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RESUMO

Tese de Doutorado
Programa de P6s-Graduacdo em Medicina Veterinaria
Universidade Federal de Santa Maria

EFEITO CELTNICO DO PLASMA RICO EM PLAQUETAS EM LESOES
CUTANEAS, TENDINEAS E LIGAMENTARES DE EQUINOS

AUTOR: ROBERTA CARNEIRO DA FONTOURA PEREIRA
ORIENTADOR: FLAVIO DESESSARDS DE LA CORTE
Santa Maria, 11 de marco de 2016.

O plasma rico em plaquetas (PRP) é um produto obtido do sangue total, através de uma ou duas
centrifugacdes, resultando em um pequeno volume deste plasma contendo elevado nimero de
plaquetas e fatores de crescimento. Estes fatores de crescimento, provenientes dos a-granulos
plaquetérios, sdo componentes importantes na homeostase de tecidos lesados, iniciando e
regulando alguns estagios da cicatrizacdo tecidual, por promover quimiotaxia, proliferacdo e
diferenciacdo celular, neovascularizacdo e deposicdo de matriz extracelular. As tendinites e
desmites sdo patologias caracterizadas pela degeneracédo de tenddes e ligamentos. O mecanismo
de degeneracdo tecidual destas estruturas é atribuido a fatores mecénicos, vasculares e
inflamatdrios. As lesBes tendineas e ligamentares comprometem a performance atlética de
equinos e cursam com longos periodos de cicatrizacdo, devido as caracteristicas de composicao
histoldgica, anatbmica e biomecanica destas estruturas. A cicatrizacdo das feridas localizadas
distais ao carpo ou tarso de equinos é geralmente complicada pela falta de tecido de
revestimento, menor suprimento sanguineo, baixa concentracdo de oxigénio nos tecidos e maior
risco de contaminagdo bacteriana. Em muitos casos quando néo tratadas adequadamente, as
feridas poderdo tornar-se crénicas, com crescimento exacerbado do tecido de granulacdo. Na
presente tese, sdo apresentados estudos com equinos com a finalidade de avaliar o efeito clinico,
do namero de plaguetas em relacdo ao tempo de cicatrizacdo e indice de recidivas da utilizacdo
do PRP associado a exercicios controlados no tratamento de lesdes tendineas e ligamentares,
avalidos por meio do exame clinico e ultrassonografico (CAPITULO 1). Neste estudo também
foi avaliado o processo de cicatrizacdo de feridas cirdrgicas experimentais, localizadas na
regido distal dos membros locomotores, tratadas com trés métodos distintos de aplicacdo do
PRP e avaliada através da evolucdo clinica e histopatologica. Objetivou-se determinar a
melhor forma de aplicacdo do PRP em feridas cutaneas de equinos (CAPITULO 2). No capitulo
1, foram incluidos oito equinos, com idade média de 5 anos (+2,6), diagnosticados com lesbes
em tenddes e ligamentos, através da avaliacdo clinica e ultrassonogréafica. Esses animais foram
submetidos ao tratamento intralesional com PRP, guiado por ultrassonografia. Os animais
diagnosticados com tendinite (4/8) tiveram escore das lesdes de 2,3 (£0.57)(escala 1 a 3), média
da concentracédo plaquetaria de 512.250 /pl (£ 144.965) e tempo médio de cicatrizacdo de 262
dias (x82) (tabela 2). Em contrapartida, 0os animais com desmite (4/8) no ligamento suspensério
apresentaram escore das lesdes de 2,6 (= 0,57)( escala0 a 3), média da concentracdo plaquetéaria
de 566.500 /ul (£ 97.722) e tempo médio de cicatrizagdo de 120 dias (+ 42) (tabela 3). N&o foi
observada correlacdo entre o numero de plaquetas do PRP e o tempo de cicatrizacdo das
tendinites e desmites. A monitoragdo clinica e ultrassonografica da resposta as injecdes
intralesionais de PRP, seguidas de programa de incremento gradual de exercicio, permitiu que
os cavalos retornassem a sua atividade atlética prévia sem recidiva das lesdes.



No capitulo 2 foram utilizados oito equinos higidos, com idade média de 8 anos (z 3,76), onde
foram criadas quatro feridas cutneas de 4 cm? de &rea, no aspecto dorsolateral do terceiro 0sso
metarcapiano, duas no membro toracico esquerdo (Al e A2) e duas no membro toracico direito
(A3 e A4). As lesbes cutaneas foram tratadas com trés aplicacGes de PRP de acordo com o
grupo estabelecido aleatoriamente. No grupo (G) I, as lesGes cutdneas foram tratadas com
infiltracdo de PRP nas bordas da ferida, no Gll o PRP foi utilizado na forma gel sobre a area
total da ferida, no GllI foi usado PRP homdlogo e o GIV serviu como grupo controle (apenas
aplicacdo de solucdo fisioldgica) com infiltracdo nas bordas da ferida. Desta maneira, 0s quatro
tratamento foram aplicados nas 4 feridas de um mesmo animal. Para cada grupo de tratamento
obtivemos oito repeticbes em regides distintas nos membros toréacicos, nos oito cavalos
avaliados. No GlII houve reducdo de 15 dias no tempo de cicatrizacdo quando comparada as
feridas do GIV. Na andlise histopatoldgica o GlI apresentou maior frequéncia de inflamagéo
leve e neovascularizacdo leve a moderada, nas bidpsias 1 e 2. O GIV apresentou a maior
intensidade de granulacéo das feridas entre os grupos avaliados. O PRP na forma gel, tanto na
avaliacdo clinica como na histopatologica apresentou o melhor resultado na aplicagdo em
feridas cutaneas no membro distal de equinos. O PRP homologo também pode ser utilizado
como terapia celular adjuvante na cicatrizacao cutanea de equinos.

Palavras-chave: PRP, lesdes cutaneas, tenddes, ligamentos, ultrassonografia.
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Platelet rich plasma (PRP) is a product obtained from whole blood through one or two
centrifugations, resulting in small volume of plasma containing high number of platelets and
growth factors. The growth factors from the a-granules are platelet components that are
important in the homeostasis of injured tissues beginning and regulating some stages of tissue
healing, promoting chemotaxis, cell proliferation and differentiation, neovascularization and
deposition of extracellular matrix. Wound healing of skin lesions distal to the carpus or tarsus
of horses, usually are complicated by the reduced blood supply, low oxygen tension and
increased risk of bacterial contamination. In many cases when wounds are not treated properly,
they can become chronic with excessive formation of granulation tissue. Tendinitis and
desmites are pathologies characterized by degeneration of tendons and ligaments. The tissue
degeneration mechanism of these structures is attributed to mechanical factors, vascular and
inflammatory. Tendinitis and desmitis are common pathologies of equine athletes, these
diseases tend to have long recovery periods, due to histological, anatomic and biomechanical
features of tendons and ligaments. This thesis presents studies of 8 horses, in order to evaluate
the clinical effect and the presence of recurrence lesions, of use of PRP and exercise controlled
in the treatment of tendon and ligament injuries, through the clinical and ultrasonographic
evaluation (CHAPTER 1), review by clinical and histopathological evolution the healing
process of surgical wounds located at the distal region of forelimbs treated by three different
methods of application of PRP (CHAPTER 2), and also determine the best form to PRP
application to equine skin wounds ( CHAPTER 2.) In Chapter 1, it included eight horses, with
an average age of 5 years (x 2.6) diagnosed with injuries in tendons and ligaments, through
clinical and ultrasonographic evaluation. These animals underwent treatment with intralesional
PRP, guided by ultrasound. The animals pL diagnosed with tendonitis (4/8) had lesion scores
of 2.3 (£ 0.57) (score 1 to 3), mean platelet concentration of 512.250 / uL (+ 144.965) and
average healing time of 262 days (x 82) (Table 2). In contrast, animals with desmitis (4/8) in
the suspensory ligament injuries had a score of 2.6 (x 0.57) (score 1 to 3), mean platelet
concentration of 566.500 / uL (£ 97.722) and average healing time 120 days (z 42) (table 3). In
this study no correlation was found between the number of platelets in the PRP, and the time
for healing of tendonitis and desmitis. Clinical and ultrasonographic monitoring of intralesional
injections of PRP, followed by gradual increase of exercise program, allowed the horses to
return to his previous athletic activity without recurrence of the lesions. In Chapter 2 we used



eight healthy horses, with an average age of 8 years (x 3.76), which were created four wounds
of 4 cm? area in the dorsolateral aspect of the third cannon bone, two on the left forelimb (A1l
and A2) and two on the right forelimb (A3 and A4) (figure 1). The cutaneous lesions were
treated according to the established treatment group. In the same animal, each of the four
wounds were assigned to one of four treatment groups at random, for each treatment group
obtained eight replicates in different regions in the forelimbs (Figure 1). In the group (G) I, the
skin lesions were treated with PRP infiltration of the wound edges, the GI1 PRP was used in gel
form, the GIIl was used homologous PRP and GIV as a control group (without PRP
application). In the wounds treated with the GIl was reduced to a fortnight in healing time
compared the wounds treated with the GIV. Histopathology GII presented a higher frequency
of mild inflammation and neovascularization mild to moderate in biopsies 1 and 2. The GIV
had the highest intensity of granulating wounds between the groups. PRP in gel form, both in
the clinical evaluation as the histopathology showed the best result in the application on wounds
in the distal member of horses. The homologous PRP can also be used as adjuvant in equine
wound healing.

Keywords: PRP, skin lesions, tendons, ligaments, ultrasound
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1. INTRODUCAO

As feridas cutaneas localizadas na por¢éo distal dos membros (abaixo do carpo e tarso)
sdo de ocorréncia comum em equinos. Elas acontecem devido a fatores relacionados ao animal,
como seu comportamento ativo, fatores relacionados ao ambiente, como instalagdes
inadequadas e pastagens sujas, e fatores relacionados ao homem, como 0 manejo inadequado
desta espécie animal (NETO, 2003).

