da mensuragao
plasmatica de estradiol 17-B, estrogenos totais, progestinas e progesterona como
marcadores de progndstico gestacional em éguas com placentite induzida
experimentalmente e verificar se ha passagem transplacentaria de doxiciclina em

éguas higidas.



2 Artigos
2.1 Artigo 1

Doxiciclina: uma reviséo sobre particularidades e utilizagdo clinica na espécie
equina
Fernanda Timbé D’el Rey Dantas; Lorena Soares Feijo; Carlos Eduardo Wayne
Nogueira; Bruna da Rosa Curcio

Aceito para publicacdo na revista Science and Animal Health
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DOXICICLINA: UMA REVISAO SOBRE PARTICULARIDADES E UTILIZACAO CLINICA
NA ESPECIE EQUINA

RESUMO

As tetraciclinas foram os primeiros antibacterianos de amplo espectro descritos, sendo uma das
classes de antibacterianos mais utilizada na medicina veterinaria. O uso em equinos ndo é tao
expressivo, mas vem aumentando ao longo dos anos, especialmente por seu espectro de acdo e
baixo custo. O objetivo do presente trabalho foi descrever as particularidades e aplica¢Oes da
doxiciclina na pratica clinica de equinos, bem como as perspectivas futuras de utilizacdao deste
farmaco. O levantamento de informacdes foi realizado através de pesquisa nas plataformas
Pubmed e Mendeley. A doxiciclina é um antibacteriano bacteriostatico utilizado principalmente
em infeccGes causadas por microorganismos intracelulares, porém é eficaz também contra
bactérias gram negativas e positivas, clamidias, rickettsias, micoplasmas e alguns protozodrios.
Estudos recentes tém demonstrado outras propriedades desse farmaco além da antibacteriana,
tais como acgdo anti-inflamatdria e de inibicdao da lipase, colagenase, apoptose e angiogénese.
Desta forma, a doxiciclina pode ser empregada como coadjuvante em diversas circunstancias
clinicas, com destaque para as afec¢des articulares. Os efeitos adversos sdo raros e estdo
relacionados ao desequilibrio da microbiota intestinal. Mais estudos ainda sdo necessarios
acerca das propriedades ndo-antibacterianas da doxiciclina e sua seguranca, porém as
perspectivas sao promissoras.

Palavras-chave: Tetraciclinas. Metaloproteinases. Osteoartrite. Teratogenicidade.

INTRODUGCAO

As tetraciclinas foram os primeiros antibacterianos de amplo espectro descritos, tendo eficacia
contra bactérias gram-positivas, gram-negativas, clamidias, micoplasmas, rickettsias e alguns
protozodrios (CHOPRA; ROBERTS, 2001). E a classe de antibacterianos mais utilizada na medicina
veterinaria, sendo rotineiramente empregadas na producdo animal. O uso em equinos e animais
de companhia ndo é tdo expressivo, mas vem aumentando ao longo dos anos, especialmente
por seu espectro de acao e baixo custo (CASTILLO, 2013). Apds descoberta da primeira molécula
dessa classe, a clortetraciclina, realizada por Benjamin Duggar em 1945, grandes esfor¢os foram
feitos para que novas tetraciclinas fossem obtidas. Deste modo, entre 1950 e 1970 ocorreu o
desenvolvimento de diversos membros desta classe de antimicrobianos, tanto na forma de
produtos naturais quanto semissintéticos (PEREIRA-MAIA et al., 2010).

A doxiciclina foi desenvolvida em 1966, sendo uma molécula da segunda geracao de tetraciclinas
(CASTILLO, 2013). Dentro de sua classe, caracteriza-se por maior biodisponibilidade oral, maior

carater lipofilico e penetragao tecidual, melhor atividade contra gram-positivos e maior liga¢do
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a proteinas (AGWUH; MACGOWAN, 2006). As tetraciclinas sdo utilizadas em menor escala em
equinos, quando comparado ao uso em animais de produg¢do, mesmo sendo um farmaco de facil
acesso e com amplo potencial terapéutico (CASTILLO, 2013). O objetivo do presente trabalho foi
descrever as particularidades e aplica¢des da doxiciclina na pratica clinica de equinos, bem como

as perspectivas futuras de utiliza¢do deste farmaco.

METODOLOGIA

Para se realizar o levantamento de informacdes sobre a utilizacdo da doxiciclina na espécie
equina, foram utilizados os termos “doxycycline” e “equine” nas plataformas de busca do
Mendeley e do Pubmed, obtendo-se 46 e 73 artigos, respectivamente. A maior parte dos artigos
foi encontrada pelas duas plataformas e todos os resumos foram lidos para avaliagdo da
relevancia. A exclusdo dos artigos baseou-se na falta de correlagdo com o tema proposto e/ou
auséncia de achados relevantes para a revisdo. Durante a construcdao deste manuscrito, esta

busca foi repetida em diversas ocasides.

MECANISMO DE AGAO E RESISTENCIA

As tetraciclinas sao antimicrobianos bacteriostaticos. Penetram na célula bacteriana através de
transporte ativo ou passivo e se ligam de forma reversivel a subunidade 30s do ribossomo
bacteriano, impedindo que o tRNA associe-se ao ribossomo e promova a sintese proteica (SPEER
et al., 1992). Moléculas mais lipofilicas sdo mais ativas que as hidrofilicas, por isso doxiciclina,
minociclina e glicilciclina possuem maior atividade antimicrobiana que as demais tetraciclinas
(CHOPRA; ROBERTS, 2001).

Com a disseminacgdo e o uso indiscriminado das tetraciclinas no final dos anos 90, a resisténcia
bacteriana contra os farmacos desta classe aumentou (PEREIRA-MAIA et al., 2010; SPEER et al.,
1992). Existem dois mecanismos de resisténcia as tetraciclinas de maior relevancia clinica: o
efluxo de medicamento e a protecao ribossomal (PEREIRA-MAIA et al., 2010). No mecanismo por
efluxo, proteinas transmembranares (Tet A) ejetam as tetraciclinas para fora da célula
bacteriana, diminuindo seu nivel intracelular. A protecao ribossomal é realizada por proteinas
citoplasmaticas que impedem a ligacdo das tetraciclinas aos ribossomos (PEREIRA-MAIA et al.,

2010; SPEER et al, 1992).
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ESPECTRO DE AGAO

A utilizacdo mais notodria da doxiciclina em equinos é no tratamento da infec¢do por Anaplasma
phagocytophilium (antiga Ehrliquia equi), agente etioldgico da Erliquiose Granulocitica Equina.
As tetraciclinas sdo as drogas de eleicdo no tratamento de erliquioses em diversas espécies,
inclusive em humanos, sendo extremamente eficientes no controle destas bactérias
intracelulares, apesar da pressdo de selecdo (DUMLER; BAKKER, 1995; NEER et al., 2002; PAPICH,
2003). Maurin et al. (2003) avaliaram a sensibilidade a diversos antimicrobianos de oito cepas
de A. phagocytophilium isoladas de diferentes espécies animais, incluindo equinos. Todas as
cepas foram suscetiveis a doxiciclina (concentragdo inibitéria minima <0,03pg/ml), sendo
resistentes a ampicilina, amicacina, ceftriaxona, azitromicina e eritromicina.

A infeccdao causada por Neorickettsia risticii, que caracteriza-se por causar diarreia aguda em
equinos, é conhecida como Febre do Rio Potomac ou Erliquiose Monocitica Equina. Esta afeccdo
também pode ser tratada com a doxiciclina (MAGDESIAN, 2015). E uma enfermidade sazonal
que ocorre de forma endémica na regiao sul do Rio Grande do Sul e Uruguai, especialmente nas
proximidades da Lagoa Mirim. Apresenta alta letalidade, mas muitos animais se recuperam apos
o tratamento com tetraciclinas (COIMBRA et al., 2006; DUTRA et al., 2001).

Outros microorganismos intracelulares que acometem os equinos, como a Lawsonia
intracellularis, também s3o sensiveis a doxiciclina (SAMPIERI et al., 2006). Conforme ja
mencionado, este antibacteriano possui espectro de acdo muito amplo, sendo eficaz contra
diversos patogenos que causam infeccdes nesta espécie (CASTILLO, 2013).

Em estudo com 168 isolados bacterianos de equinos, Bryant et al. (2000) observaram
sensibilidade significativa a doxiciclina (Tabela 1). Nos ultimos anos, estudos com isolados
clinicos de equinos tem demonstrado sensibilidade satisfatoria a este antimicrobiano. Ferrer e
Palomares (2018) analisaram dados retrospectivos de culturas e antibiogramas realizados a
partir de swabs uterinos de éguas com metrite e observaram sensibilidade a doxiciclina em
isolados gram negativos e gram positivos. Apenas o género Enterobacter spp. apresentou maior

indice de resisténcia, com apenas 40% dos isolados demonstrando sensibilidade a doxiciclina.

TABELA 1 - CONCENTRACAO INIBITORIA MINIMA DE DOXICICLINA (uG/ML) NECESSARIA PARA INIBIR O CRESCIMENTO EM 50%
(CIM50%) E 90% (CIM90%) EM 168 ISOLADOS BACTERIANOS DE EQUINOS ENVIADOS A UM HOSPITAL VETERINARIO.

Microorganismo N CIMso, ClMggy,  Variagao
Gram-negativos

Acintobacter spp. 6 <0,12 <0,25 <0,6-2
Aeromonas spp. 1 - - 0,25
Citrobacter freundii 1 - - >4
Enterobacter aerogenes 8 >4 >4 1->4
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Enterobacter cloacae 13 >4 >4 2->4
Escherichia coli 22 <1 >4 0,5->4
Flavobacterium spp. 1 - - 0,12
Gram-negative rod (unspeciated) 4 <0,12 <0,12 0,12-1
Klebsiella pneumoniae 9 <2 >4 0,12—>4
Klebsiella oxytoca 2 - - 1
Pasteurella haemolytica 2 - - 0,12-0,5
Pasteurella pneumotropica 6 <0,25 <0,25 0,12-1
Pasteurella spp. 7 <0,25 <0,25 0,12-0,5
Proteus vulgaris 1 - - 2
Providencia rettgeri 1 - - >4
Pseudomonas aeruginosa 13 >4 >4 >4
Pseudomonas spp. 5 <0,12 >4 <0,06—->4
Pseudomonas stutzeri 1 - - 1
Salmonella Group C1 4 2 2 2
Salmonella Group D 2 - - 2

Serratia marcescens 6 >4 >4 2—>4
Gram-positivos

Rhodococcus equi 5 <0,25 <0,25 <0,06-2
Staphylococcus aureus 15 <0,12 <0,25 0,12->4
Staphylococcus spp. 3 0,06 >4 <0,06->4
Streptococcus Gr. D Enterococcus 5 <0,12 >4 0,12->4
Streptococcus spp. 2 - - <0,06
Streptococcus zooepidemicus 20 <0,06 <1 <0,06 ->4
Streptococcus equi 3 <0,06 <0,12 <£0,06-0,12

Fonte: Adaptado de BRYANT et al. (2000).

