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RESUMO

Dissertacdo de Mestrado
Programa de Pds-Graduacdo em Medicina Veterinaria
Universidade Federal de Santa Maria

ATIVIDADE DA ADENOSINA DESAMINASE NO SORO E NOS
LINFOCITOS DE RATOS INFECTADOS POR Sporothrix schenckii

AUTORA: VERONICA SOUZA PAIVA CASTRO
ORIENTADORA: CINTHIA MELAZZO MAZZANT]I
Santa Maria, 03 de outubro de 2011

A esporotricose € uma infeccdo micética subcutanea de evolugdo subaguda ou crénica,
caracterizada por lesdes inflamatdrias de aspecto piogranulomatoso, causada pelo fungo
dimorfico Sporothrix schenckii. A adenosina desaminase (ADA)é uma enzima “chave”
no metabolismo das purinas, promovendo adesaminacdo da adenosina uma importante
molécula anti-inflamatéria. O aumento na atividade da ADA tem sido demonstrado em vérias
condic@es inflamatdrias, porém, ndo existem dados na literatura associados com esta infeccao
micoética. O objetivo deste estudo foi avaliar a atividade da ADA no soro (S-ADA) e nos
linfocitos (L-ADA) de ratos infectados por S. schenckii. Foram utilizados setenta e oito ratos
distribuidos em dois grupos. No experimento |, os ratos foram infectados por via subcutanea e
no experimento Il, infectados por via intraperitoneal. A coleta de sangue para a avaliacdo
hematoldgica e atividades da S-ADA e L-ADA foram realizadas nos dias 15, 30 e 40 p0s-
infeccdo (PI), para avaliar a evolucdo da doenca. No experimento Il, foi observada na fase
aguda uma diminuicdo na atividade da S-ADA e L-ADA (p<0.05), sugerindo um mecanismo
compensatério do organismo na tentativa de proteger o hospedeiro da lesdo tecidual
excessiva. Com a cronicidade da enfermidade os ratos do experimento | e Il aos 30 dias Pl,
apresentaram um aumento na atividade da L-ADA (p<0.05), promovendo uma resposta
inflamatdria na tentativa de combater a proliferacdo do agente. Assim, sugere-se que a
infeccdo pelo S. schenckii altera as atividades da S-ADA e L-ADA de ratos infectados
experimentalmente, demonstrando o0 envolvimento desta enzima na patogénese da

esporotricose.

Palavras-chave: Esporotricose, adenosina desaminase, linfocitos, soro.
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Sporotrichosis is a subcutaneous fungal infection of evolution subacute or chronic,
inflammatory lesions characterized by pyogranulomatous aspect, caused by the dimorphic
fungus Sporothrix schenckii. Adenosine deaminase (ADA) is a “key” enzyme in the purine
metabolism, promoting the deamination of adenosine, an important anti-inflammatory
molecule. The increase in ADA activity has been demonstrated in several inflammatory
conditions, however, no data in the literature associated with this fungal infection. The
objective of this study was to evaluate the activity of serum ADA (S-ADA) and lymphocytes
(L-ADA) of rats infected with S. schenckii. We used seventy-eight rats divided into two
groups. In the first experiment, rats were infected subcutaneously and in the second
experiment, infected intraperitoneally. Blood samples for hematologic evaluation and
activities of S-ADA and ADA-L were performed on days 15, 30 and 40 post-infection (PI) to
assess disease progression. In experiment 11, was observed in an acute decrease in activity of
S-ADA and L-ADA (p <0.05), suggesting a compensatory mechanism in the body's attempt
to protect the host from excessive tissue damage. Chronicity of the disease the rats in the
experiment | and Il at 30 days PI, showed an increased activity of L-ADA (p <0.05),
promoting an inflammatory response in an attempt to combat the spread of the agent. Thus, it
Is suggested that infection with S. schenckii alters the activities of S-ADA experimentally
infected rats, demonstrating the involvement of this enzyme in the pathogenesis of

sporotrichosis.

Keywords: Sporotrichosis, adenosine deaminase, lymphocytes, serum.
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CAPITULO |
1 - INTRODUCAO

A esporotricose é uma infeccdo micética subcutanea de evolugdo subaguda ou crénica
causada pelo fungo dimorfico Sporothrix schenckii, que apresenta uma distribuicdo mundial
principalmente em regides de clima tropicais e temperados (SCHUBACH, 2008). Por possuir
carater geofilico, o fungo pode ser encontrado em material organico em decomposicdo, nas
plantas, entre outros. Acomete 0 homem e Vérias espécies de animais e sua transmissao ocorre
pela inoculacdo traumatica do agente no tecido subcutaneo, conferindo a esta micose uma
lesdo piogranulomatosa (SCHUBACH, 2004).

Os mecanismos imunoldgicos envolvidos na prevencdo e no controle desta doenga ndo
sdo totalmente elucidadas, mas sabe-se que a resposta imune celular e humoral estéo
envolvidas. A imunidade adquirida contra o S. schenckii é expressa principalmente por
macrofagos ativados por células T CD4 + e a resposta através do Thl ja é descrito como
sendo de fundamental importéncia na patogénese da esporotricose (CARLOS et al., 1992;
MALIA et al., 2006). Estudos demonstram que a resposta inflamatéria pode ser modulada por
varios sistemas incluindo o sistema purinérgico. A adenosina, uma importante molécula deste
sistema, esta presente em todos os tecidos, demonstrando importantes fungdes relacionadas
com a sinalizacdo celular, a neuroprotecdo, a tromboregulacéo e através dos linfécitos regula
as respostas imunes e 0s processos inflamatorios (BURNSTOCK, 2006; DESROSIERS et al.,
2007).