As cicatrizacao de feridas cutaneas pode ser classificada em cicatrizacdo de primeira
intengdo ou segunda intencdo. A cicatrizagdo por primeira intencdo ocorre quando os bordos da
ferida estdo proximos e as feridas séo classificadas como ndo contaminadas. A cicatrizacdo de
segunda intencao ocorre em feridas cujos bordos estdo distantes e as feridas classificadas como
contaminadas (apds seis horas da lesdo) (McGAVIN & ZACHARY, 2007).

Existem peculiaridades na cicatrizacdo por segunda intencdo de feridas cutaneas
localizadas no membro distal quando comparadas a cicatrizagao de feridas localizadas no tronco
de equinos. Isso ocorre devido a intensa inflamacédo tecidual observada nas feridas cutaneas
localizadas nas extremidades distais que tem como consequéncia a formacdo excessiva de
tecido de granulagdo acima dos bordos das lesdes dificultando, desta forma, a retracéo
cicatricial e tornando a cicatrizacdo mais lenta nestas regides anatdmicas. Este aspecto constitui
um desafio para 0 médico veterinario que elege, para determinados casos, a cicatrizacdo por
segunda intencdo como método de tratamento, seja pelas condi¢des locais e tempo decorrentes
da lesdo ou pela falta de tecido para cobertura na tentativa de sutura da lesdo. BERRY &
SULLINS (2003) afirmam que o menor suprimento sanguineo, menor tensdo de oxigénio,
temperatura mais baixa e a presenca de quantidades insuficientes de citocinas determinam os
diferentes padrdes de cicatrizacdo entre as diversas regides anatdmicas do equino.

NETO (2003) cita a desnutricdo, hipovolemia, hipotensdo, hipoxia, hipotermia, infec¢éo
e 0 uso de medicamentos de acdo anti-inflamatéria, como fatores que podem retardar a
reparacao cutanea em equinos. O manejo inadequado no tratamento de feridas localizadas na
porcdo distal dos membros de equinos pode resultar em uma complicacdo comum que é a
formacao de cicatriz exuberante. Fretz et al., (1983), consideraram a remocao cirirgica a melhor
opcao para o tratamento do tecido de granulacdo exuberante, em pbneis, com ledes nas regides
dorsal do terceiro metacarpiano e metatarsiano. A estética de uma cicatriz com granulacédo
exacerbada pode ser motivo de depreciacdo comercial de cavalos destinados a julgamento

morfolégico, onde a sua integridade é fundamental na apresentacéo.
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Os tenddes e ligamentos, de cavalos atletas, quando submetidos a atividade de alto
impacto, sdo susceptiveis a lesdes devido a uma limitada capacidade de adaptacdo ao estresse
contribuindo para o surgimento de degeneracdo progressiva. Dentre as lesdes ligamentares, a
de maior frequéncia é a desmite do ligamento suspensoério. Esta € uma importante causa de
claudicacdo em equinos, seja ela primaria ou compensatoria, reduzindo o desempenho do
animal (DOWLING et al., 2000; McCLURE et al., 2004). As lesbes que afetam tenddes e
ligamentos podem chegar a um ter¢co em equinos de esporte. Especificamente em cavalos de
corrida, esta porcentagem pode chegar a 43%, sendo considerada a principal causa do
afastamento de cavalos Puro-Sangue de Corrida, e maior casuistica de lesdes observadas no
tend&o flexor digital superficial (GOH et al., 2003; NIXON et al., 2008).

O plasma rico em plaquetas (PRP) € um produto obtido através da centrifugacdo de
sangue autdgeno, resultando em um pequeno volume de plasma com elevado nimero de
plaquetas e fatores de crescimento (VENDRAMIN et al., 2006). Este componente pode ser
obtido mediante uma (MESSORA et al., 2009) ou duas centrifuga¢ées (VENDRAMIN et al.,
2006; CARMONA, 2006; BARBOSA et al., 2008).

Dados da literatura relatam que o PRP, tem sido amplamente utilizado na medicina
humana (SANCHEZ et al., 2007; SANCHEZ et al., 2012; GUERREIRO et al., 2015), na
odontologia (MARX et al., 1998; JUNIOR et al., 2008) e na medicina veterinaria (CARTER et
al., 2003; CARMONA et al., 2007; ARGUELES et al., 2008; SCHNABEL et al., 2008; DE
ROSSI et al., 2009; CARMONA & LOPEZ, 2011; TORRICELLI el at., 2011; ROMAGNOLI
et al., 2015) como uma terapia alternativa no tratamento de lesdes em diferentes tecidos.

A presente tese teve como objetivo avaliar a utilizacdo do PRP como ferramenta
alternativa no tratamento de feridas no tecido cutaneo, tendineo e ligamentar de equinos. No
tecido cutaneo foi avaliada a possibilidade de uso de diferentes formas de aplicacdo do PRP em

feridas cuténeas localizadas no membro distal de cavalos.
2. REVISAO BIBLIOGRAFICA
2.1 Feridas de membro distal em equinos
Em equinos, laceracOes de pele na regido distal dos membros ocorrem com muita
frequéncia devido ao comportamento ativo associado a realizacdo de atividades atléticas, o que

predispem a lesdes traumaticas. Barulhos e ruidos estranhos, tais como os causados por

trovdes, estrondos de motores ou bombas e disparos de armas de fogo, assustam 0s equinos e
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fazem com que estes se atirem contra cercas e objetos, sem preservacdo de sua integridade
fisica. Os arames constituem a causa mais comum de lacera¢cbes nos membros distais em
equinos. A cicatrizacdo das feridas localizadas nas extremidades distais de equinos, localizadas
abaixo do carpo e do tarso, sdo geralmente complicadas pela falta de tecido de revestimento,
menor suprimento sanguineo, baixa concentracdo de oxigénio nos tecidos, movimento articular,
maior risco de contaminacdo e desequilibrio dos fatores de crescimento (DYSON, 1997;
EVERTS et al., 2006). Em muitos casos onde as feridas nao sao tratadas adequadamente, estas
poderdo se tornar crénicas com crescimento exuberante de tecido de granulacdo, que ocorre
devido a sintese de colageno ser muito superior a lise e apoptose dos componentes celulares do
tecido de granulacdo (SALDAMALACHIA, 2004). Muller et al., (2000), avaliaram o
comportamento do crescimento de fibroblastos de equinos, da regido do tronco em comparacgéo
com o crescimento de fibroblastos da regido distal dos membros, e também compararam o
crescimento de fibroblastos de poneis, da regido do tronco em relagdo com a regiéo distal dos
membros. Estes autores concluiram que existe um maior crescimento de fibroblastos na regido
distal dos membros de equinos, do que fibroblastos na regido tronco. Houve também maior
crescimento de fibroblastos na regido distal dos membros, de equinos, quando comparado a

qualquer regido anatdbmica em ponies.

2.1.1 Morfologia do tecido tegumentar

A pele recobre toda a superficie do corpo e é 0 seu maior 6rgdo. Ela exerce diversas
fungdes como regulacédo térmica, defesa organica, controle do fluxo sanguineo, protecdo contra
diversos agentes do meio ambiente e funcdes sensoriais (calor, frio, pressdo, dor e tato). Ela é
constituida por trés camadas: epiderme (epitélio), derme e tecido subcutaneo (Figura 1). A
epiderme é a camada mais externa composta por trés linhagens celulares diferentes: os
queratindcitos, os melandcitos e as células de Langerhans. A derme é a camada mais profunda
e é formada por tecido conjuntivo (HACKETT, 1978).

A epiderme esta organizada em camadas e a medida que as mais superficiais sdo
eliminadas, as mais profundas sdo restauradas por divisdo celular. Ela é constituida por cinco
camadas: germinativa, espinhosa, granulosa, lucida e cornea. A camada germinativa € a mais
profunda, fazendo limite com a derme, e a camada cérnea € a mais superficial. A camada
cornea, constituida por células escamosas, cheias de queratina, proporciona protecdo contra
traumas fisicos e quimicos. As varias camadas de queratindcitos intimamente unidos uns aos

outros, formam uma barreira contra a invasdo de microorganismos e dgua (PARKS, 1999).
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A derme é uma espessa camada de tecido conjuntivo que se estende da epiderme até o
tecido subcutaneo. Nesta camada estdo situados os anexos da pele, muitos vasos sanguineos,
vasos linfaticos e nervos. Ela é dividida em camada papilar, mais externa, e camada reticular,
mais interna. A derme € constituida de diferentes linhagens celulares como fibroblastos,
macrofagos, mastdcitos, leucocitos (neutrofilos, eosinofilos, linfécitos e mondcitos)
(HANSELKA, 1982). Esta camada fornece uma base firme para a epiderme e para 0S anexos
cutaneos. As fibras colagenas proporcionam grande forca de tensdo e as fibras elasticas dédo
flexibilidade a pele. Os plexos vasculares fornecem sangue para a epiderme, sem penetra-la. As
camadas mais profundas da derme se misturam com o tecido subcutaneo, que por sua vez esta
frouxamente ligado a fascia subjacente. Elementos epiteliais denominados glandulas e foliculos

pilosos se estendem para a derme e tecido subcutaneo (PARKS, 1999).
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Figura 1- Imagem demonstrando a constituicdo da pele em trés camadas: epiderme, derme e
subcutaneo. FONTE: JUNQUEIRA & CARNEIRO, 2004.

2.1.2 Cicatrizagdo cutanea nos equinos
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O reparo tissular envolve uma cascata de eventos, iniciada pela interacdo entre alguns
tipos celulares, fatores sollveis e componentes da matriz extracelular. A perfeita interacdo
destes fatores determina a qualidade e a velocidade da cicatrizacdo de uma lesdo. Idade
avancada, desnutricdo, hipotensdo, anemia, uso de pomadas a base de corticoides e diabetes sdo
fatores que influenciam o processo de cicatrizacdo apés lesGes traumaéticas ou cirdrgicas (DE
ROSSI et al., 2009). A cicatrizacdo de feridas nas diferentes espécies animais € dividida nas
fases de coagulacéo e inflamacéo, fibroplasia e remodelacéo.

