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RESUMO

O uso do tacrolimus 0,03% colirio diluido em 6leo de oliva ou de semente de
linhaca no tratamento de ceratoconjuntivite seca em cées.

O presente estudo teve como objetivo comparar a eficacia do colirio de tacrolimus
0,03% diluido em dois tipos de veiculo, 6leo de semente de linhaca e 6leo de oliva,
no tratamento de ceratoconjuntivite seca (CCS) em caes. Foram utilizados 60 caes,
sendo vinte caes saudaveis como grupo controle negativo e 40 caes diagnosticados
com CCS bilateral que foram alocados aleatoriamente em dois grupos, tacrolimus
em O6leo de oliva (TO) e tacrolimus em 6leo de semente de linhaca (TL). Os caes
foram avaliados mensalmente com exames oftdlmicos, Teste Lacrimal de Schirmer
(TLS), Teste de Ruptura do Filme Lacrimal (TRFL), Teste de Fluoresceina (TF),
Teste de Rosa Bengala (TRB) e citologia conjuntival e no inicio e final do estudo
com exame histopatolégico de conjuntiva .Em ambos os grupos, os sinais clinicos, o
TLS, TRFL, TF e TRB apresentaram melhora significativa com um més de
tratamento. Ao término do estudo na avaliacdo citoldgica e histopatolégica, ambos
0S grupos apresentaram diminuicdo de neutréfilos, sendo ela mais significativa no
grupo TL, e ambos grupos apresentaram aumento de células caliciformes. Desta
forma podemos concluir que o colirio de tacrolimus 0,03% diluido em dleo de oliva e
em O6leo de semente de linhacga foi eficiente no tratamento de CCS e o grupo TL
apresentou melhor desempenho quanto a diminuicdo de neutrofilos. Assim, o 6leo
de semente de linhaca pode ser uma nova alternativa como diluente do tacrolimus.

Palavras-chave: olho seco, tacrolimus, Oleo de oliva, 6leo de linhagca, dmegas e
caes



ABSTRACT

Use of 0.03% tacrolimus eye drops in olive oil or linseed oil for the treatment of
keratoconjunctivitis sicca in dogs

This study aimed to compare the efficacy of tacrolimus 0.03% eye drops diluted in
two types of vehicle, flaxseed oil and olive oil in the treatment of keratoconjunctivitis
sicca (CCS) in dogs. 60 dogs were used, twenty healthy dogs as a negative control
group and 40 dogs diagnosed with bilateral CCS that were randomly divided into two
groups, tacrolimus in olive oil (TO) and tacrolimus in flaxseed oil (TL). The dogs were
evaluated monthly with ophthalmologic exams, Tear Test Schirmer (TLS), Break Test
Tear Film (TRFL), Fluorescein test (TF), Test of Rose Bengal (TRB) and conjunctival
cytology and at the beginning and end of the study with histopathological
examination of the conjunctiva .In both groups, clinical signs, TLS, TRFL, TF and
TRB showed significant improvement with one month of treatment. At study end in
cytological and histopathologic evaluation, both groups showed a decrease of
neutrophils, it is more significant in the TL group, and both groups showed an
increase of goblet cells. Thus we can conclude that the drops of tacrolimus 0.03%
diluted in olive oil and flaxseed oil was effective in the treatment of CCS and the TL
group performed better as the decrease in neutrophils. Thus, the linseed oil may be a
new alternative as the tacrolimus diluent.

Key-words: dry eye, olive oil, linseed oil, dogs, tacrolimus, omegas.
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TO — Tacrolimus diluido em 6leo de oliva
TL — Tacrolimus diluido em 6leo de linhaca
TLS — Teste lacrimal de Schirmer

TRFL — Tempo de ruptura do filme lacrimal
TF- Teste de fluoresceina

TRB — Teste de rosa bengala

CCS - Ceratoconjuntivite seca
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RESUMO

Obijetivo Comparar a eficacia do colirio de tacrolimus 0,03% diluido em dois tipos de veiculo,
6leo de semente de linhaga e 6leo de oliva, no tratamento de ceratoconjuntivite seca (CCS)

em caes.

Procedimento Foram utilizados 60 cdes. Vinte cdes saudaveis foram alocados no grupo
controle e 40 cdes diagnosticados com CCS bilateral foram alocados aleatoriamente em dois
grupos, tacrolimus em dleo de oliva (TO) e tacrolimus em dleo de semente de linhaca (TL).
Foram avaliados mensalmente com exames oftalmicos, Teste Lacrimal de Schirmer (TLS),
Teste de Ruptura do Filme Lacrimal (TRFL), Teste de Fluoresceina (TF) e Teste de Rosa
Bengala (TRB), mensalmente com citologia e no inicio e fim do estudo com exame

histopatolégico.

Resultados Em ambos os grupos, os sinais clinicos, a cicatrizacdo das ulceras de corneas, 0S
exames oftalmicos TLS, TRFL e TRB, apresentaram melhora significativa com um més apds
o tratamento. Ao final do experimento, ambos 0s grupos apresentaram na analise citoldgica,
diminuicdo de linfocitos, neutrdfilos, células metaplésicas e escamosas, e na analise
histopatoldgica, diminui¢do de linfdcitos e neutrofilos e aumento das células caliciformes,
sendo que no grupo TL em ambas as analises a diminuicdo de neutrofilos foi mais

significativa.

Concluséo O colirio de tacrolimus 0,03% diluido em 6leo de oliva e em dleo de semente de
linhaca foi eficiente no tratamento de CCS. N&o houve diferenca significativa nos parametros
avaliados entre os grupos, somente na diminuicdo de neutrofilos que foi mais significativa no
TL. Assim, o dleo de semente de linhaga pode ser uma nova alternativa como diluente do

tacrolimus.

Palavra-chave: olho seco, tacrolimus, dleo de oliva, 6leo de linhaca, 6megas e cées
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INTRODUCAO

A ceratoconjuntivite seca (CCS) ou olho seco é uma oftalmopatia inflamatéria cronica
comum em cées e humanos caracterizada por uma diminui¢cdo da camada aquosa do filme
lacrimal (quantitativa) e/ou por uma deficiéncia na porcdo lipidica ou de mucina (qualitativa),
causando um processo inflamatorio progressivo principalmente na coOrnea, conjuntiva e
glandulas lacrimais, na maioria das vezes de origem imunomediada.’® Os sinais clinicos da
CCS incluem hiperemia conjuntival, irritagdo ocular, quemose, blefaroespasmo, fotofobia,
secrecdo mucoide e mucopurulenta, vascularizagdo e pigmentacdo da cornea e até perda da
visdo. As principais causas da CCS em cdes sdo principalmente imunomediadas e
secundariamente por deficiéncia lacrimal congénita, predisposicdo racial, induzida por drogas,

neurogénica, iatrogénica, infecciosa, senilidade e retirada da glandula da terceira palpebra.>”’