A concentracdo de adenosina extracelular é regulada pela atividade de algumas
ectoenzimas, sendo a adenosina desaminase (ADA: EC 3.5.4.4) uma enzima chave do
metabolismo das purinas, promovendo a desaminacéo irreversivel de adenosina em inosina. A
ADA possui um papel essencial no crescimento normal, diferenciacdo e proliferagcdo de
linfocitos T. Com isso, sua atividade é um sensivel marcador em infeccOes e na avaliacdo de
sua evolugdo, como ja demostrado em estudos com pacientes humanos portadores de
tuberculose (SINGH & SHARMA, 2000).

Reconhecendo o importante papel da ADA em diversos mecanismos fisioldgicos e
patoldgicos, e sendo esta enzima responsavel por modular células que estdo diretamente
envolvidas na patogénese da esporotricose, 0 objetivo deste estudo foi avaliar a atividade da
ADA em ratos infectados experimentalmente por S. Schenckii, com o intuito de investigar o

papel desta enzima nesta micose zoonotica.



2 - REVISAO DE LITERATURA

2.1. Esporotricose

2.1.1. Historico

Benjamin Robinson Schenck em 1896 diagnosticou o primeiro caso de esporotricose
em um paciente humano, no Johns Hopkins Hospital em Baltimore (USA), caso este
publicado em 1898 (SCHENCK, 1898). No Brasil, a doenca é conhecida desde 1907 quando
Lutz e Splendore fizeram o relato da infeccdo em humanos e em ratos no Estado de Séo
Paulo. Até a década de 90 a esporotricose foi considerada uma doenga ocupacional, devido
aos casos estarem relacionados a agricultores, jardineiros e floristas (DONADEL, 1993).
Desde entéo, casos isolados da doenca tém sido descritos em varios estados brasileiros e em

outros paises.

2.1.2. Sporothrix schenckii

Sporothrix schenckii € um fungo dimérfico, agente etioldgico da doenca esporotricose,
pertencente ao Reino Fungi, divisdo Eumyceta, subdivisdo Deuteromycotina, classe
Hyphomycetes, ordem Moniliales, familia Moniliaceae, género Sporothrix e espécie S.
sckenckii (LACAZ et al. 1991). Estudos moleculares recentes demonstraram claramente que
esta doenca € causada ndo por apenas uma espécie do agente, mas por um complexo de pelo
menos seis possiveis espécies filogenéticas: Sporothrix brasiliensis, Sporothrix globosa,
Sporothrix mexicana, Sporothrix luriei e Sporothrix albicans (MARIMON et al, 2006). Esses
varios grupos sdo geneticamente diferentes e estdo distribuidos em diferentes regides
geograficas.

O dimorfismo térmico do S. sckenckii é caracterizado pela fase micelial (figura 1a) ou
filamentosa, encontrada no ambiente em temperaturas variando de 22 a 28° C e sua fase
leveduriforme (figura 1b) é encontrada em condigdes de crescimento entre 35 e 37° C in vitro,
ou no hospedeiro, forma parasitaria. Por ja ter sido isolado do solo, plantas, espinhos de

roseira, cascos de arvores, madeira € classificado como geofilico (RIPPON, 1988).
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Figura 1: a- presenca de conidiéfaros e conidios - fase micelial. b- presenca de estruturas
leveduriformes (*) - fase parasitaria.

2.1.3. Epidemiologia

A esporotricose apresenta distribuicdo mundial e sua ocorréncia esta principalmente
relacionada com regides de clima tropical e temperado (BUSTAMANTE & CAMPQOS, 2001).
Sendo a micose subcutdnea mais frequente em humanos com importancia e prevaléncia
variavel entre as regides e os paises (DONADEL, 1993). Na América do Sul, os maiores
relatos ocorrem no Brasil, com grande incidéncia no Estado do Rio de Janeiro, envolvendo o
gato doméstico na transmissdo desta doengca (BARROS et al., 2010). Ja na regido central do
Rio Grande do Sul e no Uruguai, pacientes humanos por décadas manifestam essa micose
subcutanea pela transmissdo do tatu, onde nestas regifes é comum a pratica de caca desse
animal e consequentemente infeccdo de seus cacadores (CONTI-DIAS, 1989, LOPES et al.,
1999, ALVES et al., 2010).