A fase de coagulacdo tem inicio 5 a 10 minutos apds o surgimento da lesdo. Neste
momento ocorre a vasoconstricdo para minimizar a hemorragia. Logo ap6s se inicia a fase
inflamatoria caracterizada por vasodilatacdo e aumento da permeabilidade capilar estimulada
por agentes quimiotaticos, permitindo a saida de células de defesa (leucdcitos), plaquetas,
fluidos e proteinas do sangue circulante, e chegada deste, ao foco da lesdo. A formacédo do
coagulo garante resisténcia e protecao a ferida (STASHAK, 2004).

A fase de proliferacdo é dividida em trés subfases: re-epitelizacdo, fibroplasia e
neovascularizacdo. Na re-epitelizacdo ocorre a migracdo de queratindcitos ndo danificados das
bordas dos anexos epiteliais quando a ferida é de espessura parcial, e apenas das margens
epidérmicas em caso de feridas de espessura total. Os fatores de crescimento (FC) de
transformacéo beta (TGF-B), FC derivado de plaquetas (PDGF) e o FC semelhante a insulina
(IGF-1), sdo responsaveis pelo aumento de mitose e consequente hiperplasia do epitélio
(MANDELBAUM & SANTIS, 2003).

A fibroplasia ocorre a partir da proliferacdo dos fibroblastos, que sdo células
mesenquimais diferenciadas, que possuem a funcgdo de sintese de proteinas e substituicdo da
matriz proviséria (fibrina, fibronectina e hialuronato) por glicoproteinas, proteoglicanos,
colégeno tipo Il e por fim, colédgeno tipo | (STASHAK, 2004). O FC TGF-B regula a
proliferacdo de fibroblastos, estimula a deposicdo de matriz extracelular inibindo sua
degradacdo (ROBERTS & SPORN, 1996).

A neovascularizacao fornece nutrientes e oxigénio para nutrir tecido em reparacgao. As
plaquetas e os macréfagos liberam FC fibroblastico (FGF) e o FC vascular e endotelial (VEGF),
que estimulam a atividade angiogénica de células endoteliais microvasculares na formacao de
uma rede de novos capilares. A nova rede formada se expande para o centro da leséo resultando
na aparéncia rosada e exuberante (NETO, 2003).

O tecido de granulagdo é formado por vasos sanguineos neoformados, fibroblastos e
produtos de fibroblastos, incluindo o colageno, elastina, fibronectina, proteases,

glicosaminoglicano sulfatado, glicosaminoglicano néo sulfatado e macrofagos. Ele é produzido
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trés a quatro dias apos a inducédo da lesdo como um passo intermediério entre o desenvolvimento
da malha formada por fibrina/fibronectina e a reestruturacdo de coldgeno (BERRY &
SULLINS, 2003). A medida que o fluxo sanguineo e a oxigenacdo sdo restabelecidos, o
principal fator desencadeador da angiogénese € reduzido e os vasos neoformados comegcam a
diminuir (NETO, 2003).

Nas feridas que cicatrizam por granulagéo e fibroplasia, o fechamento ocorre por
contracdo das paredes marginais da lesdo. Esta acédo € realizada pelos fibroblastos ativados que
se diferenciam em miofibroblastos. Os miofibroblastos contém fibras intracelulares de actina e
miosina que formam conexdes especializadas com a matriz extracelular e outras células dentro
da cavidade da lesdo. Os miofibroblastos aproximam as margens da ferida, forcando as fibras
de colageno a se sobreporem e se entrelacarem. Se a integridade tecidual for reduzida, a
contracdo pode ser insuficiente para fechar o defeito, resultando em granulacdo exuberante
(STASHAK, 2004).

A fase final do processo cicatricial consiste na remodelagéo tecidual. Ao contrario das
outras fases de cicatrizacdo, a remodelacdo dos componentes do colageno e matriz, como acido
hialurdnico e proteoglicanos, persiste por longo tempo ap6s o fechando da ferida, é o periodo
no qual os elementos reparativos da cicatrizagdo sdo transformados em tecido maduro com
caracteristicas diferenciadas (NETO, 2003).

Existem particularidades na cicatrizagdo cutanea da regido do tronco de equinos quando
comparada com feridas localizadas na regido distal dos membros. Feridas abaixo do carpo e do
tarso possuem a caracteristica de producdo excessiva do tecido de granulacdo, como
exemplificado na figura 2, desta forma, quando a granulacdo quando excessiva torna-se uma
complicacdo na cicatrizacdo de feridas por segunda intencdo. Isso ocorre devido ao
desequilibrio dos fatores de crescimento que regulam a sintese e degradacédo dos fibroblastos e
colageno, ocorrendo producdo excessiva com inibicdo da apoptose destas células.

Jacobs et al., (1984), compararam a cicatrizagao de feridas no tronco e feridas na regido
distal dos membros, em ponies, observando diferente comportamento da cicatrizagcdo. As
feridas localizadas no tronco, cicatrizaram mais rapidamente. O tecido de granulagéo
exuberante € uma complicacdo frequente associada a cicatrizacdo de feridas localizadas nos
membros distais de equinos. A granulagdo consiste primariamente do desenvolvimento de
vasos sanguineos, fibroblastos e matrix extracelular (MILLER et al., 2000). Quando ha
producdo excessiva do tecido de granulagdo, ele se projeta acima das margens da ferida
dificultando a contragédo das bordas da ferida, tornando a re-epitelizacéo lenta (WILMINK &
WEEREN, 2005).
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Figura 2- Tecido de granulacéo exuberante no membro posterior direito de um equino (Cortesia
Dr. Flavio De La Corte- UFSM).

2.1.3 Tratamentos convencionais para cicatrizagdo cutanea

A utilizacdo de bandagens de algoddo, pomadas topicas a base de corticlides,
substancias quimicas causticas e a excisao cirdrgica, sdo 0s tratamentos convencionais
utilizados para controlar ou remover o tecido de granulagcdo exuberante (LINDSAY, 1988).
OLIVEIRA & ALVARENGA (1998) na busca de alternativas para o tratamento de lesfes de
pele em equinos, testaram a utilizacdo de membrana amniotica preservada em glicerina. Esses
autores observaram que houve supressao do tecido de granulacéo, associado a menor exsudagao

das feridas tratadas por esta membrana.

2.2 Tendinites e desmites em equinos

2.2.1 Morfologia do tecido tendineo e ligamentar
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Durante milhares de anos a espécie Equus caballus sofreu uma série de adaptacfes ao
ambiente, havendo uma modificagdo no apoio dos membros, passando de cinco para apenas um
dedo. Consequentemente, as estruturas dos tecidos moles da porc¢éo distal dos membros também
sofreu grandes modificacdes. Acredita-se que com a evolugdo, o antigo musculo interésseo
médio dos equinos tenha perdido tecido muscular e adquirido caracteristicas de ligamento,
passando a ser denominado de ligamento interdsseo, ligamento suspensério ou ligamento
sesamoideano superior (SCHWARZBACH et al, 2008).

O tenddo é uma faixa espessa de tecido conjuntivo fibroso que age como um
intermediério na ligacdo do musculo ao 0sso. Ele é composto por um tecido conjuntivo denso,
regular e possui um arranjo especifico que reflete as demandas mecénicas deste tecido
(McILWRAITH, 2006).

O tenddo € constituido de unidades estruturais organizadas sucessivamente em
moléculas de colageno, microfibrilas, subfibrilas, fibras e fasciculos (KASTELIC et al., 1978).
O arranjo organizado do tendao, bem como as ligac@es entre as moléculas de colageno, fibrilas
e fibras, é que Ihe confere a capacidade de suportar elevadas cargas e transmiti-las dos musculos
ao0s 0ss0s. E importante ressaltar que a maior quantidade de matriz aumenta a resisténcia do
tenddo, mas ndo necessariamente melhora a sua fung&o e o torna mais eléastico (SMITH, 1998).
Segundo RILEY (2004), forcas de tenséo sobre o tenddo que causam aumento acima de 4% no
seu comprimento (limite fisiol6gico) resultardo em lesdo em um ou mais feixes de fibras.
Ruptura completa pode ocorrer quando a tensdo resulta em 8 a 12 % de extenséo.

Para que as fibrilas de colageno realizem suas func¢des, essas devem estar alinhadas em
feixes paralelos ao longo do eixo principal de tenséo. As células do tecido conjuntivo controlam
essa orientacdo em parte pelo deposito de colageno de forma orientada (ALBERTS et al., 2007).

O aporte de sangue para o tecido tendineo pode ser proveniente do musculo ou do 0sso
ao qual o tenddo esta unido, do mesotenddo, da faixa da bainha sinovial ou do paratendao.
Musculos e ossos fornecem 25% do aporte sanguineo e apenas nas porg¢des proximais e distais,
sendo o paratenddo o0 maior responsavel pela irrigagdo das estruturas tendineas
(McILWRAITH, 2002).