A terapia topica consiste principalmente no uso de lubrificantes associados ao uso de
imunossupressores, tais como ciclosporina, tacrolimus e pimecrolimus, além de
secundariamente, se necessario, no uso de anti-inflamatérios, antibiéticos e mucoliticos.®** O
tacrolimus (FK506) é um antibidtico macrolideo isolado da Streptomyces tsukubaensis, que
tem um efeito similar a ciclosporina. O efeito do tacrolimus é uma combinacdo de
imunossupressao local, proliferacdo de células caliciformes, supressao da apoptose de células

lacrimais e efeito anti-inflamatorio.!*™*3

Os 6leos vegetais sdo ricos em acidos graxos essenciais (AGE) como os 6megas 3 € 6,
considerados anti-inflamatorios naturais, além de vitaminas, minerais entre outras substancias
e tém grande aplicacdo em preparagdes farmacéuticas topicas, inclusive como veiculos para
colirios. Os principais 6leos vegetais usados topicamente s&o os de oliva, linhaca, améndoas,

semente de uva e macadamia.***
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O dleo de oliva, Olea europeae, contém grande quantidade de acido graxo
monoinsaturado (MUFA), cerca de 70-80% de acido oleico, 10-15% de acido graxo saturado
(&cido palmitico), e uma pequena quantidade de acido graxo poli-insaturado (PUFA) em torno
de 5 a 10% de O6mega 3, 6 e 9. Possui propriedades anti-inflamatdrias, antinoceptivas,
imunoestimulantes e antimicrobianas.”>’ H4 um estudo em coelhos induzidos com KCS e
tratados com o Oleo de oliva puro ou associado a ciclosporina demonstrando excelentes

resultados do 6leo de oliva no controle dos sintomas da KCS.*®

O 6leo de semente de linhaca é considerado atualmente uma das maiores fontes de
AGE do tipo 6mega 3 e 6mega 6, sendo recomendado, por via oral, como uma terapia
adjuvante na sindrome de Sjogren e KCS em pacientes humanos.**? Estudos em coelhos,
relataram melhora nos sintomas da KCS induzida experimentalmente, com o uso do 6leo de
semente linhagca em varias preparagdes (orais, topicas e associacao das duas), além do uso do
6leo em associacdo com tacrolimus e ciclosporina.®**?* O 6leo de linhaca é considerado um
agente anti-inflamatdrio natural devido o seu potencial para a sintese de mediadores anti-

inflamatorios, tais como a prostaglandina E1 (PGE1) e tromboxano Al (TXA 1).*4#22

O objetivo deste estudo foi avaliar a eficacia do tacrolimus 0,03% colirio diluido em
dois veiculos diferentes, 0 0leo de oliva que ja é comumente utilizado para esta finalidade, e
0leo de semente de linhaca que ainda ndo foi testado como diluente do tacrolimus no

tratamento de ceratoconjuntivite seca em cées.
MATERIAIS E METODOS
Animais

O estudo foi aprovado pela Comissdo de Etica no Uso de Animais (CEUA) da
UNOESTE, protocolo n°1794, e esta de acordo com as normas da ARVO (Association for

Research in Vision and Ophthalmology —Statement for the use of animals in ophthalmic and
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visual research). Foram selecionados 40 cdes com CCS bilateral, dentre eles as racas mais
prevalentes foram: Lhasa apso (30%), Poodle (17,5%), Sem raca definida (15%), Pinscher
(7,5%), Shit-zu (5%) e demais racas completando 25% com um animal de cada (Border
Collie, Cocker Spaniel, PitBull, Beagle, Yorkshire Terrier, Bull Terrier, Rotweiller, Pug,
Maltés), 25 fémeas (62,5%) e 15 (37,5%), com idade média de 6,7+3,9 e peso médio de 10,3
+7,7.0s animais foram inclusos no experimento a partir da observacdo dos sinais clinicos
oftdlmicos (secrecdo ocular, conjuntivite, opacidade e pigmentacdo de cornea) e TLS< 10
mm/min e/ou TRFL<10 seg. Foram utilizados 20 cées saudaveis, sem raga definida, com
idade média de 3,5+2,4 e peso médio 10,3+7,7 sendo 9 machos (45%) e 11 fémeas (55%),
como grupo controle negativo para parametro da normalidade dos exames TLS, TRFL,

citologia e histopatologia conjuntival.
Grupos

A partir do diagnéstico de CCS os animais foram alocados aleatoriamente em dois
grupos de tratamento: grupo TO (n=20) colirio de tacrolimus 0,03% diluido em 6leo de oliva
(Ophthalmos, S&o Paulo, Brasil) e o grupo TL (n=20) colirio de tacrolimus diluido em 6leo de
semente de linhaca (Ophthalmos, S&o Paulo, Brasil), 1 gota duas vezes ao dia, durante seis
meses, além do tratamento complementar com lubrificante a base de propilenoglicol
(Systane®, Alcon, S3o Paulo, Brasil), 1 gota duas vezes ao dia, durante seis meses, e se
necessario, colirio antibidtico com base no exame de cultura e antibiograma (1 gota, 4 vezes
ao dia, durante 15 dias) e colirio anti-inflamatorio a base diclofenaco sodico (1 gota 2, vezes

ao dia, durante 15 dias) (Still®, Allergan, Sao Paulo, Brasil).
Momentos e exames oftalmicos

Foram realizados exames oftalmicos e citolégicos mensais, sendo considerado o

momento zero (MO) o primeiro dia de atendimento com diagndstico de CCS bilateral e o0s
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demais momentos (M1 a M6) de tratamento. Foi realizado o exame histopatoldgico no

momento do diagnostico (MO0) e ao de término do estudo (M6).

Os sinais clinicos oftdlmicos foram identificados pelo mesmo clinico (LFCZ)
utilizando a ldmpada de fenda portéatil (Kowa, Japan) com a presenca ou ndo de conjuntivite,

secre¢do ocular, opacidade e pigmentacao de cdrnea conforme escore descrito na Tabela 1.

O Teste Lacrimal de Schirmer (TLS) (Teste de Schirmer ® - Ophthalmos, Sdo Paulo,
Brasil) foi realizado sem colirio anestésico para avaliar a por¢do quantitativa da lagrima,
introduzido 0,5 cm da tira no saco conjuntival durante um minuto e considerado positivo <10
mm/min.”> O Tempo de Ruptura do Filme Lacrimal (TRFL) foi utilizado para avaliar a porg&o
qualitativa da lagrima, sendo mensuradas duas vezes consecutivas e a média calculada. Apds
instilar uma gota de colirio de fluoresceina® 1 % (Allergan, S3o Paulo, Brasil), com uma
lampada de fenda (Kowa, Japan), foi observado o tempo entre o ultimo piscar e o
aparecimento de manchas ou pontos escuros no filme lacrimal, sendo considerados positivos

para TRFL valores < 10 segundos.”®

Apos o exame de TRFL, os olhos foram lavados com solugdo fisioldgica e entdo foi
avaliada a presenca ou no de Ulceras na cornea,?® e graduado em um escore de acordo com
sua gravidade e extensdo (0 - negativo, 1 - Ulcera superficial pequena, 2 - Glcera superficial
média, 3 - Ulcera superficial extensa, 4 - Glcera estromal pequena, 5 - Ulcera estromal média, 6

- Ulcera estromal extensa, 7 - descemetocele e 8 — ceratomalacia ou Ulcera em “melt”).