A distribuicdo geografica e a epidemiologia da doenga sugerem que o clima, a
temperatura e a umidade relativa influenciem no crescimento do fungo no seu estado
saprofitico (RIPPON, 1988). Sua transmissdo ocorre pela inoculagdo traumatica, onde o fungo
penetra no tecido subcutdneo do hospedeiro levando assim manifestagdes clinicas
diferenciadas entre as espécies.
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2.1.4. Esporotricose Humana

Geralmente ap06s a inoculagdo do fungo no tecido subcutdneo por ocasido de um
trauma quer seja farpas, espinhos, arranhadura ou mordedura esse agente se limitara aos
linfonodos regionais a lesdo. Habitualmente, os sitios de infeccdo sdo os membros inferiores e
superiores. A apresentacdo clinica da esporotricose é muito variada, observando-se as
sequintes formas clinicas: cutanea fixa, linfocutanea, cutanea disseminada e extracutanea
(FARIAS et al., 1997; RAMOS-E-SILVA et al., 2007). A forma mais comumente observada
é a linfocutanea (figura 2) que a partir de uma lesdo inicial, segue-se um trajeto ascendente
nos membros, formando cadeia de nddulos, ao longo dos vasos linfaticos, podendo ulcerar ou
ndo. No adulto, essa forma é a mais observada nos membros e, na crianga a forma relatada é a
cutanea fixa, ocorrendo com maior freqiiéncia na face (figura 3) (LOPES-BEZERRA et al.
2006, SONG et al. 2011).

A forma cutdnea disseminada e extracutanea sdo consideradas formas raras a
incomuns e de dificil diagnostico (RAMOS-E-SILVA et al., 2007). A esporotricose sistémica
resulta da disseminacdo hematogénica e/ou linfatica apds inalagdo ou ingestdo de esporos,
podendo haver o comprometimento de um ou mais 6rgdos (DONADELI, 1993). O
desenvolvimento de lesdes no sitio de inoculacdo do fungo estéa relacionado com o sistema
imunolégico do hospedeiro e com a quantidade e viruléncia do agente inoculado (DONADEL
etal. 1993, LACAZ et al. 2002).

Figura 2: Lesdo linfocutinea em um Figura 3: Lesdo ulcerada, de apresentacdo cutanea fixa,
paciente humano adulto. em face de uma crianca.
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2.1.5. Esporotricose felina

O primeiro caso brasileiro de esporotricose felina naturalmente adquirida foi descrito
em 1956, e em 1965 foi publicado a maior casuistica internacional encontrada até entéo
(FREITAS et al., 1956, FREITAS et al., 1965). A manifestacdo clinica na espécie felina é
observada por lesGes cutaneas constituidas por gomas que ulceram e drenam um exsudato
purulento levando a formacdo de crostas. Os locais mais afetados sdo a regido da cabeca
(figura 4), a parte distal dos membros e a base da cauda (SCOTT et al., 1995).

Nos gatos as lesdes apresentam um grande numero de formas leveduriformes,
visualizadas ao exame citopatoldgico (figura 5). Estas leveduras possuem caracteristicas
pleomorficas, variando de formas classicas “charutos” h& formas arredondadas e ovaladas e,
devido a riqueza parasitaria presente nestas lesdes, confere ao gato um alto potencial
zoon6tico desta enfermidade (PEREIRA et al., 2011).

Figura 4: Les0Oes ulcero-gomosa com presenca de crostas e nédulos, em um felino
com esporotricose cutanea localizada em face.
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Figura 5: Processo inflamat6rio piogranulomatoso. Com presenca de macrdfagos
(seta) e neutrdfilos degenerados (cabeca de seta). Numerosas estruturas
leveduriformes (asteriscos) de aspecto pleomoérfico intra e extracelular sugestivo de
infecgdo por S. schenckii. L&mina confeccionada a partir de lesdo exsudativa em um
felino. (Pandtico rapido, 100x).

2.1.6. Esporotricose e a resposta imune

Os mecanismos imunoldgicos envolvidos na prevencdo e no controle de infeccGes
causadas por S. schenckii ainda ndo estdo bem elucidadas, porém, a imunidade frente as
infeccbes fungicas é mediada principalmente por células. Neste contexto, possuem papel
essencial os neutrofilos, os macréfagos e as células dendriticas, os quais desempenham
fungdes de fagocitose, secrecdo de componentes microbianos frente a elementos fungicos néo
englobados, ativagdo da imunidade adaptativa através da producdo de mediadores pro-
inflamatorios, incluindo citocinas e quimiocinas, além do processo de apresentacdo de
antigenos (HUFFNAGLE & DEEPE, 2003; ROMANI, 2004; SHOHAM & LEVITZ, 2005).

O fungo é reconhecido e internalizado pelas células apresentadoras de antigeno, as
quais digerem o microrganismo em determinantes antigénicos, apresentando-os na fenda do
complexo de histocompatibilidade (MHC) classe Il. A ativagdo e o desenvolvimento de
respostas especificadas por linfécitos CD4+ sdo essenciais para determinar a susceptibilidade

ou a resisténcia do hospedeiro nas infeccdes fungicas. Portanto, a resposta imune sera
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direcionada para a dicotomia Thl ou Th2, atraveés da liberacdo de citocinas especificas que
irdo atuar em determinadas células do sistema imune promovendo a ativacdo de linfocitos B
ou o desenvolvimento de hipersensibilidade tardia (ROOK, 1994).

O principal mecanismo da imunidade contra o S. schenckii envolve macréfagos
ativados, principalmente, por IFN-y produzido por linfocitos T CD4+ (TACHIBANA et al.,
1999) Recentemente, foi demonstrado que isolados de S. schenckii de casos cutaneos e
viscerais interagem com células dendriticas e estimulam citocinas de diferentes formas. Sendo
a resposta Thl de importancia fundamental na patogénese da esporotricose e sua ativacdo

diferencial é responsavel por manifestac6es clinicas variadas (UENOTSUCHI et al., 2006).