Os fibroblastos séo as células que constituem a maior porcentagem da matriz tendinea,
sdo as células mais comuns do tecido conjuntivo. As células com intensa atividade de sintese
sdo denominadas fibroblastos, enquanto as metabolicamente quiescentes sdo conhecidas como
fibrécitos. As células que formam o tenddo sdo denominadas de tendindcitos (JUNQUEIRA&
CARNEIRO, 2004).
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Os ligamentos s&o estruturas especializadas que ligam 0s 0ssos entre si, promovendo
estabilidade das articulagOes, e servem de guia para 0 movimento articular. S&o formados por
tecido conjuntivo denso compostos por fibras colagenas que fornecem alta resisténcia a tracédo
(BENJAMIN & RALPHS, 1997). O ligamento suspensorio (LS) dos equinos € composto de
tecido conjuntivo e 2 a 11% de fibras musculares residuais (DYSON, 1997), o que pode explicar
a variacdo na ecogenicidade das imagens do LS entre individuos durante exames
ultrassonograficos. A presenca de tecido conjuntivo frouxo situado ao longo do LS acomoda
vasos e nervos (DYSON et al., 1997). O LS é composto por um sistema bilateral de fibras
longas de colageno, entrelagadas em espiral e presas entre si por fibras cruzadas, que se separam
distalmente nos ramos do LS. As fibras musculares vestigiais estdo inseridas entre as fibras
longas de forma semicircular. Esse arranjo estrutural proporciona amortecimento de forcas
resultantes de vibracdes durante a dindmica da locomocéo, evitando efeitos nocivos (ROONEY,
1973). A distribuicéo de fibras musculares vestigiais no LS é simétrica entre membros torécicos
e pélvicos de um mesmo individuo, mas varidvel entre equinos da mesma raca (GIBSON &
STEEL, 2002). A proporcdo de fibras musculares ndo varia com a idade, mas existem opinides
divergentes quanto as mudancas em sua propor¢do em resposta a sequéncia de treinamento
(DENOIX, 1994; DYSON et al., 1995; REEF, 1998).

A principal fung&o dos ligamentos é prevenir movimentos excessivos ou anormais, além
de manter a estabilidade das articulagdes pela sua funcdo proprioceptiva (BENJAMIN &
RALPHS, 1997). Segundo sua localizacdo os ligamentos podem ser intracapsulares ou
extracapsulares. Os ligamentos intracapsulares (intra-articulares) sdo encontrados dentro das
articulacbes e sdo rodeados pela membrana sinovial. Os ligamentos extracapsulares
(periarticulares) sdo externos a capsula articular (DYCE et al., 1997; FRANDSON et al., 2005).

2.2.2 Etiologia das tendinites e desmites

As lesBes de tendGes flexores de equinos representam um dos maiores desafios para o
monitoramento clinico e emissdo de progndstico, pois ocorrem em diversas estruturas flexoras
coldgenas, tanto nos membros toracicos como nos pélvicos, com predilecdo para o tenddo do
masculo flexor digital superficial em cavalos Puro Sangue de Corrida. Os diferentes locais
lesados e a analise da distribuicdo de cargas entre as estruturas flexoras nos diferentes tipos de
exigéncia, em associacdo a demanda locomotora especifica, explicam essa diferenca. Fatores
extrinsecos como a conformacéo, idade do animal, nivel de treinamento e tipo de ferradura,

também estdo implicados na etiopatogenia destas lesdes (FACKELMAN, 1973).
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A atividade atlética de alta exigéncia e repetitiva pode levar, em alguns casos, a lesfes
severas no tecido tendineo. Tais lesdes podem ser resultantes de uma sobrecarga Unica, onde a
magnitude da forca exigida excede a resisténcia maxima das fibras, ou ainda de um acumulo de
microlesdes, que aumentam a cada ciclo de carga, levando a ruptura da estrutura tendinea. Estas
lesBes nas estruturas colagenas flexoras dos equinos resulta em alta morbidade, e sua resolucdo
frequentemente se depara com a impossibilidade de restauragcdo completa da estrutura e fungéo.

A arquitetura tecidual alterada e, consequentemente a funcdo biomecanica andémala,
leva ao comprometimento da futura performance do animal e predispde a elevado risco de
recidivas, gerando perdas econdmicas, principalmente em se tratando de animais atletas. A
ocorréncia de enfermidade nos tenddes flexores digitais de cavalos de corrida em treinamento
é estimada em 30% e, embora tenham ocorrido avangos na préatica ortopédica nos ultimos anos,
a ocorréncia destas patologias tendineas, bem como a eficacia do tratamento pouco se alteraram
(ALVES, 1998).

2.2.3 Diagnostico das tendinites e desmites

O exame clinico é fundamental no diagnéstico de patologias de tecidos moles em
equinos. Os sinais clinicos frequentemente apresentados por animais acometidos por tendinites
e desmites sdo: claudicagéo, edema e aumento de volume do tenddo ou ligamento acometido.
O exame de palpacdo deveréa ser realizado com o membro do animal em posicéo flexionada.
Durante a palpacdo se observa aumento de volume da estrutura lesionada, aumento da
temperatura local (em lesdes agudas), sensibilidade a palpacéo e em caso de lesdes cronicas e
extensas, localiza-se fibrose tendinea (McILWRAITH, 2002).

A ultrassonografia é uma técnica de diagnéstico por imagem que auxilia a detec¢éo e o
acompanhamento de lesdes que afetam o aparelho locomotor de equinos. Esta técnica permite
determinar o local exato da lesdo, e quantificar a extensdo e a intensidade da mesma, além de
possibilitar o monitoramento do processo de reparacgdo tecidual durante o periodo de tratamento
(MARR et al., 1993). Segundo WRIGLEY (2006) séo necessarias imagens de alta resolucéo,
particularmente para a identificacdo de lesGes discretas, visto que tenddes e ligamentos séo
estruturas relativamente pequenas. DE BASTIANI et al. (2014), mostraram a correlacédo
positiva existente entre os achados ultrassonograficos e histopatoldgicos no diagnostico de
patologias de tecidos moles e 0Osseos na regido articular e periarticular da articulacdo

metacarpofalangeana.
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2.2.4 Cicatrizagéo de tenddes e ligamentos

As tendinites e a desmites resultam na diminuicdo de desempenho, reabilitacdo
prolongada e aposentadoria precoce dos equinos. O longo periodo de reabilitacdo dos animais
acometidos, tem sido atribuido a baixa vascularizagdo dos tendbes (BOSCH, et al 2011).
Atualmente, se busca métodos de tratamento que induzam a regeneracdo tecidual, ou seja, a
restauracao da arquitetura estrutural normal e funcao biomecénica dos tenddes e ligamentos, na
tentativa de aumentar o potencial da cicatrizacdo (RIDERMANN et al., 2010). Varios
tratamentos descritos tem como objetivo diminuir a inflamagé&o, restaurar a estrutura e a fungéo
normal do tenddo minimizando a formagdo de aderéncias e evitando possiveis recidivas.
Mesmo quando a cicatrizacdo ocorre de forma adequada, existe a possibilidade de reincidéncia
da lesdo (McILWRAITH, 2002; BOSCH et al., 2011).

2.3 Plasma rico em plaquetas (PRP)

2.3.1 O que é 0 PRP?

O PRP € um concentrado de plaquetas obtido por meio de uma metodologia simples,
com boa relagdo custo/beneficio para se obter altas concentraces de fatores de crescimento
com propriedades regenerativas (ANITUA, 1999).

O PRP apresenta em sua composicdo plasma, leucdcitos e plaquetas. No plasma estao
contidos diversos fatores de coagulacdo (GOLDBERG, 1997), os leucdcitos que conferem
resisténcia natural aos agentes infecciosos e imunoldgicos, e as plaquetas ao sofrerem
degranulacdo nos locais de lesdo liberam FC (MARX & GARG, 1999). Pelo menos sete FC
séo derivados dos granulos plaquetérios: PDGF, TGF-R31, fator de crescimento semelhante a
insulina (IGF-I), fator de crescimento fibroblastico (FGR), fator de crescimento epidermal
(EGF), fator de crescimento vascular endotelial (VEGF) e fator de crescimento hepatécito
(HGF) (GIANNOBILE, 1999).

Os fatores de crescimento (FCs) sdo polipeptideos especificos, presentes no plasma e
em alguns tecidos, que regulam a diferenciacdo e a proliferacdo celulares e, portanto, a
regeneracdo dos tecidos. Os FC podem ter acdo paracrina, endocrina ou autocrina, e seu
estimulo € transmitido via receptores de superficie de membrana, que ativam proteinas
reguladoras no citoplasma, gerando respostas através da inducdo da expressdo de genes

(MARX, 2004). Eles promovem quimiotaxia, proliferacdo e diferenciacdo celular,
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neovascularizacdo e deposicdo de matriz extracelular (EVERTS et al., 2006; FOSTER et al.,
2009; PORCELINI, 2009).

Segundo BARBOSA et al. (2008) o numero final de plaquetas no PRP depende da
contagem inicial no sangue total do animal, de forma que quanto maior o nimero inicial, mais
rico em plaquetas sera o PRP. Dessa forma, a presenca de trombocitopenia é um fator limitante
para a obtencdo da concentracdo adequada de plaquetas. Animais que apresentam esta condi¢ao
no hemograma ndo sdo indicados para terapia com o PRP de forma satisfatdria, logo outras
fontes de plasma e plaquetas devem ser investigadas. LEMOS et al. (2002) consideram
adequado um numero superior a 1.000.000 de plaquetas/ L. J& outros autores sugerem que 0
PRP deve conter concentracbes de plaquetas trés a cinco vezes maiores que 0S niveis
fisiolégicos (GONSHOR, 2002; KEVY & JACOBSON, 2004). Pouca atencao tem sido dada a
uma possivel influéncia da contagem de plaquetas no PRP ou a concentracdo de fatores de

crescimento em relacdo a uma eficacia maior nas concentracdes mais altas.

2.3.2 O gel de PRP

Inicialmente o gel de PRP era produzido pela adi¢io da trombina bovina ao concentrado
de plaquetas. Entretanto, com o objetivo de facilitar sua obtencéo e reduzir os custos, a trombina
bovina foi substituida pela trombina autégena (KEVY& JACOBSON, 2004). A trombina
autdgena é uma variacao na formulacdo do concentrado plaquetario obtido através da adicao do
gluconato de calcio. Esta mistura quando exposta a temperatura de 37°C, ativa o sistema de
coagulacdo, resultando na degranulacdo dos fatores de crescimento plaquetarios e gelificacao
do PRP, formando um gel que facilita sua aplicacdo em diversas cirurgias (LIEBERMAN et
al., 2002; EFEOGLU et al., 2004; VENDRAMIN et al., 2006; DE ROSSI et al., 2009).

