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RESUMO GERAL

INTRODUCAO: A asma equina é uma inflamag&o cronica reversivel bastante
debilitante, podendo afetar o bem-estar dos animais acometidos. Embora os
tratamentos a base de corticosteroides controlem a inflamacéo, podem causar
efeitos adversos e a enfermidade permanece sem cura. A asma pode ser
desencadeada pela inalacdo de aeroalérgenos, assim como esporos de
bactérias e fungos. Os macrofagos alveolares (MA), células residentes nos
pulmdes, reagem aos antigenos inalados e secretam interleucinas que
promovem a atracao de linfocitos T helper (Th) tipo 1 ou tipo 2, dependendo do
antigeno e da via imunolégica ativada por ele. Assim, o estudo de diferentes
indutores inflamatérios, bem como novas terapias, sdo importantes para o
entendimento e enfrentamento da asma. As hipéteses do presente trabalho séo:
H1 — A asma é uma enfermidade que causa desconforto aos equinos; H2 — O
zimosan pode ser utilizado como antigeno de ativacédo de MA equinos; H3 - As
terapia com células mononucleares derivadas de medula 6ssea (MNDMO) e
células estromais mesenquimais derivadas de medula 6ssea (EMDMO) podem
interferir em algumas atividades desempenhadas pelos MA de cavalos
asmaticos, e a resposta as terapias pode variar de acordo com o antigeno e via
imunoldgica ativada por ele. OBJETIVOS: Desta maneira, o presente trabalho
abrangeu trés experimentos objetivando: E1 - Avaliar o grau de desconforto em
equinos asmaticos em relacdo a animais saudaveis, utilizando a Horse Grimace
Scale (HGS), mensuracéo de parametros fisioldgicos e escore clinico (EC); E2 -
Avaliar os efeitos do desafio celular com lipopolissacarideo de Escherichia coli
(LPS - Lipopolysaccharides derivado de Escherichia coli) e Zimosan (ZIM -
Zymosan derivado de Saccharomyces cerevisiae) em MA e macrofagos
derivados de sangue periférico (MSP) de equinos; E3 - Comparar a acao de
MNDMO autdlogas e EMDMO alogénicas sobre MA de equinos asmaticos
desafiados com LPS e ZIM. MATERIAL E METODOS: E1 — Doze cavalos foram
examinados e tiveram o EC atribuido em repouso. Seis equinos com tosse foram
encaminhados para coleta de lavado broncoalveolar (LBA), onde foram
diagnosticados com asma (grupo asmatico - GA) e outros seis equinos eram
saudaveis (grupo controle - GC). Os animais foram filmados antes (GAa e GCa)

e depois (GAd e GCd) de 60 segundos de caminhada e pontuados no HGS. As
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frequéncias cardiaca e respiratéria (FC e FR) também foram avaliadas antes e
apos o exercicio. A avaliacao estatistica foi feita pelo indice Kappa; E2 - Foram
utilizados dois cavalos asmaticos e um saudavel, todos mantidos a pasto. Os
animais foram examinados e tiveram LBA e sangue periférico colhidos, de onde
foram isolados MA e MSP respectivamente. Sobre laminulas de vidro em placas
de 24 pogos foram colocados 200uL de MA ou MSP (5x10° células/mL)
desafiados com 100ul LPS (100ng/mL) e ZIM (100mg/mL). Em seguida foram
desidratadas em etanol, depois em Hexametildisilazano e posteriormente
metalizadas com ouro, para entdo serem visualizadas no microscopio eletrénico
de varredura. E3 - Cinco cavalos, com histérico de tosse e dificuldade respiratoria
tiveram o LBA colhido para o isolamento de MA desafiados com LPS e ZIM,
tratados com dexametasona (5uM), MNDMO (1x10%células/mL) e EMDMO
(1x108células/mL). Foram avaliadas as atividades de adesédo e fagocitose,
concentracao de nitritos, proteinas totais e interleucinas 138 (IL-1B) e fator de
necrose tumoral a (TNF-a). RESULTADOS: E1 — A concordancia entre as
avaliacOes de posicao das orelhas, tensdo na area dos olhos, tensao bucal,
fechamento palpebral, proeminéncia do musculo masseter e tensé@o nasal foi de
0,353 (p <0,001), 0,222 (p <0,001), 0,162 (p = 0,001), 0,412 (p <0,001), 0,199 (p
= 0,002) e 0,307 (p = 0,001) respectivamente. Em todos os animais do estudo,
houve uma diferencga significativa no EC entre GCd vs GAd (p = 0,0313). Houve
diferenca significativa no escore de medido pelo HGS entre GAd e GAa (p =
0,048), GAa e GCd (p =0,035) e GAa e GCa (p = 0,035). Além disso, houve uma
correlacdo positiva entre o escore HGS e FC, FR e EC, onde a forca da
correlagdo HGS vs FC foi de 41% (p = 0,047), HGS vs FR foi de 62% (p = 0,008)
e HGS vs CS foi 58,7% (p = 0,045); E2 - Houve diferenca significativa na area
celular entre MA+ZIM vs. MA (p<0,0001), MA+ZIM vs. MA+LPS (p=0,003),
MSP+ZIM vs.MSP (p<0,0001) e MSP+ZIM vs. MSP+LPS (p<0,0001). Assim
também ocorreu no indice de espraiamento entre MA+ZIM vs. MA+LPS
(p=0,0001) e MSP+ZIM vs. MSP+LPS (p<0,0001), porém ndo houve diferenca
entre os grupos no indice comprimento/largura; E3 - Todos 0s animais
apresentaram fenotipo de asma. A dexametasona reduziu fagocitose e
MA+DEXA (p=0,0317), MA+LPS+DEXA (p=0,0159) e MA+ZIM+DEXA
(p=0,0079) em relacdo aos MA. A concentracdo de proteinas foi maior nos

grupos tratados com terapia celular MA+LPS+MNDMO (p=0,0317),
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MA+ZIM+MNDMO (p=0,0159), MA+LPS+EMDMO (p=0,0079) e
MA+ZIM+EMDMO (p=0,0079) em relacdo aos MA. Houve reducéo da secrecéo
de IL 18 em MA+DEXA (p=0,0317), MA+LPS+DEXA (p=0,0159) e
MA+ZIM+DEXA (p=0,0159) em relagdo as MA. A concentragéo de TNFa reduziu
em todos os tratamentos mas foi significativo apenas em MA+DEXA (p=0,0317),
MA+LPS+DEXA (p=0,0317) e MA+ZIM+DEXA (p=0,0079) em relacdo as MA.
CONCLUSAO: E1 - Este estudo demonstrou a possibilidade de ado¢o do HGS
para avaliagdo do desconforto respiratério em animais asmaticos; E2 - O
zimosan pode ser uma alternativa como agente de ativacao celular usado em
estudos com MA, uma vez que provocou alteracdes a morfologia destas células,
compativeis com as que ocorrem em processos inflamatorios; E3 - Os efeitos da
terapia celular sobre os MA de cavalos asmaticos foram benéficos. Houveram
diferengcas em algumas respostas entre as terapias utilizadas MNDMO e

EMDMO assim como entre os antigenos LPS e ZIM.

Palavras-chave: asma equina, bem-estar, inducdo da inflamacéo, terapia

celular.
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ABSTRACT

INTRODUCTION: Equine asthma is a reversible chronic inflammation and very
debilitating that can affect the welfare of affected animals. Although corticosteroid
treatments control inflammation, they can cause adverse effects and the disease
remains unhealed. Asthma can be triggered by inhalation of aeroallergens as well
as bacterial and fungal spores. Alveolar macrophages (AM), cells residing in the
lungs, react to inhaled antigens and secrete interleukins that promote the
attraction of T helper (Th) lymphocytes that can be type 1 or type 2, depending
on the antigen and the immune pathway activated. Thus, the study of different
inflammatory inducers, as well as new therapies, are important for understanding
and combat with asthma. The hypotheses of the present work are: H1 - The
equine asthma causes discomfort to horses; H2 - Zymosan can be used as an
equine AM activation antigen; H3 - Therapy with bone marrow-derived
mononuclear cells (BMDMN) and bone marrow-derived mesenchymal stromal
cells (BMDMS) may interfere on activities performed by AM of asthmatic horses,
and response to therapies may change in accord to antigen and immune pathway
activated. OBJECTIVES: The present work covered three experiments aiming at:
E1l - To evaluate the degree of discomfort in asthmatic horses in relation to
healthy animals, using the Horse Grimace Scale (HGS), measurement of
physiological parameters and clinical score (CS); E2 - To evaluate the effects of
cellular challenge with Escherichia coli lipopolysaccharide (LPS - Escherichia coli
derived lipopolysaccharides) and Zymosan (ZIM - Zymosan derived from
Saccharomyces cerevisiae) on AM and equine peripheral blood derived
macrophages (PBM); E3 - Compare the action of autologous BMDMN and
allogeneic BMDMS on AM of asthmatic horses challenged with LPS and ZIM.
MATERIAL AND METHODS: E1 - Twelve horses were examined and had the
CS assigned at rest. Six horses with cough were referred for collection of
bronchoalveolar lavage fluid (BALF), where they were diagnosed with asthma
(asthmatic group - AG) and six other horses were healthy (control group - CG).
The animals were filmed before (AGb and CGb) and after (AGa and CGa) 60
seconds of walking and scored on the HGS. Heart and respiratory rates (HR and
RR) were also assessed before and after exercise. Statistical evaluation was

performed by Kappa index; E2 - Two asthmatic and one healthy horses were
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used, all kept on pasture. The animals were examined and had BALF and
peripheral blood collected, from which AM and PBM were isolated respectively.
On glass coverslips in 24-well plates were placed 200uL of AM or PBM (5x106
cells / mL) challenged with 100ul LPS (100ng / mL) and ZIM (100mg / mL). They
were then dehydrated in ethanol, then in hexamethyldisilazane and then
metallized with gold, to be viewed under the scanning electron microscope. E3 -
Five horses with a history of cough and difficulty breathing had BALF collected
for isolation of AM challenged with LPS and ZIM, treated with dexamethasone
(5uM), BMDMN (1x106 cells / mL) and BMDMS (1x106 cells / mL). Adhesion and
phagocytosis activities, nitrite concentration, total proteins and interleukins 10 (IL-
18) and tumor necrosis factor a (TNF-a) were evaluated. RESULTS: E1 - The
agreement between the ear position, eye area tension, buccal tension, eyelid
closure, masseter muscle prominence and nasal tension assessments was 0.353
(p <0.001), 0.222 (p <0.001), 0.162 (p = 0.001), 0.412 (p <0.001), 0.199 (p
0.002) and 0.307 (p = 0.001) respectively. In all study animals, there was a

significant difference in CS between CGa vs AGa (p = 0.0313). There was a
significant difference in HGS measured score between AGa and AGb (p = 0.048),
AGb and CGa (p = 0.035) and AGb and CGb (p = 0.035). In addition, there was
a positive correlation between the HGS and HR, RR and CS score, where the
strength of the HGS vs HR correlation was 41% (p = 0.047), HGS vs RR was
62% (p = 0.008) and HGS vs CS was 58.7% (p = 0.045); E2 - There was a
significant difference in cell area between AM + ZIM vs. AM (p <0.0001), MA +
ZIM vs. AM + LPS (p = 0.003), MSP + ZIM vs. MSP (p <0.0001) and MSP + ZIM
vs. MSP + LPS (p <0.0001). This also occurred in the spreading index between
AM + ZIM vs. AM + LPS (p = 0.0001) and MSP + ZIM vs. MSP + LPS (p <0.0001),
but there was no difference between the groups in the length / width index; E3 -
All animals presented asthma phenotype. Dexamethasone reduced phagocytosis
and AM + DEXA (p = 0.0317), AM + LPS + DEXA (p = 0.0159) and AM + ZIM +
DEXA (p = 0.0079) compared to AM. Protein concentration was higher in AM +
LPS + BMDMN (p = 0.0317), AM + ZIM + BMDMN (p = 0.0159), AM + LPS +
BMDMS cell therapy treated groups (p = 0.0079) and AM + ZIM + BMDMS (p =
0.0079) in relation to AM. There was a reduction in IL 1B secretion in AM + DEXA
(p=0.0317), AM + LPS + DEXA (p = 0.0159) and AM + ZIM + DEXA (p = 0.0159)

compared to AM. TNFa concentration decreased in all treatments but was
15



significant only in AM + DEXA (p = 0.0317), AM + LPS + DEXA (p = 0.0317) and
AM + ZIM + DEXA (p = 0.0079). in relation to the AM. CONCLUSION: E1 - This
study demonstrated the possibility of adopting HGS to evaluate respiratory
distress in asthmatic animals; E2 - Zimosan may be an alternative as a cell
activating agent used in studies with AM, since it caused changes in the
morphology of these cells, compatible with those occurring in inflammatory
processes; E3 - The effects of cell therapy on asthma horses AM were beneficial.
There were differences in some responses between BMDMN and BMDMS

therapies as well as between LPS and ZIM antigens

Key words: equine asthma, welfare, inflammation induction, cell therapy.
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CAPITULO 1

Short communication: Score of facial expression applied to evaluate discomfort

in asthmatic horses
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Short tile: Score of facial expression for discomfort in horses

ABSTRACT

Equine asthma is a chronic condition of the airways, and is very similar to human asthma.
For human sufferers, there are questionnaires that relate physical damage to their quality
of life, but for animals, we have few tools to quantify the pain and discomfort caused by
this disease. The objective of the study was to evaluate the degree of discomfort in
asthmatic horses in relation to healthy animals, using the Horse Grimace Scale (HGS),
physiological parameters, and clinical score (CS). Twelve horses were examined and
had a CS assigned at rest. Six horses with cough were referred for bronchoalveolar
lavage fluid collection, where they were diagnosed with asthma (asthmatic group - AG)
and another six horses were healthy (control group - CG). The animals were filmed
before (AGb and CGb) and after (AGa and CGa) 60 seconds of walking, and scored on
the HGS. Heart and respiratory rates (HR and RR) were also assessed before and after
exercise. The Kappa index shows the degree of concordance between all evaluators in
three categories (0= not present, 1= moderately present, 2= obviously present). On stiffly

backwards ears, general agreement was 0.353 (p<0.001). On tension above the eye
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area, general agreement was 0.222 (p<0.001). On mouth strained and pronounced chin,
general agreement was 0.162 (p=0.001) On orbital tightening, general agreement was
0.412 (p<0.001). On prominent strained chewing muscles, general agreement was 0.199
(p=0.002). On strained nostrils and flattening of the profile, general agreement was 0.307
(p=0.001). There was significant agreement in categories 0 and 1, with p<0.001 and
p=0.014, respectively. In all animals in the study, there was a significant difference in CS
between CGa vs AGa (p=0.0313). There was a significant difference in the pain score
measured by the HGS between AGa and AGb (p=0.048), between AGb and CGa,
(p=0.035), and between AGb and CGb (p=0.035). In addition, there was a positive
correlation between the pain score and HR, RR, and CS, where the strength of the HGS
vs HR correlation was 41% (p=0.047), HGS vs RR correlation was 62% (p=0.008) and
HGS vs CS was 58.7% (p= 0.045). This study demonstrated the possibility of adopting
the HGS for the evaluation of respiratory discomfort in asthmatic animals.
Keywords: welfare, equine asthma, quality of life, discomfort evaluation; pain evaluation
IMPLICATIONS

Active horses are often exposed to allergens, so are susceptible to developing
asthma. Asthma is a disease that can be very limiting and, depending on its severity, can
significantly reduce quality of life. Therefore, quantifying the discomfort caused by
asthma can be an objective parameter and serve as a reference for establishing
adequate management and treatment to reduce the discomfort caused by the disease,
and improve the quality of life of asthmatic horses.
INTRODUCTION

Equine asthma is a chronic condition of the airways which is very similar to human
asthma, and is characterized by recurring airway obstruction, dyspnea, and mucus
production (Bond et al., 2018; Couétil et al.,2016). Clinical signs include increased
respiratory effort at rest, coughing and exercise intolerance, triggered by inhalation of
dust particles containing bacterial, mold or toxic agents, and consequent exacerbation

of the disease in susceptible horses (Leclere et al., 2011).
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Severe asthma causes several physical changes and limitations, and it is
necessary to evaluate how limiting it is for affected horses (Couétil et al., 2016). While in
human sufferers there are scales based on questionnaires which relate physical damage
to quality of life (Lara et al., 2014), for animals we have few tools to quantify the pain and
discomfort caused by this disease. There are questionnaires that can be applied to
owners of horses with respiratory diseases, and although these are efficient, they have
limitations such as subjectivity and variability (Bond et al., 2018; Hotchkiss et al., 2007).

Facial expressions are commonly used to assess pain and other emotional states
in humans, particularly those who are unable to communicate, in this way could be
adapted and transposed to routine use with animals (Dalla Costa et al., 2014). Horses
are very visual and use facial expressions to communicate, as well as express their
feelings and emotions (Wathan et al., 2015).

Based on recognition of the facial expressions of horses and their alterations in
painful states, the British Veterinary Association Animal Welfare Foundation uses equine
facial expressions to recognize pain or discomfort in horses, and developed a Horse
Grimace Scale (HGS) (Wagner, 2010; Dalla Costa et al., 2014). This could possibly
facilitate the detection of this painful condition and help in recognizing its approach at an
early stage.

STUDY OBJECTIVES

To evaluate the degree of discomfort in asthmatic horses in relation to healthy
animals, using the HGS, physiological parameters (heart rate (HR) and respiratory rate
(RR)) and clinical score (CS — based on Tesarowski et al., 1996).

MATERIAL AND METHODS
STUDY DESIGN

Twelve horses underwent physical examination and had a CS assigned at rest.
Six horses with cough were referred for bronchoalveolar lavage fluid (BALF) collection,
where they were diagnosed with asthma (asthmatic group - AG). The other six were

healthy horses (healthy group - HG). After this first stage, the animals were filmed at rest
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and scored on the HGS, and then taken on a walk for 60 seconds, and filmed again at
the end of the walk. Heart rate and respiratory rate were obtained before and after
exercise (figure 1). The study was controlled, randomized and blinded, so that the five
evaluators did not know the animals nor the groups to which they belonged.

Figure 1 — Scheme of the study design demonstrating the number of animals, exercise

and materials collected.
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H Clinical Score )
Spontaneous cough Respiratory rate } Respiratory rate
Positive cough reflex { Heart rate Heart rate ;
BALF >5% of neutrophils } Horse grimace scale Horse grimace scale }
12 HORSES >1%of eosinophilsi ... H =
Without 6 HORSES AT REST WALKING 60
respiratory signs : seconds
Clinical Score
Without cough § Respiratory rate } Respiratory rate :
Negative cough reflex i Heart rate i Heart rate
No history of respiratory diseases § Horse grimace scale Horse grimace scale

""" " -

ANIMALS

Twelve crossbreed horses, eight females and four males, with ages varying
between 8 and 28 years and weighing between 350 kg and 450 kg were examined. The
animals were maintained on pasture management at the Veterinary Hospital at Gralha
Azul Experimental Farm of the Pontificia Universidade Catélica do Parana (PUCPR),
located in Fazenda Rio Grande municipality in the state of Parana, south of Brazil.
Animals were enrolled into two groups according to the diagnosis of equine asthma. Six
horses presented with cough and were confirmed as having severe asthma (nh = 4) and
mild asthma (n = 2) on subsequent examination of the BALF, and enrolled in the asthma
group (AG). Six healthy horses, without reports of cough, which were negative to cough
reflex and had no history of respiratory disease on physical examination, made up the
healthy group (HG).
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PHYSICAL EXAMINATION

The physical examination included inspection cardiac, tracheal, and pulmonary
auscultations; cough stimulation and rectal temperature measurement. Animals that had
cough reports were referred for BALF collection for further differential cytology counts.
All animals in the study had CS assessed at rest, based on respiratory rate, nasal
discharge and flaring, pulmonary or tracheal crepitation, pulmonary or tracheal wheezes
and abdominal lift adapted by Tesarowski et al.(1996).

Equine who presented increased respiratory rate, cough or reflex of positive
cough with or without presence of nasal mucus and without concomitant fever (Kutasi et
al.,, 2011) and neutrophilia 25% in BALF (Hoffman, 2008; Couétil et al., 2016) were
considered with asthmatics.