2.2. Sistema purineérgico

Em adicdo, a adenosina produzida durante hipoxia ou em processos inflamatorios
reduz a lesdo tecidual promovendo assim uma reparacdo tecidual através de diversos
mecanismos mediados por receptores de adenosina (CASTILLO et al., 2008). A remocédo da
adenosina extracelular ocorre em parte pela captacdo atraves de transportes bidirecionados, e
outra parte é regulada pela desaminacdo da adenosina em inosina através da adenosina

desaminase.

2.2.1. Adenosina desaminase

A adenosina desaminase (ADA, Adenosina aminohidrolase EC 3.5.4.4) é uma enzima
chave no metabolismo das purinas (Figura 6), presente no citosol e na membrana celular.
Possui altos niveis no sistema linfoide (timo, linfonodos e baco), podendo ser encontrado em
niveis baixos nos eritrocitos (CRISTALLI et al., 2001; SABOURY et al.,, 2003) A ADA
possui um papel essencial na proliferacdo e diferenciagdo de células linfoides em especial as
células T (BOTA et al., 2001), conferindo a esta enzima uma importante funcdo na regulacéo
do sistema imunitario e nos processos inflamatorios (ANTONIOLI et al., 2008).

A ADA é uma aminohidrolase que pode ser encontrada tanto no espago intra como
extracelular. Esta enzima participa do metabolismo das purinas, desaminando a adenosina a
inosina, contribuindo assim para a manutencdo dos niveis deste nucleosideo (RUIZ et al.,
2000). Quanto ao papel da ADA na inflamacéo, a possibilidade de que esta enzima possa

interagir com outras proteinas de superficie celular, cria uma nova perspectiva na procura de
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mecanismos imunregulatérios do processo inflamatério (FRODE & MEDEIROS, 2001)
Assim, é provavel que a ADA influencie nos niveis de adenosina promovendo protecdo
tecidual, através da regulacdo da resposta inflamatoria e imune no tecido lesionado
(ABBRACCHIO & CERUTI, 2007).

A ADA em humanos apresenta-se na forma de duas isoenzimas que s&o classificadas
em ADA; e ADA; (SHAROYAN et. al., 2006). A isoforma ADA; é uma proteina monémera
com massa molecular de aproximadamente 40 kDa. E principalmente localizada no citosol,
sendo encontrada em todo organismo e também na superficie de macréfagos, linfocitos B e
em alguns linfocitos T (TSUBOI et. al., 1995).

A isoforma ADA; diferentemente da ADA;, apresenta diferengas tanto estruturais
guanto cinéticas. Sua massa molecular € de aproximadamente 100 kDa e representa uma
menor parte da atividade da ADA nos tecidos, sendo abundante no plasma (IWAKI-EGAWA
et. al., 2006). Com relacdo a fonte celular e a fun¢do da ADA; plasmatica ainda ndo estdo bem
elucidados (KOBAYASHI et. al., 1993). Mas estudos recentes sugerem que estas isoformas
podem ser secretadas por mondcitos ativados mediante processos inflamatérios (IWAKI-
EGAWA et. al., 2006).

1

o = 3 4 5
ATP ADP AMP = Ade = Ine = Hyp

UE_Q2 :

E-NPP ATP = AMP + PP,

1.

2. E-NTPDase ATP = ADP +P;; ADP = AMP +P;
3. Ecto-5'-nucleotidase AMP - adenosine + P;

4. Adenosine deaminase  Adenosine - Inosine

5. PNP Inosine = hypoxanthine

Figura 6: Cascata purinérgica enfatizando a desaminacéo da adenosina (Ado) em
inosina (Ino) pela adenosina desaminase (4), enzima chave no metabolismo das
purinas (Adaptado de YEGUTKIN, 2008).
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2.2.2 Receptores purinérgicos

Os efeitos dos nucleotideos extracelulares sdo mediados por receptores de superficie
celular seletivo para nucleotiteos pertencentes a duas familias distintas, estruturalmente de
receptores P2: P2X e P2Y. Os receptores P2X sdo acoplados a canais de ions e compreendem
sete subtipos (P2X;7). Os receptores P2Y sdo receptores acoplados a proteina-G e
compreendem 14 subtipos (P2Y1.14). Em adicéo, os receptores para adenosina compreendem 4
subtipos de receptores: Al, A2A, A2B e A3. Todos os receptores de adenosina sao proteinas
transmembrana acopladas a proteina-G. (figura 7) (YEGUTKIN, 2008).

P2X1.7 P2Y1 2.4,6.11,12,13,14

Figura 7: Receptores para nucleotideos (P2X e P2Y) e nucleosideos (A)
(Adaptado de YEGUTKIN, 2008).