O gel de PRP tem sido utilizado pela facilidade de aplicacéo, elevada aderéncia no local
da lesdo servindo como tampéao hemostatico. Além disso, o gel reline uma variedade de fatores
de crescimento, que favoreceram a diferenciagéo condrogénica (WILKE et al., 2007).

2.3.3 Utilizacdo do PPR na espécie equina

Na medicina veterinaria equina o uso do PRP é descrito para o tratamento de feridas
(CARTER et al., 2003; DE ROSSI et al., 2009; MONTEIRO et al., 2009), queimaduras
(MACIEL et al., 2012), tendinites e desmites (MAIA et al., 2009; SCHNABEL et al., 2007;
TORRICELLI etal., 2011; ROMAGNOLI et al., 2015), osteoartrites (CARMONA et al., 2007)
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e na cicatrizacdo de fraturas (CARMONA & LOPEZ, 2011). Muitos destes relatos se limitam
a casos clinicos isolados com reduzido nimero de animais tratados, sem o devido uso do método
cientifico para analisar a escolha da terapia frente a lesdo, a considerar efeitos sinérgicos de
outras terapias usadas em conjunto, da auséncia de um grupo controle para comparar os eventos

na auséncia do PRP.
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Effect of platelet-rich plasma in the treatment of tendonitis and desmitis in horses:

Prospective study of eight clinical cases

Efeito do plasma rico em plaquetas no tratamento de tendinites e desmites em cavalos:

Estudo prospectivo de oito casos clinicos

Roberta Carneiro da Fontoura Pereira™ Camila Cantarelli' Grasiela De Bastiani!
Marcos da Silva Azevedo!" Diego Rafael Palma da Silva"! Karin Erica'"' Flavio

Desessards De La Corte'"' José Antonio Gonzalez da Silva'v

ABSTRACT

This study aimed to evaluate the clinical effect of autologous PRP, obtained by manual
method with double centrifugation, and applied by intralesional ultrasound-guided injection in
horses’s tendons and ligaments. Eight horses were included in this study: four horses with
tendonitis (two superficial digital flexor tendons and two deep digital flexor tendons) and four
horses with suspensory ligament desmitis. Horses were diagnosed following clinical and
ultrasonographic evaluation. Three applications of PRP were performed every 15 days. Horses
diagnosed with tendonitis had an average injury score of 2.3 (£0.57) and average healing time
of 262 days (+82). Horses diagnosed with suspensory ligament desmitis had a mean injury score
of 2.6 (x 0.57) and average healing time of 120 days (z 42). Platelet concentration of the blood
used for preparation of PRP from the horses with tendonitis ranged from 120.000 to 180.000/pl
(144.250 £ 25.539/ul) and platelet concentration of the PRP ranged from 406.000 to 720.000/ul

(512.250 £ 144.965/ul). In horses with desmitis, the concentration of platelets in the whole
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blood used for autologous PRP preparation ranged from 127.000 to 158.000/ul (140.250 +
13.149/ul) and platelet concentration in the PRP ranged from 513.000 to 713.000/ul (566.500
+ 97.722/ul). No correlation was found between the number of platelets in the PRP and the
healing time of injuries. Clinical evaluation and ultrasonographic images used to monitor
healing showed that intralesional PRP injections followed by a program of gradually increasing
exercise resulted in horses returning to their previous athletic activities without recurrence of
lesions.

Keywords: PRP, equine, suspensory ligament, tendon.

RESUMO

Este estudo teve como objetivo avaliar o efeito clinico do PRP aut6logo, obtido pelo
método manual com centrifugacdo dupla e aplicado por injecdo intralesional, guiada por
ultrassonografia, em tenddes e ligamentos de cavalos. Oito cavalos foram incluidos neste
estudo: quatro cavalos com tendinite (dois tenddes flexores digitais superficiais e dois tenddes
flexores digitais profundos) e quatro cavalos com desmite do ligamento suspensorio. Os
animais foram diagnosticados através de avaliacdo clinica e ultrassonogréfica. Trés aplicacbes
de PRP foram realizadas a cada 15 dias. Cavalos diagnosticados com tendinite tiveram um
escore médio de lesdo de 2.3 (£0.57) e média de tempo de cicatrizacdo de 262 dias (+82).
Cavalos diagnosticados com desmite do ligamento suspensério tiveram um escore médio de
lesdo de 2.6 (+ 0.57) e tempo médio de cicatrizacdo de 120 dias (+ 42). A concentracdo de
plaquetas no sangue usado para preparacdo do PRP dos animais com tendinite variou de
120.000 a 180.000/ul (144.250 + 25.539/ul) e concentracdo de plaquetas no PRP variou de
406.000 a 720.000/ul (512.250 + 144.965/ul). Em cavalos com desmite, a concentracdo de
plaquetas no sangue usado para preparacdo do PRP variou de 127.000 a 158.000/pl (140.250 +

13.149/ul) e concentracdo de plaquetas no PRP variou de 513.000 a 713.000/pl (566.500 +
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97.722/ul). Neste estudo nédo foi observada correlagdo entre o nimero de plaquetas do PRP e 0
tempo de cicatrizacdo das lesbes. A monitoracdo clinica e ultrassonografica das injecdes
intralesionais de PRP, seguidas de programa de incremento gradual de exercicio, permitiu que
os cavalos retornassem a sua atividade atlética prévia sem recidiva das lesdes.

Palavras-chave: PRP, equino, ligamento suspensério, tendao.

INTRODUCTION

The tendon is a thick band of fibrous connective tissue that acts as a link connecting
muscle to bone. They are composed of a dense, regular connective tissue and have a specific
fiber arrangement that reflect the mechanical demands of this tissue (McILWRAITH, 2002).

The suspensory ligament (SL) consist of striated muscle, loose areolar connective tissue,
connective tissue fibers, blood vessels, and nerves (HAUSER et al., 1984). The SL is typically
described as consisting of three sections, the proximal region, body and branches. All three
regions can be injured in any horse breed resulting in decreased performance and early
retirement (KASASHIMA et al., 2004; DABAREINER et al., 2005). Suspensory ligament
desmitis is a common injury in athletic horses. When affecting the proximal region, at the
ligament insertion on the palmar/plantar aspect of the cannon bone, the inflammation of the SL
predisposes to avulsion fractures in the proximal-palmar region of the third metacarpal bone
(HILL et al., 2001). Desmitis normal healing requires a large convalescent period, ranging from
three to nine months (DYSON & GENOVESE, 2003), many times with a less to guarded
prognosis.

The conservative treatment of tendonitis and desmitis included an initial period of rest
followed by a gradually increasing controlled exercise routine. Other therapies such as
nonsteroidal anti-inflammatory drugs, bandaging, counter-irritants, intralesional injections of

polysulphated glycosaminoglycans, hyaluronan, tendon/ligament splitting, and extracorporeal
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shock wave therapy may also be used (SMITH et al., 2006). However, the poor healing capacity
of tendons and ligaments is a problem to be solved in athletic horses. The impaired healing of
tendon tissue has been attributed to a low number of residing cells in relation to the extensive
volume of extracellular matrix and to a relatively poor vascularization (SCHNABEL et al.,
2007; MAIA et al., 2009; BOSCH et al., 2010). Recently, regenerative medicine based on
growth factors and cell therapy has been used to improve the quality and speed of tendon and
ligament healing (TORRICELLI el at., 2011).

Platelet-rich plasma (PRP) is a promising therapy that has been used for tendonitis
(MAIA et al., 2009) and desmitis (SCHNABEL et al., 2007; WASELAU et al., 2008;
ROMAGNOLLI et al., 2015) treatment in horses. The increasing interest in PRP treatment
resides on the fact that PRP contains various growth factors that are important for restoration
of tissue architecture, because of its mitogenic, chemotactic and neovascular action and its
higher deposition of extracellular matrix. Therefore, PRP, derived from whole blood, must
contain three to five times more platelets than physiologic levels, which in horses may vary
from 100.000 to 350.000 platelets/uL (MARX et al., 1998).

The objectives of this report were to describe the possible beneficial effect and clinical
safety of autologous PRP, obtained using a manual method with double centrifugation, and
applied by intralesional ultrasound-guided injection in horses with musculoskeletal soft tissue

lesions. Horses were followed up and monitored for recurrence of lesions.

MATERIAL AND METHODS
Case selection criteria

Eight horses were included in this study: two horses with forelimb tendonitis of the
superficial digital flexor tendon (SDFT), two with forelimb tendonitis in the deep digital flexor

tendon (DDFT), one with forelimb desmitis in the proximal SL, one with hindlimb desmitis in
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the medial and lateral branches of the SL, and two horses with forelimb desmitis of the medial
branches of the SL (table 1). Horses were diagnosed after clinical and ultrasonographic
evaluation when referred to the Veterinary Teaching Hospital of the Federal University of Santa
Maria (UFSM), Brazil. The inclusion criteria in this study were: lameness grade 1 to 4/5
(AAEP, 1991) in the forelimbs or hindlimbs; ultrasound identification of echogenicity,
architecture, size and shape alterations in the flexor tendons or SL; and successful diagnostic
anaesthesia of the palmar/plantar region of the third metacarpal/metatarsal bone, if necessary

to diagnostic these injuries.

Clinical and ultrasound evaluations

The clinical evaluation was performed before each PRP application. The presence of
swelling, increased local temperature and pain were assessed by palpation.

Ultrasound scans (US) were made with a portable Pie Medical machine, equipped with
a 7.5-MHz linear probe to confirm tendonitis or desmitis. The hypoechogenicity and loss of
collagen fiber parallelism are considered abnormalities of these structures (GENOVESE et al.,
1986).