O Teste de Rosa Bengala (TRB) para avaliar a presenca de células desvitalizadas sendo
utilizado o colirio de Rosa Bengala a 1% (Ophthalmos, S&o Paulo, Brasil), com instilacéo
prévia de colirio anestésico. Foi considerado positivo para CCS quando alguma éarea da
cornea ou conjuntiva corou em rosa.”> O escore do TRB foi graduado em 0 a 3: 0- negativo;

1-somente a conjuntiva corada; 2- somente a cornea corada e 3- conjuntiva e cornea corada.
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Exame citoldgico e histopatolédgico

A citologia foi realizada apos a limpeza ocular com solucgéo fisioldgica e instilacdo de
colirio anestésico (Allergan®, Sdo Paulo, Brasil), foram colhidas amostras de células da
conjuntiva inferior com swab estéril umedecido com solucéo fisioldgica e confeccionado uma
lamina para cada olho, em seguida fixadas em metanol, e corada pela técnica de MGG (May-
Grunwald-Giemsa). Foi realizada a contagem de linfécitos, neutréfilos, células metaplasicas e

células escamosas, em microscopio optico, 10 campos, na objetiva de 40x.

O exame histopatoldgico foi realizado apos instilacdo de colirio anestésico (Allergan®,
Sdo Paulo, Brasil) com a retirada de 1-3 mm no fornix da conjuntiva inferior medial, com o
auxilio de uma pinca e tesoura de conjuntiva. O corte histologico foi alocado em um
fragmento de papel em tamanho padronizado de 1x1 cm fixados em formol, e inclusédo em
parafina (Dinamica Reagentes Analiticos, Sdo Paulo, Brasil). Com auxilio de micrétomo
rotativo foram obtidos cortes de Sum de espessura da conjuntiva, os quais foram corados
pelas técnicas de hematoxilina e eosina (HE) (Dolles, Sdo Paulo, Brasil), PAS (Merck, EUA)
e posteriormente avaliados os seguintes parametros; No HE: a contagem de linfocitos e
neutréfilos, e PAS: para contagem da densidade de células caliciformes (células/mm?), em

objetiva de 40X, no microscépio optico.
Analise Estatistica

Para as variaveis TLS e TRFL, densidade de células caliciformes e nimero de células
escamosas, células metaplasicas, neutrofilos e linfocitos, utilizamos duas analises de variancia
(ANOVA) para amostra pareada com contraste pelo método de Tukey. Para varidveis TF e
TRB, utilizamos teste ndo paramétrico de Friedman para comparar momentos e Kruskall-
Wallis com contraste Dunn para comparer 0s grupos. Foi adotado nivel de P>0,05 de

signifcancia O software utilizado para anélise estatistica foi o Bioest 5.3
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RESULTADOS

Os resultados dos exames realizados no grupo controle negativo para obtencdo dos
pardmetros de normalidade estdo descritos na Tabela 2.

Nos sinais clinicos avaliados (Figura 1) ambos os grupos apresentaram melhora e nao
houve diferenca estatistica significativa (p> 0,05) entre os grupos TO e TL, apenas diferenca
estatistica significativa (p>0,05) entre 0 M0 e demais momentos. Nas varidveis secrecao
ocular, conjuntivite e opacidade corneal houve remissao total jA em M1.Pigmentacéo corneal,

a mediana mostrou remissao total em M5.

No TLS (Figura 2) o grupo TO e TL apresentaram aumento significativo ja no M1,
houve diferenca estatistica (p< 0,05) no M2, M3, M5 e M6 entre grupos, onde o grupo TO
apresentou valores maiores do que o grupo TL, e ambos 0s grupos apresentaram diferenca
estatistica (p<0,05) quando comparado o MO aos demais momentos, aproximando Seus
valores ao grupo controle negativo (Tabela 2). No TRFL (Figura 2) os dois grupos
apresentaram aumento significativo ja no M1 e se mantiveram até M6 com valores proximos
ao grupo controle negativo (Tabela 2), ndo houve diferenca estatistica significativa (p>0,05)
entre 0s grupos, mas houve diferenca estatistica quando comparado o MO com demais

momentos.

No TF (Figura 3) os dois grupos apresentaram diversos tipos de Ulceras em sua
gravidade e extensdo em MO, e ambos 0s grupos mostraram excelente cicatrizacdo ja em M1,
ndo houve diferenca significativa (p>0,05) entre os grupos, apenas entre MO e demais
momentos (p<0,05). No TRB (Figura 4), em MO houve prevaléncia de cérnea e conjuntiva
corada, de M1 a M4 no grupo TO houve prevaléncia de somente cérnea corada, enquanto no

grupo TL M1 e M2, somente conjuntiva, no grupo TO houve resolugdo total em M5,
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enquanto no grupo TL, em M4, apresentando diferenca estatistica significativa entre MO e

demais momentos em ambos 0S grupos.

No exame citoldgico (Figura 5) ambos 0s grupos apresentaram diminuicdo de todas
as células, porém houve diferenca estatistica entre grupos apenas no parametro da contagem
de neutrofilos, sendo significativamente menor a contagem (P<0,05) do grupo TL em relacdo
ao grupo TO no momento M6 e houve diferenga significativa entre 0s grupos e quando
comparado o MO com os demais momentos. No histopatoldgico (Figura 6) ambos 0s grupos
apresentaram diminuicdo de células inflamatorias, sendo significativamente menor a
contagem de neutrofilos (P<0,05) do grupo TL em relagdo ao TO no M6. Houve aumento do
namero de células caliciformes e ndo houve diferenca estatistica entre 0os grupos. Ambos 0s
grupos apresentaram melhora nos exames, chegando mais proximo dos parametros da
normalidade (grupo controle negativo) (Figura 7). O exame citoldgico e histopatoldgico no
MO e M6 do grupo TO do animal N10 esta descrito na Figura 8 e do grupo TL do animal N3

esta descrito na Figura 9.
DISCUSSAO

Alguns estudos em KCS experimentalmente induzida em coelhos e tratada com
imunossupressores topicos mais utilizados atualmente, ciclosporina e tacrolimus, diluidos em
6leos vegetais (améndoa, oliva e 6leo de semente de linhaga), e também o uso isolado desses
6leos, demonstraram que ndo s6 0s imunossupressores, mas também os 6leos apresentaram
eficacia no controle dos sintomas da KCS, principalmente pelo efeito anti-inflamatério que
esses Oleos possuem devido principalmente a presenca de dmegas 3 e 6 em sua composic¢ao,
que induzem a formagdo de mediadores anti-inflamatdrios, tais como a prostaglandina E1
(PGE1) e tromboxano Al (TXA 1).*18%1% Nesses estudos, 0 6leo de semente de linhaca