De forma semelhante, sé que em estudo com isolados bacterianos de sinovite séptica, Robinson
et al. (2016) avaliaram a sensibilidade bacteriana a diversos antibacterianos de primeira e
segunda linha. A doxiciclina foi um dos mais eficientes in vitro, sendo eficaz contra a maior parte

dos isolados gram positivos e negativos.

POSOLOGIA

A doxiciclina estd disponivel em apresentacdes orais e injetaveis. Entretanto, em equinos, sua
Unica indicacdo é a oral, visto que ha relatos de colapso cardiovascular apés a administracdo
intravenosa (RIOND et al., 1992).

Em humanos, assim como em outras espécies, a alimentac¢do ndo parece influenciar na absorc¢ao
oral da doxiciclina, diferentemente do que acontece com as demais tetraciclinas (WELLING et
al.,, 1977). Em equinos, no entanto, Davis et al. (2006) constataram melhor absorcdo da
doxiciclina em jejum (12 horas), possivelmente pelo conteudo fibroso da ingesta desta espécie,
que formaria uma barreira fisica a absor¢ao. Na rotina clinica é invidvel a realizagao de jejum

prévio as administracdes de doxiciclina, visto que a posologia recomendada é 10mg/kg a cada
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12 horas. Entretanto, o ideal é que a alimentagao seja evitada imediatamente antes e apds a
administracdo do medicamento, de forma que haja a minima interferéncia possivel na absorcao
(DAVIS et al., 2006).

Apesar da baixa biodisponibilidade relatada apds administragdo oral em equinos (2,7%), a
doxiciclina atinge concentragdes plasmaticas adequadas e é uma op¢do para o tratamento de
infeccOes causadas por microorganismos suscetiveis nesta espécie (DAVIS et al, 2006). Por ser
altamente lipofilico, este fdrmaco tem a capacidade de se acumular no interior das células
atingindo niveis intracelulares tdo altos quanto os séricos. Em estudo realizado com equinos
higidos, Davis et al. (2006) observaram concentracdo maxima de doxiciclina 17 vezes mais alta
em células polimorfonucleadas em relagao ao plasma.

Em potros, a biodisponibilidade oral da doxiciclina parece ser superior, quando comparada a de
equinos adultos (WOMBLE et al., 2007). A dose de 10mg/kg a cada 12 horas resulta em
concentragdes plasmaticas mais altas que em adultos, além de niveis pulmonares considerados
eficientes contra Rhodococcus equi e Streptococcus beta-hemoliticos, as quais sdo as principais
causas de pneumonia em potros até 6 meses de idade (WOMBLE et al., 2007). Entretanto, apesar
de atingir niveis plasmaticos que seriam eficazes, em estudo com a utilizacdo de culturas de
macréfagos de equinos infectados experimentalmente, a doxiciclina ndo se mostrou eficaz

contra o Rhodococcus equi (GIGUERE et al, 2015).

UTILIZACAO TERAPEUTICA

Além da atividade antibacteriana, outras propriedades das tetraciclinas vém sendo estudadas.
Em menor ou maior grau, a depender do efeito estudado, as moléculas desta classe apresentam
acdo anti-inflamatdria e de inibicdo da lipase, colagenase, apoptose e angiogénese, além de
outras fungGes (SAPADIN; FLEISHMAIJER, 2006).

Diversos estudos (BRYANT et al., 2000; FORTIER, 2009; MAHER et al., 2014; SCHNABEL et al.,
2010; WANG et al., 2017) vem sendo realizados avaliando outras aplicagées da doxiciclina,
notadamente em doencas degenerativas. Mais recentemente, Wang et al. (2017) evidenciaram
possiveis efeitos benéficos de baixas doses de doxiciclina no metabolismo da glicose em modelo
experimental animal de diabetes. Neste estudo foi observada diminuicdo da inflamacgao
sistémica e melhora no controle glicémico, perfil lipidico, além de morfologia e fun¢do de ilhotas

pancredticas, abrindo novas perspectivas para a utilizacdo deste farmaco.
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Em equinos, os efeitos ndo-antimicrobianos da doxiciclina tém sido pesquisados desde o inicio
dos anos 2000. A aplicagdo mais promissora é como adjuvante no tratamento da osteoartrite,
visto que a administracdo oral promove altas concentracGes intra-articulares (BRYANT et al.,
2000; SCHNABEL et al, 2010). Estudos recentes com doses mais baixas (5mg/kg) que as
preconizadas para tratamento de infec¢des demonstraram, além do acumulo intra-articular do
farmaco, inibicdo de metaloproteinases no liquido sinovial, o que seria desejavel no tratamento
das osteoartrites (MAHER et al., 2014). E importante ressaltar ainda que esses estudos sugerem
gue nao ha risco de indugao de resisténcia bacteriana nessa posologia, ja que as concentragdes
de doxiciclina no plasma e no liquido sinovial permanecem abaixo do CIMsg da maior parte dos
microorganismos (MAHER et al.,, 2014; SCHNABEL et al., 2010). Essa é uma observacdo
particularmente importante no contexto atual de emergéncia de bactérias super-resistentes e é
mais um fator encorajador de pesquisas na area.

Atualmente a recomendacdo de baixas doses de doxiciclina como tratamento adjuvante da
osteoartrite tem sido realizada da seguinte forma: durante a primeira semana de tratamento,
administra-se 5mg/kg uma vez por dia. Na segunda semana, utiliza-se 5mg/kg a cada 48h e, na
terceira semana, esta mesma dosagem a cada 72h (FORTIER, 2009). Uma observacdo importante
é que as tetraciclinas possuem alta ligacdo proteica (DAVIS et al., 2006) e, portanto, ndo devem
ser utilizadas concomitantemente a outras drogas com essa caracteristica, como a fenilbutazona,

por exemplo.

EFEITOS ADVERSOS

Em geral, a doxiciclina e outras tetraciclinas sdo drogas seguras (CASTILLO, 2013). Assim como
outros antimicrobianos, o principal efeito adverso que pode ser observado com seu uso em
equinos é a diarreia causada pela alteracdo da microbiota intestinal. Esse efeito, no entanto, é
pouco frequente. Com a utilizacdo da dose terapéutica de doxiciclina (10mg/kg), apenas Barr et
al. (2013) relataram incidéncia de diarreia. Mesmo assim, de 453 animais que receberam o
farmaco, apenas quatro desenvolveram esse tipo de alteracdo.

Em humanos, o uso das tetraciclinas ndo é recomendado durante a gestacdo e em individuos em
fase de crescimento devido o risco de deposicao em ossos e dentes durante a calcificagao
(PEREIRA-MAIA et al., 2010). Entretanto, é questionavel se isso seria valido para todos os

farmacos desta classe. Cross et al. (2016) realizaram uma revisdo sistematica avaliando o uso de
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doxiciclina em mulheres gestantes e criangas e observaram que ndo ha correlagdo entre a
utilizacdo do antibacteriano e efeitos teratogénicos ou descoloramento dos dentes em criancas.
Isso sugere que, diferentemente da tetraciclina, a doxiciclina € um antibidtico de uso seguro
nestas categorias.

Em equinos, existem poucos estudos avaliando o uso de antibacterianos durante a gestagao
(MACPHERSON et al., 2012; MACPHERSON et al., 2017; MURCHIE et al., 2006; SANTSCH]I;
PAPICH, 2000). Com relacdo a doxiciclina, bem como qualquer outra tetraciclina, ainda nao
foram publicados resultados em éguas gestantes. Dados preliminares de estudos conduzidos
pelo nosso grupo demonstram ndo haver qualquer prejuizo a curto prazo para o potro na
utilizacdo da doxiciclina a partir dos 300 dias de gestacao em dose Unica e a partir dos 320 dias
na posologia recomendada (dados nao publicados). Entretanto, mais avaliagGes ainda sao

necessarias para atestar a seguranca deste farmaco nestas circunstancias.

CONCLUSAO

A doxiciclina é um antibacteriano com amplas possibilidades de aplicacdo na clinica de equinos,
porém muitas vezes subutilizado. Além do amplo espectro de agao contra microorganismos que
comumente infectam esta espécie, sua utilizacdo como anti-inflamatério e adjuvante no
tratamento da osteoartrite apresentam grande potencial na medicina equina. Ademais, a
perspectiva de utilizacdo com seguranca durante a gestacao representa uma possibilidade
promissora para a doxiciclina na espécie equina. Mais estudos sao necessarios visando melhor

esclarecer suas propriedades ndo-antibacterianas e seguranca na utilizacdo nessas situacdes.

DOXYCYCLINE: A REVIEW REGARDING PROPERTIES AND CLINICAL USE IN THE
EQUINE SPECIES

ABSTRACT

Tetracyclines were the first broad spectrum antibacterials described, being one of the most
widely used classes of antibacterials in veterinary medicine. The use in the equine species is not
as expressive, but has been increasing over the years, especially for its broad spectrum and low
cost. The aim of the present study was to describe the particularities and applications of
doxycycline in the clinical practice of horses, as well as the future prospects of usage. The
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information was collected using Pubmed and Mendeley platforms. Doxycycline is a bacteriostatic
antibacterial used mainly in infections caused by intracellular microorganisms, but its spectrum
of action goes far beyond, being effective against Gram negative and positive bacteria,
chlamydia, rickettsia, mycoplasma and some protozoa. Recent studies have demonstrated other
properties besides the antibacterial, such as anti-inflammatory action and inhibition of lipase,
collagenase, apoptosis and angiogenesis. In this way, doxycycline can be used as a coadjuvantin
several clinical circumstances, especially articular affections. Adverse effects are rare and related
to intestinal microbiota imbalance. Further studies are still needed on the non-antibacterial
properties of doxycycline and its safety, but the prospects are promising.

Keywords: Tetracyclines. Metalloproteinases. Osteoarthritis. Teratogenicity.

DOXICICLINA: UNA REVISION SOBRE PARTICULARIDADES Y UTILIZACION
CLINICA EN LA ESPECIE EQUINA

RESUMEN

Las tetraciclinas fueron los primeros antibacterianos de amplio espectro descritos, siendo una
de las clases de antibacterianos mas utilizada en la medicina veterinaria. El uso en equinos no es
tan expresivo, pero viene aumentando a lo largo de los afios, especialmente por su espectro de
accién y bajo costo. El objetivo del presente trabajo fue describir las particularidades vy
aplicaciones de la doxiciclina en la practica clinica de equinos, asi como las perspectivas futuras
de utilizacién de este farmaco. El levantamiento de informaciones fue realizado a través de
investigacion en las plataformas Pubmed y Mendeley. La doxiciclina es un antibacteriano
bacteriostatico utilizado principalmente en las infecciones causadas por microorganismos
intracelulares, pero su espectro de accion va mucho mas all3, siendo eficaz contra bacterias gram
negativas y positivas, clamidias, rickettsias, micoplasmas y algunos protozoarios. Los estudios
recientes han demostrado otras propiedades de este farmaco ademas de la antibacteriana, tales
como la accién antiinflamatoria y la inhibiciéon de la lipasa, la colagenasa, la apoptosis y la
angiogénesis. De esta forma, la doxiciclina puede ser empleada como coadyuvante en diversas
circunstancias clinicas, con destaque para las afecciones articulares. Los efectos adversos son
raros y estan relacionados con el desequilibrio de la microbiota intestinal. Mas estudios todavia
son necesarios acerca de las propiedades no antibacterianas de la doxiciclina y su seguridad,
pero las perspectivas son prometedoras.