As described by ROMAGNOLI et al. (2015), a complete examination was performed
doing transverse and longitudinal scans after routine clipping, and careful comparison with the
healthy contralateral limb was carried out. Lesions were measured by tracing the circumference
of each core lesion on transverse scans. Core lesion cross-sectional area was calculated as a
percentage of the total cross-sectional area of the flexors tendon (FT) or SL.

Measurement of the damaged percentage was calculated by measurement of the total
lesion area divided by the total area of the tendon/ligament multiplied by 100 (expressed in %).

Lesions also were graded from 1 to 3 using the modified score proposed by GENOVESE &
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RANTANEN (1990), where 1 = core lesion of < 25%, 2 = core lesion between 50 to 75%, and

3 = core lesion of > 75%.

Obtaining platelet-rich plasma
The manual method utilized to obtain PRP was previously described by PEREIRA et al.
(2013). For this purpose, 450ml of blood were collected from each animal by puncturing the
external jugular vein using a commercial blood-transfusion bag containing citrate-phosphate-
dextrose solution with adenine as an anticoagulant (CPDA-1; 63mL for 450ml of blood).
From each collection, PRP was obtained from 100ml of whole blood aspirated from
the blood bag and distributed in three falcon type polypropylene 50ml-tubes (30ml of blood in
one tube and 35ml in the two other ones). Tubes were centrifuged the first time at 2249 during
10 minutes to separate the plasma from the mist zone (phlogistic layer containing leukocytes)
and red blood cells. The supernatant containing the platelet-rich plasma was transferred to a
second falcon tube and again centrifuged at 440g for 10 minutes. After the second
centrifugation, the plasma supernatant was discarded, and only 10 ml of PRP were preserved,
representing 10% of the initial total blood volume. The whole protocol of manually processing

PRP was done in a laminar flow cabinet to prevent contamination.

Protocol for PRP treatments

The animals diagnosed with tendonitis/desmitis were treated with three PRP
applications every 15 days as recommended by CARMONA (2006), except horse 1 and 2 that
received only one application (Table 2).

Before each treatment, the area to be injected was clipped and aseptic prepared using
iodine povidone and 70% alcohol. All horses were sedated with an association of 10% xylazine

(1mgkg™) and buthorfanol tartarate (0.02mgkg™) intravenously. A 7.5 MHz linear ultrasound
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probe was covered with a sterile glove to perform the ultrasound-guided intralesional PRP
injections using 24G x % needles (ROMAGNOLI et al., 2015). The PRP volume used was
calculated in accordance with the extent of the lesions ranging from 1 to 2.5ml (MAIA et al.,

2009).

Exercise protocol

The animals were submitted to a gradually increasing exercise program that began five
days after the first PRP application (MAIA et al., 2009). Exercise intensity or duration was
increased based on the healing progress assessed through ultrasound. The exercise protocol
exercise was performed according McILWRAITH (2002) at the farms where the horses came

from.

Statistical analysis

Descriptive statistical analysis of the behavior of the variables was performed for: the
lesion scores, platelet number of blood, platelet number of PRP and healing time. Platelet
number of PRP and healing time were transformed in a log normal distribution (x + 1) and
tested for normality using the Kolmogorov-Smirnov test (p = 0.15). Pearson correlation was

used to evaluate platelet number of PRP and healing time (P<0.05).

RESULTS

Ultrasound evaluations were performed to determine the score and progression of
tendon and ligament injuries, establishing the time for healing to occur, which was
characterized by complete alignment and parallelism of collagen fibers. Horses diagnosed with
tendonitis in the first assessment at the clinic had an average injury score of 2.3 (+ 0.57) and

average healing time of 262 days (+ 82). Horses diagnosed with desmitis had a mean 2.6 injury
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score (+£ 0.57) and average healing time of 120 days (+ 42). We observed no correlation between
healing time and injury scores.

The platelet concentration in the whole blood used for preparation of PRP of the animals
with tendonitis ranged from 120.000 to 180.000/ul (144.250 £ 25.539/ul) and platelet
concentration in the processed PRP ranged from 406.000 to 720.000/ul (512.250 + 144.965/ul)
(Table 2). In horses with desmitis, the concentration of platelets in the whole blood used for
animal PRP preparation ranged from 127.000 to 158.000/pl (140.250 + 13.149/ul) and platelet
concentration in the processed PRP ranged from 513.000 to 713.000/ul (566.500 + 97.722/ul)
(Table 3). There was no correlation between the number of platelets in the PRP and the healing
time in animals with tendon and ligament injuries, with a 95% confidence interval (P>0.05).
After PRP applications, animals were monitored for three days in order to detect an eventual
increase in lameness, local reactions and infections at the application sites. None of the eight
treated horses showed any evidence of such changes and no horse had recurrence of the injury.
Healing time of tendonitis or suspensory ligament desmitis was not influenced by the platelet

count in the manually processed PRP.

DISCUSSION

This paper described the diagnostic and clinical outcome of tendon and ligament
disorders in eight clinical cases treated with local PRP injection. There is a wide range of
possibilities to treat tendonitis and desmitis in horses, varying from conservative approaches to
modern cellular therapy. Conservative treatment is usually based on the use of systemic or local
non-steroidal anti-inflammatories drugs associated with stall rest, followed or not by some
degree of exercise activity (SMITH et al., 2006). The slow healing of tendons and, in most
cases, the resulting formation of mechanically inferior extracellular matrix are probably due to

the fact that the tendon is a minimally vascularized tissue, presents cells that exhibit reduced
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mitotic activity, and fewer progenitor cells in the tissue (SCHNABEL et al., 2007). It is
reasonable to believe that there is an important difference when comparing clinical with
experimentally induced tendonitis/desmitis. More recently, GUERCIO et al. (2015) in an
experimental study, used PRP associated with stem cells to repair lesions in the SDFT of nine
horses. These authors observed that horses returned to exercise 6 months after treatment.

The Criollo horses of our study, with SL desmitis showed similar results as far as
average time (120 * 48 days) of complete lesion healing compared to Thoroughbreds according
to the cases published by WASELAU et al. (2008), and Standardbred racehorses presented by
TORRICELLI et al. (2011). ROMAGNOLI et al. (2015) have studied the respost of
intralesional injection PRP in twenty sport horses with proximal SL desmitis and supports the
treatment, observing a good to excellent prognosis for returning to sport activity (12-24 weeks).

PRP is a novel and promising therapy modality that has been widely used in veterinary
medicine for the treatment of bone and soft tissue injuries (CARMONA, 2006). It is considered
the low cost and easiness to obtain the product through different centrifugation protocols
(VENDRUSCULO et al., 2012). The manual protocol to prepare PRP used in the present study
was evaluated by PEREIRA et al. (2013) and allowed the gaining of high platelet concentrations
(539.375 £118067/ul). According to ANITUA et al. (2004), concentrations above 300.000
platelets/mL are enough for a true PRP preparation. An in vitro study on segments of the SDFT
of horses was conducted by SCHNABEL et al. (2007). Those authors showed an anabolic PRP
effect on the synthesis of the tendinous matrix using an average concentration of 395.000
platelets/pl.

PRP treatment is considered one of the cell therapy modalities because it promotes a
decrease in tendonitis recurrence rates due to a stimulus mediated by growth factors that

enhances collagen fiber extracellular matrix deposition (MAIA et al., 2009; MISHRA et al.,
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2009). This is the possible explanation for the absence of recurrence in our PRP-treated horses
(ROMAGNOLLI et al., 2015).

Controlled exercise is paramount for tendon and ligament healing because it favors type-
I collagen formation in a more organized and homogenous way, avoiding adhesion formation
in the peritendineous or ligament tissues and recurrence of lesions. Recurrence of lesions is the
most likely complication once tendon and ligament injuries have healed and they probably
occur due to inadequate deposition of extracellular matrix or inadequate management of the
exercise program (SHARMA, 2005; SMITH, 2011).

A limitation of the present study was that the clinical cases presented were not matched
by control horses and all physical activity was monitored by owners and trainers; however, to
the authors knowledge, this is the first study evaluating clinical results of PRP obtained by a
double manual centrifugation protocol, in the treatment of tendinopathies and SL injuries. There
is a need for a larger clinical trial, with both controls and treated horses undergoing clinical
evaluation, ultrasound and histopathologic analysis, after treatment with PRP injection in

flexors tendons and SL.

CONCLUSIONS
Intralesional PRP injections followed by a program of gradually increasing exercise
allowed horses to return to their previous athletic activities without recurrence of lesions,

independent of injury score, in the flexors tendons and suspensory ligaments.

BIOETHICS AND BIOSSECURITY COMMITTEE APPROVAL
Ethics Committee for the Use of Animals of Universidade Federal de Santa Maria has

approved the methods employed in this study (protocol 110/2013).
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Table 1 - Description of the animals included in the work.
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Animals Breed Age Modality Injuries  Affected
limb
01 Criollo 9 years Reining SDFT LF
02 Brazilian 9 years Jumping DDFT RF
Warmblood
03 Thoroughbred 9 years Jumping SDFT RF
04 Criollo 5 years Reining DDFT RF
05 Criollo 5 years Reining PSLD LF
06 Criollo 3 years Reining BSLD RH
07 Thoroughbred 3 years Racing BSLD LF
08 Thoroughbred 3 years Racing BSLD LF

SDFT: superficial digital flexor tendonitis; DDFT: deep digital flexor tendonitis; PSLD:

proximal suspensory ligament desmitis; BSLD: branch suspensory ligament desmitis; LF: left

forelimb; RF: right forelimb; RH: right hindlimb.