sempre apresentou um desempenho melhor que os demais 6leos, améndoa® e oliva®, isto
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talvez ocorra devido o 6leo de semente de linhaca possui uma concentracdo maior 6megas 3 e
6 que os demais 6leos estudados.?’** Um outro estudo em KCS experimentalmente induzida
em coelhos com o uso do oleo de semente de linhaca em varias vias de administracdo (oral,
topica e oral e topica associada) também demonstrou eficacia no controle dos sintomas e

aumento das células caliciformes.?*

Cées da raca Beagle tratados com tacrolimus diluido em 6leo de oliva apresentaram
melhora dos sinais clinicos (secrecdo, pigmentacdo e hiperemia) e sem diferenca estatistica
guando comparado a outro imunossupressor, ciclosporina, e também apresentaram aumento

significativo do TLS ja no primeiro momento, assim como em nosso estudo.*?

Nos resultados de TLS e TRFL houve aumento significativos nos valores obtidos e ao
final do experimento ndo houve diferenca estatistica significativa entre os grupos TO e TL.
Isto esta de acordo com o descrito na pesquisa com ciclosporina 0,02% diluida em 0Oleo de
oliva e 6leo de linhaca,*® em CCS experimentalmente induzida em coelhos, porém no estudo
do uso do tacrolimus 0,03% diluido em 6leo de améndoas e linhaca,**0 grupo somente com
linhaca tépico apresentou um aumento mais significativo. Valores de TLS tambeém foram
significativamente maiores no estudo do uso da linhaca por via oral e topica em CCS

experimentalmente induzida em coelhos.?*

No presente estudo houve uma excelente resolucdo das Ulceras de cornea em ambos 0s
grupos, TO e TL, sem diferenca estatistica significativa entre eles. Isto também esta de acordo

com as outras pesquisas, &%

inclusive na resolucdo da ceratomalécia (Glcera em “melting™)
descrita no estudo de 6leo de linhaca por via tdpica, oral e associada em coelhos com CCS
induzida. **

Também no teste TRB, ao final do experimento, ndo houve diferencas significativas

entre os grupos, demonstrando que houve diminui¢do na presenca de células desvitalizadas na
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cornea e conjuntiva induzida pela CCS, que esta de acordo com outros trabalhos que usaram

esses 6leos associados & imunossupressores topicos. 4%

No presente estudo, a Unica diferenca significativa estatisticamente no final do
tratamento foi no parametro contagem de neutrofilos, que foi estatisticamente menor no grupo
TL. A diminuigdo do numero de células inflamatorias também foi descrito em um estudo com
caes com CCS e tratados com ciclosporina topica a 2%.2” A literatura sugere que a patogénese
da CCS baseia-se no infiltrada inflamatdrio, intensa presenca de linfécitos e moderada
presenca de neutrofilos, e o infiltrado inflamatdrio é a causa principal da destruicdo do tecido
glandular.*? Estudo realizado com cées infectados com o virus da cinomose e com CCS
mostrou no exame histopatologico severo infiltrado inflamatério, com predominéncia de

linfocitos e neutréfilos e um pequeno nimero de células caliciformes.®

No presente estudo houve aumento significativo do numero de células caliciformes
entre o inicio e fim do tratamento, ndo havendo diferenca estatistica entre os grupos. Outros

estudos também demonstraram aumento das células caliciformes com tratamento com dmegas

14,24 9-13,18,23,24

Ou imunossupressores no tratamento da CCS em diversas espécies.

Desta maneira, podemos concluir que o colirio de tacrolimus 0,03% diluido em 6leo de
oliva (TO) e em oleo de linhaga (TL) foram eficientes no tratamento de CCS, e o TL mostrou
melhor desempenho na diminuicdo de neutréfilos. Assim, o dleo de linhaga pode ser uma

nova alternativa como diluente do tacrolimus.
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Tabela 1. Escore dos sinais clinicos avaliados

Sinais clinicos Escore

Conjuntivite 0 = ausente
1 = leve hiperemia conjuntival
2 = moderada a severa hiperemia conjuntival

3 = moderada a severa hiperemia conjuntival e quemose

Secrecdo ocular 0 = ausente
1 = leve secrecdo serosa
2 = moderada secrecdo mucdide

3 = severa secre¢do mucdide

Opacidade corneal 0 = ausente

1 = < 25% de extensdo da cérnea

2 = 25-50%
3 =>50%
Pigmentacao 0 = ausente

corneal
1 = < 25% de extensdo da cornea
2 = 25-50%

3=>50%
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Tabela 2. Média e desvio padrdo do Teste Lacrimal de Schirmer (TLS), Tempo de ruptura do
filme lacrimal (TRFL), citologia conjuntival e histopatologia conjuntival, TO, grupo controle
negativo (n=20).

Exames Oftalmicos

TLS (mm/min) 27,3+4,1

TRFL (seg) 23,3t5,1

Citologia Conjuntival

Linfocitos 0,1+0,4
(células/10CGA)

Neutrofilos 0+0
(células/10CGA)

Células Metaplésicas 0,5+2,1
(células/10CGA)

Células Escamosas 0,1+0,3
(células/10CGA)

Histopatologia Conjuntival

Linfocitos 26,7+24.2
(células/5CGA)

Neutrofilos 2,6+4,4
(células/5CGA)

Células Caliciformes 28,3+16,0

(células/mm?)

*Contagem de células em10 campos na citologia e 5 campos na histopatologia, objetiva

de 40x.
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Figura 1. Mediana do escore dos sinais clinicos observados de M0 a M6, dos grupos TO (6leo

de oliva) e TL (linhaca) (A) Secrecdo ocular (B) Hiperemia conjuntival (C) Opacidade

corneal e (D) Pigmentacéo corneal.
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Figura 2. (A) Média e desvio padrdo do Teste lacrimal de Schirmer (TLS) # em mm/min de
MO a M6, dos pacientes do grupo TO (tacrolimus diluido em dleo de oliva) e TL (tacrolimus
diluido em 6leo de linhaca) (B) Média e desvio padrao do Tempo de ruptura do filme lacrimal

(TRFL)® em segundos, MO a M6, dos pacientes do grupo TO e TL.