COLLECTION AND PROCESSING OF BRONCHOALVEOLAR LAVAGE FLUID

Horses with coughing were fasted for at least 6 hours prior to collection, in order
to perform sedation with intravenous (IV) detomidine (Eqdomin, 0.02mg/kg - Ourofino,
Séao Paulo, Brazil) and IV pethidine hydrochloride (Dolosal, Cristalia, Sdo Paulo, Brazil).
BALF collection was performed with a silicon catheter (3 m x 10 mm) (V-300 PBAL-300,
Cook Vet Products, Hamburg, Germany) that was introduced intranasally, and four
125mL aliquots of sterile warm (37°C) 0.9% sodium chloride solution (Hoffman, 2008)
were infused and immediately retrieved. In the laboratory, the BALF was centrifuged
(350g at 4°C for 6 min), and the cell pellet was resuspended in 2mL of the BALF
supernatant from the same animal to obtain the total nucleated cell count. Cell counting
was performed using a Neubauer chamber, and differential cytological analysis was
performed using slides stained with Diff-Quick (Pandtico Répido, Laborclin, Parana,
Brazil) and counting 300 cells under 1000xmagnification (Olympus Cx31 trino).
HORSE GRIMACE SCALE EVALUATION

The animals were removed from the pickets, and after 15 minutes of rest in the

shade, were filmed for approximately 30 seconds at rest (contained by halter) and had
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HR and RR measured. The horses were then walked for 60 seconds and then filmed for
approximately 30 seconds, and their HR and RR were measured again.

The filming was done in the morning, between 08h00 and 10h00, at a
temperature varying between 20°C and 30 °C and humidity of between 75% and 90%.
The aim of filming was to record the facial expression of each horse; this was always
performed by the same people, in order to minimize interference.

Each animal was evaluated by five veterinarians trained in the HGS. Six facial
characteristics were investigated: ears held stiffly backwards, orbital tightening, tension
above the eye area, prominent strained chewing muscles, mouth strained with
pronounced chin, and strained nostrils with flattening of the profile. Each facial
characteristic was scored using a 3-point scale (0= not present, 1= moderately present,
2= obviously present), resulting in a maximum possible HGS score of 12 per animal,
before and after exercise (60 seconds walk). The value that appeared two or more times
in each item was adopted as a result.

STATISTICAL ANALYSIS

To compare the agreement between the evaluators, a Kappa index was used,
and inter-observer reliability was assessed using intra-class correlation coefficients. To
obtain the differences in pain score before and after exercise, a paired-sample t-test was
used. To obtain the correlation between samples, Spearman’s rank-order correlation
was used. These analyses were performed using GraphPad Prism 5.0 software
(GraphPad Software Inc., CA, USA. For all of the analyses, p< 0.05 was considered
significant.

RESULTS

In AG horses cytological changes in BALF were compatible with severe asthma

and mild asthma (Tablel), with an increased number of inflammatory cells and reduced

number of macrophages.
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INSULATED RECOVERED RECOVERED CLINICAL MALYM NEU EO MC GC

ANIMAL VOLUME (mL) VOLUME (mL) VOLUME (%) SCORE (CS) (%) (%) (%) (%) (%) (%)
HORSE 1 500 140 28 16 32 8 5 0 0 1
HORSE 2 500 230 46 17 39 16 43 0 1 1
HORSE 3 500 310 62 7 23 16 52 0 1 8
HORSE 4 500 175 35 13 22 11 64 0 0 3
HORSE 5 500 130 26 4 37 56 6 1 0 O
HORSE 6 500 323 64,6 4 44 41 13 1 0 1

Table 1 — Bronchoalveolar lavage fluid of asthmatic horses. Individual percentage of recovered
volume, and of different cell types in bronchoalveolar lavage fluid, and clinical score of horses
with asthma. MA — macrophage, LYM —lymphocyte; NEU — neutrophil; EO — eosinophil; MC —
mast cell; GC — Giant cell.

The Kappa index shows the concordance between all evaluators in the three
categories (0= not present, 1= moderately present, 2= obviously present). On stiffly
backwards ears, the general agreement was 0.353 (p<0.001); for the general values of
Kappa interpretation, this is considered fair agreement. There was significant agreement
in categories 0 and 1, with p<0.001 for both.

On tension above the eye area, the general agreement was 0.222 (p<0.001),
considered fair agreement on Kappa interpretation. There was significant agreement in
categories 0 and 1, with p<0.001 for both.

On mouth strained and pronounced chin, the general agreement was 0.162
(p=0.001), which is considered poor agreement on Kappa interpretation. There was
significant agreement in categories 0 and 1, with p<0.001 and p=0.024, respectively.

On orbital tightening, the general agreement was 0.412 (p<0.001), considered
moderate agreement on Kappa interpretation. There was significant agreement in
categories 0 and 1, with p<0.001 in both.

On prominent strained chewing muscles, the general agreement was 0.199
(p=0.002), considered poor agreement on Kappa interpretation. There was significant

agreement in categories 0 and 1, with p=0.002 in both.
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On strained nostrils and flattening of the profile, the general agreement was 0,307
(p= 0.001), considered fair agreement on Kappa interpretation. There was significant
agreement in categories 0 and 1, with p<0.001 and p= 0.014, respectively.

The CS showed a significant difference between healthy animals and asthmatic
animals (Figure 1A). Likewise, there was a significant difference in the pain score
measured by the HGS (Figure 1B) between healthy and asthmatic animals, both before

and after 60 seconds of walking.

N
o
1
}

-
3]
1

CLINICAL SCORE (CS)
2
PAIN SCORE (HGS)
»

@ A
57 2 A vy E ™
| | |
2 = = :
0 T T 0 K R 4 A 4 T
cG® R & & N &
ap=0,0313 ap=0,048; bp=0,035; °p=0,035

Figure 1 — Clinical score (CS) and facial pain in horses with and without asthma. A - Measurement
of CS adapted by Tesarowiski et al. (1996) in horses with and without asthma at rest; B -
Measurement of pain in horses with and without asthma through application of the horse grimace
scale (HGS). CGa — Healthy Group after exercise; AGa — Asthmatic Group after exercise; CGb —
Healthy Group before exercise; AGb — Asthmatic Group before exercise.

In addition to the differences previously presented, there was a positive
correlation between the pain score (HGS) and the HR, RR and CS parameters. All
correlations were positive, where HGS vs. HR had a correlation force of 41% (p=0,047),
HGS vs. RR had a correlation force of 62% (p=0,008) and HGS vs. CS had a correlation
force 58,7% (p=0,045).

DISCUSSION

In healthy horses, macrophages represent 50—70% and neutrophils 5% of BALF

cells, whereas lymphocytes can range between 30% and 50% (Hoffman, 2008). All

horses in the AG had increased neutrophils and reduced macrophages. One of the
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horses with mild asthma presented few clinical signs and, in addition to a slight increase
in neutrophils in BALF, also showed a percentage of lymphocytes above the reference
values for healthy horses.

Some asthmatic horses may or may not have obvious clinical signs; similarly,
laboratory changes may be subtle (Bond et al., 2018) when compared with reference
values for each disease, in this case severe asthma and mild asthma. The estimate of
the occurrence of severe asthma in horses is 14%, while the apparent estimate (by
questionnaires to owners of asthmatic horses) is 24.2% (Hotchkiss et al., 2007). This
denotes a difference between real values found by veterinarians and probable values
described by the owners.

Asthma leads to physiological changes that can be observed and measured such
as nasal flaring, increase in RR and respiratory effort. These criteria can generate a
clinical score and guide the veterinarian on complementary examinations and definitive
diagnosis. This CS was significantly higher in asthmatic animals than in non-asthmatic
animals, showing that there were more respiratory physiological changes in the
asthmatic group. According to the composite pain scale, alterations equal to or greater
than 10% in heart and respiratory rhythms may represent a pain score (Bussieres et al.,
2008). This change was observed in the asthmatic group. A 60 seconds walk should not
represent physical exertion for a horse, especially as this animal is accustomed to
walking while grazing, however for asthmatic animals the reality was different.

Although there are records of facial and body expressions with rich detail, it is
appropriate that the facial expression be assessed in a punctual way, characteristic by
feature, because the evaluation becomes more accurate and reliable (Wathan et al.,
2015). From this were the HGS demonstrated simplicity and objectivity in their evaluation
criteria, which allows many to have access to a rapid and correct assessment of facial
expression of animals.

Measurements of pain, discomfort, thirst, lack of air, among other parameters that

evaluate animal welfare, are based on knowledge of animal physiology; therefore, any
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evaluator with knowledge, criteria and impartiality can use the scales for these
measurements. However, it is possible that the temperament of the animal influences
evaluation of their physical and mental state, since naturally more aggressive or agitated
animals may present quite distinct characteristics compared to calm animals
experiencing the same treatment (Wagner, 2010).

The feeling of "breathlessness" is an unpleasant experience and can compromise
the welfare of any equine (Mellor et al., 2017), so the discomfort of a horse with asthma
can be considered a fundamental issue. Although the shortness of breath is extremely
uncomfortable, there are no reports of measurement of discomfort in horses with
shortness of breath. This can cause many cases of respiratory distress to be overlooked,
or treated very subjectively.

In order for the evaluation to be able to meet a large number of evaluated animals
and trained people to perceive and punctuate alterations of facial expression in horses,
it is important that there is agreement among the evaluators. The Kappa index showed
that there was significant agreement between the evaluators on each item evaluated.
This shows that the results obtained are reliable, and there is similarity between the
evaluations made by the five evaluators with experience in HGS, it can be extended to
other trained evaluators. The use of a scale for measuring pain or discomfort has some
advantages over a purely subjective system, and without predefined standards: (1)
increased ability of the observer to recognize and quantify pain, (2) increased
interobserver agreement, (3) awareness of animal pain treatment adequacy, and (4)
ability to monitor and document progress of the patient's condition (Wagner, 2010). In
this way, it is possible to establish, in an objective way, valuations of the respiratory
discomfort, which facilitates the decision making regarding the treatment and
management of horses. In addition to showing the importance of measurement of
respiratory discomfort in horses (60 seconds walk), this study showed that minimum
physical exertion can represent a significant change in the physiological parameters of

asthmatic horses.
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Finally, there was a positive correlation between the parameters of HGS, HR, RR
and CS. Thus, it is clear that the increase in the pain score is directly related to the
increase in HR, RR and CS. This shows that there may be systemic changes, not just
respiratory changes, in asthmatic horses which may contribute to a feeling of discomfort.
CONCLUSIONS

Horses with asthma presented changes in facial expression compatible with the
changes suggested in the HGS, being compatible with pain or discomfort. These
changes could be noticed and scored, allowing a discomfort monitoring objectively.

Although HGS has been shown to be effective in assessing respiratory distress
in asthmatic equines, more studies are needed with a larger number of animals, since
there are still subjective criteria (evaluator, animal temperament, severity of the disease)
and variability of clinical signs and tolerance to physiological changes caused by the
disease in animals.
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CAPITULO 2
Artigo: INDUCAO DE INFLAMACAO EM MACROFAGOS ALVEOLARES DE
CAVALOS ASMATICOS DESAFIADOS COM ZIMOSAN E LPS
RESUMO

INTRODUCAO: A asma equina é uma enfermidade multifatorial que acomete
cavalos expostos a aeroalérgenos. Pode ser induzida com poeira, esporos de
bactérias ou fungos in vivo ou in vitro e as células que orquestram a resposta
inflamatéria da asma sdo os macréfagos e neutréfilos. OBJETIVOS: Avaliar os
efeitos do desafio celular com lipopolissacarideo de Escherichia coli (LPS —
Lipopolysaccharides derivado de Escherichia coli) e Zimosan (ZIM - Zymosan
derivado de Saccharomyces cerevisiae) em macrofagos alveolares (MA) e
macrofagos derivados de sangue periférico (MSP) de equinos. MATERIAL E
METODOS: Foram utilizados dois asmaticos e um saudavel, todos mantidos a
pasto. Os animais foram examinados e tiveram lavado broncoalveolar (LBA) e
sangue periférico colhidos, de onde foram isolados MA e MSP respectivamente,
e sobre laminulas de vidro em placas de 24 pocos colocados 200uL (5x10°
células/mL) desafiados com 100ul LPS (100ng/mL) e ZIM (100mg/mL). Em
seguida foram desidratadas em etanol 35%, 50%, 70%, 100% e
Hexametildisilazano por 10 minutos. Metalizadas com ouro por 120 segundos e
posteriormente visualizadas no microscopio eletrbnico de varredura.
RESULTADOS: Houve diferenca significativa na area celular entre MA+ZIM vs.
MA (p<0,0001), MA+ZIM vs. MA+LPS (p=0,003), MSP+ZIM vs.MSP (p<0,0001)
e MSP+ZIM vs. MSP+LPS (p<0,0001). Assim também ocorreu no indice de
espraiamento entre MA+ZIM vs. MA+LPS (p=0,0001) e MSP+ZIM vs. MSP+LPS
(p<0,0001), porém nao houve diferenca entre 0s grupos no indice
comprimento/largura. CONCLUSAO: O zimosan pode ser uma alternativa como
agente de ativacdo celular usado em estudos com macrofagos, uma vez que
provocou alteracdes a morfologia destas células, compativeis com alteracdes

gue ocorrem em processos inflamatorios.

Palavras chave: asma equina, inducdo da inflamacdo, desafio celular,

macrofagos alveolares.
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INTRODUCAO

A asma equina é uma enfermidade multifatorial que acomete cavalos
expostos a poeira, aeroalérgenos e ambientes de pouca ventilacdo, se
assemelhando bastante a asma humana (Pirie et al., 2003). Assim como em
humanos, a asma leve é em geral associada a presenca de eosindfilos e
mastocitos enquanto a asma grave a presenca significativa de neutréfilos no
pulméao (Bond et al., 2018).

Os macréfagos alveolares séo células de defesa residentes nos pulmdes
(Hoffman 2008) e tem um papel importante na depuragcéo e no reconhecimento
de particulas inaladas (Muehlmann et al., 2012). Essa capacidade dos
macrofagos de reconhecer e reagir a substancias presentes na poeira organica
€ mediada por receptores do tipo Toll (Toll-like receptors - TLRS), que estédo
associados a ativacao de fator nuclear (NF) kB e a liberacao inicial de TNF-a e
IL-1B (Laan et al., 2005).

As demais citocinas liberadas em resposta a ativacdo dos TLRs de
macrofagos promovem o recrutamento de outros macréfagos e linfocitos, onde
os linfocitos se diferenciam em T auxiliares ou helpers (Th) tipo 1 ou 2
dependendo do perfil de interleucinas secretadas (Ferraz et al., 2015).

Os macroéfagos podem ser ativados por duas vias distintas, a via classica
ou a via alternativa, o que vai determinar se seu fenoétipo sera tipo M1 ou M2
(Saradna et al., 2018). Os macrofagos M1 tem grande efeito citotdxico e sao
eficientes contra agentes agressores, sua ativacdo € mediada por estimulos
como IFN-y, TNF-a e LPS (perfil Thl). A ativacao alternativa do macréfago é

mediada pela IL-4, IL-10 e IL-13 (perfil Th2), originando macréfagos M2, que
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promovem a limpeza de detritos e 0 aumento da contratibilidade do masculo liso,
0 que contribui para a expulsao de patdgenos (Neves 2015).

A adesao dos macrofagos é fundamental para sua migracéo e atividade
fagocitaria e todos estes processos dependem da remodelacéo do citoesqueleto
e tem proteinas reguladoras em comum, estas sdo capazes de direcionar a
adesdo e ativacdo celular (Zaveri et al., 2014). E possivel que TLR2 e TLR4
facam a mediacdo e a transducdo de sinais que levam ao espraiamento e a
polarizacdo de macrofagos (Lasunkaia et al., 2006, Wenzel et al., 2011).

Para o melhor entendimento da asma e suas vias de ativagdo, agentes
fungicos e bacterianos sdo frequentemente empregados nos desafios de grupos
celulares envolvidos nesta enfermidade (Laan et al., 2005), dentre eles estdo o
Aspergylus Fumigatus e o lipopolissacarideo derivado de Escherichia coli (LPS)
(Calzetta et al., 2018; Guerra et al., 2017; Waldschmidt et al., 2013).

O LPS é um glicolipideo que constitui a maior fragdo néo-proteica da
parede de bactérias gram-negativas (Nair, G. B., & Takeda 1997). Na asma a
presenca de LPS é reconhecida por TLRs4 (Ferraz et al., 2011).

O zimosan €é uma fracdo de levedura, contendo polissacarideos
comumente usados para avaliar a atividade fagocitaria de macréfagos
(Michelotto et al., 2010; Dyrynda et al., 1998). Ao entrar em contato com 0s
macrofagos alveolares, o reconhecimento deste antigeno € em geral, feita por
TLRs2 e TLRs6, (Ferraz et al., 2015). O zimosan vem sendo empregado para a
realizacdo de desafios celulares (Sato et al., 2003; Guerra et al., 2017), no
entanto ndo sao encontrados relatos de sua utilizacéo para estudos relacionados

a asma equina.
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Como as vias de ativacdo variam conforme o antigeno envolvido, é
possivel que o emprego de diferentes agentes n a inducdo da inflamacao
proporcione diferentes respostas celulares, o que pode ser bastante importante
em estudos da asma equina. Assim, a hipotese do presente estudo é que o
zimosan promove ativacdo de macréfagos alveolares e aumento da area celular
e indice de espraiamento destas células.

OBJETIVOS

Avaliar os efeitos do desafio celular com lipopolissacarideo de Escherichia
coli (LPS - Lipopolysaccharides from Escherichia coli O111:B4 — Sigma Aldrich,
Estados Unidos) e Zimosan (ZIM - Zymosan A from Saccharomyces cerevisiae-
Sigma-Aldrich, Estados Unidos) sobre a morfologia de macréfagos alveolares
(MA) e macrofagos derivados de sangue periférico (MSP) de equinos.
ASPECTOS ETICOS

O estudo foi aprovado pelo Comité de Etica no Uso de Animais (CEUA)
da Pontificia Universidade Catdlica do Parana, sob os numeros 788 e 1038.
DELINEAMENTO DO ESTUDO

Foram utilizados trés cavalos, sendo dois com asma grave (machos, com
28 e 30 anos de idade) e um saudavel (fémea, com 6 anos de idade), pesando
entre 350kg e 500kg do plantel de equinos da Unidade Hospitalar de Equinos —
UHE da Fazenda Experimental Gralha Azul da PUCPR, localizada no municipio
de Fazenda Rio Grande — PR.

Todos os cavalos eram mantidos a pasto, com livre acesso a agua e
recebiam feno a vontade e racéo peletizada uma vez ao dia. Eram vacinados
contra tétano, raiva, influenza equina, Herpes virus 1 e 4 e encefalomielite

equina.
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Os animais foram examinados e tiveram lavado broncoalveolar (LBA) e
sangue periférico colhidos. O LBA foi utilizado para a avaliagdo citoldgica
diferencial e para o isolamento dos MA. O sangue periférico foi utilizado para o
isolamento de mondcitos e subsequentemente de MSP. ApdGs a obtencdo de MA
e MSP, estes foram desafiados com LPS e ZIM.

Cumprido o desafio, os MA e MSP foram submetidos a microscopia
eletronica de varredura (MEV) para a mensuragdo de comprimento, largura e
area, bem como o calculo dos indices de espraiamento e comprimento/largura.
EXAME CLINICO DOS ANIMAIS

O exame clinico abrangeu o histérico de cada animal, exame fisico com
inspecdo, ausculta cardiaca e respiratéria e afericdo da temperatura retal. Todos
0s animais do estudo foram pontuados a partir de uma escala adaptada de
Tesarowski et al. (1996), conforme a avaliacdo dos seguintes sinais clinicos:
frequéncia respiratéria, secrecdo nasal, linha de esfor¢co abdominal, dilatacao
nasal, sons traqueais, sons bronquiais, crepitacdo, sibilo e ressonancia toracica.
Foram considerados animais com o fendétipo da asma grave, equinos com
expiracdo abdominal prolongada, tosse com ou sem presenca de muco nasal e
sem febre concomitante (Kutasi et al., 2011), pontuacéo acima de 6 no escore
clinico (Tesarowski et al., 1996) e neutrofilia 225% no LBA (Couétil et al., 2016).
ISOLAMENTO DE MACROFAGOS DERIVADOS DE SANGUE PERIFERICO

Foram coletados aproximadamente 60mL de sangue periférico obtidos
por venopuncédo da veia jugular, em uma Unica seringa de 60mL com 10% de
heparina sédica 5000UlI/mL (Hemofol®, Cristdlia, S&o Paulo, Brasil). As

amostras foram processadas em camara de fluxo laminar, filtradas em malha de
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100um (Cellstrainer, BD®) e colocadas em tubos cénicos de 50mL e em seguida
centrifugadas a 4509 por 10 minutos para a formacéo do anel de leucécitos.