Palabras clave: Tetraciclinas. Metaloproteinases. Osteoartritis. Teratogenicidad.

REFERENCIAS

AGWUH, K.N.; MACGOWAN, A. Pharmacokinetics and pharmacodynamics of the tetracyclines
including glycylcyclines. Antimicrobial Agents and Chemotherapy, v.58, p. 256-265, 2006.



27

BARR, B.S.; WALDRIDGE, B.M.; MORRESEY, P.R.; et al. Antimicrobial-associated diarrhoea in
three equine referral practices. Equine Veterinary Journal, v.45, p. 154-158, 2013.

BRYANT, J.E.; BROWN, M.P..; GRONWALL, R.R.; et al. Study of intragastric administration of
doxycycline: pharmacokinetics including body fluid, endometrial and minimum inhibitory
concentrations. Equine Veterinary Journal, v.32, n.3, 2000.

CASTILLO, J.R.E. del. Tetracyclines. In: GIGUERE, S.; PRESCOTT, J.F.; DOWLING, P.M.
Antimicrobial therapy in veterinary medicine. Hoboken: WileyBlackwell, 2013. Cap. 15, p. 257-
268.

CHOPRA, I.; ROBERTS, M. Tetracycline antibiotics: mode of action, applications, molecular
biology, and epidemiology of bacterial resistance. Microbiology and Molecular Biology
Reviews, v.65, n. 2, p.232-260, 2001.

COIMBRA, H.S.; FERNANDES, C.G.; SOARES, M.P.; et al. Ehrliquiose monocitica equina no Rio
Grande do Sul: aspectos clinicos, anatomo-patoldgicos e epidemioldgicos. Pesquisa Veterinaria
Brasileira, v.26, n.2, p.97-101, 2006.

CROSS, R.; LING, C.; DAY, N.P.J.; et al. Revisiting doxycycline in pregnancy and early childhood —
time to rebuild its reputation? Expert opinion on drug safety, v.15, n.3, p.367-382, 2016.

DAVIS, J.L; SALMON, J.H.; PAPICH, M.G. Pharmacokinetics and tissue distribution of doxycycline
after oral administration of single and multiple dosis in horses. American Journal of Veterinary
Research, v.67, n.2, p.310-316, 2006.

DUMLER, J.S.; BAKKEN, J.S. Ehrlichial diseases of humans: emerging tick-borne infections.
Clinical Infectious Diseases, v. 20, p.1102-1110, 1995.

DUTRA, F.; SCHUCH, L.F.; CURCIO, B.R.; et al. Equine monocyte ehrlichiosis in Uruguay and
southern Brazil. Journal Veterinary Diagnostic investigation, v.13, p.433-437, 2001.

FERRER, M.S.; PALOMARES, R. Aerobic uterine isolates and antimicrobial susceptibility in mares
with post-partum metritis. Equine Veterinary Journal, v.50, n.2, p.202-207, 2018.

FORTIER, L.A. Current concepts in joint therapy. In: INTERNATIONAL CONGRESS OF WORLD
EQUINE VETERINARY ASSOCIATION, 11, 2009, Guaruja. PROCEEDINGS. S3ao Paulo: WEVA, 2009.

GIGUERE, S.; BERGHAUS, L.J.; EA, L. Activity of 10 antimicrobial agents against intracellular
Rhodococcus equi. Veterinary Microbiology, v.178, n.3-4, p.275-278, 2015.

MACPHERSON, M.L.; GIGUERE, S.; HATZEL, J.N. et al. Disposition of desfuroylceftiofur
acetamide in serum, placental tissue, fetal fluids, and fetal tissues after administration of
ceftiofur crystalline free acid (CCFA) to pony mares with placentitis. Journal of Veterinary
Pharmacology and Therapeutics, v.36, n.1, p.59-67, 2012.



28

MACPHERSON, M.L.; GIGUERE, S.; POZOR, M.A. et al. Pharmacokinetics of ceftiofur sodium in
equine pregnancy. Journal of Veterinary Pharmacology and Therapeutics, v.40, n.6, p.1-7,
2017.

MAGDESIAN, K.G. Update on antimicrobial selection and use. In: SPRAYBERRY, K.A.; ROBINSON,
N.E. Robinson’s current therapy in equine medicine. St. Louis, MO: Elsevier Saunders, 2015.
Cap. 33, p. 144-149.

MAHER, M.C.; SCHNABEL, L.V.; CROSS, J.A.; et al. Plasma and synovial fluid concentration of
doxycycline following low-dose, low-frequency administration, and resultant inhibition of
matrix metalloproteinase-13 from interleukin-stimulated equine synoviocytes. Equine
Veterinary Journal, v.46, p.198-202, 2014.

MAURIN, M.; BAKKEN, J. S.; DUMLER, J. S. Antibiotic susceptibilities of Anaplasma (Ehrlichia)
phagocytophilumstrains from various geographic areas in the United States. Antimicrobial
Agents and Chemotherapy, v.47, n.1, p.413-415, 2003.

MURCHIE, T.A.; MACPHERSON, M.L.; LEBLANC, M.M. et al. Continuous monitoring of penicillin
G and gentamicin in allantoic fluid of pregnant pony mares by in vivo microdialysis. EqQuine
Veterinary Journal, v.38, n.6, p.520-525, 2006.

NEER, T.M.; BREIDTSCHWERDT, E.B.; GREENE, R.T; LAPPIN, M.R. Consensus statement on
ehrlichial disease of small animals from the Infectious Diseases Study Group of the ACVIM.
Journal of Veterinary Internal Medicine, v. 16, p. 309-315, 2002.

PAPICH, M.G. Antimicrobial therapy for gastrointestinal disease. The Veterinary Clinics of
North America Equine Practice, v. 19, p.645-663, 2003.

PEREIRA-MAIA, E.C.; SILVA, P.P.; ALMEIDA, W.B. de; et al. Tetraciclinas e glicilciclinas: uma
visdo geral. Quimica Nova, v.33, n.3, p.700-706, 2010.

RIOND, J.L.; RIVIERE, J.E.; DUCKETT, W.M.; et al. Cardiovascular effects and fatalities associated
with intravenous administration of doxycycline to horses and ponies. Equine Veterinary
Journal, v.24, n.1, p. 41-45, 1992.

ROBINSON, C.S.; TIMOFTE, D.; SINGER, E.R.; RIMMINGTON, L.; RUBIO-MARTINEZ, L.M.
Prevalence and antimicrobial susceptibility of bacterial isolates from horses with synovial
sepsis: A cross-sectional study of 95 cases. The Veterinary Journal, v.216, p.117-121, 2016.

SAMPIERI, F.; HINCHCLIFF, K.W.; TORIBIO, R.E. Tetracycline therapy of Lawsonia intracellularis
enteropathy in foals. Equine Veterinary Journal, v.38, n.1, p.89-92, 2006.

SANTSCHI, E.M.; PAPICH, M.G. Pharmacokinetics of gentamicin in mares in late pregnancy and
early lactation. Journal of Veterinary Pharmacology and Therapeutics, v.23, p.359-363, 2000.

SAPADIN, A.N.; FLEISHMAIJER, R. Tetracyclines: non antibiotic properties and their clinical
implications. Journal of the American Academy of Dermatology, v.54, n.2, p.258-265, 2006.



29

SCHNABEL, L.V.; PAPICH, M.G.; WATTS, A.E.; et al. Orally administered doxycycline accumulates
in synovial fluid compared to plasma. Equine Veterinary Journal, v.42, n.3, p.208-212, 2010.

SPEER, B.S.; SHOEMAKER, N.B.; SALYERS, A.A. Bacterial resistance to tetracycline: mechanisms,
transfer and clinical significance. Clinical Microbiology Reviews, v.5, n.4, p.387-399, 1992.

WANG, N.; TIAN, X.; CHEN, Y.; et al. Low dose doxycycline decreases systemic inflammation and
improves glycemic control, lipid profiles, and islet morphology and function in db/db mice.
Scientific Reports, v.7, n.1, 2017.

WELLING, P. G.; KOCH, P. A.; LAU, C. C.; et al. Bioavailability of tetracycline and doxycycline in
fasted and nonfasted subjects. Antimicrobial Agents and Chemotherapy, v.11, n.3, p.462-469,
1977.

WOMBLE, A.; GIGUERE, S.; LEE, E.A. Pharmacokinetics of oral doxycycline and concentrations in
body fluidsand bronchoalveolar cells of foals. Journal of Veterinary Pharmacology Therapy,
v.30, p. 187-193, 2007.



30

3.2 Artigo 2

Doxycycline diffuses through the fetoplacental unit of late pregnant mares and
accumulates in the joints of resulting foals

Fernanda Timbé D’el Rey Dantas; Igor Frederico Canisso; Carlos Eduardo Wayne
Nogueira; Lorena Soares Feijo; Bruna da Rosa Curcio

Aceito para apresentacao na 672 Annual Convention of the American Association of
Equine Practitioners



31

Doxycycline diffuses through the fetoplacental unit of late pregnant mares and
accumulates in the joints of resulting foals

Take home message. Doxycycline crosses equine placenta accumulates in foal’s joints of and did
not result in side effects to mares or respective foals.
Introduction

Evolving antimicrobial resistance dictates the need for expansion of the armamentarium,
however, unfortunately, there is no data on the toxicity and transplacental diffusion of
tetracyclines in the mare. Doxycycline is a broad-spectrum antimicrobial used to treat intracellular
microorganisms due to its high cellular penetration. This study assessed doxycycline diffusion to
the fetoplacental unit during late pregnancy and potential toxicity to the resulting foal.
Materials and Methods

Twelve healthy light-breed mares were enrolled at 320 days of gestation. Six mares
received compounded doxycyclinea (10mg/kg, PO, g12h) until delivery, while other six served as
controls. All mares had daily physical examinations and mammary gland secretions assessment
to detect impending foaling. Foaling was induced with oxytocin (101U, IM) when mammary
secretion pH was <6.4. During second stage labor, allantoic fluid was collected by free catch and
amniotic fluid by puncture. Synovial fluid and plasma samples from foals were collected
immediately after parturition. Concentrations of doxycycline in plasma and fetal fluids were
assessed with LC-MS/MS.
Results and discussion

Mares received 15+ 2 days (Range 9-23days) of doxycycline. Doxycycline concentrations
in allantoid fluid were higher (73.5£13.9ng/mL) than amniotic fluid (8.3£3.3ng/mL). Doxycycline
was detected in foal plasma (35.5+4.3ng/mL) and foal joints (23.6+4.2ng/mL) at parturition.
Neither mares nor foals presented clinical signs of doxycycline toxicity (e.g., diarrhea and
jaundice). This is the first study to demonstrate that doxycycline crosses the equine placenta.