Por décadas, a determinacdo na atividade da ADA vem sendo descrita, como um
sensivel marcador em diversos processos inflamatdrios e nas respostas imunes, como
demonstraram estudos envolvendo pacientes humanos com artrite reumatéide (OCANA, et al.
1988), leishmaniose cutdnea (ERELLI, et al. 1998), tuberculose (MELO, et al. 2000), infeccbes
fangicas (YOSHINO, et al. 2009), doengas inflamatorias intestinais (BEYAZIT, et al. 2011;

MAOR, et al. 2011) e nas infec¢des parasitarias (ISIK, et al. 2011). Em animais a atividade
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desta enzima foi descrita na dermatofitose em bovinos e tambem em estudos experimentais
tendo como modelo, ratos (ATAKISI, et al. 2006; PIMENTEL et al. 2009; DA SILVA, et al.
2011; TONIN, et al. 2011). Néao foi encontrada na literatura cientifica at¢é o momento a
avaliacdo na atividade da ADA nas infec¢bes micéticas envolvendo o agente S. Schenckii,
assim o objetivo deste estudo foi determinar a atividade de ADA no soro (S-ADA) e nos
linfocitos (L-ADA) de ratos infectados experimentalmente com S. Schenckii, com a hipotese

do envolvimento desta enzima na patogénese da esporotricose.
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Adenosine deaminase activity in serum and lymphocytes of rats infected with

Sporothrix schenckii

Abstract

Sporotrichosis is a subcutaneous fungal infection of evolution subacute or
chronic, inflammatory lesions characterized by pyogranulomatous aspect, caused by the
dimorphic fungus Sporothrix schenckii. Adenosine deaminase (ADA) is a “key” enzyme in
the purine metabolism, promoting the deamination of adenosine, an important anti-
inflammatory molecule. The increase in ADA activity has been demonstrated in several
inflammatory conditions, however, no data in the literature associated with this fungal
infection. The objective of this study was to evaluate the activity of serum ADA (S-ADA) and
lymphocytes (L-ADA) of rats infected with S. schenckii. We used seventy-eight rats divided
into two groups. In the first experiment, rats were infected subcutaneously and in the second
experiment, infected intraperitoneally. Blood samples for hematologic evaluation and
activities of S-ADA and ADA-L were performed on days 15, 30 and 40 post-infection (PI) to
assess disease progression. In experiment Il, was observed in an acute decrease in activity of
S-ADA and L-ADA (p <0.05), suggesting a compensatory mechanism in the body's attempt
to protect the host from excessive tissue damage. With chronicity of the disease the rats in the
experiment | and Il at 30 days PI, showed an increased activity of L-ADA (p <0.05),
promoting an inflammatory response in an attempt to combat the spread of the agent. Thus, it
is suggested that infection with S. schenckii alters the activities of S-ADA experimentally
infected rats, demonstrating the involvement of this enzyme in the pathogenesis of
sporotrichosis.

Keywords: Sporotrichosis, adenosine deaminase, lymphocytes, serum.
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1. Introduction

Sporotrichosis is a subcutaneous mycosis caused by the dimorphic fungus Sporothrix
schenckii, widely distributed all over the world, especially in tropical and temperate climates
[1]. Animals and humans can be infected by this agent through traumatic inoculation, where it
is implanted in the subcutaneous tissue. Nowadays, the incidence of this disease in humans is
related to the domestic cat, and the transmission occurs by scratching and biting [2]. Recent
studies in southern Brazil have shown cases of sporotrichosis related to the armadillo hunting
[3]. The clinical presentation in humans is mainly observed by lymphocutaneous lesions, but
it may be systemic in immunocompromised patients. In cats, this disease is most commonly
seen in the cutaneous tissue and it can also be disseminated through the skin and/ or mucosa
[4].

The immunological mechanisms involved in preventing and controlling this disease
are not totally clear, however, studies show that cellular and humoral immune responses may
be involved [5,6]. Reports show that the inflammatory response can be modulated by other
systems, including the purinergic system, that participates in neural and not neural
mechanisms, including the immune response, inflammation, pain, platelet aggregation, among
others. The adenosine is an important component of this immune system, found in all tissues,
acting modulating many physiological processes [7,8]. The concentrations of extracellular
adenosine in cells and tissues are controlled by adenosine deaminase (ADA: EC 3.5.4.4).
ADA is an enzyme that participates in the catabolism of purines, present in the cytosol and
cellular membranes, being responsible for promoting the hydrolytic deamination of adenosine
to inosine [9].

ADA is present in all cell types, but high activity is present in the thymus, lymphoid
tissues and peripheral lymphocytes. It has been demonstrated that this enzyme plays an
important role in lymphocyte function and it is essential for the normal growth, differentiation

and proliferation of T-lymphocytes [10,11]. The observation that ADA deficiency leads to
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severe combined immunodeficiency syndrome points to the physiological importance of
controlling extracellular adenosine levels in the immune system [12].

ADA activity may be a sensitive marker for infection severity. The activity of ADA
was elevated in the serum of men with tuberculosis, cryptococcosis, cutaneous leishmaniasis
[13-15] and dermatophytosis in the cattle [16]. Although major progress has been made in
basic research on sporotrichosis, its pathogenesis remains to be elucidated. Thus, this study
aimed to evaluate the ADA activity in serum and lymphocytes of rats infected with S.

schenckii.

2. Material and methods
2.1. Animals

Seventy eight adult male Wistar rats (Rattus norvegicus), average 60 days old and 250
+ 23 grams of weight, from the central vivarium of the Federal University of Santa Marial
(UFSM). The animals were kept in an experimental room with controlled temperature and
humidity (25°C; 70% RU). They were fed with commercial ration, water ad libitum and
submitted to a period of 7 days of adaptation.