O anel de leucécitos foi diluido 1:1 em RPMI 1640 (Roswell Park Memorial
Institute - Sigma-Aldrich, St. Louis. Missouri, Estados Unidos) e colocado sobre
o gradiente de densidade Histopaque®-1077 (Sigma-Aldrich, St. Louis. Missouri,
Estados Unidos) e novamente centrifugado a 650g por 30 minutos, onde ocorre
aformacao do anel de células mononucleares. Este foi cuidadosamente pipetado
e colocado em tubo coénico de 50mL com RPMI, posteriormente centrifugado a
400g por 10 minutos, onde se obteve o botdo de células mononucleares. O
sobrenadante foi descartado e o bot&o foi ressuspendido em aproximadamente
3mL de IMDM (Iscove’s Modified Dulbecco’s Medium - Sigma-Aldrich, St. Louis.
Missouri, Estados Unidos), de onde 10pul foram retirados para a contagem celular
pds isolamento, feita na camara de Neubauer.

As células foram colocadas em garrafas de cultivo de 75cm? na
guantidade que variou entre 550 a 800 mil células por cm?, diluidas em 10mL de
RPMI com 10% de SFB. Foram deixadas para aderir por um periodo médio de
18 horas em estufa a 37°C com 5% de CO, (adaptado de Raabe et al., 1998).
Apés o periodo de adesdo o sobrenadante das garrafas foi descartado, as
garrafas foram lavadas com 8mL de tampéao fosfato-salino (PBS) e em seguida
foi acrescentado 8mL de RPMI. As células foram descoladas da garrafa com o
auxilio de um espalhador de células tipo scraper, por trés vezes até que nao
houvesse mais células aderidas.

Os MSP foram colocados em tubos de 50mL e centrifugados a 4509 por
10 minutos. Na sequéncia foram ressuspendidos em 3mL de IMDM para

contagem, verificagcdo da pureza e realizagdo dos ensaios. A contagem de
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células foi realizada em camara de Neubauer e a pureza foi realizada com
laminas coradas com Diff-Quick (Panético Rapido, Laborclin, Parana, Brasil) e
contando 300 células com aumento de 1000 x (Olympus Cx31 trino).

COLETA E PROCESSAMENTO DE LBA

Os cavalos foram mantidos em jejum por no minimo seis horas
antecedentes a coleta para realizar a sedacdo com cloridrato de detomidina
intravenosa (IV) (Eqdomin, 0,02mg/kg, Ourofino, Sdo Paulo, Brasil) e cloridato
de petidina IV (Dolosal, Cristalia, Sdo Paulo, Brasil).

A coleta do fluido do LBA foi realizada com uma sonda flexivel de silicone
marca Cook (V-PBAL-300, Cook Vet Products, Hamburg, Alemanha), de 300 cm
de comprimento e 8 mm de didmetro. Esta foi introduzida via nasotraqueal até
se alojar em um brénquio, quando o cuff na extremidade distal foi inflado com
10mL de ar. Utilizou-se 500mL de solucéo salina de cloreto de sédio 0,9% estéril
pré-aquecida a 37°C (Hoffman, 2008), infundidos em aliquotas de 125mL e
aspirados ap0s cada aliquota. O material recolhido ficou acondicionado em gelo
em tubos para centrifuga estéreis de 50mL até a chegada ao laboratorio, para o
processamento, cerca de duas horas apds a coleta.

No laboratério, o fluido do LBA foi centrifugado a 340 g por seis minutos,
a 4°C (Michelotto et al., 2010) e o botdo de células obtido foi ressuspendido em
5mL do préprio sobrenadante. A contagem do nimero total de células nucleadas
foi realizada na camara de Neubauer, a partir do quadrante central maior foram
contadas todas as células dos 25 quadrantes menores, posteriormente
multiplicadas pelo volume da camara (10uL) e pela diluicdo das amostras
(5000uL) e a viabilidade das células foi verificada através da coloracdo das

células com azul de Tripan, na proporcao de 5 partes de células para 1 de azul
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de Tripan, colocadas na camara de Neubauer e contadas da mesma forma que
a contagem total, onde as células mortas ficam coradas em azul e as células
vivas ndo. A partir do botdo de células, empregou-se 10 pL para a confeccéo de
laminas para a avaliacdo citolégica, que foram coradas com a técnica de
Romanowski (Pandtico Rapido, Laborclin, Parana, Brasil) para contagem
diferencial das células em aumento de 1000X (Olympus Cx31 trino).

DESAFIO CELULAR

Foram plaqueados 200uL de MA e MSP na concentracdo de 5x10°
células/mL em pocos de uma microplaca de 24 poc¢os, em cima de laminulas de
vidro previamente dispostas na placa. A placa foi incubada por 30 minutos a
37°C, adaptado de Michelotto et al. (2010), favorecendo a adesao dos MA e MSP
as laminulas.

Decorridos o isolamento e adesao dos MA e MSP, foram acrescentados
os indutores inflamatodrios: lipopolissacarideos de Escherichia coli (LPS —
Lipopolysaccharides from Escherichia coli O111:B4 — Sigma Aldrich, Estados
Unidos) e Zimosan (ZIM - Zymosan A from Saccharomyces cerevisiae- Sigma-
Aldrich, Estados Unidos). Os macrofagos foram desafiados com 100ul de LPS
(100ng/mL - adaptado de Lohmann 2004) e ZIM (100mg/mL - adaptado de Camp
et al., 1982), enquanto o grupo controle teve a adicdo de 100ul de PBS por poco.
As placas foram incubadas por 60 minutos em estufa a 37°C, em seguida
procedeu-se a preparacéo para a MEV.

MICROSCOPIA ELETRONICA DE VARREDURA

Ap6s a ultima incubacao, o sobrenadante foi descartado, e os pocos foram

lavados com PBS para proceder a posterior fixacao das células (adaptado de

Mobasseri et al.,, 2017). As laminulas foram imersas em uma solucado de
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glutaraldeido a 3%, obtido através da diluicdo do glutaraldeido 25% em agua
ultrapura (Glutaraldeido solu¢do 25% P.S. — Dinamica Quimica contemporanea
— Indaiatuba - SP) por 120 minutos e posteriormente lavadas com PBS.

Em seguida foram desidratadas em etanol 35%, 50%, 70% e 100% por 10
minutos em cada solucdo. Para finalizar, as laminulas foram colocadas por 10
minutos em Hexametildisilazano (HMDS — Sigma-Aldrich, St. Louis. Missouri,
Estados Unidos). Apés o processo de fixacao e desidratagdo as laminulas foram
metalizadas com uma camada de ouro por 120 segundos no metalizador
Quorum (Q150RES), para serem posteriormente visualizadas no microscopio
eletrénico de varredura (Tescan vega3 scanning electron microscope, Republica
Tcheca), e capturadas e analisadas com o auxilio do programa Vega 3.

Com auxilio do programa Vega 3, foram manualmente tracadas linhas de
cota e contorno celular mensurando as medidas de largura, comprimento e area
de 20 células por animal, por grupo (MA+PBS, MA+LPS, MA+ZIM, MSP+PBS,
MSP+LPS e MSP+ZIM), totalizando 120 células de cavalos asmaticos (A, n=40)
e 60 células de um cavalo saudavel (S, n=20), aleatoriamente escolhidas, com
pelo menos uma das medidas acima de 9um (Cowell e Tyler, 2001) com
pseuddpodos, para excluir a possibilidade de mensurar linfécitos ou
polimorfonucleados que eventualmente tenham permanecido nas laminulas,
uma vez que as células passaram pelo processo de adesado e a grande maioria
eram macrofagos.

Apbs estas mensuracdes foram estabelecidos dois indices para
comparacdo: o indice de espraiamento celular e o0 indice de
comprimento/largura. O indice de espraiamento foi estimado como uma relagdo

de uma area celular média de células desafiadas com LPS e ZIM com a area
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média de células ndo tratadas (PBS). J4 o indice comprimento/largura das
células foi determinado pela razdo dos tracados manuais do comprimento em
relacdo a largura de células selecionadas aleatoriamente (Lasunskaia et al.,
2006).

As etapas de metalizacdo, registros fotograficos e mensuragdes das
células foram feitas no laboratério de Engenharia Mecanica da PUCPR, no
municipio de Curitiba — PR.

ANALISE ESTATISTICA

A andlise estatistica incluiu comparagdes entre grupos e desafios dentro
de cada grupo.

Para as avaliacOes estatisticas foram utilizadas a analise de variancia
(ANOVA one-way) seguida do teste de Tukey de mdltipla comparacao e teste t
student para a comparagao entre grupos nos mesmos momentos de avaliacéo,
utilizando GraphPadPrism versao 5.00 para Windows (GraphPad Software, San
Diego, California, EUA). Os valores de p<0,05 foram considerados como
significativos.

RESULTADOS
ISOLAMENTO DE MSP

A média de MSP isolados apés adeséo ao plastico por aproximadamente

18 horas foi de 7,8%, e a pureza de macroéfagos isolados foi de 95,4% com 4,6%

de contaminagéo por linfécitos (tabela 01).
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Isolamento Pureza do isolamento

MSP MSP LO
(%) (%) (%)
Cavalo 1 16,24 96 4
Cavalo 2 4,94 96 4
Cavalo 3 479 98 2
MEDIA 8,66 96,67 3,33
DESVIO PADRAO +6,57 +1,15 +1,15

Tabela 1 — Resultados obtidos a partir do isolamento e cultivo das células usadas nos ensaios.
Porcentagem de isolamento de MSP; percentual de pureza dos MSP ap0s a adesao por 18 horas
em garrafas de cultivo. MSP — macréfagos derivados de sangue periférico; LO — linfécitos;

DESAFIO CELULAR e MICROSCOPIA ELETRONICA DE VARREDURA

E possivel visualizar as diferencas nas dimensées (largura, comprimento
e area) dos MA e MSP entre os grupos controle e os desafiados com LPS e ZIM
(figura 01).

A mensuracao da area celular dos grupos controle e desafiados por LPS
e ZIM apresentou diferenca estatistica significativa entre eles (grafico 01), porém
guando os grupos foram analisados separadamente, ou seja, cavalo saudavel
versus cavalos asmaticos, os MA do cavalo saudavel tiveram média de area
significativamente maior do que os dos demais animais e ndo apresentou
variacdo quando exposto ao LPS e ZIM, diferente dos MSP saudaveis, que

apresentaram o mesmo comportamento dos MA e MSP asmaticos (grafico 02).
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Figura 01: Diferengas morfoldgicas e dimensionais dos MA e MSP controle (PBS) e desafiados
com LPS e ZIM. Células fotografadas em microscopia eletrénica de varredura e mensuradas com
auxilio do software Vega 3 - TESCAN. MA - macrofagos alveolares; MSP - macréfagos derivados
de sangue periférico; PBS - macréfagos desafiados com tampéo fosfato-salino; LPS -
macréfagos desafiados com lipopolisacarideo de Escherichia coli; ZIM - macrofagos desafiados
com zimosan (Zymosan from Saccharomyces).
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O indice de espraiamento (grafico 03) também apresentou diferenca
estatistica significativa entre os grupos, mas quando comparamos cavalo
saudavel versus cavalos asméticos, os MA do cavalo saudavel tiveram média de
espraiamento significativamente menor do que os MSP saudaveis e MA e MSP

dos asmaticos desafiados por ZIM (gréafico 04).
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Gréfico 01 - Area dos macrofagos alveolares (MA) e dos macrofagos derivados de sangue
periférico (MSP) de equinos desafiados com lipopolissacarideo (LPS) de E. coli e Zimosan (ZIM)
e mensurados a partir de imagens obtidas por microscopia eletrénica de varredura.
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Gréfico 02 - Area dos macrofagos alveolares (MA) e dos macrofagos derivados de sangue
periférico (MSP) de equinos saudaveis vs. asmaticos, desafiados com lipopolissacarideo (LPS)
de E. coli e Zimosan (ZIM) e mensurados a partir de imagens obtidas por microscopia eletrénica
de varredura.
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Gréfico 03 — indice de espraiamento dos macréfagos alveolares (MA) e dos macréfagos
derivados de sangue periférico (MSP) de equinos desafiados lipopolissacarideo (LPS) de E. coli
e Zimosan (ZIM) e mensurados a partir de imagens obtidas por microscopia eletrénica de
varredura.
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Gréfico 04 — indice de espraiamento dos macréfagos alveolares (MA) e dos macréfagos
derivados de sangue periférico (MSP) de equinos saudaveis vs. asmaticos, desafiados com
lipopolissacarideo (LPS) de E. coli e Zimosan (ZIM) e mensurados a partir de imagens obtidas
por microscopia eletrénica de varredura.

O indice de comprimento/largura, que pode ser usado para avaliar a deformidade

ou crescimento desproporcional das células, ndo teve diferenca estatistica

significativa entre os grupos e entre os desafios (grafico 05).
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Gréfico 05 — indice de comprimento/largura dos macréfagos alveolares (MA) e dos macréfagos
derivados de sangue periférico (MSP) de equinos desafiados com lipopolissacarideo (LPS) de
E. coli e Zimosan (ZIM) e mensurados a partir de imagens obtidas por microscopia eletrénica de
varredura.
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Gréfico 06 — indice de comprimento/largura dos macréfagos alveolares (MA) e dos macréfagos
derivados de sangue periférico (MSP) de equinos saudaveis vs. asmaticos, desafiados com
lipopolissacarideo (LPS) de E. coli (LPS) e Zimosan (ZIM) e mensurados a partir de imagens
obtidas por microscopia eletrénica de varredura.

DISCUSSAO
A quantidade de células mononucleares derivadas de sangue periférico
colocada para o isolamento de MSP foi inferior a 1x10°células/cm? e a média de

recuperacao de MSP que aderiram ao plastico foi de 7,8%. Ha indicacdo para

43



colocar 5x108células/cm? (Du et al., 2015), mas o valor de recuperac¢éo néo foi
referido, assim como em outros trabalhos. O grau de pureza atingido no presente
estudo foi de 95,4%. Ocorre que poucos trabalhos divulgam o percentual de
isolamento de MSP, sendo que em dois deles este percentual foi de 97% (Moore
et al., 2003) a quase 100% (Raabe et al., 1998).

Em humanos, o padrdo ouro de isolamento é pelo método
eletromagnético onde se obtém cerca de 95% de pureza, enquanto o referido
pelo método de gradiente de densidade (que foi 0 mesmo utilizado no presente
estudo) é de 87% (Zhou et al., 2012).

Agentes desencadeadores da asma equina sao empregados de forma
sistematica em diversos estudos envolvendo MA e MSP. Trabalhos mostram a
utilizacdo de LPS e Aspergillus fumigatus para estudos in vitro e in vivo (Calzetta
et al., 2018, Ivester et al., 2014; Laan et al., 2005). Desta forma, este trabalho
usou o0 zimosan como uma alternativa de agente fangico para ativagéo celular e
estabeleceu uma comparacédo entre ele e uma metodologia ja utilizada com LPS,
ambos in vitro. Para verificar a ativagdo dos MA e MSP provocada por zimosan
e LPS, foi utilizada a observacédo das células por MEV, verificando possiveis
alteracdes morfoldgicas ao desafio.

A alteracdo morfologica envolve um rearranjo do citoesqueleto celular,
mecanismo envolvido na migracéo e atividade celular induzida por processos
inflamatorios (Lasunskaia et al., 2006). O aumento do espraiamento causado por
LPS ja é conhecido (Wenzel et al., 2011), porém néo foi anteriormente descrito
utilizando o zimosan. As alteracdes morfoldégicas ndo ocorreram ao avaliarmos

0s animais separadamente, quando a morfologia dos MA do animal saudavel
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diferiram da dos MSP do mesmo animal ou ainda MA e MSP dos animais
asmaticos.

Os resultados gerais demonstraram que o zimosan foi capaz de induzir
ativacdo dos MA e MSP, demonstrada pelo aumento da area e do espraiamento
celular, ambos envolvidos no processo de adeséao e fagocitose. Houve ainda um
aumento significativo nas dimensdes (largura e comprimento) das células
desafiadas pelo zimosan, quando comparados aos outros grupos.

E importante ressaltar que existe a possibilidade de que as alteracdes
sejam dose-dependentes. No entanto o foco do presente trabalho foi avaliar a
eficiéncia do zimosan para causar alteracdes morfoldégicas nos MA e MSP,
usando a metade da dose referenciada por Camp e colaboradores (1982) em
experimentos de quimiotaxia em células inflamatorias de equinos. Desta forma,
a dose proposta pelo estudo se mostrou efetiva.

CONCLUSAO

A utilizacao de diferentes agentes indutores de inflamacao em estudos da
asma in vitro podem ajudar a compreender as diversas respostas a doenca e
escolhas terapéuticas. Neste contexto, 0 zimosan pode ser uma alternativa ja
gue foi capaz de promover a ativagao de MA e MSP demonstrada por alteragoes
morfolégicas envolvidas na adesao e fagocitose executadas por estas células
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CAPITULO 3
Artigo: COMPARACAO ENTRE A ACAO DE CELULAS MONONUCLEARES E
CELULAS ESTROMAIS MESENQUIMAIS DERIVADAS DE MEDULA OSSEA
SOBRE MACROFAGOS ALVEOLARES DE EQUINOS COM ASMA
RESUMO

INTRODUCAO: A asma equina é uma inflamac&o crénica reversivel bastante
debilitante e embora os tratamentos controlem a inflamacdo a enfermidade
permanece sem cura. OBJETIVO: Comparar a acéo de células mononucleares
autologas e células estromais mesenquimais alogénicas, ambas derivadas de
medula 6éssea, sobre macrofagos alveolares (MA) de equinos asmaticos.
MATERIAL E METODOS: Cinco cavalos, com histérico de tosse e dificuldade
respiratoria tiveram o LBA colhido para o isolamento de MA desafiados com
lipopolissacarideo Escherichia coli (LPS) e Zimosan (ZIM - Zymosan A from
Saccharomyces), tratados com dexametasona (5uM), células mononucleares
derivadas de medula 6ssea (MNDMO - 1x10°%células/mL) e células estromais
mesenquimais (EMDMO - 1x10°células/mL). Foram avaliadas as atividades de
adeséo e fagocitose, concentracéo de nitritos, proteinas totais e interleucinas 13
(IL-1B) e fator de necrose tumoral a (TNF-a). RESULTADOS: Todos 0s animais
apresentaram fenotipo de asma. A dexametasona reduziu fagocitose e
MA+DEXA (p=0,0317), MA+LPS+DEXA (p=0,0159) e MA+ZIM+DEXA
(p=0,0079) em relacdo aos MA. A concentracdo de proteinas foi maior nos
grupos tratados com terapia celular MA+LPS+MNDMO (p=0,0317),
MA+ZIM+MNDMO (p=0,0159), MA+LPS+EMDMO (p=0,0079) e
MA+ZIM+EMDMO (p=0,0079) em relacdo aos MA. Houve reducédo da secrecao
de IL 18 em MA+DEXA (p=0,0317), MA+LPS+DEXA (p=0,0159) e
MA+ZIM+DEXA (p=0,0159) em relagéo as MA. A concentracéo de TNFa reduziu
em todos os tratamentos mas foi significativo apenas em MA+DEXA (p=0,0317),
MA+LPS+DEXA (p=0,0317) e MA+ZIM+DEXA (p=0,0079) em relacdo as MA.
CONCLUSAO: Os efeitos da terapia celular sobre os MA de cavalos asmaticos
foram benéficos. Houveram diferencas em algumas respostas entre LPS e ZIM
e MNDMO e EMDMO.

Palavras chave: asma equina, terapia celular, macréfagos alveolares
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INTRODUCAO

A asma equina, assim como a asma humana, € uma inflamacao crénica
reversivel das vias aéreas que pode ser bastante debilitante, caracterizada por
broncoconstricdo, dispneia e producdo de muco (Fillion-Bertrand et al., 2019).
Enquanto a forma leve da enfermidade é associada a cavalos jovens, a forma
grave é associada a cavalos mais velhos (acima de 7 anos de idade), mas ambas
podem ser desencadeadas pela constante exposicdo a poeira, fungos e
bactérias, podendo ou ndo estar associada as pastagens (Bond et al., 2018).

Animais com asma leve podem ou ndo apresentar sinais clinicos, e
guando ocorrem, normalmente sao exacerbados durante ou logo apds o
exercicio como tosse, cansaco e dispneia (Couétil et al., 2016). J& os sinais
clinicos apresentados por animais com asma grave costumam ser mais
evidentes, envolvendo a presenca de tosse espontanea, dispneia em repouso,
intoleréncia ao exercicio e presenca da linha de esforco abdominal, que surge
devido ao esforco expiratério (Kutasi et al., 2011).