While additional longitudinal studies assessing potential side effects of doxycycline on foals born
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from treated mares are needed, doxycycline may be a useful drug to treat various infections in

pregnant mares.
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Doxycycline diffuses through the fetoplacental unit of late pregnant mares and
accumulates in the joints of resulting foals
Introduction

Tetracyclines are bacteriostatic antibiotics acting through inhibition of bacterial protein
synthesis by blocking the interaction of aminoacyl-tRNA with ribosome.1 Doxycycline is a
second-generation tetracycline characterized by greater tissue penetration, protein binding and
lipophilic character.23 For this reason, doxycycline is recommended in the treatment of
intracellular bacteria that affect horses, such as Anaplasma phagocytophilium, Neorickettsia
risticii and Lawsonia intracellularis.sse Despite low bioavailability after oral administration in
horses, optimal plasma levels are achieved and this is the election route in the equine species,
since cardiovascular collapse has been described after intravenous administration.7,sRecent
studies have evidenced doxycycline accumulates in synovial fluid compared to plasma and
diminish MMP-13 expression.e,i0 This opened new perspectives for using this drug in the
treatment of osteoarthritis as a disease modifying drug.

Pregnancy leads to physiologic changes. Expansion of plasma volume, increased drug
clearance and extracellular water (especially because of fetal fluids) and alterations in drug protein
binding are among these changes.11 Also, drugs diffusion through placenta ought to be taken into
account, since there might be consequences to the foal with its usage (e.g. renal toxicity).

Doxycycline was developed after other tetracyclines, so it was labeled as potentially
harmful during pregnancy because of severe side effects, including teratogenicity, that have been
reported after tetracyclines use. Nevertheless, a critical evaluation of that potential is warranted
since evidence disassociates it from the permanent tooth discoloration, bone growth disturbance
and teratogenicity seen with tetracycline when administered during pregnancy or early childhood
in humans.i2 Evolving antimicrobial resistance dictates the need for expansion of the

armamentarium, however, unfortunately, there is no data on the toxicity and transplacental
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diffusion of tetracyclines in the mare. This study assessed doxycycline diffusion to the

fetoplacental unit during late pregnancy and potential toxicity to the resulting foal.

Material and methods
Animals and design

Twelve healthy light-breed mares were enrolled at 320 days of gestation. Six mares
received compounded doxycycline (10mg/kg, PO, q12h) until delivery, while the remaining six
untreated mares served as controls. Daily physical examinations and mammary gland secretions
pH testing was performed on all mares to predict impending foaling. Blood samples were collected
on day 320, and then every seven days until parturition for complete blood cell counts, serum
chemistries, and plasma doxycycline concentrations. Foaling was induced with oxytocin (10 units,
IM) when mammary secretion pH was <6.4. During second stage labor, allantoic fluid was
collected by free catch and amniotic fluid by puncture of the amniotic membrane. Blood samples
from the mares and foals were collected immediately after parturition and 7 days post-partum.
Foals were examined twice a day for 7 days post-partum. Plasma (mare and foal) and fetal fluids
doxycycline concentrations were assessed with LC-MS/MS. Assay between- run and within-run
CVs for doxycycline were 3.3% and 7.7%, respectively. All mares and foals received standard
post-partum care for 60 days. Blood parameters were assessed for normal distribution with
Shapiro-Wilk’s test and then compared with (ANOVA) Test (Statistix 10).

Blood samples were collected from the jugular vein in heparin tubes using vacutainer
needle systems immediately before administration and then 0.25, 0.5, 0.75, 1, 2, 3, 4, 6, 8, 10, 12,
24, 48, 72 and 96 hours after it. Synovial fluid samples were collected using 21G needles from
the radiocarpal, intermediate carpal, metacarpophalangeal or talocrural joints immediately prior
to doxycycline administration and after 1, 12, 24, 48, 72 and 96 hours. Samples were deposited

into heparin tubes right after collection and each joint was sampled only once to minimize blood
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contamination. Blood and synovial fluid samples were centrifuged (1000g for 10min) and
supernatants were frozen at -70°C until analysis.

Synovial fluid samples from the foal were collected at birth and 24 hours later. Blood
samples were collected daily in heparin tubes and tubes without anticoagulant until neonates were
7 days old, when blood samples were also collected in a EDTA tube for hematological evaluation.
All blood samples (except those collected in EDTA tubes) were centrifuged (1000g for 10min)
and plasma and serum were frozen at -70°C until analysis.

Biochemical analysis

Serum concentrations of AST, GGT, total, unconjugated and conjugated bilirubin, urea
and creatinine were analysed in an automatic biochemical system (Labmax Plenno, Labtest
Diagndstica SA, Lagoa Santa, Brazil). Results are demonstrated by meanzstandard error (SE) and
were submitted to Shapiro-Wilk normality test. Parametric variables were compared through
analysis of variance (ANOVA) and Tukey’s Test.

LC/MS/MS method description

Samples were analyzed by Thermo Altis Triple Quadrupole LC/MS/MS system in
[removed to preserve confidentiality]. Software TraceFinder 4.1 is used for data acquisition and
analysis. The LC separation is performed on a Thermo Accucore Vanquish C18+ column (2.1 x
100mm, 1.5um) with mobile phase A (0.1% formic acid in water) and mobile phase B (0.1%
formic acid in acetontrile) with the flow rate was 0.4 mL/min. The linear gradient was as
follows: 0-0.5 min, 2% B; 3.5-6.5 min, 100% B; 7-9 min, 2%B. The autosampler was set at
10°C. The injection volume was 5 uL.. Mass spectra was acquired under positive electrospray
ionization (ESI) with the ion spray voltage of 3500 V. Other ESI conditions were as follows:
Sheath gas - 41; Aux gas - 18; lon transfer tube - 335°C; VVaporizer - 260°C, respectively. Multiple
reaction monitoring (MRM) was used for gquantitation:Doxycycline m/z 445.1 --> m/z 428.1,

internal standard demeclocycline m/z 465.1 --> m/z 448.1.
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Sample preparation

An aliquot of 50 pL plasma sample was mixed with 80 pL methanol and spiked with 20
pL 1 pg/mL demeclocycline. After vortex, the mixture was subject to centrifugation for 10
minutes at 12,000 rpm. The supernatant was collected for LC/MS/MS instrument injection.
Statistical analysis

Descriptive statistics were applied for all but biochemical analysis and hematological
parameters. Results are described as mean £ SEM. The statistical analysis was conducted using
the software Statistix 10.0 (Analytical Software, Tallahassee, Florida, USA). Significance was set

as p<0.05.

Results and discussion

The concentration time curve of doxycycline in pregnant mares can be visualized in Figure
1. On average, mares in the second experiment received 15+2 days of doxycycline (Range 9-
23days). Two mares foaled without having their allantoic fluid collected. Doxycycline
concentrations in allantoic fluid were higher (73.55+13.93ng/mL) than amniotic fluid
(8.32+£3.31ng/mL), as shown in Table 1. This is expected once there is placental diffusion of a
drug, since the allantoic cavity stores fetal excretions. Ellerbrock and collaboratorsiz evaluated
the diffusion of enrofloxacin and ciprofloxacin and observed higher allantoid fluid concentrations
of ciprofloxacin, but not of enrofloxacin. This difference between the drugs was not expected,
since both would be preferentially excreted in the allantoic cavity but might be due to placental
metabolism of the drug or diffusion back to the maternal plasma.

Doxycycline was detected in foal plasma (35.52+4.28ng/mL) and joints
(23.66+4.25ng/mL.) at the time of parturition. To the best of our knowledge, there is no other study
assessing distribution of antimicrobials to the equine neonate joints. This ought to be taken into

account when using this drug in broodmares, since its local effects in neonatal foal joints is
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unknown. Also, this might affect drug distribution and consequently plasma levels in the mare
and target tissues.

Neither mares nor foals presented any clinical signs suggestive of doxycycline toxicity
(e.g., diarrhea and jaundice), despite prolonged usage of this antimicrobial. Hematological and
biochemical evaluations did not show any differences between treated vs. non-treated control foals
(Tables 2 and 3). This is the first study to demonstrate that doxycycline crosses the equine placenta
and accumulates on foals’ synovial fluid. While additional longitudinal studies assessing potential
side effects of doxycycline on foals born from treated mares are needed, doxycycline may be a

useful drug to treat various infections in pregnant mares.
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Figure 1. Concentration time curve of doxycycline in pregnant mares.
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Table 1. Doxycycline concentrations in allantoid, amniotic and synovial fluid and plasma of foals.

Sample Mare #1 Mare #2 Mare #3 Mare #4 Mare #5
(ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL)
Allantoic fluid - 46.1 55.6 106.8 85.7
Amniotic fluid 14.0 5.4 ND 5.9 21.8
Foal plasma 35.5 42.1 29.9 21.6 32.1
Foal Synovial fluid 25.3 42.9 12.2 19.9 22.8

ND: not detected.

Mare #6
(ng/mL)

2.8
51.9
18.8

MeanzSEM
(ng/mL)
73.55+13.93
9.99+3.31
35.52+4.28
23.66%4.25
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Table 2. Mean £SEM of hematological parameters of foals at birth, 24 and 48 hours, and 7 days of age of the Control and Doxycycline group.

Control Group

Doxycycline Group

Hematology (n=6) (n=7)
Birth 24h 48h 7 days Birth 24h 48h 7 days
Re?xli'(‘)’sgf)e”s 11.64+0.43  9.64+0.43 0.34+0.43 8.92+0.43 0.78+0.43 0.17+0.43 8.52+0.43 8.00+0.43
Hemoglobin (g/dL) | 14.36+0.35  12.50+0.35  11.68+0.35  10.88+0.35 | 13.94+0.35  12.40+0.35  11.88+0.35  11.02+0.35
Hematocrit (%) 47244121  39.42+121  36.02+1.21  33.98+1.21 | 42.14+121  3578+121  33.34+121  32.82+1.21
Mean C(‘?'Ii)v olume | 40521137  41.0441.37  38.44+1.37  38.02¢1.37 | 40.30+153  38.47+1.53  30.50+1.53 414153
Mean Cell
Hemoglobin 30.46+045  31.72+0.45  32.53+045  32.084045 | 33.12+4045  34.74+045  3540+045  33.70+0.45
Concentration (%)

Total P'?gsl':j‘ﬁ)mte'”s 46£027 6442027 620027  636£027 | 543035 7774035  8.37:035  6.80+0.35
Platelets (x10s/uL) | 360+61.71  235¢61.71  390+61.71  298+6171 | 29046171  209+6171  213+61.71 21046171
Wh't(‘j(fo':’/fi;:e"s 854041005 7.900+1,005 7.360+1,005 11’9021’1’00 022341297 9000£1297 7.307+1297 12,567+1,297

Segmented 6261402055 56360225 conc o0 oo 031420225 | (i or o 635610225 450480225 o oo oo o

neutrophils (x10s/pL) 5 5 5 5

"%)Tl%r;;ﬁ;es 2 143+366.81 2’041??’66'8 1,538+366.81 2’345??’66'8 2 406+366.81 2’050?66'8 1’91‘%366'8 3.429+366.81
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Table 3. Mean £ SEM of biochemistry metabolites of foals at birth, 24, 48, 72h and 7 days of age of the Control and Doxycycline group.