1 Table 2 - Descriptive statistics in clinical cases of tendonitis and desmitis treated with PRP.

2
Horse Lesion # PRP Platelets/ul Platelets/ul TRT (days)
score applications whole blood PRP
Tendonitis

01 1 1 180.000 720.000 360

02 3 1 120.000 420.000 210

03 2 3 142.000 503.000 300

04 2 3 135.000 406.000 180
Minimum value 2 - 120.000 406.000 180
Maximum value 3 - 180.000 720.000 360
Medium value 2.3 - 144.250 512.250 262
SD 0.57 - 25.539 144.965 82
Average + 1 SD 2.87 - 169.789 657.215 344
Average — 1 SD 1.73 - 118.711 367.285 180

Desmitis

05 3 3 141.000 713.000 180

06 2 3 158.000 513.000 120

07 1 3 135.000 520.000 120

08 3 3 127.000 520.000 60
Minimum value 1 - 127.000 513.000 60
Maximum value 3 - 158.000 713.000 180
Medium value 2.6 - 140.250 566.500 120
SD 0.57 - 13.149 97.722 48
Average +1SD 3.17 - 153.399 664.222 168
Average -1 SD 2 - 127.101 468.778 72

3

4  PRP: platelet-rich plasma; SD:
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SUMMARY
Reasons for performing the study: Distal limb wounds are frequent in horses after traumatic
events. The use of platelet-rich plasma (PRP) represents a simple method of treating wounds in

equines because the platelets contain several growth factors.

Objectives: To evaluate the clinical effect of autologous PRP on wound healing and to establish
a correlation between the number of platelets in PRP and healing time of wounds and individual
variations in healing time of wounds, regardless of treatment group. In addition, to determine
what the best form of application of PRP equine skin wounds and the test of using the

homologous PRP whit alternative as a treatment alternative in cutaneous wounds of horses.

Study design: This study evaluates the potential of platelet derived factors to enhance wound

healing in the lower equine limb.

Methods: To test this hypothesis, eight healthy adult horses, 8+ 3.76 years old were used. Four
skin wounds of 4cm? area were surgically created in the dorsolateral aspect of the third cannon
bone, two on the left forelimb (Al and A2) and two on the right forelimb (A3 and A4). The
cutaneous lesions were treated according to the randomly established treatment group. In the
same animal, each of the four wounds was assigned to one of four treatment groups at random,
for each treatment group obtained eight replicates in different regions in the forelimbs. In the
group (G) I, the skin lesions were treated with PRP infiltration of the wound edges; GII were
treated with PRP was used in gel form; GIII was used homologous PRP infiltration and GIV

control group (without PRP application).

Results: PRP gel treatment (GI1) reduced in 15 days the healing time compared to the wounds
of the control group (GIV). The GII presented higher frequency of low inflammation and
neovascularization low to moderate in biopsies 1 and 2 on the histopathology exam. The GIV

had the highest intensity of granulating wounds between the groups.
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Conclusions: PRP in gel form, showed the best result on wound healing in the distal limb of
horses in both clinical and histopathology evaluations. Furthermore, homologous PRP can be
considered beneficial in the management of wound healing in horses and it can be safely used

as an alternative source of PRP.

INTRODUCTION

Wounds resulting from environmental disorders are common causes of substantial
economic losses in equine veterinary medicine [1], because the wounds require intensive care
and expensive treatments [2]. Factors with size of the wound, tension, mobility, poor blood
supply, susceptibility to infection, and type and condition of underlying tissues of the wound
are directly interfere with healing [3]. The cellular mechanisms as described in repair distal
limb soft tissue, such as, inefficient inflammatory response to trauma, persistent local up-
regulation of pro-fibrotic growth factors, a disparity between collagen synthesis and lysis as
well as microvascular occlusion and deficient apoptosis of the cellular components of

granulation tissue and a site very favorable to contamination [4, 5].

Horses often suffer from chronic slow healing wounds and, conversely, from the
development of exuberant granulation tissue, when soft-tissue wounds are located on the distal
limb. Therefore, wounds occurring in this location are of important concern to horse owners

and veterinarians [6].

Several clinical studies, in both human and veterinary medicine, on the restoration of
tissue integrity have shown the positive role of platelets in natural wound healing [7, 8, 4, 9,
10]. When locally applied, platelets accelerate healing of normal tissue because of growth
factors release, as already widely demonstrated [11]. Platelet-rich plasma (PRP) has been
utilized as a source of cytokines and growth factors (GF) released from activated platelet alpha-

granules at the site of tissue injury. GF’s released after platelet degranulation include
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transforming growth factor B (TGF- B), platelet-derived growth factor (PDGF), insulin-like

growth factor-1, vascular endothelial growth factor (VEGF) and fibroblast growth factor (FGF)

[12].

The aim of this study was to evaluate the clinical effect of autologous PRP on wound
healing and to establish a correlation between the number of platelets in PRP and healing time
of wounds and individual variations in healing time of wounds, regardless of treatment group.
In addition, to determine the best form of application of PRP on equine skin wounds and the

possibility of using homologous PRP as a alternative treatment in cutaneous wounds of horses.
MATERIAL AND METHODS

Selection of Animals: This study was approved by the Committee of Ethics on Animal Care
and Research Use of the Federal University of Santa Maria (UFSM) registration number
110/2013. This study used eight healthy adult horses, geldings and females, with an average
age of eight years (+ 2.6), average weight of 500 kg (£70), with normal CBC and biochemical
parameters within the reference values, including platelet counts above 100.000/dL. The
animals were kept in individual stalls fed daily with commercial diet, alfalfa hay and water ad
libitum. The animals received preoperatively flunixin meglumine (1.1 mg/kg intravenous (IV),
once a day) for 3 days, penicillin-based antibiotics 22.000 1U/kg (procaine penicillin,
benzathine, and dihydrostreptomycin) single intramuscular application (IM) and tetanus
antitoxin 5.000 Ul via IM. After induction of cutaneous defects, the site was protected with

bandages, changed daily until end of the study (complete healing of wound).

Preparation of Platelet-Rich Plasma (PRP): Preparation of Platelet-Rich Plasma was
performed using 450 ml of blood were collected from each animal by puncturing the external
jugular vein using a commercial blood-transfusion bag containing citrate-phosphate-dextrose

solution with adenine as an anticoagulant (CPDA-1; 63 mL for 450 ml of blood). Then, the PRP
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is obtained from 100 ml of whole blood aspirated from the blood bag and distributed in three
polypropylene tubes falcon type (50ml) where in each tube were deposited 30ml and other two
35 ml. This tubes were centrifuged a first time at 224 g for 10 minutes to separate the plasma
from the mist zone (phlogistic layer containing leukocytes) and red blood cells. The supernatant
containing the platelet-rich plasma was transferred to a second falcon tube and centrifuged at
440g will again for 10 minutes. After the second centrifugation, the plasma supernatant was
discarded, and preserved only 10 ml of PRP, representing 10% of the initial total blood volume.

This technique to obtain PRP was previously determined by Pereira et al. [13].

Preparation of homologous PRP: PRP homologous was obtained through the blood collection
from the two donor horses and processed according to the protocol proposed by Pereira et al.
[13]. The wounds of animal 1, 2, 3 and 4 was used homologous PRP of blood donor 1.The
wounds of animal 5, 6, 7 and 8 has used homologous PRP of blood donor 2. Laboratory tests
were realized in the previous period to the beginning of the experiment to rule out equine

infectious anemia and glanders.

PRP activation for preparation the PRP in gel form: For activation of platelets, calcium
gluconate was used to make PRP in the gel form. For each ml of PRP to be transformed into
gel, 0.5 ml of the supernatant plasma it was removed and it is considered as the platelet poor
plasma (PPP). Then, 0.3 ml of calcium gluconate was added to this PPP and incubated at 37 °
C for 15 minutes. After the incubation period, resuspension was performed thrombin and
subsequent centrifugation at 640 g for 10 minutes at room temperature [14]. The mixture of
autologous thrombin with PRP condense further with formation of PRP in gel form that was

applied in the injuries destined to group treated to PRP gel.

Creating the skin defects: All horses received a dose of 10% xylazine (Imgkg™) and
buthorfanol tartarate (0.02mg/ kg prior to the surgical procedure. The high palmar nerve block

was performed with the technique described by Stashak & Baxter [15]. With the horses
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standing, two cutaneous defects were created on the dorsolateral aspect of each Mclll, the first
defect located 3cm below the carpometacarpal joint and the second defect 3cm above the fetlock
level. Distance between the two wounds in each forelimb created was 5 cm. To create the skin
defects, the skin was clipped and prepared for aseptic preparation with iodine povidine and 70%
alcohol. Sterile gloves were used to decrease the likelihood of contamination. A plastic frame
of 4cm? was place over the site to be incised and with the aid of a 24 scalpel blade, the skin was
removed leaving a 4 cm? defect on the skin, one defect proximal and the second defect distal,
over the dorsolateral region of Mclll. Once the cutaneous defects were created, one treatment
was randomly assigned to each wound. A sterile bandage was placed over the wounds, for

protection, which was changed daily.

Treatment Groups: Each skin defect was considered a treatment group and each group
received three applications of PRP, repeated applications every 2 weeks, as follows:

1. GI: PRP infiltration subcutaneously around the wound edges.

2. GI1: Skin defects were treated with PRP gel form over the skin defect.

3. Gll1I: PRP Infiltration homologous subcutaneously around the wound edges.

4. GIV: Infiltration of saline around the wound edges was used as a control group.

A total of 32 skin wounds were randomly treated and distributed in the four wounds of

the eight animals evaluated (Figure 1).

Clinical evaluation: The clinical evaluation was blinded and performed by three veterinarians,
every 15 days, using the following parameters: presence of granulation (low, moderate,
excessive), color (pale, pink and hyperemic) and sensibility (absent or present). The size of the

wound was measured using a tape measure.