A asma pode ser de fundo alérgico ou inflamatorio e essa diferenca esta
relacionada com o tipo de agente causal e com a acdo imunoldgica frente ao
agente (Froidure et al., 2015). A resposta a asma esta associada a células
dendriticas, eosindfilos, linfocitos, neutréfilos e macréfagos (Kim et al., 2010).

Os macrofagos alveolares (MA), células de defesa residentes nos
pulmdes, sdo capazes de reconhecer antigenos pelo intermédio de receptores
toll-like (TLRs) (Laan et al., 2006). Apés o reconhecimento, os macréfagos
liberam interleucinas capazes de atrair outros leucdcitos, dentre eles novos
macroéfagos e linfécitos, que se diferenciam em T auxiliares ou helpers (Th) tipo

1 ou 2 dependendo do perfil de interleucinas secretadas (Ferraz et al., 2015).
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Na asma alérgica ha resposta tipo Th2, com liberacdo de IgE, influxo de
mastocitos e recrutamento de eosinéfilos (Froidure et al., 2015), enquanto na
asma nao alérgica nao ha liberacao significativa de IgE, mas ocorre um aumento
dos niveis de IL-17 e o recrutamento de neutréfilos (Raedler et al., 2015).

As vias de ativagdo da asma equina nem sempre apresentam uma
resposta Thl ou Th2 bem estabelecida (Lavoie-Lamoureux et al., 2010; Tessier
et al. 2018) e € possivel que isso esteja relacionado ao tipo de antigeno e as vias
de ativagdo desencadeadas. O reconhecimento do polissacarideo derivado de
fungo (zimosan) por exemplo, em geral é feita por TLRs2 e TLRs6, enquanto o
reconhecimento de lipopolissacarideos (LPS) bacterias gram-negativas ocorre
por TLRs4 (Ferraz et al., 2015). Como a antigeno é capaz de influenciar as vias
de ativacdo, é possivel que influencie também na forma de apresentacdo da
doenca e na resposta terapéutica.

O diagnostico definitivo baseia-se em sinais clinicos, endoscopia
respiratoria e coleta de lavado broncoalveolar (LBA), onde ha o aumento do
namero de neutréfilos (Hoffman 2008), variando entre 5% e 20% na asma leve
e mais de 25% na asma grave (Couétil et al., 2016).

Embora os tratamentos convencionais, a base de corticosteroides,
controlem a inflamacgéo, podem causar efeitos adversos (Dauvillier et al., 2011),
além disso a enfermidade permanece sem cura. Em humanos, héa dados claros
sobre pacientes refratarios aos tratamentos (Hekking et al., 2015), o que néo
estad bem estabelecido, mas também pode ocorrer em equinos. Assim, a terapia
celular foi a opgéo escolhida por este grupo, pelos bons resultados terapéuticos

em varios espectros da ciéncia.
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As células mononucleares derivadas de medula 6ssea (MNDMO) se
mostraram eficazes no tratamento da asma em equinos (Barussi et al., 2016),
enquanto as células estromais mesenquimais derivadas de medula 6ssea
(EMDMO) se mostraram eficazes em outros modelos de asma (Du et al., 2018;
Firinci et al., 2011).

As EMDMO séo potentes imunomoduladoras, promovendo liberagao de
citocinas e ativacao do sistema imunolégico (Cruz et al. 2012). A manipulagéo
de células MNDMO ¢é mais rapida e menos custosa quando comparada a de
células EMDMO, uma vez que ndo exige cultivo.

Assim, este grupo buscou compreender de que forma a terapia com
MNDMO e EMDMO pode interferir em algumas atividades desempenhadas
pelos macréfagos alveolares (MA) de cavalos asmaticos, desafiados in vitro com
diferentes antigenos.

OBJETIVO

Comparar a acao de células mononucleares autologas e células estromais
mesenquimais alogénicas, ambas derivadas de medula Ossea, sobre
macroéfagos alveolares de equinos asmaticos desafiados in vitro com fragmentos
de fungos e bactérias.

ASPECTOS ETICOS

O estudo foi aprovado pelo Comité de Etica no Uso de Animais (CEUA)
da Pontificia Universidade Catdlica do Parand, sob os nimeros 788 e 1038.
DELINEAMENTO DO ESTUDO

O estudo avaliou a acao de células MNDMO e EMDMO, sobre MA
desafiados com lipopolissacarideo Escherichia coli (LPS) e Zimosan (ZIM -

Zymosan A from Saccharomyces).
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Foram usadas EMDMO provenientes de um unico cavalo, doador
saudavel, que foram cultivadas e congeladas em estudo conduzido no ano de
2015. Cinco cavalos, com histdrico de tosse, os quais também tinham medula
0ssea (MO) coletada no mesmo ano e a fracdo mononuclear estava devidamente
separada e criopreservada a -192 °C desde 2015 (Bastos et al., 2017-b), tiveram
0 LBA colhido nos meses de outubro, novembro e dezembro de 2018. O LBA foi
utilizado para a avaliagédo citologica diferencial e para o isolamento de MA a
serem utilizados nos ensaios em presenca de LPS e ZIM (figura 01). O tamp&o
fosfato-salino (PBS) foi usado como controle tanto para o desafio celular quanto
para o tratamento.

Apoés isolados os MA, estes foram desafiados com LPS e ZIM por 60
minutos e posteriormente tratados com MNDMO, EMDMO e dexametasona,
sendo posteriormente avaliados com relacdo a atividade em ensaios de adeséo
e fagocitose, e o0 sobrenadante dos pocos avaliados foi utilizado para a dosagem
de nitritos, dosagem de proteinas totais, dosagem de interleucinas IL13 (IL-1B)

e fator de necrose tumoral a (TNF-a).
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ANIMAIS

Foram estudados cinco cavalos, sem raca definida, duas fémeas e trés
machos, pesando entre 350kg e 500kg e com idade entre 9 e 30 anos, do plantel
de equinos da Unidade Hospitalar de Equinos — UHE da Fazenda Experimental
Gralha Azul da PUCPR, localizada no municipio de Fazenda Rio Grande — PR,
cavalos entre os meses de outubro e dezembro de 2018. Todos cavalos tinham
gueixa de tosse e trés deles tinham histérico de asma grave.

Todos os cavalos eram mantidos a pasto, com livre acesso a agua e
recebiam feno a vontade e ragéo peletizada duas vezes ao dia. Eram vacinados
contra tétano, raiva, influenza equina, Herpes virus 1 e 4 e encefalomielite
equina.

EXAME CLINICO DOS ANIMAIS

O exame clinico iniciou com o histérico de cada animal, seguindo de
exame fisico, com inspecdo, ausculta cardiaca e respiratéria e afericdo da
temperatura retal. Todos os animais do estudo foram pontuados segundo o
escore desenvolvido por Tesarowski et al. (1996). Foram considerados animais
com o fenétipo da asma grave, que S80 equinos que apresentaram expiracao
abdominal prolongada, tosse com ou sem presenca de muco nasal e sem febre
concomitante (Kutasi et al., 2011), pontuacdo acima de 6 no escore clinico
conforme Tesarowskiet al. (1996) e neutrofilia 225% no LBA (Couétil et al., 2016).
COLETA DE MEDULA OSSEA, ISOLAMENTO E PROCESSAMENTO DAS
CELULAS DERIVADAS DE MEDULA OSSEA

A coleta de MO, bem como o isolamento e processamento das MNDMO

foram executados em 2015 conforme descrito por Barussi e colaboradores
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(2016). As MNDMO foram criopreservadas em nitrogénio liquido a -192 °C por
aproximadamente 3 anos, descongeladas em 2018 para o presente estudo.

As EMDMO foram obtidas através do cultivo de MNDMO de um equino
saudavel e previamente coletadas e criopreservadas por aproximadamente 3
anos. As MNDMO foram plaqueadas em garrafas de cultivo de 75cm?, com filtro,
em uma quantidade 1x10°células diluidas em 8mL de IMDM (Iscove’s Modified
Dulbecco’s Medium - Sigma-Aldrich, St. Louis. Missouri, Estados Unidos) e 2mL
de Soro Fetal Bovino (SFB), colocadas em estufa a 37°C e 5% de CO,, onde
permaneceram até atingir de 90 a 100% de confluéncia e assim foram passadas
para novas garrafas de cultivo até atingir a terceira passagem (P3).

Para a realizacdo das passagens, as ceélulas foram lavadas duas vezes
com 8mL de PBS e em seguida passaram por dissocia¢cdo enzimatica com 5mL
de tripsina (Trypsin-EDTA -0.25%-, phenol red - Thermo Fisher Scientific —
Estados Unidos) por 4 minutos em estufa a 37°C e 5% de CO,, ap0s a tripsina,
foram adicionados 2mL de SFB em cada garrafa, o conteddo da garrafa foi
retirado com pipeta e centrifugado a 400g por 10 minutos com 9 de freio e 9 de
aceleracdo. Em seguida o sobrenadante foi descartado e o botdo de células
resultante foi diluido em 2mL de IMDM. As células foram contadas em camara
de Neubauer a partir do quadrante central maior foram contadas todas as células
dos 25 quadrantes menores, posteriormente multiplicadas pelo volume da
camara (10uL) e pela diluicdo das amostras (5000uL) e a viabilidade das células
foi verificada através da coloracéo das células com azul de Tripan, na propor¢cao
de 5 partes de células para 1 de azul de Tripan, colocadas na camara de
Naubauer e contadas da mesma forma que a contagem total, onde as células

mortas ficam coradas em azul e as células vivas ndo. Apos a realizacdo da
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contagem total e viabilidade, as células foram plagueadas até chegar em
passagem desejada.

A partir de P3 as células foram retiradas das garrafas da mesma forma
realizada anteriormente, ressuspendidas para contagem e congeladas em
criotubos em quantidades variadas entre 3 e 10x10°® EMDMO por criotubo. O
meio de congelamento era constituido de 20% SFB, 20% dimetilsulfoxido
(DMSO) e 60% de IMDM. As células foram ressuspendidas no meio de
congelamento em banho de gelo. Armazenado em criotubos acondicionados a -
80°C por 24 horas e depois transferidos para o nitrogénio liquido a -192 °C até o
momento da realizagdo dos ensaios.

COLETA E PROCESSAMENTO DE LBA

Os cavalos foram mantidos em jejum por no minimo seis horas
antecedentes a coleta. A sedacao com cloridrato de detomidina intravenosa (1V)
(Eqdomin, 0,02mg/kg, Ourofino, Sdo Paulo, Brasil) e cloridato de petidina IV
(Dolosal, Cristalia, Sado Paulo, Brasil).

A coleta do fluido do LBA foi realizada com uma sonda flexivel de silicone
marca Cook (V-PBAL-300, Cook Vet Products, Hamburg, Alemanha), de 300 cm
de comprimento e 8 mm de didametro. Esta foi introduzido via nasotraqueal até
se alojar em um bronquio, quando o cuff na extremidade distal foi inflado com
10mL de ar. Utilizou-se 500mL de solucéo salina de cloreto de sédio 0,9% estéril
pré-aquecida a 37°C (Hoffman, 2008), infundidos em aliquotas de 125mL e
aspirados ap0s cada aliquota. O material recolhido ficou acondicionado em gelo
em tubos para centrifuga estéreis de 50mL até a chegada ao laboratério, para o

processamento, cerca de duas horas apés a coleta.
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No laboratorio, o fluido do LBA foi centrifugado a 340 g por seis minutos,
a 4°C (Michelotto et al., 2010-b) e o botao de células obtido foi ressuspendido no
proprio sobrenadante. A contagem do numero total de células nucleadas foi
realizada na camara de Neubauer, a partir do quadrante central maior foram
contadas todas as células dos 25 quadrantes menores, posteriormente
multiplicadas pelo volume da camara (10uL) e pela diluicdo das amostras
(5000uL) e a viabilidade das células foi verificada através da coloracdo das
células com azul de Tripan, na proporgéo de 5 partes de células para 1 de azul
de Tripan, colocadas na camara de Neubauer e contadas da mesma forma que
a contagem total, onde as células nao viaveis ficam coradas em azul e as células
vidveis nao.

A partir do botdo de células de células, empregou-se 10 pL para a
confeccdo de laminas para a avaliacdo citologica, que foram coradas com a
técnica de Romanowski (Panético Rapido, Laborclin, Parana, Brasil) para
contagem diferencial das células em aumento de 1000X (Olympus Cx31 trino).
Duas aliquotas de 2mL do sobrenadante do fluido do LBA foram separadas na
fase de centrifugacdo e congeladas a -20°C para analises futuras.
ISOLAMENTO DAS CELULAS DO LAVADO BRONCOALVEOLAR

Apbs a contagem do numero total de células obtidas no LBA, a suspenséao
celular foi ajustada para a concentracdo de 5x10° células viaveis/mL. Foram
plagueados 100uL da suspensao ajustada em pogos de uma microplaca de 96
pocos, em triplicata para cada ensaio a ser realizado. A placa foi incubada por
30 minutos a 37°C, adaptado de Michelotto et al. (2010-b), favorecendo a adesé&o

dos MA ao plastico.
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DESAFIO CELULAR

Decorridos o isolamento e adesdo dos MA, as células foram desafiadas
acrescentando 50ul/poco de indutores inflamatorios: lipopolissacarideo de
Escherichia coli (LPS — Lipopolysaccharides from Escherichia coli O111:B4 —
Sigma Aldrich, Estados Unidos) na concentracdo de 100ng/mL (adaptado de
Lohmann 2004) e Zimosan (ZIM - Zymosan A from Saccharomyces cerevisiae-
Sigma-Aldrich, Estados Unidos), na concentragao de 100mg/mL (adaptado de
Camp et al., 1982). As placas foram incubadas por 60 minutos em estufa a 37°C,
em seguida procederam-se 0s tratamentos.
TRATAMENTOS

Os tratamentos testados foram: dexametasona injetavel (DEXA- 0,5uM)
(Déxium® - Chemitec, Sao Paulo, Brasil), células mononucleares derivadas de
medula 6ssea autélogas (MNDMO - 1x10°células/mL), células estromais
mesenquimais derivadas de medula 0ssea alogénicas
(EMDMO1x108células/mL). Os tratamentos foram plaqueados em uma
quantidade de 100ul por poco e as placas permaneceram incubadas por 60
minutos em estufa a 37°C. Apés esse periodo, o sobrenadante foi coletado com
micropipeta, armazenado em microtubos e congelado a -20°C para posterior
analise de IL1B e TNFa.
ADESAO DO MACROFAGO ALVEOLAR

Apoés a retirada do sobrenadante da placa, os pocgos foram lavados duas
vezes com PBS e as células aderentes foram entéo fixadas com metanol 50%
por 10 minutos em temperatura ambiente.

Apoés este periodo, descartou-se o sobrenadante e adicionou-se 100uL de

corante de Giemsa a 0,2% (Sigma-Aldrich, St. Louis. Missouri, Estados Unidos)
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a cada poco por 40 minutos em temperatura ambiente. Os pocos foram
novamente lavados duas vezes com PBS e adicionou-se 200 pL de metanol
50%. Apos 30 minutos, a solucdo resultante teve sua absorbancia lida em
espectrofotdbmetro com comprimento de onda correspondente a 550nm
(Versamax — Microplat reader — Molecular devices — San Jose, CA - USA). Esse
ensaio foi adaptado da técnica de Rosen e Gordon (1987).

ATIVIDADE FAGOCITARIA DO MACROFAGO ALVEOLAR

Apoés as placas com macrofagos terem seus pocos lavados duas vezes com
PBS, como no ensaio acima, adicionou-se a cada poc¢o 100uL de PBS e 20uL de
zimosan (Sigma-Aldrich, St. Louis, Missouri, Estados Unidos) corado com vermelho
neutro (6,7mg/mL, Sigma-Aldrich, St. Louis, Missouri, Estados Unidos) e incubados
em estufa a 37°C por 30 minutos.

ApoOs a retirada do sobrenadante, as células foram fixadas com solucédo
de Baker (4% formaldeido, 2% cloreto de sddio, 1% acetato de calcio, solucao
aquosa) por 30 minutos a 37°C. Em seguida, apos descarte do sobrenadante, o
corante vermelho neutro foi solubilizado com 200puL de solucédo de extragéo (10%
acido acético glacial, 40%etanol em solu¢ao aquosa) e incubado por 30 minutos.
ApOs este periodo a absorbancia foi mensurada a 550nm (Versamax — Microplat
reader — Molecular devices — San Jose, CA - USA). Esse ensaio foi adaptado do
método descrito por Dyrynda et al. (1998).

O resultado final da atividade fagocitaria foi corrigido pela adesédo dos
macroéfagos alveolares (fagocitose/adesao), para cada animal e a cada desafio

e tratamento, obtendo assim a fagocitose relativa em cada desafio e tratamento.
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CONCENTRACAO DE NITRITOS

A concentracdo de nitritos no LBA foi utilizada como indicador da
producao de 6xido nitrico na regido broncoalveolar.

Para esta andlise foi utilizado o kit para determinacéo da concentracao de
nitritos (Griess Reagent Kit for Nitrite Determination -G-7921 - Thermo Fisher
Science — San Francisco - USA). Em microplaca de 96 pocos, adicionou-se 20
UL de reagente de Griess, a 150 pL de amostra (sobrenadante obtido a partir dos
pocos dos grupos e tratamentos testados) e 130 pL de agua deionizda.

As placas foram incubadas por 30 minutos em temperatura ambiente, em
seguida lidas em absorbancia de 548 nm utilizando-se um espectrofotdmetro
para microplacas (Versamax — Microplat reader — Molecular devices — San Jose,
CA - USA). Os resultados foram expressos como absorbancia a 548nm.
COCENTRACAO DE PROTEINAS TOTAIS

Em microplaca de 96 pocos, 250uL de reagente de Bradford (100mg de
Coomassie Blue, 50mL de etanol 95% + 100mL de &cido fosférico 85%,
completar com agua ultrapura para 1000mL) foi adicionado a 10uL de amostra
(sobrenadante obtido a partir dos pocos dos grupos e tratamentos testados).
Nesta etapa, o corante Comassie € complexado por proteinas presentes na
amostra, o que muda a sua cor.

Apos 5 minutos em temperatura ambiente, a absorbancia foi mensurada
a 595nm, utilizando-se um espectrofotdbmetro para microplacas (Versamax —
Microplat reader — Molecular devices — San Jose, CA - USA). A concentracao de
proteinas foi determinada interpelando-se os valores de absorbancia numa curva

padrdo resultante de concentracdes conhecidas de albumina sérica bovina
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(Sigma). Os resultados foram expressos como miligramas de proteinas por
mililitro de LBA.
ANALISE DE FATORES SOLUVEIS

No ensaio de atividade fagocitaria, foi realizada uma triplicata de cada
amostra utilizando zimosan n&o corado com vermelho neutro para se congelar o
sobrenadante dos pogos apoOs a incubagdo (Laan et al., 2005), que foi
acondicionado em microtubos para centrifuga e congelado a -20°C para anélises
de (IL-1B) e fator de necrose tumoral a (TNF-a).

Para a mensuracdo das interleucinas, o sobrenadante dos pocos foi
descongelado a temperatura ambiente para uso em ensaios de dosagem de
nitrito, proteinas, (IL-13) e fator de necrose tumoral a (TNF-a).

A IL-13 foi dosada a partir de kit comercialmente disponivel de ensaio
imunoenzimatico (ELISA) para alL1B8 de equinos (Equine IL1B/IL-1F2 DuoSet
ELIS - R & D, Minnesota, Estados Unidos), enquanto o TNF-a foi dosado a partir
do kit comercial para dosagem por ELISA de TNF-a de equinos (Equine TNF-
alpha DuoSet ELIS - R & D, Minnesota, Estados Unidos).

O ensaio foi realizado de acordo com as instru¢cdes do fabricante e
repetido em duplicata. A faixa de quantificacdo para a IL1B foi de 7,8 a 8000
pg/mL, enquanto que para o TNF-a foi de 1,95 a 2000pg/mL. O ensaio foi
efetuado em microplacas de 96 pogos revestidas com anticorpos de captura de
IL1B ou TNF-a equinos, e amostras ou padrdes foram adicionados seguidos por
anticorpos de detecg¢ao de IL1B ou TNF-a equinos. A estreptoavidina-HRP foi
entdo adicionada, seguida por uma solucdo de substrato e uma solucdo de
paragem. A densidade éptica foi determinada com um leitor de microplacas

ajustado para 450nm (Versamax — Microplat reader — Molecular devices — San
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Jose, CA - USA). Transformar os comprimentos de onda dos padrées ELISA em
uma escala de valores e assim determinar a quantificacdo de cada amostra.
ANALISE ESTATISTICA

A andlise estatistica incluiu compara¢des entre grupos e comparacoes
entre tratamentos dentro de cada grupo.