Control Group

Doxycycline Group

Blood (n=6) (n=7)
Biochemistry gy 24h 48h 72h 7 days Birth 24h 48h 72h 7 days
C(rriztllélll_r;e 2.42+0.35a 1.18+0.20sc 0.95+0.13Bco  0.94+0.13Bco  0.83£0.10Bcp | 3.1240.13a 1.22+0.238 0.66+£0.08co 0.65+0.250 0.71%0.12cp
Urea (mg/dL) 41+1.61a  26+1.61sc 21+1.61scp 16+1.61pe 17+1.61pe 44+1.49n  31+1.4948  2711.49s 18+1.49co 13+£1.49
Conjugated
bilirubin 0.68+0.12  0.80%0.12 1.12+0.12 1.32+0.12 1.26+0.12 0.44+0.12 0.58+0.12 0.77£0.12 1,24+0.12  0.93+0.12
(mg/dL)
Unconjugated
bilirubin 3.31+0.31 4.10+0.31 3.24+0.31 3.08+0.31 2.17+0.31 3.54+0.29 4.53+0.29 3.76%0.29 3.01+0.29 2.42+0.29
(mg/dL)
Total
bilirubin 3.99+0.30 4.89+0.30 4.36x0.30 4.40+0.30 3.43+£0.30 3.98+0.28 5.11+0.28 4.53+0.28 4.24+0.28  3.34+0.28
(mg/dL)
GGT (U/L) 2916.65 41+6.65 4916.65 64+6.65 8216.65 18+6.15 27+6.15 28+6.15 33%6.15 50£6.15
AST (U/L) 122+9.17 183+9.17 203+9.17 230+9.17 276+9.17 89+8.49 162+8.49 178+8.49 204+8.49 270+8.49

as Different superscript letters in rows indicate a statistically significant difference between moments (P<0.05).
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Abstract

Immunoreactive fetoplacental unit steroids have been extensively used to assess fetal wellbeing
and placental health in mares. This study aimed to assess the usefulness of 17-p estradiol,
progesterone, progestins and total estrogens concentrations as pregnancy prognostic markers in
mares with experimentally induced ascending placentitis receiving different therapeutic
protocols. At 300 days of gestation mares were randomly divided into a healthy control group
(CONT, n=8) and mares with experimentally induced ascending placentitis (n=38). Mares with
placentitis were assigned to groups treated with sulfamethoxazole-trimethoprim (TMS),

flunixin meglumine (FM), altrenogest (ALT), and/or estradiol cypionate (ECP) as follows: (1)


mailto:curciobruna@hotmail.com
mailto:canisso@illinois.edu
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TMS+FM, n=8; (2) TMS+FM+ALT, n=8; (3) TMS+FM+ALT+ECP, n=6; (4) TMS+FM+ECP,
n=6; and (5) no treatment (INOC, n=10). Treatment was started 48h after inoculation and was
carried out for ten consecutive days. Blood samples were obtained from all mares immediately
prior to inoculation, daily for 12 days (or until premature delivery) and on foaling day. 17-
estradiol and progesterone concentrations were determined by chemiluminescence, whilst total
estrogens and progestins were assessed via radioimmunoassay. Data were analyzed using the
procedure MIXED of the Statistical Analysis System, along with METHOD REML and
COVTEST. On the last treatment day, 17- estradiol concentrations in mares that received ALT
were lower than control group. Progestins concentrations in CONT and TMS+FM+ECP groups
were lower than TMS+FM+ALT group on foaling day. In conclusion, progestins and estrogens
lack a pattern that could aid in the assessment of pregnancy prognosis during treatment for
experimentally induced placentitis in mares. 17-f estradiol concentrations were considerably

lower in the group with worst pregnancy outcome.

1. Introduction

Placentitis is a common cause of late-term abortion, stillbirth and neonatal losses (Giles
et al., 1993; Hong et al., 1993a). Four types of placentitis have been identified according to the
morphologic lesions: ascending, hematogenous, diffuse, and focal mucoid (Williams et al.,
2004). Ascending placentitis, the most common type, results from infection of the caudal
placental pole disseminating cranio-ventrally from the cervical star to the uterine body of the
chorioallantois (Canisso et al., 2015). Wide range of infectious agents have been associated
with ascending placentitis, however, B hemolytic Streptococcus (S. equi subspecies
zooepidemicus and S. equisimils) predominate (Hong et al., 1993b).

In clinical practice, the presence of clinical signs such as premature mammary gland

development and vulvar discharge in mid to late term pregnant mare triggers owners and farm
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personnel to contact a clinician to examine the mare for ascending placentitis. In the presence
of such signs, practitioners will perform a transrectal palpation and ultrasonography of the
caudal placental pole and cervix (Canisso et al., 2015). Additionally, clinicians may collect
blood samples to assess fetoplacental unit steroids, inflammatory proteins (e.g., serum amyloid
A, fibrinogen), or complete blood cells count as ancillary diagnostic tools for placentitis and,
less commonly, as prognostic markers (Carrick et al., 2010; Crabtree, 2018). However,
complete blood count does not appear to be a useful tool for ascending placentitis, as evidenced
by the lack of changes in experimentally induced placentitis (Canisso et al., 2014). While serum
amyloid A is a sensitive marker of inflammation in experimentally induced ascending
placentitis (Canisso et al., 2014), anecdotal experiences suggest that this acute phase protein
may not be useful in spontaneous placentitis as it might be suppressed in mares receiving
altrenogest preventively and may increase in unspecific conditions causing inflammation. For

that reason, fetoplacental steroids have been perhaps more commonly used in clinical practice.

The equine fetoplacental unit is an intricate network involving the fetal gonads, the
chorioallantois, the maternal endometrial and fetal adrenal gland. The fetal gonads secrets
androgens (i.e., DEHA, 7-dihydroDEHA), which are converted by the chorioallantois and
maternal endometrium into classic (e.g., estradiol B, a, estrone) and ring-B estrogens and
conjugated into sulfate forms that are more soluble (Bhavnani, 1988; Pashen and Allen, 1979;
Raeside et al., 1979). Worth noting that the sulfoconjugate forms of estrogens predominate in
maternal plasma during late pregnancy, whilst the non-conjugates represent a much smaller
amount of the total (Ousey, 2011). Progestins can be subclassified as pregnenes and So
pregnanes. Pregnenes include pregnenolone, progesterone, and 5-pregnene-3f, 20B-diol
(P5BP); Sa-pregnanes include Sa dihydroprogesterone (Sa-DHP), 3B5P, 20a-5P, BBdiol, and 5-

pregnene- 3P,20a-diol (Badiol); however, SaDHP, 20a5P, and Pa-diol predominate. It is
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thought that progestins are synthesized from pregnenolone in the fetal adrenal glands (Ousey et

al., 2003).

A seminal work suggested that placentitis was associated with an increase in
progesterone concentration (Rossdale et al., 1991). More recently, a study involving mares with
experimentally induced placentitis showed that mares who aborted within less than 8 days after
inoculation had a drop in progesterone concentrations (Wynn et al., 2018a). On the other hand,
in the same study, mares who aborted more than 8 days after inoculation showed significantly
higher progestins concentrations suggesting that an increase in progesterone concentration is
seen only in chronic placentitis.

Shikichi et al. (2017) assessed 459 pregnant thoroughbred mares and concluded
progestin and estrogen maternal concentrations after 241 days of pregnancy differ between
mares that deliver dead or healthy foals. Based on that, cutoff values were proposed for each
period of pregnancy as a diagnostic aid in placentitis cases.

Despite controversial results, hormonal treatment protocols have been proposed for
mares with placentitis based on their blood hormonal profile. Recently, our concurrent study
assessed the efficacy of different therapeutic protocols in the treatment of experimentally
induced placentitis, including trimethoprim-sulfametoxazole, flunixin meglumine, altrenogest
and/or estradiol cypionate (Curcio et al., 2017). Our results showed normal gestation length and
no pregnancy loss or premature foaling in the group supplemented with estradiol cypionate
(Curcio et al., 2017). Thus, our main hypothesis was that mares with experimentally induced
ascending placentitis treated with different therapeutic protocols would present particular
hormonal profiles that could aid in the prognosis of pregnancy. Specifically, we hypothesized
that the better pregnancy outcome of mares treated with estradiol cypionate would be related to
higher estrogen and lower progestins levels when compared to other treatments.

Immunoreactive fetoplacental unit steroids have been extensively used to assess fetal wellbeing
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and placental health in mares, however, the wide ranges of assay types, sensitivity, specificity,
and cross reactivity vary remarkable. Additionally, limited work has been done on how various
fetoplacental unit steroids of commercially available immunoassays behave in response to
treatment for placentitis.

The objective of this study was to assess the usefulness of 17-p estradiol, progesterone,
progestins and total estrogens concentrations as pregnancy prognostic markers in mares with
experimentally induced ascending placentitis receiving different therapeutic protocols. In this

scenario, a comparison between protocols was attempted.

2. Materials and methods
2.1. Mares and animal husbandry

All procedures carried out in the present study were approved by the Ethical Committee
on Animal Experimentation of the Universidade Federal de Pelotas (UFPel) under protocol
#4750. Forty-six normal pregnancies from 27 multiparous Criollo and Criollo-type mares (age
10+2 years; parity 3+0.5; body weight 437+22kg) were used in the experiment, as described in
a parallel publication (Curcio et al., 2017). None of the mares enrolled in this study had a history
of subfertility or late-term pregnancy abnormality. This study was carried out during the natural

breeding season of the Southern Hemisphere (September-December) of 2012, 2013 and 2014.