Valores < 10 mm/min positivo para CCS

®Valores < 10 segundos positivo para CCS

*EK 0,05 (Teste de Tukey para comparar momentos)

#%p< 0,05 (Teste de Kruskal Wallis para comparar grupos)
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Group TL

Figura 3. Teste de fluoresceina. Gréaficos das porcentagens dos tipos de ulcera* em MO, (A)
grupo TO e (B) grupo TL. Fotos dos animais do experimento demonstrando a classificagdo
dos tipos de Glceras: (C) (1) Ulcera superficial pequena em olho esquerdo (OE), animal N2 do
grupo TO; (D) Ulcera superficial média, OE, animal N5 do grupo TO; (E) Ulcera superficial
extensa, OE, animal N10 do grupo TL; (F) Ulcera estromal pequena, olho direito (OD),
animal N24 do grupo TL; (G) Ulcera estromal média, OE, animal N14 do grupo TL; (H)
Ulcera estromal extensa, OD, animal N 17 do grupo TO (I) Descemetocele, OD, animal N32
do grupo TO. (J) ulcera em melting, OE, do animal N31 do grupo TL.

*0-negativo, 1- ulcera superficial pequena, 2- Ulcera superficial média, 3- Ulcera superficial

extensa, 4- Ulcera estromal pequena, 5- Ulcera estromal média, 6- Ulcera estromal extensa, 7-
descemetocele e 8- melting.
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Figura 4. Teste de Rosa Bengala (TRB). (A) Mediana do TRB dos grupos TO e TL. Fotos dos
animais do experimento demonstrando a classificagdo por escore do TRB: (B) Somente
conjuntiva corada (OE), paciente N12, grupo TL; (C) somente cornea corada (OE), paciente

N5, TO; (D) cornea e conjuntiva corada (OD), paciente N13, TL.



e

70,0
60,0

50,0

30,0

lymphocytes
8
Q

20,0
10,0

0.0

_
A2

10,0

metaplastic cell

50 -+

30

8

gE

neutrophil

|

TO TL T2 T3

Time (months)

i Il
T5 T6

Time (months)

C

14,0

12,0

10,0

80

6,0

*

w
squamous cell

*

" 40 +— 1

TO T T2 T3 T4

Time (months)

TS T6

TO T1 T2 T3 T4 TS T6

Time (months)

Figura 5. (A) Média e desvio padrdo da contagem de linfocitos no exame de citologia

conjuntival do M0 ao M6, grupo TO e TL (B) Neutrofilos (C) Células metaplasicas

(D)Células escamosa.

*p< 0,05 (Teste de Tukey para comparar momentos)
“Pp< 0,05 (Teste de Kruskal Wallis para comparar grupos)
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B TO



32

Figura 7. Fotomicroscopia do grupo controle (A) Citologia conjuntival com presenca de
célula escamosa (seta) coloracdo de MGG, aumento de 400x (B) Histopatologia, sem
alteracdo tecidual coloracdo de Hematoxilina-eosina, aumento de 200x (C) Células

caliciformes (seta) coloracdo PAS, aumento de 400x.
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Figura 8. Grupo TO (A) MO olho esquerdo, paciente N10 ceratomalacia e vascularizagéo
corneal (B) M6 cicatrizacdo da ulcera (C) Fotomicroscopia da Citologia conjuntival do MO,
presenca de neutrofilos (seta), coloragcdo MGG, aumento de 400x (D) T6, presenca célula
escamosa (seta), MGG, aumento de 400x (E) Histopatologia no MO, infiltrado inflamatdrio
(seta). Coloracdo HE, aumento de 200x (F) M6, diminuicdo de infiltrado inflamatério (G)
MO, auséncia de células caliciformes. Coloracdo PAS, aumento de 400x (H) PAS M6 grande

quantidade de células caliciformes (seta).
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Figura 9. grupo TL(A) MO olho direito, paciente N3, Secrecdo mucoide e pigmentacéo
corneal (B) M6 Evolucdo clinica (C) Fotomicroscopia da citologia conjuntival do MO,
presenca de células neutréfilos (seta), coloracdo MGG, aumento de 400x (D) M6, presenca de
célula escamosa (seta) (E) Histopatologia no MO, infiltrado inflamatério (seta) Coloracdo HE,
aumento de 200x (F) M6, diminuigdo de infiltrado inflamatdrio (G) MO, auséncia de células
caliciformes. Coloracdo PAS, aumento de 400x (H) PAS M6 grande quantidade de células

caliciformes (seta).
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ABSTRACT

Objective To compare the efficacy of tacrolimus 0.03% eye drops diluted in two vehicle types,

linseed oil and olive oil, for the treatment of keratoconjunctivitis sicca (KCS) in dogs.

Procedure Sixty dogs were used; 20 healthy dogs were allocated to the control group, and 40
dogs diagnosed with bilateral KCS were randomly allocated to two groups: tacrolimus in
olive oil (TO) and tacrolimus in linseed oil (TL). The animals were evaluated monthly using
ophthalmic examinations, Schirmer Tear Test (STT), Tear Film Break-up Time (TBUT),
Fluorescein Test (FT) and Rose Bengal Test (RBT), as well as monthly cytological

examinations and histopathological examinations at the beginning and end of the study.

Results In both groups, the clinical signs, healing of corneal ulcers and STT, TBUT and RBT
ophthalmic examinations improved significantly after one month of treatment. At the end of
the experiment, in the cytological analysis, both groups presented decreases in lymphocytes,
neutrophils and metaplastic and squamous cells, whereas in the histopathological analysis,
decreases in lymphocytes and neutrophils and an increase in goblet cells were observed,; in the

TL group, the decrease in neutrophils was more significant in both analyses.

Conclusion Tacrolimus 0.03% eye drops diluted in olive oil and linseed oil were efficient in
the treatment of KCS. There were no significant differences between the groups in the
evaluated parameters, except for the reduction in neutrophils, which was more significant in
the TL group. Thus, linseed oil might present a new alternative as a tacrolimus eye drop

diluent.

Key-words: dry eye, olive oil, linseed oil, dogs, tacrolimus, omegas.
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INTRODUCTION

Keratoconjunctivitis sicca (KCS), or dry eye, is a common chronic inflammatory
ophthalmopathy in dogs and humans that is characterized by a decrease in the aqueous layer
of the tear film (quantitative) and/or a deficiency in the lipid or mucin layer (qualitative),
causing a progressive inflammatory process, primarily in the cornea, conjunctiva and lacrimal
glands, usually of an immunomediated origin."® The clinical signs of KCS include
conjunctival hyperemia, eye irritation, chemosis, blepharospasm, photophobia, mucoid and
mucopurulent secretion, vascularization and pigmentation of the cornea, and even a loss of
vision. The causes of KCS in dogs are primarily immunomediated and secondarily through
congenital lacrimal deficiency, breed predisposition, drug-induced, neurogenic, iatrogenic, or
infectious causes (distemper and leishmaniosis), senility and removal of the gland of the third

eyelid.>’