Para as analises quantitativas do estudo (adesdo, fagocitose, nitrito,
proteina e interleucinas), foi feita uma comparacao de cinco tipos de equacéo da
reta (linear, exponencial, logaritmica, poténcia e dose resposta) com o objetivo
de encontrar a com maior acuracia e mais indicada para as mensuragoes.

A partir da determinacao da equacao mais adequada, os valores foram
submetidos ao teste de Kruskal-Wallis seguido do teste de multipla comparagéo
de Dunn, e teste t de student comparandoos grupos nos mesmos momentos de
avaliacdo. As diferencas foram consideradas significativas quando p <0,05.
RESULTADOS

Todos 0s animais apresentaram um ou mais sinais clinicos relacionados
a asma, sendo dois deles correspondentes a asma moderada e trés a asma
grave (Tabela 1). Apenas os animais com asma leve tiveram a presenca de
eosinofilos acima do valor de referéncia para equinos saudaveis (1%) no LBA e
dois animais com asma grave tiveram a presenca de mastocitos dentro valor de

referéncia para equinos saudaveis (até 2%).
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LAVADO BRONCOALVEOLAR
ANIMAL FC FR TE RT EE EC
MO LO NO EO MAST MN

Cavalo1 36 18 nado sim nao 4 44 41 13 1 1
Cavalo2 40 18 sim sim moderado 7 23 16 52 1 8
Cavalo3 44 16 nao sim nao 4 37 56 6 1

Cavalo4 38 22 sim sim moderado 13 22 11 o4 3
Cavalo5 44 45 sim sim intenso 17 39 16 43 1 1

Tabela 1 — Exame clinico de cavalos asméaticos. FC — frequéncia cardiaca; FR — frequéncia
respiratoria; TE — tosse espontanea; RT — reflexo de tosse; EE — esforgo expiratério; EC — escore
clinico; MO — macrdéfagos; LO — linfécitos; NO — neutrdéfilos; EO — eosindéfilos; MAST — mastocitos;
MN — multinucladas.

CELULAS APLICADAS NOS ENSAIOS
A viabilidade média das células MNDMO e EMDMO, usadas para tratar
os MA desafiados foi 75,6% e 83,96%, respectivamente. A contagem de células

totais (CCT) dos LBA coletados foi de 86,66 cel/pL (tabela 02).

Viabilidade celular Isolamento
MNDMO MSCDMO CCT do LBA
(%) (%) cel/uL

Cavalo 1 77,8 92 151,08
Cavalo 2 76 86 459,68
Cavalo 3 75,9 70,9 193,14
Cavalo 4 77,7 84,5 560,87
Cavalo 5 70,6 86,4 494,29
MEDIA 75,6 83,96 371,81
DESVIO PADRAO - 2,63 - 7,01 +159,76

Tabela 2 — Resultados obtidos a partir do isolamento e cultivo das células usadas nos ensaios.
MNDMO - células multinucleares derivadas de medula 6ssea; MSCDMO - células estromais
mesenquimais; CCT do LBA — contagem de células totais do lavado broncoalveolar.

DETERMINACAO DA EQUACAO DA RETA
No presente estudo a equacdo da reta que demonstrou maior
confiabilidade pelos parametros de coeficiente de determinacdo (R?) e teste de

variabilidade (Qui?) foi a equacdo de dose resposta (tabela 03), onde o R2
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apresentou valores acima de 99% de acuracia para todas as mensuracdes e Qui?

apresentou variabilidade inferior a 0,022 para todas as mensuracoes.

Proteina Nitrito IL-1B TNF-a
EQUACOES R2 Qui? R? Qui? R? Quiz R? Quiz
Linear 0,9869 0,0120 0,9662 0,0582 0,6827 2,9788 0,8589 1,2525

Exponencial 09504 0,0399 08116 0,3823 0536 65114 06976 4,1781
Logaritmico 07796  0,1586 0,8726 0,1357 09118 08506 0,8054 7,7525
Poténcia 0,8488 0,0897 0,9873 00146 0,968 03476 0,9271 0,5077
Doseresposta 9999  0,0001 09998 0,0007 09991 0,0087 09982 0,0220

Tabela 03 —Valores para os parametros de confiabilidade estatistica R? e Qui2 de diferentes
modelos de equacao da reta. IL-1 — interleucina 1B; TNF-a — fator de necrose tumoral a; R2 —
coeficiente de determinacdo, onde 1 equivale a 100%, assim, valores mais proximos de 1 sao
mais confiaveis; Qui2 — qui quadrado, afere a relagéo entre o resultado de um experimento e a
distribuicdo esperada para o fendmeno, assim, quanto menor o valor menor € a variabilidade.

ADESAO E ATIVIDADE FAGOCITARIA DO MACROFAGO ALVEOLAR

A atividade de adesdao do macréfago alveolar ndo apresentou diferenca
entre os tipos de desafio, assim como nao apresentou diferenca entre 0s
tratamentos (grafico 01 — A). Ja a atividade fagocitaria (fagocitose relativa)
apresentou uma reducdao significativa nos grupos MA+DEXA, MA+LPS+DEXA e
MA+LPS+EMDMO (grafico 01 — B).
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Grafico 01 — Adeséo e fagocitose celular. A - Adeséao celular dos MA desafiados com LPS e ZIM
e tratados com MNDMO e EMDMO; B - Atividade fagocitaria dos MA desafiados com LPS e ZIM
e tratados com MNDMO e EMDMO.

64



CONCENTRACAO DE PROTEINA E NITRITO

A concentracdo de proteina apresentou um aumento significativo nos
grupos MA+LPS+MNDMO, MA+ZIM+MNDMO, MA+LPS+EMDMO e
MA+ZIM+EMDMO (grafico 02 — A). Enquanto a concentracdo de nitrito ndo
apresentou diferenca entre os tipos de desafio, assim como nao apresentou
diferenca entre os tratamentos (grafico 02 — B).

Embora o aumento de proteina ndo tenha sido considerado significativo
ele foi superior a 30% nos grupos tratados com MNDMO em relagao aos MA e
superior a 21% quando comparados com seus respectivos indutores
inflamatorios (LPS e ZIM). J& os grupos tratados com EMDMO tiveram um
aumento ainda maior, sendo superior a 40% em relacdo aos MA e superior a

28% quando comparados com seus respectivos indutores (LPS e ZIM).
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Grafico 02 — Dosagem de proteina e nitrito. A - Dosagem da concentracdo de proteina no
sobrenadante dos pocos com MA desafiados com LPS e ZIM, posteriormente tratados com
MNDMO e EMDMO; B - Dosagem da concentracdo de nitrito no sobrenadante dos po¢os com
MA desafiados com LPS e ZIM, posteriormente tratados com MNDMO e EMDMO.
ANALISE DE FATORES SOLUVEIS

A concentracéo de IL-1B apresentou um aumento significativo nos grupos

tratados com dexametasona (grafico 03 — A). Da mesma forma a concentracéo
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de TNF-a foi significativamente menor nos grupos tratados com dexametasona
(grafico 03 — B).

Embora a reducédo de TNF-a ndo tenha sido considerada significativa, foi
superior a 41% nos grupos tratados com MNDMO em relacdo aos MA e superior
a 28% quando comparados com seus respectivos indutores inflamatérios (LPS
e ZIM). J& os grupos tratados com EMDMO tiveram uma reducao superior a 47%
nos grupos tratados com MNDMO em relagéo aos MA e superior a 31% quando

comparados com seus respectivos indutores inflamatérios (LPS e ZIM).
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Grafico 03 — Dosagem de fatores sollveis. A - Dosagem da concentracéo IL-1p no sobrenadante
dos pocos com MA desafiados com LPS e ZIM, posteriormente tratados com MNDMO e EMDMO;
B - Dosagem da concentracdo de TNFa no sobrenadante dos pocos com MA desafiados com
LPS e ZIM, posteriormente tratados com MNDMO e EMDMO.
DISCUSSAO

Neste estudo todos 0s animais permaneceram soltos a pasto e
apresentaram tosse e aumento de FR no periodo da primavera e inicio do verao,
sinais que podem estar associados as pastagens. Embora a exposicdo aos
aeroalérgenos seja considerada baixa a campo (Fillion-Bertrand et al., 2019),

nos periodos de primavera e verdo ha um aumento de polen de gramineas e

esporos de fungos (Ferrari et al., 2018).
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Todos os animais apresentaram alteracdes no LBA compativeis com
asma, sendo dois animais com asma leve com aumento de neutrofilos entre 5 e
20% (Couétil et al., 2016) e presenca de eosindéfilos 1% (Hoffman 2008) e trés
cavalos com asma grave, apresentando aumento acima de 25% de neutrofilos (
Couétil et al., 2016) dois deles com presenca de mastocitos.

O LBA de cavalos afetados pela asma equina associada as pastagens
(AEAP) demonstra aumento de interleucina 4 (IL-4), 13 (IL-13) e interferon-gama
(IFNy), auséncia de imunoglobulina E (IgE), presenca de neutrdfilos e linfécitos,
enguanto eosindfilos sao incomuns, o que corresponde a fenétipos de asma nao
alérgica (Ferrari et al., 2018), o que diferiu do LBA dos animais deste estudo. A
presenca de eosinofilos e mastocitos em geral estd associada a asma alérgica
(Bullone and Lavoie 2015) o que, embora incomum na AEAP pode surgir devido
ao aumento de pdlens e esporos aos quais 0s animais estdo expostos durante
0S meses quentes, 0 que explicaria os achados neste estudo.

A asma equina e a asma humana baseiam-se tanto em homologias
epidemiologicas, clinicas e moleculares quanto nos fendtipos tardio, ndo
alérgico, neutrofilico e grave (Ferrari et al., 2018), assim como também pode
haver a sobreposicdo de fendtipos (Pirie et al., 2016), uma vez que € uma
enfermidade multifatorial. Complexa e composta de inUmeras variaveis, a asma
se divide em subgrupos dentro de cada fenétipo, chamados de endétipos, e o
nao entendimento destes, seus gatilhos e formas de apresentacéo, pode ser o
maior obstaculo na compreenséo de causas e tratamentos (Lotvall et al., 2011).

Os antigenos que desencadeiam a asma podem ser reconhecidos por
diferentes mecanismos, a exemplos disso estéo os receptores toll-like (TLR) que

ficam na membrana de células dendriticas, macrofagos e neutroéfilos (Ferraz et

67



al., 2011). O LPS costuma ser reconhecido por TLR tipos 1,2 e 4, enquanto o
ZIM pelos tipos 2 e 6 (Ferraz et al., 2011), mas a ativacdo de um unico tipo de
TLR pode levar ao aumento da expressao de outros tipos (Waldschmidt et al.,
2013). E possivel portanto, que algumas respostas ou vias de ativacdo se
assemelhem e/ou se diferenciem refletindo os distintos fenotipos ou endétipos
da asma.

Este trabalho estabeleceu uma comparacédo entre a ativagdo celular feita
com LPS, agente bacteriano comumente empregado como indutor inflamatorio
e ZIM, agente fungico frequentemente utilizado em diversos ensaios de atividade
fagocitéria, porém pouco usado em outros ensaios de ativagéo celular.

Isso possibilitou comparar as respostas de MA de cavalos asmaticos
frente a dois antigenos com diferentes vias de ativacdo. A morfologia dos MA
diferiu quando desafiado por LPS e ZIM, assim como a atividade fagocitaria
induzida por LPS que foi reduzida ao receber dexametasona e células EMDMO
mas se mostrou inalterada quando induzida por ZIM. No entanto, a secrec¢éo de
TNFa se mostrou similar com ambos os agentes de indug&o, embora o resultado
néo tenha sido significativo.

Além da utilizacdo do zimosan como fator de inovagdo em ensaios de
indugé@o de inflamagdo em MA de cavalos asméticos, as células usadas nos
tratamentos propostos estavam criopreservadas por aproximadamente 3 anos,
0 que também ndo € comum em outros trabalhos. As células costumam ser
processadas e usadas em um intervalo curto de tempo (Gupta et al., 2007) ou o
mesmo nédo é detalhado (Braza et al., 2016). Mesmo ap0s este longo periodo de
criopreservacao, a viabilidade das células MNDMO usadas nos ensaios foi em

média 75,6%, e embora seja uma media inferior a relatada por Bastos e
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colaboradores (2017-b) é considerada clinicamente viavel por convencdes da
Agéncia Nacional de Vigilancia Sanitaria (ANVISA). A viabilidade das EMDMO
teve uma média de 83,96%, o que esta dentro de valores encontrados por outros
autores, que variou entre 80 e 90% (Bastos et al., 2017-b; Mitchell et al., 2015).

E possivel que a média de viabilidade das MNDMO seja menor porque
elas sdo compostas por um pool de células do sistema fagocitario e apenas uma
pequena fracdo € de células mesenquimais, que pode variar entre 0,001% e
0,01% (Alves et al. 2009).

A contagem total média de células do LBA foi de 371,81 cel/uL, média
superior ao relatado pelo mesmo autor em outro trabalho que foi de 94,32cel/pL
(Barussi et al., 2016).

Apés a execucdo dos ensaios que envolviam a leitura por
espectofotometria, constatou-se que havia discrepancia entre os valores de cada
parametro avaliado, e ao tabelar as equagdes da reta sugeridas, verificou-se que
a equacao com maior precisdo e menor erro era a equacao dose-resposta. Desta
forma optou-se por utiliza-la em todo o trabalho.

Ao avaliar a adesao celular, ndo foi possivel visualizar um padrédo de
comportamento nem entre os desafios nem entre os tratamentos. Embora as
MNDMO tenham uma fragdo de células do sistema fagocitario, com capacidade
de adesao, essa capacidade ndo se mostrou significativamente aumentada nos
grupos tratados com MNDMO. As EMDMO também possuem capacidade de se
aderirem ao plastico, embora o tempo para ensaios de adeséo destas células
nao esteja bem estabelecido. Assim, os grupos tratados com EMDMO também

nao apresentaram alteracdes significativas.
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A adesao dos macréfagos é essencial na migracao celular, fagocitose e
interacdo com outras células ou componentes da matriz conjuntiva, mas pode
sofrer influéncia de fatores microambientais presentes nos tecidos, sendo
modulada por substancias que promovam a ativacao celular (Carvalhal 2001).
Sendo assim, é possivel que trabalhos in ou ex vivo apresentem resultados
diferentes.Além da adeséo celular, os MA sdo especializados em fagocitose
(Waldschmidt et al., 2013) e este processo é fundamental na depuragéo local,
mas também pode desencadear respostas imunoldgicas exacerbadas em
cavalos suscetiveis a asma.

A dexametasona foi capaz de inibir a fagocitose nos MA e MA+LPS, da
mesma forma que as EMDMO foram capazes de inibir a fagocitose nos MA
desafiados com LPS, no entanto ndo foram capazes de inibi-la nos grupos
desafiados por zimosan. Sabe-se que os corticoides afetam varias funcdes das
células imunes, entre elas a adeséo e a fagocitose, além disso foram capazes
de induzir a apoptose de MA previamente ativados com LPS (Zeng et al., 2017).
Isso pode explicar a reducdo da fagocitose em grupos controle (PBS) e
desafiados com LPS tratados com dexametasona. A fagocitose néo foi inibida
nos grupos tratados com células MNDMO, possivelmente porque estas células
tem um grande percentual de células fagocitarias.

Ao realizar a fagocitose de um antigeno, ocorre a liberacdo de proteinas
mediadoras da inflamacédo, desencadeando respostas imunoldgicas (Ainsworth
et al., 2009). E possivel que a concentracéo de proteinas nos grupos testados ja
seja elevada, devido ao quadro de asma em todos os animais.

Ainda assim, a secrecdo de proteinas foi significativamente maior nos

grupos tratados com MNDMO e EMDMO. Neste caso as MNDMO com uma
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grande gquantidade de células fagocitarias podem aumentar a secrecao de
proteinas pela fagocitose dos indutores inflamatorios e liberagdo de proteinas
mediadoras de inflamacé&o. Importante mencionar que a fagocitose demonstrada
no presente estudo € a fagocitose relativa, ou seja, ela foi corrigida pela adesao,
onde o resultado mostra a fagocitose por célula e ndo o quanto o grupo foi capaz
de fagocitar. Assim a concentracdo de proteinas aumenta mesmo sem 0
aumento da atividade fagocitaria pelo grupo tratado com MNDMO.

J& o grupo tratado com células EMDMO apresentaram um aumento da
concentracdo de proteinas possivelmente pelo efeito paracrino destas células,
gue sdo capazes de promover imunomodulacdo pela liberagdo de proteinas
mediadoras de inflamacdo. A cocultura in vitro de células mesenquimais com
macroéfagos alveolares forneceu evidéncias de que o efeito antinflamatorio de
células mesenquimais era paracrino independente do contato celular (Gupta et
al., 2007). As células mesenquimais atenuam a asma ao serem fagocitadas
pelos macréfagos pulmonares, que por sua vez adquiriram um fendtipo de
macrofagos tipo 2 (M2), estimulando um efeito antinflamatério local e a remisséao
da doenca (Braza et al., 2016).

O aumento da secrecédo de proteinas € um fator importante para entender
aresposta a asma e aos seus agentes causais. As proteinas do LBA de cavalos
saudaveis exercem uma regulacdo negativa da migracdo, quimiotaxia,
disseminacédo celular, transmigracdo e infiltracdo, enquanto as de cavalos
asmaticos facilitam uma liberacdo parcial da regulacdo negativa dessas funcdes
(Bright et al., 2019).

Além da secrecdo de mediadores inflamatorios, o sistema respiratério

conta com a secrecao de fatores antioxidantes, estes combatem a liberacdo de
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radicais livres gerados pelo préprio processo respiratério e por processos
inflamatérios (Michelotto et al., 2010-a). Embora o desafio de MA por LPS leve
ao aumento da producdo de nitrito (Borron et al., 2000), nem sempre € 0 que
ocorre. O presente estudo corrobora com um estudo anterior em que a dosagem
de nitrito produzida por macréfagos alveolares apos a exposicdo ao LPS nédo
apresentou aumento (Karagianni et al., 2013).

Os macrofagos alveolares, assim como as células dendriticas influenciam
a acao dos linfocitos T auxiliares (Ta) ou T helpers (Th), ativando células T naive
induzindo sua diferenciacdo em Thl, Th2, Thl7 e liberacdo de interleucinas
(Bastos et al., 2017-a), da mesma forma influenciam a acdo das células T
reguladoras (Treg) (Holt and Strickland 2010). Pacientes asméaticos tem resposta
predominante do tipo Th2 que podem promover ativacdo de linfocitos B e
subsequente liberacdo de IgE (Holt and Strickland 2010). Em alguns casos, 0s
pacientes podem ter uma resposta mista, com envolvimento de interleucinas de
perfil Th1, como é o caso do TNFa (Genov and Solé., 2007), enquanto a IL-1
pode estar presente tanto em Thl quanto Th2 (Bastos et al., 2017-a), ambos
proporcionam a quimiotaxia de outras células de defesa para o pulméao.

No presente trabalho, todos os tratamentos foram capazes de reduzir a
secrecao de TNFa, sua concentracdo média apos a inducdo foi superior a
100pg/mL e apas os tratamentos foi inferior a 50pg/mL, mas essa reducao so foi
significativa em grupos tratados com dexametasona. Pulmdes de camundongos
com deficiéncia de TNF-a foram menos propensos a serem lesados por apés
serem desafiados por LPS (Zeng et al., 2017).

A média de TNFa encontrada no LBA de cavalos saudaveis foi menor que

40pg/mL (Montgomery et al., 2018), similar aos niveis atingidos com o0s

72



tratamentos propostos por este estudo. No entanto, Montgomery e
colaboradores (2018) encontraram uma média de inferior a 10pg/mL em cavalos
com exacerbacdo da asma grave, ao contrario de Laan e colaboradores (2005),
gue encontraram um aumento significativo de TNFa (concentragcdo média cerca
de 100pg/mL) ao desafiar macrofagos alveolares com o fungo Aspergilus
fumigatus, no entanto ndo houve diferenca significativa entre o grupo controle
(PBS) e o desafiado por LPS. Assim, o presente estudo corrobora com o0s
achados e Laan e colaboradores (2005).