2.2. Experimental induction of placentitis and therapeutic regimens

Before the beginning of the study, all mares had reproductive examinations, and
transrectal ultrasonography of the caudal placental pole was performed. A lack of ultrasound
and clinical signs of pregnancy abnormality was imperative to mares’ selection. On the 300th
day of pregnancy (mean 301.7+2.7, range 295-303 days), mares were randomly divided into a

healthy control group (CONT, n=8) and mares in which ascending placentitis was
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experimentally induced (n=38). The 300t day of pregnancy was considered “induction day”
(IND) for all groups. Mares with experimentally induced placentitis were randomly assigned to
treatment groups as follows: (1) Trimethoprim-sulfamethoxazole + Flunixin meglumine
(TMS+FM, n=8); (2) Trimethoprim-sulfamethoxazole + Flunixin meglumine + Altrenogest
(TMS+FM+ALT, n=8); (3) Trimethoprim-sulfamethoxazole + Flunixin meglumine +
Altrenogest + Estradiol cypionate (TMS+FM+ALT+ECP, n=6); (4) Trimethoprim-
sulfamethoxazole + Flunixin meglumine + Estradiol cypionate (TMS+FM+ECP, n=6); and (5)
no treatment (INOC, n=10). Treatment was started 48h post experimental induction of
ascending placentitis (D3 — day 3) and carried out for 10 consecutive days (D12 — day 12)
(Table 1).

Ascending placentitis was experimentally induced via intracervical inoculation of 107
colony forming units of Streptococcus equi subspecies zooepidemicus (S. zooepidemicus) as
previously described in Curcio et al. 2017. None of the healthy control mares showed signs of
ascending placentitis, whereas 89% (n = 34/38) of inoculated mares started to show purulent
vulvar discharge by 48h post inoculation. The four mares that failed to develop vulvar discharge

were on the INOC group.

2.3. Blood sampling and imunoassay

Blood samples were obtained by jugular venipuncture from all mares immediately prior
to inoculation (IND) and thereafter daily for 12 days (D1-D12), or until premature delivery (in
this occasion sampling was discontinued). Blood samples were also collected on foaling day
(FOALING). Samples were allowed to clot and then centrifuged at 600 x g for 10 min. Plasma

was harvested and preserved at -20°C until analysis.

2.3.1. Chemiluminescence: estradiol 17-8 and progesterone
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Estradiol 17-f and progesterone (Table 2) concentrations were determined by
chemiluminescence (Immulite 2000, Siemens) at the Department of Animal Science, College
of Agricultural and Life Sciences, Virginia Polytechnic Institute and State University,
Blacksburg, VA, USA. For the estradiol 17-f assay, the highest cross-reactivity reported by the
manufacturer was with d-equilenin (3.3%), but it also cross reacts with ethiny-estradiol
(1.38%), p-Estradiol-17-propionate (1.25%), B-Estradiol-17-valerate (1.14%), equilin (0.38%)
and other hormones in smaller percentages. The standard range was 20 — 2000pg/mL, with a

15pg/mL of sensitivity.

As for the progesterone assay, the reported cross reactivity was: 11-deoxy-
corticosterone (1.82%), 17a-OH-progesterone (0.444%), corticosterone (0.417%), testosterone
(0.119%), androstenedione (0.076%), pregnenolone (0.047%), medroxyprogesterone

(0.029%), cortisol (0.003%). Standard range 0.2 — 40ng/mL and sensitivity of 0.1ng/mL.

2.3.2. Radioimmunoassay: total estrogens and progestins

Progestins and total estrogens (Table 2) assay were analyzed at the BET Laboratory in
Lexington Kentucky, USA. The reported cross-reactivity for the total estrogens assay was 100%
with estradiol-17f, 20% with oestrone, 1.51% with estriol and 0.68% with estradiol-17a.
Standard range: 0 — 3000pg/mL; Sensitivity: 5.0pg/mL.

For the progestins assay, cross-reactivity was: progesterone (100%), 17a-OH-
progesterone (2.5%), corticosterone (0.3%), desoxycorticosterone (0.3), 20a-OH-progesterone
(0.1%), 20B-OH-progesterone (0.1%), 11-desoxycortisol (0.07%), testosterone (0.06%),
androstenedione (0.05%), and dihydrotestosterone (0.02). Standard range 0.15 — 80ng/mL;

Sensitivity: 0.02ng/mL

2.4 Parturition and clinical assessment of foals
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Mares were kept in paddocks near the foaling barn. When imminent signs of parturition
were observed, mares were brought inside foaling stalls for assisted vaginal delivery. All mares
were closely monitored until the passage of fetal membranes, which went through
microbiological and histopathological evaluations.

Immediately after delivery, all foals had a full physical examination performed and birth
weight recorded. Foal attitude and demeanor was carefully assessed immediately after delivery.
Foal classification of high-risk or low-risk (Morresey, 2005) was carried out immediately after

parturition, and all foals clearly fell into one category or the other.

Time from inoculation to delivery, gestational length, number of dystocia, foal birth
weight, risk classification, survival at parturition and at 7 days post-delivery were described
previously (Curcio et al., 2017). Briefly, mares in the INOC group had the highest number of
dystocia and premature parturition. The TMS+FM+ECP group had the longest time from
inoculation to delivery between treatment groups (p < 0.05) and foals had similar body weight
as those from CONT group. Groups TMS+FM+ECP and TMS+FM+ALT+ECP had gestational
lengths similar to CONT group. Foal survival at parturition and 7 days post-delivery were not
different between treatment and control groups, but the INOC group presented lower survival

rates (p < 0.05). These results are summarized in Tables 3 and 4.

2.5. Statistical analyses

Data were analyzed using the procedure MIXED of the Statistical Analysis System
(SAS), along with METHOD REML and COVTEST (Statistical Analysis System, Release 9.4,
SAS Institute, Cary, NC, 2014). The research was carried out with three factors: group, time
and mare. Time was considered a random effect whilst group, mare and the interactions were
fixed factors. Once the interaction was significant (GROUP*MOMEN), the means were

dismembered in simple effects and then corrected to the other effects of the model (least square
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means — LSM of SAS). The LSM were compared considering an alpha of 5% error probability
with estimation of a standard error of the mean (SEM) considering n = 312 to the construction

of the confidence interval.

3. Results

On day 12 after induction, treatment groups which protocols included altrenogest
(TMS+FM+ALT and TMS+FM+ALT+ECP) presented lower 17-f estradiol concentrations
comparing to healthy control group (CONT). On foaling day, the same altrenogest groups and
TMS+FM showed a similar pattern, with smaller 17-f estradiol concentrations (Fig.1 and S-
Table 1). Interestingly, mares from INOC showed extremely low 17-f estradiol concentrations
on D3 and D4, exactly when most of them delivered.

Inconsistent isolated differences between groups were observed in total estrogens
concentrations until D5, but in general all groups showed similar concentrations as CONT (Fig.
2 and S-Table 2). Progesterone concentrations were higher in TMS+FM+ALT+ECP than in
CONT on foaling day (Fig. 3 and S-Table 3). As for progestins, on foaling day TMS+FM+ALT

presented higher concentrations than CONT and TMS+FM+ECP (Fig. 4 and S-Table 4).

4. Discussion

The present study showed that estrogens and progestins concentrations in pregnant
mares subjected to different therapeutic protocols to treat induced ascending placentitis lack a
pattern that could indicate pregnancy prognosis after treatment.

Significant differences on hormones concentrations between groups on D1 and D2 were
not expected, since the first moment after the beginning of treatment was D3. However,
differences were observed in concentrations of 17-f estradiol and total estrogens on both days

and only on D1, respectively. This situation demonstrates the considerable individual variation
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seen in hormonal responses in placentitis mares that lead to controversial findings between
experimental studies. Also, the frequent oscillation of concentrations precludes direct
conclusions about this matter. Nevertheless, low estrogen levels have been advised as markers
for placental abnormalities for decades (Bucca, 2006; Douglas, 2004; Shikichi et al., 2017), but
results are still conflicting, as this pattern is not always reproduced (Beachler et al., 2019;
Stawicki et al., 2002). In our study, total estrogens levels varied considerably between groups
and moments, preventing any possible correlations with placentitis diagnosis or pregnancy
prognosis. That, along with conflicting previous reports allows for questioning the usage of this
hormonal evaluation and proposes the assessment of 17-f estradiol as a more reliable marker.

On the last treatment day (D12), 17-f estradiol concentrations in TMS+FM+ALT and
TMS+FM+ALT+ECP were lower than control group. TMS+FM+ECP, along with TMS+FM
group, showed similar concentrations as CONT group. This suggests the inclusion of estradiol
cypionate as part of treatment for experimental ascending placentitis might be more favorable
than altrenogest. Optimal 17- estradiol and estrone sulfate concentrations are important in the
fetal growth process and contribute to adequate fetal development (Esteller-vico et al., 2017).
Also, 17-f estradiol concentrations in placentitis-induced mares were most of the time far below
150 — 200pg/mL, the proposed cutoff for placentitis (Canisso et al., 2020). Non-treated
ascending-placentitis mares (INOC) presented very low 17-B estradiol concentrations,
especially on D3 and D4. There was severe damage on fetal-placental function, deliver of high-
risk foals 3.5+0.7 days after inoculation and only 20% survival until seven days of life in this
group. This is in accordance with previous work that shows mares with low estrogen
concentrations were likely to deliver aborted dead foals during mid-to-late gestation (Shikichi
etal., 2017) and reaffirms the need for further studies in this matter.

Two assays were used to evaluate plasma concentration of progestagens in the present

study. A very sensitive and specific assay (chemiluminescence) was used to quantify
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progesterone levels, what led to the detection of even incipient levels of this hormone. On the
other hand, a radioimmunoassay was used to quantify progesterone and its metabolites
(progestins). Healthy late pregnant mares usually present very low blood concentrations of
progesterone and even undetectable levels depending on the assay employed (Ousey et al.,
2005; Wynn et al., 2018b). Previous studies reported a rise in progestins concentration in
naturally and experimentally compromised pregnancies (Ousey et al., 2005; Rossdale et al.,
1991; Shikichi etal., 2017), but more recently Beachler et al. (2018) had different observations.
In this latter study, neither progesterone nor estradiol-17p presented good value as diagnostic
tools as their plasmatic concentrations did not differ significantly between control and
experimentally induced placentitis group.

One interesting observation was the lower progestins concentrations in CONT and
TMS+FM+ECP groups when compared to TMS+FM+ALT group on foaling day. Rossdale et
al. (1991) reported higher progestagens concentrations in maternal plasma in premature
deliveries and fetal losses cases occurred during late gestation, particularly those related to
placental pathologies. Although progestins and progesterone plasma concentrations were not
good markers of ascending placentitis in the present study, neonatal outcome is noticeably
different between groups, especially in foals from TMS+FM+ECP group. Thereby, 17-
estradiol and progestins concentrations differences between groups on foaling day, along with
pregnancy outcome and the lower 17-p estradiol concentrations on the last day of treatment of
groups receiving ALT, suggest ALT treatment had a negative effect on the final process of fetal
maturation, as suggested elsewhere (Neuhauser et al., 2008).