Topical therapy consists predominantly of the use of lubricants associated with the use
of immunosuppressants, such as cyclosporine, tacrolimus and pimecrolimus, and secondarily,
if necessary, the use of anti-inflammatories, antibiotics and mucolytics.®** Tacrolimus
(FK506) is a macrolide antibiotic isolated from Streptomyces tsukubaensis, and it has an
effect similar to cyclosporine. The effects of tacrolimus are a combination of local
immunosuppression, goblet cell proliferation, suppression of lacrimal cell apoptosis and anti-

inflammatory action.'"*®

Vegetable oils are rich in essential fatty acids (EFAs), such as omegas 3 and 6, which
are considered natural anti-inflammatories, as well as vitamins, minerals and other substances.
These oils have wide application in topical pharmaceutical preparations, including use as a
vehicle for eye drops. The principal vegetable oils used topically are olive, linseed, almond,

grape seed and macadamia.***®
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Olive oil, from Olea europeae, contains large quantities of monounsaturated fatty
acids (MUFAs), 70-80% oleic acids, 10-15% saturated fatty acids (palmitic acid), and a small
quantity of polyunsaturated fatty acids (PUFASs), including approximately 5 to 10% of
omegas 3, 6 and 9. It has anti-inflammatory, antinociceptive, immunomodulatory and
antimicrobial properties.*>*’ A study in rabbits with induced KCS that were treated with pure
olive oil or in combination with cyclosporine demonstrated excellent results for olive oil in

controlling the symptoms of KCS.*®

Linseed oil is currently considered one of the largest sources of the EFAs omega 3 and
omega 6, and it is recommended orally as an adjuvant therapy in Sjogren KCS syndrome in
human patients.’®?? Studies in rabbits have reported an improvement in symptoms of
experimentally induced KCS with the use of linseed oil both in various preparations (oral,
topical and a combination of the two) and in combination with tacrolimus and
cyclosporine.’®?2* Linseed oil is considered a natural anti-inflammatory agent due to its
potential for the synthesis of anti-inflammatory mediators, such as prostaglandin E1 (PGEL1)

and thromboxane AL (TXA 1)."4#%

The objective of this study was to evaluate the efficacy of tacrolimus 0.03% eye drops
diluted in two different vehicles, olive oil, which is already commonly used for this purpose,
and linseed oil, which has not been tested as a tacrolimus diluent in the treatment of KCS in

dogs.
MATERIALS AND METHODS
Animals

The study was approved by the Ethics Committee on Animal Use (CEUA) of
UNOESTE (protocol no.1794), and it was undertaken in accordance with the rules of ARVO

(Association for Research in Vision and Ophthalmology — Statement for the use of animals in
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ophthalmic and visual research). Forty dogs with bilateral KCS were selected, of which the
most prevalent breeds were Lhasa apso (30%), poodle (17.5%), mongrel dog (15%), pinscher
(7.5%), shih-tzu (5%) and other breeds representing 25%, with one breed each (border collie,
cocker spaniel, pit bull, beagle, Yorkshire terrier, bull terrier, Rottweiler, pug, Maltese), 25
females (62.5%) and 15 males (37.5%), with a mean age of 6.7 + 3.9 and a mean weight of
10.3 £ 7.7 kg. The animals were included in the experiment through the observation of
ophthalmic clinical signs (ocular discharge, conjunctivitis, corneal opacity pigmentation), as
well as STT < 10 mm/min and/or TBUT <10 sec. Twenty healthy mongrel dogs from the
kennel of the university were used, with a mean age of 3.5 + 2.4 years and a mean weight of
10.3 = 7.7 kg, 9 males (45%) and 11 females (55%), as a negative control group for the
normal parameters of the STT, TBUT and cytological and conjunctival histopathological

examinations.
Groups

After the diagnosis of KCS, the animals were randomly divided into two treatment
groups: TO group (n = 20), tacrolimus 0.03% eye drops diluted in olive oil (Ophthalmos
Laboratory, Sdo Paulo, Brazil); and the TL group (n = 20), tacrolimus 0.03% eye drops
diluted in linseed oil (Ophthalmos Laboratory, Sao Paulo, Brazil), 1 drop twice per day for six
months, in addition to complementary treatment with propylene glycol-based lubricant
(Systane®, Alcon, Sao Paulo, Brazil), 1 drop, twice per day for six months, and if necessary,
antibiotic eye drops based on the examination of culture and sensitivity (1 drop, 4 times per
day for 15 days) and diclofenac sodium-based anti-inflammatory eye drops (1 drop, twice per

day for 15 days) (Still®, Allergan, Sao Paulo, Brazil).
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Moments and ophthalmic examinations

Ophthalmic and cytological examinations were performed monthly, with the moment
zero (MO) considered the first day of treatment after the diagnosis of bilateral KCS and the
other moments (M1 to M6) determined monthly during treatment. Histopathological
examinations were performed at the time of diagnosis (MO0) and at study completion (M6).
The ophthalmologic clinical signs were identified by the same examiner (LFCZ) using a
portable slit lamp (Kowa, Japan) in the presence or absence of conjunctivitis, ocular
secretions, corneal opacity and pigmentation, in accordance with the scores described in Table

1.

The Schirmer Tear Test (STT) (Teste de Schirmer® - Ophthalmos Laboratory, Sdo
Paulo, Brazil) was performed without anesthetic drops to evaluate the quantitative portion of
tears; a 0.5-cm strip was inserted into the conjunctival sac for one minute, and <10 mm/min
was considered positive.?® The Tear Film Break-up Time (TBUT) was used to evaluate the
qualitative portion of the tear; two consecutive measures were obtained, and the average as
calculated. After the application of one drop of Fluorescein 1% eye drops (Allergan, S&o
Paulo, Brazil), the time was observed between the final blink and the appearance of stains or
dark spots in the tear film using a slit lamp (Kowa, Japan); TBUT values < 10 seconds were

considered positive.?

The fluorescein test (FT) was performed with a fluorescein 1% eye drop(Allergan, Séo
Paulo, Brazil. The eye was washed with saline solution, and the presence or absence of
corneal ulcers was evaluated®® and scored according to its severity and extension (0-negative,
1-small superficial ulcer, 2-medium superficial ulcer, 3-extensive surface ulcer, 4-small
stromal ulcer, 5-medium stromal ulcer, 6-extensive stromal ulcer, 7-descemetocele and 8-

keratomalacia).
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The Rose Bengal Test (RBT) was performed to evaluate the presence of devitalized
cells using Rose Bengal 1% eye drops (Ophthalmos Laboratory, Sdo Paulo, Brazil) after a
prior application of anesthetic eye drops. The result was considered positive for KCS when
any area of the cornea or conjunctiva flushed pink.?® The RBT score was graduated from 0-3:
0-negative; 1-only the conjunctiva stained; 2-only the cornea stained; and 3-conjunctiva and

cornea stained.
Cytological and histological examinations

The cytological examination was performed after eye cleansing with saline and
application of anesthetic eye drops (Allergan®, Sdo Paulo, Brazil). Samples of lower
conjunctival cells were harvested with a sterile swab moistened with saline and microscope
slide glass for each eye; the samples were then fixed in methanol and stained using the MGG
technique (May-Grunwald-Giemsa). Lymphocyte, neutrophil, metaplastic cell and squamous

cell counts were performed under an optical microscope in 10 fields using a 40x objective.