A concentracdo de IL1B também foi menor nos grupos tratados com
dexametasona. Os antigenos usados para o desafio celular LPS ou zimosan néo
foram capazes de aumentar a concentracdo de IL18 e TNFa de forma
significativa nas dosagens, nos tratamentos e nos tempos usados neste estudo.

Embora ndo tenha havido diferenca estatistica significativa na producao
de IL1B entre os desafios realizados neste trabalho, a média da concentragao de
IL1B8 encontrada nos grupos controle (PBS) e desafiados com LPS ficaram
inferiores aos 50pg/mL, enquanto ao grupo induzido com zimosan a média da
concentracdo de IL1B foi superior a 100pg/mL. Valores parecidos foram
encontrados por Laan e colaboradores (2005) ao desafiar macrofagos alveolares
com LPS e Aspergilus fumigatus, onde, segundo os autores houve diferenca
estatistica significativa.

E importante lembrar que as mensuracées foram feitas em cavalos que ja
apresentavam fenétipos de asma, ndo havendo valores de referéncia bem
estabelecidos para isso. E provavel que interleucinas pro-inflamatorias ja
estejam em niveis mais elevados em cavalos asmaticos do que em cavalos

saudaveis, assim como foi citado por Laan e colaboradores (2005).
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A terapia celular tem a capacidade de promover efeitos que terapias
convencionais nao possuem como a imunomodulacdo, a reparacdo e a
regeneracdo. Estes mecanismos podem ocorrer por proliferacdo celular,
diferenciacdo celular, reorganizacdo tecidual, e, especialmente efeitos
paracrinos com a liberacdo de mediadores inflamatorios (Burk et al., 2013).

O uso de células mesenquimais em modelo de asma inibiu a
broncoconstricdo, diminuiu a inflamacgao pulmonar, e, ao serem fagocitadas por
MA, estes adquiriram um fendtipo supressor M2, que expressa mais interleucina
10 (IL-10), considerada antinflamatoria (Braza et al, 2016). J& administracao de
células mesenquimais reduziu a secrec¢do de TNFa e aumentou a IL-10 no LBA
de modelo de inflamacé&o pulmonar, diminuiu a gravidade da leséo e melhorando
a sobrevida em camundongos (Gupta et al., 2007).

Embora haja muitos estudos envolvendo as terapias celulares, alguns
deles como o anteriormente referido, sugestionam que talvez seja necessario
utilizar mais de uma aplicagdo com possiveis ajustes de doses para que se
chegue ao efeito desejado no uso da terapia celular.

CONCLUSAO

A terapia celular apresentou varios pontos positivos neste estudo in vitro,
nao interferiu nos valores da fagocitose relativa, enquanto a dexametasona
reduziu esta atividade, o que pode comprometer a depuracdo de particulas
inaladas pelos animais. Possivelmente os grupos tratados com terapia celular
apresentaram uma maior concentracdo de interleucinas, provavelmente
antinflamatorias, uma vez que a concentracdo de proteinas foi maior nos grupos

gue receberam essa terapia e houve reducao na secrecéo de TNFa.
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Os efeitos da terapia celular sobre os MA de cavalos asmaticos foram
benéficos, mas o presente trabalho houveram diferencas em algumas respostas
gue parecem estar mais ligadas aos antigenos LPS e ZIM do que aos tipos
celulares MNDMO e EMDMO testados.

Como enfermidade multifatorial, conhecer os fators que podem
desencadear a asma bem como seus fenétipos e endoétipos sdo de extrema
importancia, uma vez que podem interferir diretamente no sucesso da terapia
dirigida a asma equina.

Para que as respostas obtidas neste estudo sejam melhor elucidadas,
ensaios complementares como protedmica e dosagem de outras interleucinas
podem ser executados. De qualquer forma, a terapia celular segue
demonstrando pontos positivos como a acentuacdo da comunicacao celular,
capacidade de modulacéo da resposta inflamatoria e possivelmente a reverséo
de quadros que hoje ainda sao considerados irreversiveis.
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CAPITULO 4
CONSIDERACOES FINAIS
Como modelo de asma, o cavalo nos possibilita estudar a enfermidade de
maneira que o0s resultados podem ser entendidos como resultados para a
medicina veterinaria e extrapolados para a medicina humana. Desta forma pode
ser util para melhorar a qualidade de vida de pacientes que sofrem com esta
enfermidade.
A observagcdo da expressado facial de cavalos asméticos permitiu avaliar o
desconforto destes animais através da HGS, muito embora ela tenha sido
desenvolvida para avaliar a dor em equinos. Mas mesmo se mostrando eficaz
para este fim, sdo necessarios mais estudos com maior nimero de animais, pois
ainda existem critérios de subjetividade (avaliador, temperamento animal,
gravidade da doencga) e variabilidade de sinais clinicos e tolerancia a alteragdes
fisioldégicas causadas pela doenca pelos animais.
Pelo fato de ndo se saber ao certo qual € o gatilho da asma equina e de que
forma este gatilho interfere na fisiopatologia da doenga, um maior entendimento
sobre os agentes de desafio celular, suas vias de acao e seus efeitos sobre os
macroéfagos alveolares poderia proporcionar um maior entendimento da asma
como um todo, e assim também sobre a terapia mais adequada em cada tipo de
asma. Deste modo também fica claro que sado necesséarios mais estudos para
detalhar os possiveis subtipos de asma e seus agentes causais, pois estes
possivelmente podem interferir na resposta do sistema imunolégico, quando
conduzidos em diferentes vias de ativacdo. Essa variabilidade de causas e
respostas pode interferir diretamente no sucesso da terapia celular dirigida a

asma equina.
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Existe um longo caminho a percorrer na determinacdo das causas da asma
equina, seus efeitos, suas diferentes formas de apresentacédo e terapias mais
adequadas. Além de visar a remissao da doenca, a terapia celular traz uma
perspectiva de reparacdo e regeneracdo tecidual. Da mesma forma, traz a
possibilidade de uso de um dos quatro “Ps" da medicina, a “personalizagdao” do
tratamento, adequando a dose, o intervalo de aplicagdo e o monitoramento

conforme a doenga em cada individuo.
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This research evaluated the effects of bone marrow-derived mononuclear cells (BMMCs) on the inflam-
matory process in the equine recurrent airway obstruction (RAD). Eight horses in RAO clinical score were
divided into cell therapy group (Geel) treated with a single intratracheal dose of BMMCs, and dexametha-
sone group (Gdex) treated with 21 days of oral dexamethasone. The horses were clinically revaluated on
days 7 and 21, together with cytological evaluation of the BALF, and detection of inflammatory markers
(interleukins [IL]-10, -4, and -17, and interferon y and ). There were decreases in respiratory effort and

gﬂﬁ:imm lavage clinical score on days 7 and 21(p <0.05) for both groups. The percentage of neutrophils decreased and
Heaves macrophages increased on days 7 and 21 (p<0.005) in both groups. IL-10 levels increased in the Geel
Horses group on day 21 compared to days 0 and 7 (p<0.05), but this was not observed in the Gdex group. The
Interleukins quantification of IL-4, IL-17, IFN-y, and IFN- did not change between evaluations in both groups. These
Meutrophils preliminary results suggest that BMMCs may ameliorate the inflammatory response of RAQ.

Pulmonary inflammation

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Horses are susceptible to chronic recurrent airway obstruction
(RAQ). Persistent airway inflammation develops in the presence of
moldy hay, dusty straw, and pollens as a consequence of aberrant
innate and adaptive immune responses, as well as genetic predis-
position(Leclere etal., 2011). Maintaining horses in a pro-allergenic
environment exacerbates the disease and causes significant airway
neutrophilic influx, mucus accumulation, bronchospasm, bronchial
hyper-reactivity, and airway obstruction and remodeling (Leclere
et al, 2011; Pirie, 2014). Studies investigating the secretion of
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cytokines in horses with RAO horses showed contradictory results
with regard to the Th1 and Th2 profiles (Pirie, 2014).

Horses with RAO exhibit increased respiratory effort at rest,
coughing, and exercise intolerance, compromising athletic capac-
ity and quality of life (Aharonson-Raz et al.,, 2012; Couétil et al.,
2016} Unfortunately, RAO has no cure, and conventional treatment
with corticosteroids, although effective for controlling the inflam-
matory process and clinical signs, causes numerous adverse effects
(Dauvillier et al., 2011). Therefore, there is an urgent need for new
therapies.

The use of cell therapy has been investigated in a mouse model
of asthma. Cell therapy was shown to control airway inflamma-
tion {Cho et al., 2015), with more pronounced benefits obtained
with bone marrow-derived mononuclear cells (BMMCs) than with
mesenchymal stem cells (MSCs) (Abreu et al., 2013).

RAO s anallergic disease that occurs naturally in horses. As there
are similarities with human asthma with regard to the pathophys-
iology, RAO is considered to be an equine form of asthma, making
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There is no consensus on aspects of equine bone mamow collection and processing. The study aimed to
describe the collection of large volumes of bone mamow from horses of advanced age, with emphasis on
bone mamow mononuclear cells (BMMCs) recovery and viability after cryopreservation. Fourteen horses,
aged 3—24 years, were divided into three experiments, E1 studied the feasibility of collecting 200 mL
from the sternums of horses of advanced age; E2 examined the number of cells obtained from the first
and last syringe of each puncture; and E3 investigated the influence of heparin concentration on the
prevention of cell aggregation, and cell viability after freezing in liquid nitrogen. Bone marrow aspira-
tions were done with syringes pre-filled with Iscove's modified Dulbecco's medium and different con-
cenirations of sodium heparin, BMMCs were counted, cell viability was determined, and samples were
frozen. Bone marrow collection from the sternum is safe, even at large volumes and from horses of
advanced age, and the number of cells recovered decreases with successive aspirations (p = 0.0001).
Heparin concentration influenced cell aggregation, and recovered cells continued to be commercially

viable after 150 days in frozen storage.

@ 2017 Elsevier Inc. All nghts reserved.

1. Introduction

Cell therapy is becoming a common practice in equine clinical
and surgical settings, and is more directed to musculoskeletal dis-
orders such as tendonitis, osteoarthritis, and laminitis [20]. Its use
has also been demonstrated for the treatment of respiratory dis-
eases in horses [ 7]. Bone marrow mononuclear cells (BMMCs) have
been widely used due to their anti-inflammatory, anti-fibrotic, and
microbicidal effects [1]. When compared to other cell types — such
as mesenchymal stromal cells (MSCs) — commonly used in cell
therapy studies, BMMCs have lower associated costs, lower risk of
immunological reactions due to their autologous administration
[15], and shorter processing time, with no need to be cultured. This
enables their use on the same day of bone marrow collection;
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alternatively, using cryogenic storage methods, the cells can be
used whenever necessary for further injections [2].

In veterinary medicine, there is still no consensus on the best
type — or optimal amount — of cells to be used for each treatment
[17], which makes uncertain the amount of bone marrow that
should be collected. The quantity of cells required for treatment
varies according to the species and diseases studied. It ranges from
3 = 10% BMMCs to treat Wistar rats with myocardial infarction [22],
to 1 % 10° MSCs to treat horses with tendon lesions [ 14], to 2 « 10°
BMMCs to treat mice with experimentally induced asthma [2].

Recently, we investigated the effects of using BMMCs to treat
horses with recurrent airway obstruction (RAQO) or severe asthma;
these animals received a minimum of 500 = 10° cells, which were
obtained from 200 mL of bone marrow collected from the sternum
[7]. To date, no studies in horses have shown the quantity of cells
that can be obtained from large-volume bone marrow samples, nor
have studies identified the minimum number of punctures
required to obtain 200 mL of bone marrow. Furthermore, some
aspects of collecting bone marrow from these animals remain
scarcely discussed, such as the ideal puncture location (sternum or

dx.doi.org/10.1016/j.cryobiol 2017.06006
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Mechanisms of equine recurrent airway obstruction:
changes in understanding and management

Mecanismos da obstrugdo recorrente das vias aéreas dos
equinos: mudancas no entendimento e na abordagem
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Abstract

Recurrent airway obstruction (RAQ) is an inflammatory and obstructive disease that is more prevalent
in horses stabled for long periods. The most common clinical signs include cough, exercise intolerance,
dyspnea, nasal secretion and absence of fever. The pathophysiological effects of RAO in the lungs include
goblet cell metaplasia, alveolar fibrosis, neovascularization, airway wall thickening affecting all tissue
layers, and bronchial smooth muscle hypertrophy. The alveolar macrophage is the main effector of particle
elimination in the inflammatory process of RAO, with the ability to increase or suppress inflammatory
responses. Activation of macrophages increases the release of cytokines that enhance the inflammatory
reaction, such as interleukin-1, tumor necrosis factor alpha, and interleukin-8, resulting in the attraction of
neutrophils to the alveolar environment, which becomes the predominant cell type during periods of crisis.
Although the clinical signs of RAO are well-defined, the underlying immunologic mechanisms are still being
investigated. This review provides information about this disease, the understanding of which has changed
over time.

Keywords: Chemical Mediators. Equine Asthma. Inflammatory Response. Lungs.

Resumo

A Obstrugde Recorrente das Vias Aéreas (ORVA) € uma doenga inflamatdria e obstrutiva, mais prevalente em
cavalos estabulados por longos periodos. Os sinais clinicos mais comuns incluem tosse, intolerdncia ao exercicio,
dispnéia, secregdo nasal e auséncia de febre. A patofisiologia da doenga nos pulmées inclui metaplasia de
células caliciformes, fibrose alveolar, neovascularizagdo, espessamento da parede das vias aéreas afetando

todas as camadas de tecido e hipertrofia do miisculo liso brénquico. O macrdfago alveolar € o principal efetor

Rev. Acad. Ciénc. Anim. 2017;15:17-26
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Abstract

Thi immmnological stabee of the respirstory trect is critical o mechorses” performenee. Respiratory disesses in
young Thoroeghbred (TE) rapchorses are 2 major concern dering their early sthletic coreer. This study investsgeind
the siresy sdapistions occoming in yoong T8 rece horses doring ther first yesr of reor reining. Fighteen snimalk
wore evalmted at five different Bme points ower 2 ome-year follow.up period. & physicsl examinstion wes performied,
lollowed by siresy endeecopy, in which traches] muens [TM) end pheryngeal bymphoid hyperplasia (PLH) were
observed Differentis] cytology of the traches] wash [ TW) wis also performed. The physicsl in the
i asse=ements end T grade did oot vary. The PLH grede was lower st Gme-points 3 (T3] end 4 [T4) than al
the indtisl evaluation [To) (F=0028 snd P=0036, respectively). The cytological snalysi revesled that neatrophil
count decreused st T4 es compared with T | P=00rE2). Epithelial coll connt was moreased, end mesrophage eoumnl
decreased, at T3 and T4, compared with To {P=0.004 snd P=0.031, respeciavely)l 3 comnl wis
higher at T1 {P=0.020)] end lower st T2 (Fe=0.003), compered bo T A sietistics] correlation betwesn muoes and
&l oell bypes wes foond, showing & non-specific immuone response. In conclusion, poung TR miochorses underwent
sirwey modificstions doring the instis] months of mee trinimg, and 2 thorough follow-up is needed during the
initisl periad afier stabling.

Keywords: cgane, hacmosideropbage, mocharsz, respiralory dszase

1. Imtreduction

espiratory disesses are & common canse of clindrs]
omplsmis in cgaine sthlctes, and re the second mesd
prevelent rondtion affecting teo-year-old Thoroughbreds
[T (wilsher ef ml, 3006). During e period that yesrlings
cnlor wnew ervrommaent and commenes reer Lreining, thoir
uirways 2upericnoe corstant sntigenic chellanges. This
revquires close dinical monitoring. The new environment
can insite inflammation dering the first
wozks of slabling | vedter sl al, 2014) and oxldstive stres
[Pellicectiottn Jr &, 20110 smnciated wich seTrise-Indpoed

pulmonary heemorrhage | Machelotto o el @, 2011), afber
2 few months of rece tratning

However, sirwsy mdflammaltion can cocur in & subdinics]
form, ven though becteria are prosent in the trachesl]
mseus (Newlon et af, 3004). The myvestigation of sireay
racponses ioa new and pro-allergenic environment and Lo
enereie 15 cruckl for gaining msighis mbc sirewy diseases
in equine wthletes (Richand and Robinson, 3016) and
io fadlitate sppropriale management snd preventatiee
TRESAIITS.

In this contest, the present sady aimed to ohserve the
airwey chenges corurring in young TH res borses during
their firt year of oz training, in arder toundersisnd the
ivpeand timing of these modificsiions, a5 2 besds for fortber
inPrsligalions imén prevenistive profnenls.
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Mineral supplement with pre- and probiotic improves respiratory immune status in
vearling racing Thoroughbred horses: preliminary results

Pedro Vicente Michelotto Junior' | Fernanda Cristina Mendes Barussi' Fernanda Zettel Bastos!
Ana Licia Lacerda Michelotto! Saulo Henrigue Weher!

‘Programa de Pés-graduagiio em Ciéncia Animal, Escola de Ciéncias da Vida, Pontificia Universidade Catélica do Parana (PUCPR), Rua
Imaculada Conceigiio, 1155, 80215-901, Curitiba, PR, Brasil E-mail: p michelotto@pucprbr. ‘Corresponding author.

ABSTRACT: There are evidences of intestinal flora influence on the airway immune response. However, this information is scarce with
regard to horses. The present preliminary study aimed to investigate the effects of a commercial mineral supplement containing probiofics and
prebiotics on the respiratory immune response of horses supplemented with them during the first months of stabling and race training. Twelve
TB yearlings were examined af the breeding farm at the beginning of the study (June 2016, henceforth M0) and then reexamined one (July
2016, henceforth M1) and five (November 2016, henceforth M2) months after being stabled at a racetrack in Curitiba, Brazil. Clinical and
hematological examinations, airway endoscopy, and tracheal wash (TW) cytology were performed. After the initial examination, horses were
randomly divided between the treatment group (TG), which received 10 grams of the supplement daily, and the control group (CG). There was
no difference between the groups in terms of clinical parameters; in the hematological examination, eosinophil count was lower in the TG in
M1 as compared with M0 (F = 0.045). Pharyngeal lymphoid hyperplasia (FLH) improved in the TG during M1 as compared with M0 (F =
0.007). However, on the CG, FLH remained unchanged. Relative number of eosinophils in the TW was 86.1% higher in M1 than M0 for the
CG; in the TG, however, eosinophils were absent and remained within normal limits until M2. In conclusion, this siudy revealed a posifive
influence of probiotic and prebiofic supplementafion on the respiratory immune response of young TB race horses. Further investigations are
recommended.

Key words: airway inflammation, endoscopy, infestinal flora, prebiotic, probiotic.

Suplemento mineral com pre- e probidgtico melhora a condicio imunolégica respiratiria em
cavalos sobreano Puro Sangue Inglés de corrida: resultados preliminares

RESUMO: As doengas respiratorias sdo uma grande preocupagdo em cavalos Puro Sangue Inglés (PSI) jovens durantfe o primeiro ano de
treinamento para corrida. Existem evidéncias da influéncia da flora intestinal sobre a condigio imunologica do organismo, incluindo a respesta
de defesa das vias aéreas, porém essas informagées sdo escassas nos cavalos. O presente esiudo preliminar teve como objefivo investigar a
influéncia da suplementagdo com niicleo mineral comercial com probidtico e prebiotico sobre a resposta imuneldgica respivatéria de cavalos
PSI durante os primeiros meses de estabulagem e treinamento. Doze cavalos PSI na fase de sobreano, machos e fémeas, foram examinados
ainda no haras (M0) e, um més (M1) e cinco meses (M3) apds estabula¢do no hipédrome em Curitiba, Brasil. Os cavalos foram submetidos
a exames clinico e hematolégico, endoscopia das vias aéreas e citologia do lavade traqueal (LT). Apés o primeiro exame, o5 cavalos foram
divididos aleatoriamente em grupo fratado (GT), que recebeu 10g por dia do suplemento, e grupo de contvele (GC). Ndo houve diferen¢a nos
pardmetvos clinicos, jd no exame hematoldgico do GI, a contagem de eosindfilos foi menor em M1 guando comparade a MO (F = 0,043). 4
hiperplasia folicular linfoide ficou dentro do limite normal e menores ne GT em M1 quando comparado a M0 (F = 0.007), o que ndo ocorreu
para o GC. O mimero relativo de eosindfilos no LT foi 86,1% maior em M1 versus M0 para o GC, enguanto no GI, os eosindfiles estavam
ausentes e permaneceram denfro dos limites normais até M2. Concluindo, neste estudo preliminar, evidenciou-se uma influéncia positiva da
suplementagdo probidtica e prebidtica na resposta imunolégica respiratéria de cavales PSI jovens, justificando investigagdes adicionais.
Palavras-chave: endoscopia, flora intesfinal, inflamagdo das vias aéreas, prebiotico, probisfico.