In the present study, mares in the INOC group aborted in less than 7 days after
developing acute placentitis, while other groups showed both acute and/or chronic placentitis
(histopathology details on that are provided in Curcio et al. (2017)). In a recent study with an

analogous model of experimental induction of placentitis, Wynn et al. (2018a) reported that an
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increase in progestins levels occurs only in cases of chronic disease, in a similar way others
reported before (Ousey et al., 2005; Rossdale et al., 1991; Stawicki et al., 2002). Mares that
aborted in less than 8 days were classified as having acute placentitis (Stawicki et al., 2002) and
did not show this increment, probably because there wasn’t sufficient time for fetal
pregnenolone production. In our study, a rise in progestin levels was observed only on foaling

day in TMS+FM+ALT, when compared to CONT.

5. Conclusion

In conclusion, the present assay showed progestins and estrogens lack a pattern that
could aid in the assessment of pregnancy prognosis during treatment for experimentally induced
placentitis in mares. However, 17-p estradiol concentrations were somehow related to

pregnancy outcomes; lower concentrations were observed in the group with worst outcome.
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g?l?gli ﬁsed in the treatment of mares with experimentally induced ascending placentitis.

Drugs Dose Route Manufacturer

Trimethoprim-sulfametoxazole 30mg/kg IV, g12h for 10d Trissulfin®, Ouro Fino Saude Animal, Sao Paulo, Brazil
Flunixin meglumine 1.1mg/kg IV, g24h for 10d Desflan®, Ouro Fino Saude Animal, Sdo Paulo, Brazil
Altrenogest (long action) 0.088mg/kg IM, q7d for 2 treatments Altrenogest®, Botupharma, S&o Paulo, Brazil

Estradiol cypionate 10mg/mare IM, g3d for 3 treatments E.C.P.®, Zoetis, Sdo Paulo, Brazil

Table 2.

Intra-assay CV, sensitivity, standard range, technique, manufacturer and catalog number of the immunoassays used to measure hormone
concentrations in mares.

Hormone Intra-assay CV (%)  Sensitivity Standard range Technique Manufacturer Catalog #
Progesterone 9 0.1ng/mL 0.2 — 40ng/mL Chemiluminescence Siemens L2KPW2
Progestin 10.3 0.02ng/mL 0.15 - 80ng/mL Radioimmunoassay MP Biomedicals 07 — 270102
17-B estradiol 3.7-7.8 15.0pg/mL 20 — 2000pg/mL Chemiluminescence Siemens LKE21
Total estrogens 4.3 5.0pg/mL 0 — 3000pg/mL Radioimmunoassay MP Biomedicals 07 — 138102
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Time from inoculation to delivery, gestation length and occurrence of dystocia for groups with experimentally induced ascending placentitis and

gestationally age-matched healthy control group.

Groups (n) Time from inoculation-delivery (days) Gestational length (days) Dystocia

Mean £ SEM Range Mean £ SEM Range (%) n
CONT (n=8) 35+ 4.9a 20-50 335+ 5ab 320 - 350 Ob 0
TMS + FM (n=8) 27.6 = 8.6b 10-82 322 + 6.5 310 - 353 12.5p 1
TMS + FM + ALT (n=8) 21.3+4.1p 9-39 322+3.8 312-339 Ob 0
TMS + FM + ALT + ECP (n=6) 22.2 £ 6.4p 5-52 330 + 11.2ab 317 - 352 16.7b 1
TMS + FM + ECP (n=6) 46 + 4.2, 36 — 65 346 +5.2a 336 — 365 Ob 0
INOC (n=10) 3.5+0.7c 1-7 305 + 2.3 296 — 307 70a 7

CONT: Healthy control group; TMS: Trimethoprim-sulfamethoxazole; FM: flunixin meglumine; ALT: altrenogest; ECP: estradiol cypionate
(ECP); INOC: inoculation and no treatment. Different letters within columns denote differences with LSD’s test (time from inoculation to delivery,

and gestational length) or Fisher’s exact test (dystocia) (p<0.05). Also described in our parallel publication (Curcio et al., 2017).

Table 4.

Risk classification, survival rate at seven days and body weight of foals born from mares with experimentally induced ascending placentitis and

gestationally age-matched healthy control mares.

Groups (n) Foals classified as high-risk

Survival at seven days

Body weight at birth (kg)

(%)

n

n

Mean + SEM

Range
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CONT (n=8)

TMS + FM (n=8)

TMS + FM + ALT (n=8)

TMS + FM + ALT + ECP (n=6)
TMS + FM + ECP (n=6)

INOC (n=10)

Oa
75b
500
500

Oa
900

0
6
4
3
0

9

100a
75a
87.5a
66.7an
100a
200

N O B N OO 0

39.2+2.4a
31.1+1.7c
28.4 + 1.5¢
32.5+2.7nc
36.4 + 1ap
29.4+1.8¢c

29 —-45
26 — 40
21-32
25-39
34 -40
25-39.5

CONT: healthy control group; TMS: Trimethoprim-sulfamethoxazole; FM: flunixin meglumine; ALT: altrenogest; ECP: estradiol cypionate
(ECP); INOC: inoculation and no treatment. Different letters within columns denote differences with Fisher’s exact test (foal survival and risk
classification), or with LSD’s (body weight) (p<0.05). Also described in our parallel publication (Curcio et al., 2017).
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Fig 1. 17-B estradiol concentrations£SEM in mares before induction of placentitis (IND), on the 12 days after induction (D1-D12) and on foaling
day (FOALING). * Denotes moments which groups were different with confidence intervals of 5% probability.
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Fig 2. Total estrogen concentrations=tSEM in mares before induction of placentitis (IND), on the 12 days after induction (D1-D12) and on foaling
day (FOALING). * Denotes moments which groups were different with confidence intervals of 5% probability.
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Fig 3. Progesterone (P4) concentrations£SEM in mares before induction of placentitis (IND), on the 12 days after induction (D1-D12) and on
foaling day (FOALING). * Denotes moments which groups were different with confidence intervals of 5% probability.
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Fig 4. Progestins concentrations=SEM in mares before induction of placentitis (IND), on the 12 days after induction (D1-D12) and on foaling
day (FOALING). * Denotes moments which groups were different with confidence intervals of 5% probability.
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SUPPLEMENTARY DATA
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S-Table 1.
LSM4SE (confidence intervals) 17-B estradiol concentrations in mares before induction of placentitis (IND), on the 12 days after induction (D1-D12) and on foaling day
(FOALING).
Moments
Groups
IND D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12  FOALING
1573:22, 187120 1728820 1639s20 O30 167420 144’?)122’ 1799420 15120 161’2*22’ 154,2420 161'*;*22' 165+20 170'51;-'22'
CONT = 5(1120-  (1478-  (1335-  (1246- (147,4 (1406-  (111,7- (114,9 - (125,7 -
1057 - (100,5 - (117,3 - (117,6 - (125,8 -
016A  264HA  22DA  23DA ol 226)A oA 2192A  103A oo fol 1mma Sl 2mya R0
Tmss 101169 788+169 872:169 833+183  808:169 112’§i16' 127'3116’ 116’3116' 140+16,9 964+169 944+183 86,4:20,2 9224202 717169
o (67,8 - (45,6 - (54 - (47,2 - (47,6 - 79- (9- @32- (106,8 - (63,2 - (58,3 - (46,6 - (52,5 (38,5 -
134,2)A 112)B 120,4)B 119,4) 114)A W54 1604 Moga  V3DA 1298)A  1305A  1261DA  13)AB  1049)8
107,5¢20, 113,1%18, 140,4+20, 138,3+18, 1059420, 112,1+18, 151,6+18, 156,8+18, 142,3+18, 139,118,  146,9+18, 142,1418, 120,418,
TMS + 1 2 1 2 1 2 2 2 2 2 2 140+18,2 2 2
TE'\(’:'FT (68 - (77,2 - (100,9—  (1025- (66,3 - (76,3 - (1157-  (1209-  (1064-  (1033-  (11L,1- f?%“é; A (1063 (84,6 -
147)A  1489)AB  180)AB  1742)A  1454)A  148)AB  1874)A  1926)A  1781)A 175)A 182,8)A ' 178)AB  156,3)AB
TMss 1052¢16 1403t16, 131316,  1124+16, 125418, 1322416, 1182:18, 1139£16, 1343t18, 1129822 g 1girne 78ir6s 7615203 8594202
FM + 9 9 9 9 4 9 4 9 4 8 (52,9 - (247 - (36,2 - (46,1 -
ALT (72 - (116,1 - (98,1 - (79,2 - (89,3 - (99 - ©2,1- (80,7 - (98,1 - (68 - DA 1BBA 11605 1578
1384)A  1825)AB  1645)AB  1456)A  1616)A  1654)AB  1544)A  147,)A  1705A  157,8)A ' ' *
TF'\|<I/|S++ 89,920  127,1+20 133'?22' 1144420  128,6+20 1382420 1372420 1152420  121,5¢20 127,320  1056£20  123,8#20  77,3t225  84,3+20
ATe | (B07- (87,8 - @89 (75,1 - (89,3 - (98,9 - (97,9 - (75,9 - (82,2 - (88 - (66,3 - (84,6 - (33- (45 -
Eop 1209)A  1663)AB e 1536)A 16794 I774)AB  165A  1544A  I608A  1666A  14BA  163DA 12168 1236)8
101,2115, 114,;115, 104,;119, 1784495 1468405 120,3149, 4784495 105,2119,
MOC oz s eea- AN [PGA @2 g, ' ' ' ' (19
132,9)A  1457)B  142.4)AB ' ' 217,9)AB * 144)A