The procedure was approved by the Animal Welfare Committee of Federal University
of Santa Maria (UFSM), number 2011/002 in accordance with existing legislation and the

Ethical Principles published by the Brazilian College of Animal Experiments (COBEA).

2.2. Sporothrix schenckii isolated and inoculum
2.2.1. Sporothrix schenckii isolated

S. schenckii strain (LAPEMI # 17) isolated from a feline presenting sporotrichosis was
employed at this study. This strain previously identified as S. schenckii based on

micromorphology, physiologic and molecular characteristics [17] was maintained in potato
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dextrose agar (PDA) in the collection of the Microbiology and Parasitology Department of the

Federal University of Santa Maria.

2.2.2. Inoculum preparation

The subculture of S. schenckii was on PDA and incubated at 25°C for ten days. Sterile
physiologic solution was added to the colonies and a mixture was obtained by scraping the
surface of the colonies. This mixture of conidia and hyphae fragments was withdrawn and
transferred to a sterile tube. After, heavy particles were allowed to settle for 3 to 5 minutes,
the upper homogeneous suspension was transferred to another sterile tube. This supernatant
was used for count the conidia on hemocytometer and the inoculum were adjusted to 3 x 10°

conidia/mL with sterile physiologic solution.

2.3. Experimental design

2.3.1. Experiment |

The animals were divided into two groups: Cg - subcutaneous control (not-infected;
n=18 healthy animals) and SC, subcutaneous infected whit S. schenckii (n=21). Animals were
inoculated subcutaneously into the left hind footpad with a volume of 0.2 mL of inoculum and
in the Csc group was used saline. Inoculation was performed with animals anesthetized with
isoflurane in an anesthetic chamber. Throughout the experiment, rats underwent daily clinical

evaluation.

2.3.2. Experiment Il

The animals were divided into two groups: Cip - control intraperitoneally (not-
infected) and IP, infected intraperitoneally whit S. schenckii. The Cp group was composed of
18 healthy animals. Animals from infected group were inoculated intraperitoneally with a

volume of 1.5 mL of inoculum and in the Cip group was used saline. Inoculation was
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performed with animals anesthetized with isoflurane in an anesthetic chamber. Throughout

the experiment, rats underwent daily clinical evaluation.

2.4. Collecting samples

Samples were collected in both experiments at 15, 30 and 40 days post-infection.
The groups of Experiment | and Experiment 11 were divided in subgroups, according to the
period of infection: Experiment | (Csis and SCis; Cszo and SCsp; Cseqo and SCyo) and
Experiment Il (Cip1s and 1P1s; Cipzo and IP3o; Cipap and 1P4g). The control subgroups contained
six rats each, and the infected subgroups were composed of seven animals each. The animals
were anesthetized in a chamber with isoflurane for collection of blood by cardiac puncture
(6mL) and then euthanized. The storage of the samples was considered accordingly to the
analysis. Thus, part of the material collected was allocated in tubes containing anticoagulant
(ethylene-diaminetetraacetic acid - EDTA) for separation of lymphocytes (4mL) and
performance of hemogram (1mL). The volume of 1mL was stored in a tube without

anticoagulant to obtain serum.

2.5. Hematological parameters

Total leukocytes were performed using an automated cell counter (Vet Auto
Hematology Analyzer®, model BC 2800). The hematocrit was obtained by centrifugation
using a microcentrifuge (Sigma) at 14.000 rpm/5 min. For morphological evaluation of the
blood and differential count of white blood cell, the blood smears were first stained using a

Romanowsky method and subsequently visualized under the optical microscope.
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2.6. Separation of lymphocytes and serum obtained

Lymphocytes were obtained from whole blood collected with EDTA by gradient
separation using Ficoll-Histopaque™ plus, according to the technique described by Boyum
[18]. The ADA activity was measured immediately after obtaining lymphocytes. The samples
were also stored in tubes without anticoagulant and centrifuged for 10 minutes to obtain the

serum. The samples were placed in microtubes and stored refrigerated (- 20 °C) until analysis.

2.7. ADA activity in lymphocytes and serum

ADA activity was measured spectrophotometrically in serum and lymphocytes by the
method of Giusti, [19]. The reaction was started by addition of the substrate (adenosine) to a
final concentration of 21 mmol/l and incubations were carried out for 1 h at 37 °C. The
reaction was stopped by adding 106 mmol/I/0.16 mmol/l phenol-nitroprusside/ml solution.
The reaction mixtures were immediately mixed to 125 mmol/l/11 mmol/I alkalinehypochlorite
(sodium hypochlorite) and vortexed. Ammonium sulphate of 75 umol/l was used as
ammonium standard. The ammonia concentration is directly proportional to the absorption of

indophenol at 650 nm. The specific activity is reported as U/L in serum and lymphocytes.