Airway diseases are the major cause of
poor performance in race horses, being the second
most prevalent condition affecting the two-year-
old Thoroughbreds (TB)YWILSHER et al. 2006).
Relationship amongst stablmg, feedmng hay, and
respiratory diseases 1s well understood. It 1s known that
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stabled horses are exposed to high levels of organic dust;
this mstigates inflammatory processes i the awrways
(HOLCOMBE et al . 2001).

Some studies with young TB horses
beginning race tramming investigated the importance
of the transition from the field to the bam
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Case Report

Pine branch of Araucaria angustifolia in horse bronchi: A series of

four cases
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Summary

Horses at pasture are susceptible to the aspirafion of foreign
bodies. In Curitba, southern Brazl, four horses of different
breeds and ages were examined with regards to a persistent
cough that lasted for several months, fefid breath, and no
fever. The animak were referred for bronchoscopic
examinafion performed under sedafion and tracheobronchial
topical ancesthesia. Bronchoscopies in all four horses
revealed a pine branch of the species Araucaria angustifola,
nafive to southern Brazil, in the lumen of a third to fifth
generation bronchus. Complete removal of the branch was
possible in one case using a polypeciomy loop inseded
through the biopsy channel of the bronchoscope. In two
cases, parfial removal was possible. In one case the branch
was adhered to the swollen mucosa and could not be
extracted; this animal is being kept at pasture with
intermittent anfibiotic treatment as necessary. In conclusion,
foreign bodies conskfing of pine branches in  the
frachecbronchial tree of horses may be more common than
cumently recognised, as Araucaria genus is present in other
counfries and should be suspected in horses with chronic
coughing associaled with fefid breath and a history of
reoccurence following symptomafic treatments.

Infroduction

The aspirafion of foreign bodies (FBs) is a relatively common
occumrence in children (Lima et al. 2000). Although it seems to
be less common in animals, there are a few reports of cases in
homes [Urguhart et al. 1981; Brown and Collier 1983; Fernucci
ef al. 2003) and dogs (Abreu ef al. 2017). In homses, previous
reports describe the presence of 12 em (Urquhart ef al. 1981),
27 cm (Ferucci et al. 2003) and 70 cm long (Brown and Collier
1983) twigs on the floor of the trachea and extending into the
right main bronchus. Indeed, horses at pasture are susceptible
to aspiration of FBs [Aradjo et al. 2014) which can occasionally
ledge in the trachea or near the tracheal bifurcation. resulting
in a chronic cough persisting for months, nasal discharge, and
occasionally a high fever (Urquhart et al 1981; Brown and
Callier 1983; Ferucciet al 2003).

Other clinical signs somefimes present in cases of FBs in
the tfracheobronchial region include inspiratory dyspnoea,
audible stridor locaolised to the trachea, extension of the
head and neck. fetid breath, intemittent biateral purulent
nasal discharge, epistads, and reduced exercise tolerance

This study wos awarded ot the poster presentafion af the 15th World
Bquine Veterinary Associafion Congress in Beijing.
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[Urquhart et al 1981; Brown and Collier 1983). Signs of severe
pheumonia may ako be present [Hultgren et al. 1984).

The present report describes four cases of a FB in eguine
bronchi due to aspirated branches of Arovecara angustifolia
(A, angustifolia). A, angustifolia is a common  coniferous
species from the south region of Brazil and other regions of the
country such as the city of Cuitiba, which in Tupi Guarani
[regional Indion ethnics) means ‘land of many pines’
[Curi = pine and Tiba = gatherng, many), and also the cities of
Araucdaria, Pinhais, SGo José dos Pinhais, and Pinhdo, among
others.

Araucaria is a genus of coniferous frees in the family
Araucanaceae which consists of three genera [Agathis,
Araucara, and Wollemia) and 41 species. This is mostly found in
the southern regions of South America, southem Asia, Malaysia,
Philippines, New Caledonia, Australia, New Iealand and some
Pacific lslands [Christenhusz et al. 2017). In addition, the
American Conifer Society, in its website. describes the ordgin
and distibufion of the Aroucanaceoe family, showing that
there oare some species of Argucaria  that  were
infroduced especially in the southem and westem parts of the
United States [Amercan Conifer Society 2019) (Supplementary
Items 1-4).

Case histories

Four homses were seen for veterinary care in the region of the
city of Curitiba, in the Parand state, located in southern Brazil.
All agnimals had free access to native pasture and were
examined for a persistent cough of several months” duration.

Case 1 was a male Thoroughbred yearding at a breeding
farm, that had a history of pesistent coughing. fetid breath,
and punslent bilateral nasal discharge. Case 2 was a 10year
old Appaloosa mare used for pleasure riding originating from
the city of 580 Bento do 5Sul, Santa Catarina state, in southern
Brazi, that was examined for persistent coughing while
exercising. Case 3 was another Appaloosa horse, a 20year-
old gelding, and Case 4 was a male 5-year-old Crioulo breed
haorse. The major complaint of these horses was a chronic
cough, of about 12 months' durafion in Case 3 and
approximately 2 months’ durafion in Case 4. Case 1 was
cared for by the famn’s resident veterinanan, who promptly
identiied a condfion needing specialised attention; the
other cases were examined by different practifioners and
had been freated with anfibiotics and anfi-inflarmmatory
drugs, but without resolution of the signs. Cases 3 and 4 were
being used for pleasure riding activities, although the owners
reported exercise intolerance.

© 2019 EVJ Lid



The Veterinary Journal 248 (2019) 91-94

Contents lists available at ScienceDirect

The Veterinary Journal

journal homepage: www.elsevier.com/locate/tvjl

Occurrence of exercise-induced pulmonary haemorrhage in show m
jumping horses 2

C.C.M. Bonomo?, PV. Michelotto®*, C. Viccino?, F.C.M. Barussi®, W.R. Fernandes®

* Departamento de inica Médica da Faculdade de Medicing Veterindria ¢ Zootermia da Universidade de 580 Paulb, Av. Prof Dr. Orlando Margues de Paiva
87, Sdo Paulo 055082 70, Brazi

B Dapartmento de Géncia Animal, Escola de Cidnclas da Vida, Pontifida Universidade Catdlica do Parand, Rua fmaculada Conceigdo 1155, Curitiba 80215020,
Brazl

ARTICLE INFO ABSTRACT

Pulmonary haemorrhage occurs in sport horses performing high-intensity exercise, but the factors

Fq‘,“j_rd"' involved in the occurrence of pulmonary haemorrhage in jumping horses have not been elucidated. This
:"‘_::: study aimed to determine the occurrence of pulmonary haemorrhage and factors involved in competitive
Haemosiderophages Jjumping horses. Fifty adult jumping horses competing in the city of S3o Paulo, Brazil, were included. The

horses were divided into two groups based on jump beight at competition: Low group (LG, n=26), with
Jjump height berween 100 and 1.20 m, and High group (HG, n =24), with jump height berween 130 and
1.50m. Physical examination was performed before and after competition, and airway endoscopy and
tracheal wash (TW) were performed 1h after competition.

Heart rate (HR; P<0.010), respiratory rate (RR; P<0.010), rectal temperature (RT; P<0.010), and
frequency of endoscopic observations of blood in the tracheal lumen ( P<0.013) were significantly higher
in HG than in LG. TW cytology was not different between the two groups. Incidence of pulmonary
haemorrhage was positively comelated with jump height (P=040, P<0.0001), post-exercise HR (r
=031, P=0.0001), and post-exercise RR (=019, P< 0,002), In conclusion, pulmonary haemorrhage in
Jjumping horses was associated with the level of perfformance. Further studies on the pathophysiology of

Respiratory system
Tracheobronchial lavage

exercise-induced pulmonary haemorrhage in this type of horses are required.

@ 2019 Elsevier Lid All rights reserved.

Introduction

Pulmonary bleeding in sport horses is considered as a
physiological response to intense exercise {(Poole and Erickson,
2016). The equine species has evolved to attain a high capacity for
athletic performance that requires rapid gas exchange; however,
there are concurrent drawbacks of fragility and some difficulty in
withstanding high pulmonary vascular pressures at high speeds
(West, 2013). Exercise-induced pulmonary haemorrhage (EIPH)
occurs due to stress failure of the pulmonary capillaries (Birks
etal.,1997) caused by high transmural pressure, which is a result of
high pulmonary arterial pressure and negative alveolar pressure
(West, 2000). Pulmonary arterial pressure approaching 90 mmHg
during intense speed exercise results in pulmonary capillary failure
(Meyer et al, 1998; Langsetmo et al., 2000), and venous
remodelling, which occurs in the caudodorsal aspect of the lung,
can aggravate stress failure and EIPH (Williams et al., 2013).

* Corresponding author
E-mail address: p.michelotto@pucprbe (PV. Michelotta).

hittps:f {doi.org 10, 016/ j.0vjL2019.05.003
1090-0233 @ 2019 Elsevier Lrd. All rights reserved.
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EIPH has been described in non-racehorses (Voynick and
Sweeney, 1986; Araya et al., 2005; Silva et al., 2013; da Silva et al.,
2017), and in horses undergoing low-intensity exercise, which is
defined as approximately 70-80% of mean pulmonary arterial
pressure achieved at maximal running speed (Epp et al., 2006).
Therefore, other possible underlying mechanisms of EIPH should
be investigated. Extravascular causes, such as pulmonary inflam-
mation (Newton and Wood, 2002; McKane and Slocombe, 2010;
Michelotto Jr. et al., 2011), and upper airway instability due to rider
interference (Van Erck, 2011) have been associated with increased
risk of EIPH. Moreover, the mechanical stress from the thoracic
impact of the forelimbs during locomotion should be considered in
performance horses (Schroter et al,, 1993).

To date, most studies on EIPH in racehorses have assessed the
association with speed. However, to the best of our knowledge, no
study has examined the impact of different levels of performance
on the occurrence of EIPH in horses performing other activities,
such as competitive jumping. Thus, the present study aimed to
determine the occurrence of EIPH in a sample of jumping horses
competing at different levels of jump heights {1.10-1.50m). The
hypothesis of the study was that pulmonary bleeding is associated



ANEXOS

Pulmonary function measurements during repeated
environmental challenge of horses with recurrent
airway obstruction (heaves)

David B. Tesarowski, PhD; Laurent Viel, DMV, PhD

Objectives—To evaluate the degree of reproducibility
in clinical variables, blood gas measurements, anc lung
function variables, and the changes in these varables
caused by exposure to moldy hay in naturally sensitized
and control horses.

Procedure—The magnitude of variation in arterial blood
gas and pulmonary function measurements were evalu-
ated in a model of naturally acquired heaves. Horses with
heaves and similarly aged control horses were studied
prior to moldy hay challenge and again after the horses
with heaves manifested clinical signs of airway obstruc-
tion. This cycle of testing was repeated 3 times to de-
termine the variation of the before and after challenge
measurements. Variables evaluated for repeatability in-
cluded: clinical score; arterial O, and CO, tensions; pul-
monary function variables, such as breathing rate (f), tidal
volumes, and flow rates; lung resistance (RL); dynamic
compliance; and work of breathing (W,).

Results—Before challenge, significant differences ob-
served between control horses and horses with heaves
included clinical score, expiratory flow rate at near-end
expiration, RL, and W, After exposure to moldy hay, var-
iables measured in control horses were largely unchanged.
However, in the afflicted horses, significant changes were
observed for clinical score, arterial O, and CO, tensions,
breathing rate, pezk tidal inspiratory and expiratory flow
rates, dynamic compliance, RL, and W,. compared with
prechallenge values and with control horses’ postchal-
lenge values. Analysis of the data revealed few statistically
significant differences between repeats of challenges.

Conclusion—Horses afflicted with heaves manifest air-
way obstruction that can be measured in repeatable fash-
ion. (Am J Vet Res 1996;57:1214-1219)

he equine species is one of the few species in

which an allergic condition involving the lung as
a target organ is common. Moreover, horses are the
only animal in which naturally acquired recurrent air-
way obstruction has been partially characterized.!* The
cause of this chronic obstructive pulmonary disease
(heaves) is unknown, but hypersensitivity to fungal
antigens has been reported in horses with heaves, and
documented by results of active and passive cutaneous
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anaphylaxis tests and inhalation challenge with the ap-
propriate antigen.>* Allergic horses may develop a
type-1 or a type-l11 hypersensitivity response to antigen
challenge.*®

Inflammation of the airways and pulmonary func-
tion testing have led scientists to believe that the
condition has remarkable similarity to asthma in hu-
man beings. In both conditions, there are increases in
lung resistance (RL) and work of breathing (W,); max-
imal changes in pleural pressure (AP,,..) and func-
tional residual capacity; and decreases in multi-breath
nitrogen clearance rates, dynamic compliance (C,,,),
and arterial O, tension values.””'®* Recently, a compar-
ison of tidal breathing flow-volume loops in control
horses and horses with recurrent airway obstruction
was reported,'' and the conclusion was that flow-vol-
ume loops were better able to identify diseased horses
in remission than were the more common measure-
ments, RL and C,,. It is widely accepted that when
horses with heaves in remission are exposed to moldy
hay, they develop characteristic airway obstruction.
Most of these measurements have been carried out in
horses with severe signs of heaves. However, there has
been no systematic examination of the comparative ef-
ficacy of the various possible pulmonary function tests
in identifying horses with less severe airway obstruc-
tion, nor has there been a study of the repeatability of
the respiratory response in susceptible horses when
given a standardized challenge.

Therefore, the specific objectives of the study re-
ported here were to evaluate the degree of reproduci-
bility in clinical variables, blood gas measurements,
and lung function variables, and the changes in these
variables caused by exposure to moldy hay in naturally
sensitized and control horses. Further, it was also of
interest to determine which of the indices of pulmo-
nary function differed the most between control horses
and horses with heaves, while horses were in remission
and alter environmental challenge.

Materials and Methods

Horses—Experiments were performed, using 12 horses
in 2 groups: control horses with no respiratory tract disor-
ders (4 to 23 years old [mean * SEM, 13.5 + 3.6 years]; 1
gelding, 5 mares), and horses with clinical diagnosis of re-
current heaves (6 to 15 years old [mean = SEM, 10 + 1.7
years|; 3 geldings. 3 mares). The respiratory health status of
the control horses was established on the basis of history,
clinical and bronchoscopic examinations, vesting Rr, C,..
and AP, values, blood gas analysis, and lack of clinical
response to an environmental challenge performed prior to
commencement of the study. Horses in the heaves group
manifested few signs of respiratory dysfunction while on pas-
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ture, but responded to a preliminary envirommental chal-
lenge with a clinical response typical of the equine heaves
syndrome.*>*'® These included the clinical and cytologic var-
iables: increased respiratory frequency (RF), cough, dyspnea
with abdominal effort, and wheezes on auscultation; pres-
ence of mucopurulent debris on tracheal endoscopy; and
high inflammatory cell counts in bronchoalveolar lavage
fluid

Experimental protocol—Each testing cycle, or visit,
started with the horses being housed outdoors for a pro-
longed period (6 to 12 weeks), to ensure that heaves in these
horses would be in clinical remission. The horses were then
brought into an air-conditioned box stall, modified so that
it could be made into an environmental chamber. Horses
were tested in pairs, 1 control and 1 with heaves. Prior to
being challenged in the environmental chamber and during
each day after iniuation of the challenge, the horses were
clinically examined and given a weighted score, using a mod-
ification of a system devised by Hoffman et al * (Appendix).
All clinical observations were made by the same individual,
who was initially blinded to the group identity of the horses.
Clinical examination was conducted each morning between
8 and 9 AM. Iniual testing was performed when heaves was
in remission (ie. horses had no clinical signs of heaves). Test-
ing was repeated after 1 to 3 days in the environmental
chamber when the horse with heaves had clinical signs of
heaves (clinical score > 6). Arterial blood gas analysis and
pulmonary function tests were performed before commenc-
ing the environmental challenge and after the onset of clin-
ically evident heaves. The control horses were tested at the
same periods. All testing was performed on animals under
normal feeding conditions. This protocol was repeated 3
times for each pair of horses, separated by 6 to 8 weeks of
outdoor accommodation. One horse from the heaves group
was dropped from the study alter 2 repeats because of injury
sustained while on pasture.

The environmental chamber with a common, controlled
airspace was constructed by enclosing 2 adjacent box stalls
with plywood around the perimeter and removable plexiglass
sheeting in the doors. The common wall (3.5 m long, 3.5 m
high) had a 1.5-m concrete base, and its top was open except
for iron bars at 20-cm intervals, providing a 7-m* area for
uninterrupted air exchange between the 2 box stalls. A var-
iable-speed exhaust fan, air conditioner, and the plexiglass
“windows” were used to regulate temperature and airflow in
the chamber. During the period of environmental challenge.
horses were bedded on dusty swraw, and moldy hay taken
from a single batch was shaken twice daily in the chamber
for 5 minutes in each half of the chamber. Horses were fed
the same hay from the floor. The dusty straw and moldy hay
challenge itsell was regulated within and between each test-
ing session by measurement of the numbers of respirable
dust particles (< 10 m). using a particle counter.” A mini-
mum measurement of 20 mg of dusvm® was required and
maintained for the 5-minute period.

Measurements—Samples of arterial blood were ob-
tained prior to pulmonary function testing by carotid artery
puncture (20-gauge. 3.75-cm needle) into heparinized,
cooled, glass syringes and kept on ice for analysis® (< 15
minutes from sample collection). Arterial O, (Pap,) and CO,
(Pacp,) tensions were corrected for rectal temperature and
recorded for subsequent analysis.

The general methods used for pulmonary function test-
ing in our laboratory have been described." " Horses were
restrained by use of a lead and halter in a 1 X 2-m stock
without sedation. A flexible, in-house-designed plastic face
mask was fitted over the muzzle of the animals and con-
nected to a low-resistance, nonrebreathing valve'* to facilitate
the aerosol delivery of histamine for bronchoprovocation. A
heated Fleisch No. 4 pneumotachograph’ was used to mea-
sure air flow, and volume was derived by the electronic in-
tegration of the flow signal. Transpulmonary pressure was
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Figure 1—Typical pre- and postchallenge tlow- and pres-
sure-volume loops obtained from a control horse and a
horse with heaves before and after exposure to moldy
hay. A—Flow-volume loops in a control horse. B—Pres-
sure-volume loops in a control horse. C—Flow-volume
loops in @ horse with heaves. D—Pressure-volume loops
in a horse with heaves.

measured as the difference between pressure at the airway
opening (facemask) and pressure in a latex esophageal bal-
loon (10 cm long, with 3 ml of air injected, awached to a 2-
m polyethylene catheter, 2.69 mm ID, 3.5 mm OD), inserted
to mid-thorax to estimate pleural pressure. The frequency
response of the transducer/catheter systems were measured.,
and amplitude was found to be without attenuation up to 20
Hz. The phasc lag between the pressure and flow signals was
corrected by use of a digital delay system.! The system was
calibrated prior to each use, using a water manometer and a
10-L syringe* modified to permit easy expulsion of air from
within.

The flow and pressure signals were collected and stored
on a persona! computer for respiratory loop analysis, using
software." A rotal of 5 10 10 breaths from each recording
segment, chosen on the basis of loop closure and uniformity,
were averaged and the values were entered along with clin-
ical scores and arterial blood gas values into a computerized
spreadsheet for statistical analysis. Flow-volume loops were
analyzed as described for cats'” and horses,'' and values for
R, tidal volume (V1), peak inspiratory and expiratory flow
rates (PIF and PEF). and PEF at 88% of the V1 (EF,,) were
recorded. Pressure-volume loops were analyzed {rom the
same selected breaths, with the following variables recorded:
Ru (averaged over the whole loop), AP,,... C,.., and W,
corrected for V1. Typical flow- and pressure-volume loops
were recorded before and after challenge for a control horse
and a horse with heaves (Fig 1A-D)

Statistical analysis—Analysis was performed for most
variables, using general linear modeling' and, when appro-
priate (probability of F statistic < 0.05), comparison of
means was carried out, using a test of least significant dif-
ference. When significant difference was detected between
visits, each visit was analyzed separately, using either paired
or unpaired tests, depending on whether the testing was
within or between control and heaves groups. For clinical
score, Wilcoxon's signed rank test was used to analyze the
difference berween pre- and postchallenge observations for
the control and heaves groups; the Mann-Whitney U test
served to analyze the difference between control and heaves
groups before and after challenge; and an unweighted Pois-
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son regression' was performed to evaluate the effect of visit
on scores. The duration of exposure required 10 induce a
clinical score 2 6 in the heaves group was analyzed, using a
Kruskal-Wallis one-way nonparametric ANOVA. Through-
out the text, arithmetic mean and SEM are stated. Given that
one of the objectives was to determine which of the mea-
sured variables most clearly differed between control horses
and horses with heaves, actual levels of significance are re-
ported where appropriate.