Histopathological analysis: The skin biopsies were performed on the 15th and 30th day after
the first application of PRP. The animals were sedated with 10% xylazine at a dose of 1 mg /

kg and received local anesthesia with 2% lidocaine without vasoconstrictor. Biopsy samples
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were collected with a 8mm-dermatological punch under aseptic preparation. In the first sample
each treatment group was collected from the upper right and lower left corner of the wounds
and the second biopsy was taken in the upper left and lower right corner of the wounds. Samples
were immediately fixed in 10% formalin. In laboratory the samples were then routinely
processed for histopathology, prepared and stained by hematoxylin and eosin (HE). The
variables analyzed were: intensity of inflammation, granulation tissue, fibroplasia, fibroblasts
cells, neovascularization and collagen maturity, on a scale of low, moderate and intense (Table

1).

Statistical analysis: The number of platelets in whole blood and number of platelets in PRP
were submitted to the distribution normality test by Kolmogorov-Smirnov test, with 95%
confidence. After verified the normal distribution (p = 0.1208), Pearson’s correlation was tested
between these variables at a 95% confidence interval. The average of three evaluations of the
variables number of platelets in whole blood and number of platelet in PRP and the variable
healing time wounds control and treated PRP infiltrated, PRP gel and homologous PRP were
submitted to the Kolmogorov-Smirnov normality test with 95% confidence intervals (p> 0.05).
Pearson's correlation was analyzed between the average of the number of platelets in whole
blood of animals and the healing time of each type of wound, as well as between the average
number the platelets in PRP animals and time healing for each type of wound. The data were
statistically analyzed using the chi-square test and Fisher's exact test, with a 95% confidence
interval, considering as categorical variables and whether or not treatment with PRP and
evaluating the healing time of frequencies lower, equal or higher than expected. The healing
time was evaluated by comparing (ANOVA) and comparing the groups by Tukey test with 95
% confidence interval (p < 0.05). The proportion of animals with healing time than the median
of the control group was evaluated for each group treated by Fisher's exact test with 95 %

confidence interval (p < 0.05). The variables intensity of inflammation, granulation tissue,
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fibroplasia, fibroblast cells, neovascularization and collagen maturity were compared using

Fisher's exact test with 90% confidence interval (significance level of p <0.1).

RESULTS

Platelet-Rich Plasma

Positive correlation was found between the number of platelets in whole blood and

platelet number in PRP, with (p <0.0001) (Figure 1).

There was no correlation between the number of platelets in the whole blood of horses
and the healing time. In addition, no correlation between the average number of platelets in

PRP of animals used and the healing time of groups I, 11, Il and IV.

Clinical evaluation

Considering treatment with PRP gel, the healing time was reduced fifteen days when
compared to the control group in 62.5% of horses (animals 1, 2, 4, 5 and 6) (p = 0.007). Only
the animal 8 there was an increase of healing time. Thus, it is clear that PRP treatment allowed
a faster healing in most cases. The homologous PRP treatment reduced the time to healing of
the injured animal 3, 7 and 8 (37.5%) compared to control group, and in another animals the
healing time of the wound was the same as control group. Wounds treated with PRP infiltration
was reduced fifteen days the healing time compared to control wounds only in the animal 2 and
5 (25.0%) and increased in fifteen days the healing time in the animal 8. Regardless of treatment

used, different found in healing time between the evaluated animals.

Histopathological evaluation

In the analysis of variables intensity of inflammation, granulation, fibroplasia, fibroblast
cells, neovascularization and collagen maturity it was observed that the group GIV (control)

had higher frequency of the intensity the formation of granulation the G11 (PRP gel), followed
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Gl (homologous PRP) and GI (PRP infiltration), however, the G11 showed a higher frequency
of low inflammation on biopsy 2 compared to GIV. When comparing all groups and between
first and second biopsies, GIl showed most low to moderate frequency of neovascularization.
In did No observe differences were observed regarding fibroplasia, fibroblast cells and collagen

maturity and between the first and second biopsies (Table 1).

DISCUSSION

Wounds located on the distal limb in horses have a very important characteristic, a

chronic nonhealing wounds and exuberant granulation tissue often develop [16].

Distal limb lacerations, with or without tissue loss, represent a challenging situation to
veterinarians to repair them by first intention, leaving the tendons/tendon sheaths and joints

unprotected. Associated to this lack of tissue coverage, the wound located on the distal limb.

This study served to fulfill a gap in the literature, due to the fact that evaluated three
different methods of PRP treatment to shorten the healing time and to obtain a better healing.
The surgically created wounds on the dorsolateral aspect of the cannon bone and treated with
three applications of the PRP demonstrated that PRP in gel form was able to reduce in fifteen

days the healing time when compared to control group.

It was observed that difference healing in horses evaluated, regardless of treatment
group, no correlation was found between the number of platelets in the PRP and the healing

time of wounds.

Maciel et al. [9] compared one or two applications of platelet-rich plasma gel in burn
wounds of horses and observed an increased speed of repair of the extracellular matrix and its
components in deep second degree burn, but had a potential of fibroses formation. They
concluded that two topical applications of the PRP gel accelerated the extracellular matrix

formation during the first half of wound healing. One experimental study conducted by
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Monteiro et al. [17], with topical application of autologous platelet-rich plasma gel, did not see
acceleration or improvement in the quality of repair of small granulating wounds on limbs of

horses when compared to the control group.

Reviewing published data, one will discover that there is a lack of information about the
use of the homologous PRP for the treatment of cutaneous lesions in horses. Barbosa et al. [18]
consider hypovolemia and thrombocytopenia as limiting factors for the obtaining of PRP. One
of the hypotheses of this study was to evaluate the possibility of homologous whole blood for
obtaining PRP, alternative source for growth factors when faced with extensive skin lacerations
where animals, due to injury, lose considerable amounts of blood. Another situation would be
when dealing with neonatal foals, where we can't remove large volumes of whole blood for

obtaining autologous PRP.

Carmona et al. [19] described a clinical case of a chronic severely contaminated distal
limb wound in an 8-month-old foal, treated with debridement, bandages and PRP (gel form and
infiltration), this authors encouraged to use of PRP, especially in large wounds. According to
the results presented in their study, the homologous PRP is a viable form of use of PRP in

equine skin wounds.

In the present study, there were no differences in fibroplasia variables, fibroblast cells
and collagen maturity, between the groups Gl, Gll and GlIlI). The treated group with PRP gel
(GI1) showed a low to moderate frequency the neovascularization and inflammation in the first
and second biopsies, and low frequency of the granulation tissue when compare with group
control. Carter et al. [4] evaluated platelet derived factors to enhance wound healing in the
lower equine limb; the cutaneous lesions treated with PRP gel accelerated epithelial
differentiation and tissue organized collagen bundles. Vendramin et al. [20] compared the use

of PRP infiltration and PRP gel form for treatment of experimental skin wounds in rabbits;
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these authors observed an increase in the inflammatory response and the intensity of collagen

production, an increase in the number macrophages and fibroblasts in the graft site.

CONCLUSIONS

The number of platelets in the PRP did not influence the cutaneous healing horses.
Based on clinical and histopathological evaluation, the PRP gel was the best form to use it for
treatment of skin wounds in horses. The homologous PRP can be used as an option for the

treatment of wounds healing in horses.
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264  Table 1 - Descriptive results of biopsy in the different groups.
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Biopsy

First

Second

First

Second

First

Second

First

Second

Intensity

Low
Moderate
Intense
Low
Moderate

Intense

Low
Moderate
Intense
Low
Moderate

Intense

Low
Moderate
Intense
Low
Moderate

Intense

Low
Moderate
Intense
Low
Moderate

Intense

Group | Group Il Group 11 Group IV
Inflammation intensity
1 1 1 0
3 3 4 2
4 4 3 6
1 4 1 0
3 3 3 6
4 1 4 2
Granulation tissue
0 0 0 0
5 3 5 4
3 5 3 4
0 2 0 0
4 4 4 4
4 2 4 4
Fibroplasia
0 1 0 0
4 3 5 3
4 4 3 5
0 2 0 0
4 4 4 4
4 2 4 4
Fibroblast cells
0 1 0 0
4 3 5 4
4 4 3 4
0 2 0 0
4 4 4 4
4 2 4 4




First

Second

First

Second

Low
Moderate
Intense
Low
Moderate

Intense

Low
Moderate
Intense
Low
Moderate

Intense

56

Neovascularization

0 2 1 1
4 6 5 3
4 0 2 4
1 4 0 0
4 0 4 3
3 4 4 5
Collagen maturity
6 2 3 5
2 4 5 2
0 2 0 1
5 3 4 6
2 3 4 2
1 2 0 0

266
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LIST OF FIGURE LEGENDS

Figure 1 - Schematic design of the random distribution of treatments in skin wounds. MAE:
left forelimb (Al and A2); MAD: right forelimb (A3 and A4) the treatment of wounds in

animals.

Figure 2 - Simple linear regression and Pearson’s correlation between number of platelets in

whole blood and number of platelets in PRP obtained from horses.

Figure 3. Comparison between platelet’s concentration in whole blood and PRP.
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5. CONCLUSAO

A partir dos resultados encontrados, constatou-se que a aplicacdo intralesional de PRP
associada ao programa de aumento gradual e controlado de exercicio, foi eficaz para o
tratamento de lesdes nos tenddes flexores e no ligamento suspensorio. Nao foi observada
recorréncia das lesbes nos animais avaliados, nem correlacdo entre o nimero de plaquetas e o
tempo de cicatrizacdo das injurias.

De acordo com a avaliacdo clinica e histopatolégica, o PRP gel foi a melhor forma de
aplicacdo do PRP como tratamento adjuvante de feridas cutaneas localizadas em regides distais
dos membros locomotores. Pode-se inferir que o PRP homdlogo é uma alternativa a ser
utilizada na cicatrizacdo cutanea em cavalos. Assim como no tratamento das tendinites e

desmites, o numero de plaquetas no PRP néo teve correlagdo com o tempo de cicatrizacao.
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