2.8. Statistical analysis

The data were submitted to one-way analysis of variance (ANOVA) followed by the
Students t-test (P<0.05). The values were represented as mean + standard deviation. All

samples were processed in triplicate.
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3. Results
3.1. Disease course

Rats from SC group showed swelling and nodules at the inoculation site after 12 days
PI. The ulcerated lesions at the inoculation point and back paws were viewed from 15 days Pl
(Fig. 1 C2). In rats of experiment a significant increase in the popliteal lymph node regional
near to the inoculation site were observed. The animals from IP group (Experiment II)
revealed increased testicular pronounced with 9 days post-infection. Necropsy findings
observed the gross changes in liver, spleen and testes. The large increase in testicular
evidenced from nine days remained throughout the experiment, but through longitudinal
sections, it can be seen that the increase was due to thickening of the capsule. Nodules of
varying sizes are present only in the capsule; the testis was normal appearance (Fig. 1 A). The
natural surface of the liver was shown with numerous small dots of color shiny, white, having
variable sizes. (Fig. 1 B). In experiment I, animals at 40 days PI, has visibly anasarcous and

edema in the joints (Fig. 1 C3).

3.2. Hematological parameters

Hematocrit did not change between not-infected and infected group on days 15 and 30
Pl, different from day 40 PI, when there was a reduction in hematocrit in subgroup 1P4. The
number of total leukocytes of infected rats increased significantly due to the neutrophilia
(days 15, 30 and 40 PI - both experiment) and lymphocytosis (Day 40 PI - subgroup 1P40)
compared to not-infected group (Fig. 2). The number of lymphocytes decreased on day 30 Pl

in subgroups SCsp and IP3, (Fig. 2).
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3.3. ADA activity in lymphocytes and serum
The ADA activity in lymphocytes was significantly decreased (P <0.05) in subgroup

IP1s. A significantly increase (P <0.05) of this enzyme activity was observed in infected
subgroups at SC3g, 1P30and IP4 when compared not-infected subgroups (Fig. 3).

In subgroup IP;s was observed a reduction in ADA activity. This decrease in
enzymatic activity was also observed at day 30 Pl in infected groups in subgroups SCs, and
SCy40, When compared with not-infected groups (Fig. 4). At day 40 PI, ADA activity was
significantly increased (P <0.05) in rats from subgroup IP4 when compared with Cipso (Fig.

4).

4. Discussion

In the experiments, the onset of clinical signs coincided with the transition of fungi
(mycelia-yeast) which lasts about 13 days [20-23]. The lesions observed in this experiment by
subcutaneous ulcerated lesions at the injection point and the presence of yeast was similar to
that described by other investigators in rats, mice and hamsters [23-25]. A conspicuous
clinical sign of systemic infection and visualized in this study is the increase in testicular [26].
And as shown by transverse sections of the organ, the macroscopic analysis revealed that the
increase was due to thickened capsular the presence by multiple nodules of variable sizes; the
testis presented with normal appearance.

With respect to laboratory tests, there was a slight decrease in red blood cell
hematocrit only in the subgroup IP4. Reports show that anemia may be present in patients
with sporotrichosis [27]. The leukocytosis observed between experiments and times,
corroborates with previous studies [26], this change is in response to the inflammatory
process against the agent. Both experimental groups and subgroups showed neutrophilia, and
the change is clearly understood by the migration of neutrophils into the inflamed tissue [28].

In an acute inflammatory process hoping to find a lymphopenia resulting from the migration
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of lymphocytes to the inflammation site, this change was observed in both experiments in
subgroups 30. In 1P4 was observed a lymphocytosis, possibly due to chronic inflammatory
response. According to the literature, chronic lymphocytosis may result by lymphopoiesis,
increase in response to chronic antigen stimulation or cytokine. [28].

For decades researchers around the world have studied the effect of infection caused
by the dimorphic fungus S. schenckii in their hosts. There are several mechanisms involved in
sporotrichosis, either by experimental or naturally acquired infections, but many gaps still
exist. All these efforts take place in an attempt to elucidate the important role of the immune
system and inflammatory mediators in this disease, seeking better treatment and prognosis of
human and animals [5,29,30]. Studies with mice suggest that acquired immunity against S.
schenckii is the expressed by macrophages activated by CD4 + T cells [31].

The measurement of the activity of adenosine deaminase in serum and lymphocytes in
our study was to elucidate the variation as marker inflammatory and immune disorders.
Representing an important role in proliferation and differentiation of lymphoid cells,
particularly T lymphocytes and maturation of monocytes, the ADA has an important role in
immune and inflammatory processes [32,33]. The activity of this enzyme in lymphocytes was
reduced at 15 days Pl in both experiments, compared to controls. The evaluation of this
enzyme in serum was inhibited in the subgroups IP1s, IP3p and SC3, when compared with non-
infected groups. The reduction of ADA activity would have caused an increase in
extracellular adenosine, which would then be converted to inosine. Hence, adenosine acts as a
sensor and provides information to immune system about the tissue damage or acute
inflammatory changes occurring in the vicinity of the immune system [34,35]. It is worth
remembering that the number of lymphocytes did not change on day 15 PI, however, the
ADA activity was inhibited. The reduction of ADA activity in lymphocytes leads to

interaction of adenosine with adenosine receptors that exist in many cell types, with possible
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anti-inflammatory effects, including inhibition of Thl immune response likely. In infections
caused by S. schenckii previously reported by other authors, there is a predominance of Thl
response and cell phones with production of interferon-y [36]. Thus, inhibition of response by
the action of adenosine in extracellular purinergic receptors could be a compensatory effect,
attenuating inflammation and tissue damage. The reduction of ADA activity in serum and
lymphocytes were also described in diseases such as trypanosomiasis [37], and leptospirosis
[38].