The histopathological examination was performed after the application of anesthetic eye
drops (Allergan®, Sao Paulo, Brazil), with the removal of 1-3 mm from the medial portion
inferior of the fornix of the conjunctiva, with the aid of forceps and conjunctiva scissors. The
histological section was placed on a fragment of paper of standard size, 1x1 cm, and was
fixed in formalin and embedded in paraffin (Dindmica Reagentes Analiticos, Sdo Paulo,
Brazil). With the aid of a rotary microtome, 5-um-thick cuts were obtained from the
conjunctiva, which was stained using hematoxylin and eosin (HE) (Dolles, Sdo Paulo, Brazil)
and PAS techniques (Merck, USA), and the following parameters subsequently evaluated: for
HE, the count of lymphocytes and neutrophils; and for PAS, goblet cell density count

(cellss/mm?) with an optical microscope using a 40x objective.
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Statistical analysis

For the STT | and TBUT variables, the goblet cell density, and the numbers of
squamous cells, metaplastic cells, PMNs and MNs, we used two-way analysis of variance
(ANOVA) for paired samples with contrasts by Tukey’s method. For the FT and RBT
variables, we used Friedman’s nonparametric test for the comparison of time points and the
Kruskal-Wallis test with contrasts by Dunn’s method for the comparison of groups. A
significance level of p<0.05 was adopted. The software used for statistical analysis was

BioStat, version 5.3.

RESULTS

The results of tests performed in the negative control group to obtain the normality
parameters are described in Table 2. Regarding the clinical signs evaluated (Figure 1), both
groups presented improvements, and there were no statistically significant differences
(p<0.05) between the TO and TL groups; there were only statistically significant differences
(p>0.05) between MO and other moments. For the variables of ocular discharge, conjunctivitis
and corneal opacity, there was complete remission of signs at M1. For corneal pigmentation,
the median showed complete remission at M5.

On the STT (Figure 2), the TO and TL groups presented significant increases at M1,
and there was a significant difference (p <0.05) at M2, M3, M5 and M6 between the groups,
with the TO group presenting higher values than the TL group and both groups demonstrating
statistically significant differences (p<0.05) when comparing MO with the other moments,
with values close to the negative control group (Table 2). On the TBUT (Figure 2), the two
groups presented significant increases at M1, which continued until M6, with values close to

the negative control group (Table 2). There was no statistically significant difference (p>0.05)
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between the groups; however, there was a significant difference when comparing M0 with the

other moments.

On the FT (Figure 3), at TO, the two groups presented various types of ulcers in
terms of severity and extension, and both groups presented excellent healing at M1; there
were no significant differences (p>0.05) between the groups except for between M0 and the
other moments (p<0.05). On the RBT (Figure 4), at MO, there was a prevalence of stained
cornea and conjunctiva from M1 to T4 in the TO group, and there was a prevalence of only
stained cornea; in the TL group, at M1 and M2, only conjunctiva was stained. In the TO
group, there was full resolution at M5, whereas in the TL group, there was full resolution at

M4, with statistically significant differences between MO0 and other moments in both groups.

In the cytological examination (Figure 5), both groups presented decreases in all
cells, and there were no significant differences between the groups, except in the parameter of
neutrophils, which presented a significantly lower count (p <0.05) in the TL group than in the
TO group at M6, with a significant difference between the groups and when comparing MO
with other moments. In the histopathological examination (Figure 6), both groups presented
decreases in inflammatory cells, with a significantly lower neutrophil count (P <0.05) in the
TL group than in the TO group at M6. There was an increase in the number of goblet cells
with no significant difference between the groups. Both groups presented an improvement in
the examinations, with values close to the normal parameters (negative control group) (Figure
7). The cytological and histopathological examinations at MO and M6 for animal N10 from

the TO group are shown in Figure 8 and for animal N3 from the TL group in Figure 9.
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DISCUSSION

Some studies of KC that was experimentally induced in rabbits and treated with the
most commonly used topical immunosuppressants, cyclosporine and tacrolimus, diluted in
vegetable oils (almond, olive oil and linseed oil) and studies of the isolated use of these oils
have demonstrated that not only the immunosuppressants but also the oils showed efficacy in
controlling symptoms of KCS, especially having anti-inflammatory effects mainly due to the
presence of omegas 3 and 6 in their composition, which induce the formation of anti-
inflammatory mediators, such as prostaglandin E1 (PGE1) Al and thromboxane (TXA
1).11823 |n these studies, the linseed oil always performed better than the other oils,
almond® and olive®®, which perhaps occurred because linseed oil has a greater concentration
of omegas 3 and 6 than do the other oils studied.?*?> Another study on experimentally induced
KCS in rabbits, using linseed oil through various routes of administration (oral, topical and
oral and topical in combination), also demonstrated efficacy in the control of symptoms and

an increase in goblet cells.?*

Beagle dogs treated with tacrolimus diluted in olive oil presented an improvement in
clinical signs (secretion, pigmentation and hyperemia) and no significant difference compared
to another immunosuppressant: cyclosporine. A significant increase in the STT was also

found at the first time point, as in the present study."?

In the results from the STT and TBUT, there was a significant increase in the values
obtained, while there was no statistically significant difference between the TO and TL
groups at the end of the study, which was in agreement with the research on cyclosporine

0.02% diluted in olive oil and linseed oil*®

in experimentally induced KCS in rabbits.
However, in a study using tacrolimus diluted in 0.03% almond oil and linseed 0il?*, the group

with only topical application of linseed oil presented a more significant increase. The STT
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values were also significantly higher in the study of the use of linseed oil applied orally and

topically to treat experimentally induced KCS in rabbits.?*

In the present study, there was excellent resolution of corneal ulcers in both the TO and
TL groups, with no statistically significant difference between them, which was also in

agreement with other studies'®?®

, including the resolution of keratomalacia (*‘melting”
corneal ulcer) described in a study with linseed oil applied topically and orally in association
with KCS induced in rabbits.**

Additionally, on the RBT test, at the end of the experiment, there were no significant
differences between the groups, demonstrating that there was a decrease in the presence of
devitalized cells in the cornea and conjunctiva induced by KCS, in agreement with other

studies that used these oils in combination with topical immunosuppressants.'®?®

In the present study, the only statistically significant difference at the end of treatment
was in the neutrophil count parameter, which was statistically lower in the TL group. A
decrease in the number of inflammatory cells was also described in a study of dogs with KCS
treated with 2% topical cyclosporine.”” The literature has suggested that the pathogenesis of
KCS is based on inflammatory infiltrate, the intense presence of lymphocytes and the
moderate presence of neutrophils and that the inflammatory infiltrate is the main cause of the
destruction of the glandular tissue.™* A study performed in dogs infected with distemper virus
and KCS showed severe inflammatory infiltrate on histopathological examination, with a

predominance of lymphocytes and neutrophils and a small number of goblet cells.’