Different letters denote difference between groups with confidence intervals of 5% probability.
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S-Table 2.
LSM=SE (confidence intervals) total estrogens in mares before induction of placentitis (IND), on the 12 days after induction (D1-D12) and on foaling day (FOALING).
Moments
Groups
IND D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 FOALING
539,1+231, 1493,1+231 1086,3+231 1085,9+231 13894261 968,9+231, 1000,3+261 1161,2+231 1012,9+231 1005,8+231 1507,9+231 1285,2+231 1220,9+231 758,7+231,
CONT 6 6 6 6 (875,5 - 6 (486,8 - 6 6 6 6 5 5 6
(83,5- (1037,6 - (630,8 - (630,4 - 1902 é) AB (513,3 - 1513 '9) A (705,7 - (557,4 - (550,3 - (1052,4 - (829,7 - (765,3 - (303,2 -
994,6)A 1948,7)AB  1541,9)A 1541,5)A ’ 1424,4)AB ’ 1616,8)A 1468,5)A 1461,4)A 1963,5)A 1740,8)A 1676,5)A 1214,3)A
625,3+195,  684,1+195,  736,6+195, 755,74¢195, 1035,3+195 1140,4+195 906,6+195,  1319,9+195 890,4+195  665,7+#212, 703,9+234, 619,1+234, 582,5+195,
618+212,6
TMS + 7 7 7 (1998 - 7 7 7 7 7 7 8 4 4 7
FM (240,3 - (299,1 - (351,6 - 1036 ’2) A (370,7 - (650,3 - (755,4 - (521,6 - (934,8 - (505,4 - (247,1 - (242,7 - (157,9 - (1975 -
1010,3)A 1069,1)B 1121,6)A ’ 1140,8)B  1420,3)AB  15254)A 1291,7)A 1704,9)A 1275,4)A 1084,3)A 1165,1)A 1080,3)A 967,5)A
TMS+  807.9+233 65455211,  g.c 2114 904,6+211, 7867211, 754,3%211, 12879211 1193,6+211 107494211 12001211 964,9+211, 986,2+211, 7029211, o, 2114
FM + (349,4 - 4 (509,2 - 4 4 4 A 4 A 4 4 4 4 (377,1-
ECP 1266 ]3)A (238,6 - 1340 '9)A (488,7 - (370,8 - (338,4 - (872 - 777,7 - (659 - (784,2 - (549,1 - (570,3 - (287 - 1208 ’8)A
' 1070,3)B ' 13204)A  1202,6)AB  1170,1)B 1703,8)A 1609,5)A 1490,7)A 1615,9)A 1380,8)A 1402,1)A 1118,7)A ’
510,9+195, 1397,7#195 1658,1+195 1598,9+212 1619,7+195 1082,1+195 9753+195  11152+213 1106,54235 522,4+264, 628,4+264, 409,4+235,  447,4+234,
TMS + 7 1558195,7 7 7 6 7 7 7 3 2 3 2 2 9
T (1259 - %}g L (0127-  (12731-  (11807-  (12347-  (697.1- (590,3 - (695,6 - (643,7 - 25- (108,6 - (-53,4- (14,8 -
895,9)A 1782, 7)A 2043,1)A 2017,2)A 2004,7)A 1467,2)A 1360,4)A 1534,8)A 1569,3)A 1042,3)A 1148,2)A 872,1)A 909,6)A
TMS+ 65564231, ,,;, 2316 1209+2316 1206,5+231  1214,5+231 939,5+231, 6464231, 8745231, 107813231 /g 2316 58642316 44445231, o, 2609 668,7+231,
FM + 6 (758,4 - (753,5 - 6 5 6 6 6 6 (92,4 - (130,5 - 6 (-0.2- 6
ALT + (2001- o0 OAB  16646)A (750,9 - (759 - (483,9 - (190,9 - (419 - (6225 - 1003.6)A  104L6)A (11,1 - 1017 A (2131 -
ECP 1111,2)A ' ' 1662,1)A  1670,1)AB  1395)AB 1102)A 1330,1)A 1533,6)A ' ' 900)A ’ 1124,3)A
590,3+224,
730,711183, 877,111183, 1048’3’—'224 12274574 40044574  896,4+574 2
INOC ' 97,7 - (-729 - (-233 - - - - - - - - (149,2 -
(370,6 - (516,9 - (607,4 -
10909)A  12372)AB  1489.6)A 2356,4)A  1529,8)AB  2025,8)AB 1031,4)A

Different letters denote difference between groups with confidence intervals of 5% probability.
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LSMzSE (confidence intervals) progesterone in mares before induction of placentitis (IND), on the 12 days after induction (D1-D12) and on foaling day (FOALING).

Moments
Groups

IND D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 FOALING

CONT 0’(7_ oA 19:08A  14407A  13:07A 1*(2_430?;8_'“ 07+0,7A 15:08A 14+07A  1,3:0,7A 1’(2_’30?;% 15407A 19:0,7A  1#07B 140,88
2n  04-38 01-28) ©-2 G (07-2 -3 (0-2D)  (0-28 5 (01-28) (06-33) (03-24) (01-29)
TMs+Ey  2B06A  28:06A 29:06A 23+06A 19:06A 26:06A 28106A 209:06A 29:06A 35:06A 38:06A 4107A 3B0TA  39+06AB

(116 - 319) (177 - 4) (177 - 4) (111 - 376) (077 - 3) (115 - 377) (116 - 379) (177 - 4) (178 - 4) (213 - 476) (216 - 571) (218 - 575) (215 - 572) (217 - 5)

TMS+FM  26:07A 28+06A 29:06A 19:06A 18:06A 17:06A 23:t06A 18:06A 16:06A 10+06A 13:06A 19:06A 15:0,6AB  16+06B
+ECP  (12-39) (16-41) (17-42) (07-31) (06-3) (05-29) (L1-35) (05-3) (04-28) (07-31) (01-26) (07-32) (03-27) (04-28)
TMS+FM  21:06A 27+06A 34:06A 2:06A  32:06A 12:06A 21+06A 24:06A 22:06A 16:08A 3,8:08A 31:09A 33:07AB 3,5:0,7AB
+ALT  (1-33) (16-39) (23-45 (08-31) (21-43) (01-24) (08-33) (13-35 (1-35 (0-31) (22-53) (13-49) (1L9-46) (22-4,9)
TMSTFM 23:07A 154074 1’64_301’8_A 0’83047_A 1’(2_301’7_A 1,4+0,7A 1’(2_302:7_A 2¢07A  38:07A 13:07A 21:07A  2:0,8A 33:08AB  45:07A
ECP (1 - 3!7) (Oll - 218) 2'9) 2’3) 2'5) (Oll - 2!8) 2,5) (016 - 3!3) (215 - 5!2) (O - 217) (017 - 3!4) (015 - 3!5) (118 - 4!8) (3!2 - 519)
Noe  22H05A  L9:05A  31%07A 3’(2_3'11’7_A 0.7+17A 2’(2_J1'11’7_A ] ] ] ] ] ] ] 1,6:0,7B
(11-32) 08-29) (8-44) ‘on  (26-4 Gy (03-29)

Different letters denote difference between groups with confidence intervals of 5% probability.
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LSMzSE (confidence intervals) progestins in mares before induction of placentitis (IND), on the 12 days after induction (D1-D12) and on foaling day (FOALING).
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Moments
Groups
IND D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 FOALING
CONT  O536A  12:4A  89:36A  104:36A  14:36A  127+36A  115:A  115:36AB  111:36A 114:36A  131:A  13:36A  112:36A  100+4B
(25-165) (41-198) (19-159) (34-17.4) (7-21) (57-197) (36-194) (45-185) (41-181) (44-184) (52-21)  (6-20) (42-182) (23-18,)
TMS 5 EM 1(71"1"-'535 14,43A 1(912%3_A 147¢33A  14:3A  131#3A  15643A  16:3AB %fﬁA 1(71'%3_A 225+33A  24,983,6A Zz(f;-'?é'?A 20,4+3AB
233  65-203 200 (82-2L1) (B1-109) (12-19) (O7-21§ (101-22) g 27 (61-29) (78-3) G007 (145-263)
TMS+FM  209:36A 164:32A 17,6:32A 141#32A 122+32A  9£32A  123:32A 104#32B  113:32A 121#32A 127+32A 155:32A 129+#32A  85:32B
+ECP  (139-28) (10-228) (112-24) (7.7-205) (58-185) (26-154) (59-187) (4-168) (49-177) (57-185) (63-191) (9,1-219) (65-193) (21-14,9)
TMS+FM  143%3A  158:3A 1?1'81;3_A 11,3#3A  134#3A  10,8#3A  13.4:3A 16(’12853;,'6_‘8 14433A 17,943 6A 24('17;-“2'?'“ 23{%‘2%’“ 21('12;’?1'&_3'“ 25443 6A
FALT  (84-202) (08-207) 07 G4-172) (15103 (e-167) (5-103 G (6-209 (08-25 g 319) 23  (183-325
TMSTFM  20s36A  107436A 104+36A 105:36A 143:36A  12436A  14,8:36A 24(’1‘;-'1@ 174+4A  16+4A 23(?536'?'“ 2(21'324_A 25('%'2'?'“ 17,7+4,7AB
sl 13-27)  (@7-177) @4-174) (5-175) (18-213) (-19  (8-218) G ©5-253) (61-289 g 207) g (85269
Noc  LL9E28A  12828A 20(;‘;2“_% 25,3+8,8A 5('_21i28’28'_A 15('_511'3'% ] ] ] ] ] ] 17,3+10,5AB
63-174) ©4-175 G50 (e-a28) 70 28 (10,5 - 24,1)

Different letters denote difference between groups with confidence intervals of 5% probability.
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3 Considerac0des Finais

A doxiciclina atravessa a barreira placentaria, sendo detectada nos liquidos
amniotico e alantoide, assim como no plasma e liquido sinovial neonatal. Este foi 0
primeiro estudo a demonstrar a difusdo deste farmaco para a unidade fetoplacentaria
equina e seu acumulo na articulacdo neonatal. A administracdo prolongada da
doxiciclina ndo ocasionou toxicidade materna ou fetal, sugerindo que a utilizagéo
deste farmaco € segura na fase final da gestacéao.

No presente trabalho as concentracdes plasmaticas de estrogenos e
progestinas nao foram capazes de predizer o resultado gestacional de éguas com
placentite induzida experimentalmente. Entretanto, concentragcbes mais baixas de

estradiol 17-f se relacionaram, de certa forma, com piores resultados gestacionais.
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Anexo | - Documento da Comiss&o de Etica e Experimentag&o Animal CEEA
3891

UFPel

Corisedo de tioa em Exparmentagas Anima!

Pelotas, 06 de Janeiro de 2014

De: Prof. Dr. Everton Fagonde da Silva
Presidente da Comissdo de Etica em Experimentacdo Animal (CEEA)
Para: Professor Carlos Eduardo Wayne Nogueira

Faculdade de Veterindria
Senhor Professor:
A CEEA analisou o projeto intitulado: “Avaliacio “do  efeito da
hormonioterapia em éguas com placentite através da identificacio de receptores
na placenta e grau de perfusiio sanguinea uterina e sua relacio com a viabilidade
do neonato”, processo n°23110.003891/2013-37, sendo de parecer FAVORAVEL a
Sua execu¢do, considerando ser o assunto pertinente e a metodologia compativel com os
principios éticos em experimentagdo animal e com 0s objetivos propostos.
Solicitamos, apos tomar ciéncia do parecer, reenviar o processo 3 CEEA.
Salientamos também a necessidade deste projeto ser cadastrado junto ao
Departamento de Pesquisa e Iniciagdo Cientifica para posterior registro no COCEPE
(codigo para cadastro n® CEEA 3891).

Sendo o que tinhamos para o momento, subscrevemo-nos.

’/ :

Atencigsamente, !
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Anexo Il - Documento da Comiss&o de Etica e Experimentacdo Animal CEEA
8319-2017

3

Pelotas, 29 de novembro de 2017

Certificado

gestantes e sua dlstnbulcio para o neonato e ¢
numero 8319-2017, de responsabilidade de B
produgdo, manutengdo ou utilizagio de animai perten
Vertebrata (exceto humanos), para fins de pes

de acordo com os preceitos da Lei n® 11.’
6.899, de 15 de julho de 2009, e com as no
Controle de Experimentagdo Animal (CONCE
sua complementagdo pela Comissdo de E
de 06/11/2017.

Finalidade
Vigéncia da autorizagdo | 01/12/2017
Espécie/linhagem/raga i {

N° de animais

Idade

Sexo

[ Origem