Results

With the exception of the horses with induced
exacerbation of heaves, all were in good health and all
maintained excellent body condition throughout the
study.

The duration of exposure in the environmental
chamber required to induce clinical signs (score > 6)
of disease in horses with heaves was determined (Table
1). Although there appeared to be a shorter required
duration of exposure for the horses in visit 3, this dif-
ference was not significant.

Statistical analysis of measurements obtained for
the repeats, either before or after environmental chal-
lenge, was performed (Table 2). With the exception of
C,,., before challenge in control horses (P = 0.03), there
was no significant difference between any of the other
measurements, indicating their repeatability. Thus, for
subsequent analysis, data for all variables other than
C,, from the 3 visits were pooled and analyses were
performed on the pooled means.

There was no statistically significant difference in
clinical scores between groups prior to environmental
challenge (Fig 2). Challenge with moldy hay in the
environmental chamber caused significant increase in
clinical scores for both groups (control, P = 0.016;
heaves, P = 0.001) with the difference between heaves
and control groups also significant (P = 0.001). No

Table 1—Days to develop clinical score 2 6 in environ-
mental chamber for horses with heaves

Horse Visit 1 Visit 2 Visit 3
1 2 2 2
2 2 2 T
3 3 3 2|
¢ 3 2 1
5 2 2 1
6 2 2 D
Mezn 23 PAL 1.40
SEM 021 0.17 024 |
ND = ot determined. i

Table 2—General linear model results for varigtion be-
tween visits before and after environmental challenge

Control horses Horses with heaves
Before After Before After

Variable Pr>F Pr>F Pr>F Pr>F
f 085 051 0.29 038
w 0.2 040 | 031 0.95
PIF 052 0.66 092 093
PEF 080 0.7¢ 0.9% 0.48
Efgg 043 0.63 045 098 |
PEFEFs 053 0.95 0.61 082
R on 0.5 055 084
Cayn 003 0.53 091 082
Wy 037 097 08 .69

Pr> F = probabiity of the value obtained during general inear modeling is graater than
the F statistic: f = respiratory frequency (breaths/mink; V= = tidal volume {Li; PIF = pack
inspiratory flow rate (Us); PEF = peak expiratory flow rate (Us); EFzg = expiratory flow rate
at B8% of expired volume (Ls); PEF/EFgg = ratio of PEFEFgy Ru = lung res'stance (cm of
Hy01Ls); Cayn = dynamic compliance {Lcm of H0); and W = work of breathing (kgem
of Hy00).

Conlrels, pre-
E== Heaves, pra-

E== Controls, post-
ESNS Heaves, post-

0- .
f Visit 1

Clinical Score
» @ ~
%
E .
- —
|

Figure 2—Effect of environmental challenge on clinical
scores in horses. Challenge with moldy hay resulted in
high scores in horses with heaves and control horses.
sSignificantly different from the same time-point control
values; ®significantly different from pre-environmental
challenge values. Mean = SEM are shown for each visit;
n = 6 for each group, with the exception of the heaves
group for visit 3, where n = 5. The pooled mean and
SEM for the visits also is shown.

significant differences in scores between any of the vis-
its for either group were observed.

There were no significant differences in the mea-
surements of Pao. and Paco. in control horses. Mea-
surements of Pas, and Paco. indicated significant
decrease in Pao, (P = 0.023) and increase in Paco, (P
= 0.019) in horses with heaves after challenge (Table
3). The difference in Pao, values berween groups after
environmental challenge was significant (P = 0.0015).
The values obtained for Paco, in horses with heaves
after challenge on visit 1 were significantly different (P
= 0.0343) from values [or the other visits.

Analysis of flow-volume loop data revealed no sig-
nificant differences in the repeatability of variables
measured during the 3 challenge cycles, before or after
challenge in either group (Table 4). However, signifi-
cantly higher Re (P = 0.02), PIF (P = 0.04), PEF (P
= 0.02), and EF (P = 0.047) and an increase in the
ratio of PEF to EF, (P = 0.003) were observed in
horses with heaves comparing pre- and postchallenge
values. Compared with the control group after chal-
lenge, horses with heaves had significantly higher RF
(P = 0.035), PIF (P = 0.0001), and PEF (P = 0.0001)
and an increase in the PEF-to-EF,, ratio (P = 0.0001).

With respect to variables obtained from pressure-
volume loop analyses, there was a significant difference
before challenge between groups for Rt (P = 0.016;
Fig 3) and W, (P = 0.025). After environmental chal-
lenge, these differences were greater (P = 0.001 for RL
and W,).

There was a significant difference between C,,
values obtained between visits for the control group
before environmental challenge. Thus, the data were
analyzed per visit (Fig 4). During visit 1. there was no
statistical difference between values in the control
horses before challenge versus after challenge, or in
horses with heaves, or between groups, either before
or after challenge, although values in horses of the
heaves group were, on average, lower. During visit 2,
there was significant difference between the control
and heaves group data before (P = 0.04) and after
environmental challenge (P = 0.01). Environmental
challenge caused significant decrease in C,, in horses
of the heaves group (P = 0.01), but not in control
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Table 3—Arterial blood oxygen and carbon dioxide partial
pressures observed during repezated visits

Variable Visit 1 Visit 2 Visit 3 Mean
Control horses X
Bafore enviroamental
challenge
Pag, $7:23 973218 $62:26 9%6.06:=123
Paco, 41215 23+22 B37=13 4244 =09
After environmeantal
challenge
Pag, 9%60-20 9%59:36 926+22 9435:150
Paco, 05:21 L4212 48-13 087 =09%
Horses with heaves
Betore environmental
challenge
Pag, 995244 92847 @455 RI5: 285
Paco, R5:11  421:08 05:08 4178=05
After environmental
challenge
Peo, 8525000 818140 78550220 8211+ J4mb
Paco, N6 15 462:1P 30-41° 463+ 1085
“Significantly different from the same time-point vaiues ir control horsas; Bsignificantly
different from values obtzined before envi lenge; and significant effect of
wisit.
Pao, = arterial biood partial pressure of oxygen, mm of Hg: Paco, = arterial blood partial
pressura of carbon dioxide, mm of Hg. :
Data are expressed as mean = SEM (n = 6); data from visits 1-3 were pooled.

Table 4—Effect of environmental challenge on flow-vol-
ume loop parameters observed during repeated visits

Variable Visit 1 Visit 2 Visit 3 Mean
Control horses
Ly aorgmmana”
challenge
f 1500 = 124 1550 - 195 1383279 1478 = 118
Vr 647040 665=066 734-083 682:-03
PIF 419028 548047 517:-042 513:022
PEF 456 =011 509080 456=040 474:02
EFg 363:024 361+046 345:035 356+019
PEF/EFg 120N 145-014 136+005 136=006
After environmental
challenge
f 1700 £229 1400 = 144 1400227 1500 1.16
vr 599+048 639=015 636=07¢ 644:-030
PIF 476+033 468:03¢ 51705 487 =02
PEF 505055 454047 486+062 482+:030
EFgy 35804 304=-046 3222025 328=02
PEF/EFgs 1534029 183=029 154=021 159 :0.1¢
Horses with heaves
Before environmental
challenge
i 1550 2195 1433 =158 1500 = 192 1494 = 098
Vi 63=015 7052021 633:053 6642019
PIF 504067 53¢=03 513:£05 517=029
PEF 582117 542:064 581+:122 668=055
EFgs 2822028 325:023 304:-022 304=-014
PEF/EFgs 209£039 1664079 189:033 18:=017P
After environmental
challenge
f 1850+ 245 1883z 138 1800 = 187 1847 = 1.06%0
v 620+038 578:032 609:03 605:020
PIF 63¢+076 609-061 613074 6.19=038
PeF T46£030 635=05¢ 704=043 63420320
Efsg 273£039 2732031 267-021 271 =018
PEFEFgg 287+£037 2552043 269-022 271+ 020
*Significantly different from control values; Psignificantiy different from values obtained
before environmental challenge.
n = 5to 6 for each group.

horses. During visit 3, there was no difference between
pre- and postchallenge values for the control group, the
heaves group, and between groups before challenge, al-
though there was significant difference between groups
after challenge (P = 0.018). The difference in averaged
Cgyn values across the visits (to be consistent with other
variables) between groups before challenge was not sig-
nificant, but postchallenge values were significantly (P
= 0.01) different.

2.5

1.5 Controls, pre-
Heaves, pre-

1.0 - E=] Controis, post-

i B Heaves, post-

Lung Resistance (cm of H,0/U s)

Visit 2 3

Figure 3—Effect of environmental chellenge on lung re-
sistence in horses. Challenge with moldy hay resulted in
increased resistance in horses with heaves. See Figure
2 for key.

20 ]

E&== Controls, pre-
553 Heaves, pre-
E=3 Controls, post-
B Heaves, post-

D"\amlc Compliance (Licm of H,0)
o -
o

F

Visit 3

Mean

E=xe
Figure 4—Effect of environmental challenge on dynamic
compliance in horses. Challenge with moldy hay resulted
in decreased compliance in horses with heaves. See Fig-
ure 2 for key

Discussion

Results of this study indicate that intermittent en-
vironmental challenge with moldy hay causes repeat-
able changes in clinical signs of disease, arterial blood
gas tensions, and pulmonary function variables in a
group of horses with heaves, a recurrent airway ob-
struction syndrome.

‘Heaves in horses is a natwrally acquired disease.
Daily feeding of poor-quality hay has been known for
centuries to induce and provoke heaves in a segment
of the equine population."'® Hay contains a number of
fungi and actinomycetes that are potential allergens.*!
Research workers'® have published a list of 53 such
agents. The high prevalence of heaves is likely a result
of sensitization to these agents, as evidenced by posi-
tive skin test result, Prausnitz-Kustner passive cuta-
neous anaphylaxis results, and a Schuliz-Dale response
in pulmonary vein strips.'”

The moldy hay challenge used in this study was
performed in a specially constructed environmental
chamber with regulated airflow rather than in an open
barn, to ensure an intense challenge. In each affected
horse, heaves was exacerbated within 1 to 3 days
(mean, 2) during each repeat of the challenge. Al-
though not statistically significant, a decrease in re-
quired time of exposure was observed for visit 3, likely
because of persistence of airway inflammation in the
absence of clinical airway obstruction. The time to
achieve clinical signs of heaves has been reported by
Gray et al*® to be between 6 and 30 days. This duration
is far longer than that observed in this study, although
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the method used to induce clinical signs of heaves is
different (ie, their ponies were left in a barn, bedded
on straw, and fed poor-quality hay whereas horses of
this study were actively challenged twice per day with
moldy hay in a controlled airspace chamber).

Development of early onset of airway obstruction
(within hours) in these horses was not evaluated. For
practical purposes, pulmonary function and other test-
ing was not initiated until clinical signs of airway ob-
struction were detected during the daily morning
physical examinations.

The data presented here for arterial blood gas
analysis compared favorably with reports in literature
for Pao, values.>!%?* Analysis indicated that horses with
exacerbated heaves were significantly hypoxemic (Pao,.
82.11 = 3.42 mm of Hg), compared with the control
group and with normal reference values.** Horses of
the heaves group after challenge were also hypercapnic
(Paco,, 44.69 = 1.04 mm of Hg), compared with the
control group and normal reference values.?? This dif-
ference between groups of horses was not found in
previous studies.!?2° Results of this study also confirm
previous findings relating to a number of pulmonary
function variables. They include decreases in C,,, and
increases in Rr, breath frequency*®'° W, '° PIF and
PEF, and ratio of peak expiratory flow and flow near
the conclusion of expiration' during exacerbation of
heaves.

Petsche et al'' reported that the most useful var-
iables in dilferentiating between control horses and
horses with heaves in remission were inspiratory and
expiratory flow rates at 50% of VT and the volume at
peak inspiratory flow. Although these variables were
not initially chosen for analysis in our study, posthoc
analysis revealed no significant differences between
values for control horses and horses with heaves in
remission. Our values for control horses were higher
than those observed by Petsche et al!'' although a
striking dissimilarity exists between the ages of horses
used in the latter study (control horses, 5 years old:
horses with heaves, 19 years old) and our study in
which horses were approximately age-matched (con-
trols, 13.5 years old; horses with heaves, 10 years old).
Our control horses were chosen on the basis of lack
of a clinically important response to moldy hay chal-
lenge (clinical score > 6) in the environmental cham-
ber and absence of respiratory tract disorders. Clearly.
our horses are not “normal” in view of the Petsche et
al'! study, but made excellent controls for the horses
with heaves used in our study. Another difference be-
tween the testing systems was our use of a nonrebreath-
ing valve attached to the pneumotachograph to facilitate
another pulmonary function test. This increases dead
space and volumes and could interfere with sensitivity
of the use of those variables to detect disease, although
both groups of horses would be affected, not just the
control group.

The small magnitude of changes and repeatability
of objective variables, such as arterial blood gas ten-
sions and lung function, was evident during the course
of the study when repeat pre- and postchallenge ob-
servations were compared. Generally, there was no sta-
tistically significant difference between variables when
either the pre- or postenvironmental challenge data
were compared over the 3 independent testing periods.
The only exceptions were the Paco, values in the

postchallenge period of the horses of the heaves group
and the compliance values in the control horses before
challenge. It should be noted, however, that significant
interhorse variability exists, with coefficients of varia-
tion in normal animals reported to be > 39%.** This
variability can be minimized by pooling data within
groups as we did in this study. This conclusion also
was made by Derksen et al.*> The C,, data by itself
should be interpreted with caution. However, given
the reproducibility and direction of changes in other
measurements and the trends observed with C, ., these
concerns can be minimized.

In conclusion, reproducibility of the challenge
and the reversible nature of airway obstruction ob-
served in this study argue for continued study to ben-
efit the equine population to elucidate the pathogene-
sis of heaves. These data are also important in the
context of comparative asthma research: Snapper’
suggests that horses with heaves are perhaps the best
large animal model available for the study of asthma
in human beings.

Appendix 1
Weighted clinical scoring system
Variable Descriptor Score |
Respiratory rate (breaths/min) <15 [
1%-20 1
2125 2
| b s] 3
>3 4
Nasal discharge None 0
Serous 1
Mucopurulent 3
Abdominal lift None 0
Mild (perceptible heave line) 1
Pronounced (abdomen;thorax, and anal
movement] 3 |
Nasal flaring None 0 |
Present 1
| Tracheal sounds Normal (tubular sound) 0
Increase in intensity 1
Mucus movemant 3
Bronchial tones Normal 0
Audible ventral and dorsal sounds 2
Crackles None . 0
Present 2
Wheezes Nene 0
Present 2
Cough None 0
Intarmittent 1
Paroxysmal 3
Thoracic resonance Normal lung field 0
Expanded dorsal and ventral lung fields 4
| Total 5

*Viel L. Structuial-functional corvelations of the lung ia horses
with smali airway disease. PhD thesis, Department of Pathology, Uni-
versity of Guelph, Guelph, 1983.

*Model PDM-3. Hoskin Scientific, Burlington, Ontario, Canada.

“Mode!l ABL3/30, Radiometer Inc, Copenhagen, Denmark

dGould Electronics, Biltholven, The Netherlands.

‘Pulmonary mechanics analyzer model 6, Buxco Electronics
Inc, Sharon, Conn.

'Digital delay line, Buxco Electronics Inc, Sharon, Conr.

sModel OV6-7966, Houston Atlas Inc, Houston, Tex.

"Respiratory loop analysis, Buxco Electronics Inc. Sharen,
Conn.

PC SAS, SAS Institute, Cary, NC.
‘Statistix, Analytica! Software, St Paul, Minn
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FICHA CLINICA DO SISTEMA RESPIRATORIO DE EQUINOS

Proprietario: Médico Veterinario:
Nome do animal: data:_ [/ hora:
Raca: Sexo: ldade:
Queixa:
Exame geral . . -
Comportamento () normal Posigdo ( )estagdo Assimetria facial ( ) Nao
() deprimido () decubito E % E!ell.lt:r "
()agitado Vacinas: _ [/ Hemes1 d
Escore corporal ( )1a5 FC___ bpm | Herpes4
FR rpm _ 1 Influenza
Pele ( ) urticaria TPC s _ | Qutros
( )outros Temperatura retal °C Vermifugo: __ [/ -
Alimentacao
( )racdo ( )feno Ingestdo () normal
( )aveia () verde fresco ( ) inapeténcia
( )outros ( )anorexia
Ambiente
( ) Pasto ( ) Cocheira Odor de urina Poeira
() cama de serragem ( )ausente () limpa
() outros () presente ( )pouca
() fortemente presente () muita
Exame respiratdrio em repouso
Amplitude respirattoria Tipo Modo ( ) Eupneia Ruido respiratério
() Normal () Normal ( ) Dispneia ( )Ausente
() Superficial () Predominancia costal () Inspiratdria () Inspiratério
() Profunda () Predominancia abdominal ( ) Expiratéria ( ) Expiratério
() Misto
Mucosa nasal Muflo Secrecdo nasal
DIREITA ESQUERDA ( ) Nomal DIREITA ESQUERDA
() Normocorada () Normocorada ( ) Ressecado () Ausente ( )Ausente
() Hiperémica () Hiperémica () Fissuras ( )Serosa ( ) Serosa
( )Mucosa { ) Mucosa
() Mucopurulenta () Mucopurulenta
( ) Presenca de sangue ( ) Presenca de sangue
[Tosse () Odor fétido () Odor fétido
Espontanea ( )Presente ( )Ausente
Reflexo de tosse ( ) Presente ( )Ausente ] Linfonodos .
Tipode tosse () Seca Submandibulares Retrofaringeos
() Produtiva (0) (B) (D) (B)
( ) Superficial ()() Ir}alteradosl )0 Ir}alteradosl
( ) Profunda ( ) ( )Linfomegalia () ( )Linfomegalia
( ) ( )Abcedados () ( )Abcedados
Exame respiratdrio em exercicio
Ruido respiratério Secrecdo nasal Recuperacao apds exercicio
( )Ausente DIREITA ESQUERDA Tempo de repouso min
() Inspiratorio ( )Ausente ( )Ausente FC bpm
() Expiratorio ( ) Serosa ( ) Serosa FR rpm
( ) Misto ( )Mucosa ( ) Mucosa ( ) Rapida
() Mucopurulenta ( ) Mucopurulenta ( ) Demorada
() Presenca de sangue ( ) Presenca de sangue
Ausculta Traqueal ==y Ausculta Pulmonar Observacdes:
() Normal Crepitagdo grossa Crepitagao fina
{ )Aumentada ( )ausente ( )ausente
( ) Crepitagao ( ) presente ( ) presente
( ) Sibilo ) djreito ( ) esquerdo () djreito ( )esguerdo
/ / / /
1 L1 |_—1 I
Percussao
direito esquerdo Sibilo Propagag&o cardiaca
/ / ( )ausente () normal
( ) presente () direito ( )esquerdo
L |~ ( ) djreito ( ) esguerdo
() normal () normal / / / /
( )timpanico ( )timpénico >
( )macico  ( )macigo | - 1 1
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VARIABLE

DESCRIPTOR

SCORE

FICHA DE ESCORE CLINICO DO SISTEMA RESPIRATORIO DE EQUINOS

IAnimal:

Day:

IAnimal:

Day:

Respiratory rate (breaths/min)

<15

o

16-20

21-25

25-29

> 30

Nasal discharge

none

Serous

mucopurulent

Abdominal lift

none

mild (perceptible heave line)

pronounced abdomen, thorax and anal movement)

Nasal flaring

none

present

Tracheal sounds

normal (tubular sound)

increase in intensity

mucus movement

Bronchial tones

normal (tubular sound)

audible ventral and dorsal sounds

Crackies

none

present

Wheezes

none

present

Cough

none

intermittent

paroxysmal

Thoracic resonance

normal lung field

expanded dorsl and ventral lung fields

N O |w |k O N O IN O N |0 (W |k O |k |0 |[w| kO |w ik O |8 W N (-

TOTAL

N
(%]
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