In the present study, there was a significant increase in the number of goblet cells
between the beginning and end of treatment, with no significant difference between the

groups. Other studies have also demonstrated an increase in goblet cells from treatment with

14,24 9-13,18,23,24 ;

omegas <" or immunosuppressants in the treatment of KCS in several species.
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Thus, we conclude that the tacrolimus 0.03% eye drops diluted in olive oil (TO) and
linseed oil (TL) were effective for the treatment of KCS. There were no significant
differences between the groups except for in the reduction of neutrophils, which was more
significant in the TL group. Thus, linseed oil could present a new alternative as a tacrolimus

eye drop diluent.
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Table 1. Scores of the evaluated clinical signs

Clinical sign

Score

Conjunctivitis

0 = None

1 = Mild conjunctival hyperemia

2 = Moderate to severe conjunctival hyperemia

3 = Moderate to severe conjunctival hyperemia and chemosis

Ocular discharge

0 = None

1 = Minor serous discharge

2 = Moderate mucoid discharge

3 = Marked mucopurulent discharge

Corneal opacity 0 = None
1=<25%
2 = 25-50%
3 =>50%
Corneal 0 = None
pigmentation
1=<25%
2 = 25-50%

3 =>50%
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Table 2. Mean and standard deviation of the Schirmer Tear Test (STT), Tear Film Break-up
Time (TBUT), conjunctival cytology and conjunctival histopathology parameters, from

healthy dogs in the negative control group (n=20)

Ophthalmic examinations

STT (mm/min) 27.314.1

TBUT (seconds) 23.315.1

Conjunctival cytology

Lymphocytes (cells/10 0.1+0.4
HPF)
Neutrophils (cells/10 0+0
HPF)
Metaplastic cells 0.5+2.1

(cells/10 HPF)

Squamous cells (cells/10 0.1+0.3

HPF)

Conjunctival histopathology

Lymphocytes (cells/5 26.7£24.2
HPF)
Neutrophils (cells/5 HPF) 2.6x4.4

Goblet cells (cells/mm?) 28.3+16.0
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*Cell count in 10 fields and 5 fields, 40x objective.
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Figure 1. Median score of clinical signs observed from MO to M6, in the TO (olive oil) and

TL groups (linseed): (A) ocular discharge, (B) conjunctival hyperemia, (C) corneal opacity

and (D) corneal pigmentation.
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Figure 2. (A) Mean and standard deviation of results of the Schirmer tear test (STT)? in
mm/min from MO to M6, in the animals from the TO (tacrolimus diluted in olive oil) and TL
groups (tacrolimus diluted in linseed oil); (B) Mean and standard deviation of the Tear Film
Break-up Time (TBUT) in seconds, MO to M6, in the animals from the TO and TL groups.

#Values <10 mm/min positive for KCS

®Values <10 seconds positive for KCS

*p<0.05 (Tukey’s test to compare time points)
4Pp<0.05 (Kruskal-Wallis test to compare groups)
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Figure 3. Fluorescein test (FT). Graphs of the percentages of ulcer types * at MO (A) for the
TO group and (B) the TL group. Photos of animals’ eyes in the present study demonstrating
the classification of types of ulcers: (C) small surface ulcer in the left eye (OS), animal N2
from the TO group; (D) medium surface ulcer, OS, animal N5 from the TO group; (E)
extensive surface ulcer, OS, animal N10 from the TL group; (F) small stromal ulcer, right eye
(OD), animal N24 from the TL group; (G) medium stromal ulcer, OS, animal N14 from the
TL group; (H) extensive stromal ulcer, OD, animal N17 from the TO group; (I)
Descemetocele, OD, animal N32 from the TO group; (J) keratomalacia, OS, animal N31 from
the TL group.

*0-negative, 1- small superficial ulcer, 2- medium superficial ulcer, 3- extensive surface ulcer,

4-small stromal ulcer, 5-medium stromal ulcer, 6-extensive stromal ulcer, 7-descemetocele,
and 8-keratomalacia.
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Figure 4. Rose Bengal Test (RBT). (A) Median of the RBT score in the TO and TL groups.
Photos of experimental animals demonstrating the RBT classification scores: (B) only
conjunctiva stained (OS), animal N12, from the TL group; (C) only cornea stained (OS),

animal N5, from the TO group; (D) cornea and conjunctiva stained (OD), animal N13, from

the TL group.
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Figure 5. (A) Mean and standard deviation of the lymphocyte counts in the conjunctival

cytology examination from MO to M6, in the TO and TL groups (B) Mean and standard

deviation of the neutrophil counts from MO0 to M6 (C) Mean and standard deviation of the

metaplastic cell counts from MO to M6 (D) Mean and standard deviation of the squamous cell

counts from MO to M6.

*p<0.05 (Tukey’s test to compare time points)
“Pp< 0.05 (Kruskal-Wallis test to compare groups)
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Figure 6. (A) Mean and standard deviation of the lymphocyte counts in conjunctival

histopathology at MO and M6, in the TO and TL groups (B) Mean and standard deviation of

the neutrophil counts at MO and M6 (C) Mean and standard deviation of the goblet cell counts

at M0 and M6.

*EKO'OS (Tukey’s test to compare time points)
#°p<0.05 (Kruskal-Wallis test to compare groups)
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Figure 7. Light microscopy of the control group: (A) Conjunctival cytology with the presence
of a squamous cell (arrow) MGG staining, 400x magnification; (B) Histopathology, without
alteration in tissue staining with hematoxylin-eosin, 200x magnification; (C) Histopathology,

with a large number of goblet cells (arrow), PAS staining, 400x magnification.
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Figure 8. (A) MO, left eye, animal N10 from the TO group, keratomalacia and corneal
vascularization; (B) M6 ulcer healing; (C) Light microscopy of the conjunctival cytology at
MO, presence of neutrophils (arrow), MGG staining, 400x magnification; (D) Cytology, M6,
presence of squamous cell (arrow), MGG, 400x magnification; (E) Histopathology at MO,
inflammatory infiltrate (arrow). HE staining, 200x magnification; (F) Histopathology at M6,
decrease in inflammatory infiltrate; (G) Histopathology at MO, absence of goblet cells, PAS
staining, 400x magnification; (H) PAS histopathology at M6, large quantity of goblet cells

(arrow).
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Figure 9. (A) MO, right eye, animal N3 from the TL group, mucoid secretion and corneal
pigmentation; (B) M6 clinical evolution; (C) Light microscopy of the conjunctival cytology at
MO, presence of neutrophils (arrow), MGG staining, 400x magnification; (D) Cytology, M6,
presence of squamous cells (arrow); (E) Histopathology at MO, inflammatory infiltrate
(arrow), HE staining, 200x magnification; (F) Histopathology at M6, decrease in
inflammatory infiltrate; (G) Histopathology at MO, absence of goblet cells, PAS staining,

400x magnification; (H) PAS histopathology at M6 large quantity of goblet cells (arrow).
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