With chronicity of disease, the rats of this study demonstrated an increased ADA
activity in lymphocytes and serum as shown in Figures 2 and 3. The increase of ADA activity
in lymphocytes and serum reduces the concentration of extracellular adenosine, promoting an
inflammatory response that would be sufficient to contain the spread of the fungus, without
significant tissue damage [7,8,10]. The increase of ADA activity in serum and in the
lymphocytes suggest an involvement of this enzyme in the pathogenesis of sporotrichosis, as
occurs in Parkinson's disease and cutaneous leishmaniasis [39,40]. In this study we evaluated
only the activity of the enzyme ADA, but recognizing their essential role in the proliferation
of lymphoid cells and particularly their differentiation into CD4 T cells, modulating the
immune response in both healthy subjects and in immunologically [41]. It is believed by
previous scientific background, the remarkable presence of lymphocytosis found in our study
in experiment Il - Plyo subgroup, is related to a stimulation of lymphopoiesis, modulation
probable by the ADA (10,11, 32).

Based on these results, we conclude that infection by S. schenckii alters the activity of
ADA in the serum and lymphocytes of experimentally infected rats. It is believed that the
ADA in the acute phase has anti-inflammatory action due to its inhibition, but with chronicity
of disease, the enzyme was activated by promoting inflammation and hence tissue damage. In

both experiments there were changes in ADA activity, but the experiment 11 showed greater
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activity compared to experiment I. Other studies should be performed to verify the expression

of ectoenzyme on the surface of lymphocytes in sporotrichosis in order to improve knowledge

about the involvement of purinergic signaling in the immune response that occurs during

infection by this fungus.
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FIGURAS

Figura 1. Gross lesions of rats experimentally infected with the dimorphic fungus Sporothrix schenckii through
either a systemic pathway (A, B, C3) or the subcutaneous pathway (C2).
A. Testis with a very thickened capsule within which several nodules 1-3 mm of diameter are detected.
Inset: cross section of the right testis shows that the testis parenchyma is spared.
B. The liver capsule shows several white shining round to irregular areas of varied sizes.
C. Comparison between normal and injected hind limb. C1. Normal foot. C2. Dorsal irregular lesion
mostly longitudinally oriented over the metatarsus; the lesion consists of an alopecic ulcerated and

crusty area. C3. Circumferential volume increase of the metatarsus.



18000

g
g

o
s
8

Total Leukocytes (/ul
g2 8
8 8

s
2

o

6000 -

5000 4

Neutrophilis (!

1000 4

4000

3000 4

2000 4

Lymphocytes (ful
- 888888888

A: Experiment [ ® Not-infected
O Infected

— 2

5

3

2

3

E

e

Day 15 Day 30 Day 40
Days post-infection
C:Experiment | B Not-infected
O lnfected
*
*
1
Day 15 Day 30 Day 40
Days post-infection
E:Experiment | B Not-infected
Olnfected
_*_
Day 15 Day 30 Day 40

Days post-ifection

39

B:Experiment I1 B Not-infected
Olnfected
18000 ek
15000 . *
12000
9000
6000
3000
0 T
Day 15 Day 30 Day 40
Days post-infection
D: Experiment II @ Not-infection
O Infection
10000 -
$000 4 _®
£ = *
w 6000 ———
z
[
5 4000 4
3
z
2000 4
04 .
Day 15 Day 30 Day 40
Days post-infection
@ Not-infected
Dinfected
14000 + F: Experiment II
12000 1 =S
=t 10000 4
8 5000 *
5
€ 6000
%
= 4000
2000 4
04
Day 15 Day 30 Day 40

Days post- nfection

Fig. 2: Means and standard deviation of number of total leukocytes (A and B), neutrophilis (C and D) and

lymphocytes (E and F) from rats infected with Sporothrix scheinkii when compared not-infected (*p<0.05) at

Experiment | and 11. * Experiment I: rats infected subcutaneously; Experiment I1: rats infected intraperitoneally.
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Fig. 3: Means and standard deviation of the adenosine deaminase activity
in lymphocytes from rats infected with Sporothrix schenckii by
subcutaneously (A: Experiment I) and intraperitoneally (B: Experiment I1)
way compared to not-infected. Same letters in the same graph are not
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4 - CONCLUSAO

= Pode-se concluir que a infeccdo pelo S. schenckii altera a atividade da ADA no soro e
nos linfcitos:

o A diminuicédo na atividade ADA nos linfécitos e no soro na infecgéo intraperioneal
na fase aguda, sugere-se altos niveis de adenosina extracelular promovendo uma
acdo antiinflamatoria, na tentativa de diminuir a inflamagdo e a resposta imune
nesta doenca.

o Com a cronicidade da doenca houve um aumento na atividade da ADA nos
linfécitos e no soro em ambos 0s experimentos, com uma consequente diminuicao
dos niveis de adenosina extracelular, levando a uma resposta inflamatdria, ou seja,
0 organismo ndo consegue controlar a inflamagao, sugerindo o envolvimento desta

enzima na patogénese da esporotricose.
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