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RESUMO

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

CITOCINAS PRO-INFLAMATORIAS EM RATOS
EXPERIMENTALMENTE INFECTADOS POR Trypanosoma evansi

AUTORA: FRANCINE CHIMELO PAIM
ORIENTADORA: SONIA TEREZINHA DOS ANJOS LOPES
Santa Maria, 28 fevereiro de 2011

O objetivo deste estudo foi avaliar os niveis séricos das citocinas pré-inflamatorias interferon-gama
(INF-y), fator de necrose tumoral-alfa (TNF-a), interleucina 1 (IL-1) e interleucina 6 (IL-6) em ratos
experimentalmente infectados por Trypanosoma evansi e estabelecer uma correlagdo com o0s
pardmetros hematolégicos. Setenta e seis ratos (Wistar) machos foram divididos em dois grupos
experimentais. O Grupo C (controle) foi composto por vinte e oito ratos ndo inoculados distribuidos
em quatro subgrupos com sete animais cada (C3, C5, C10 e C20), que receberam 0,2 mL de solucéo
fisiologica pela via intraperitoneal. O grupo T (infectados) formado por quarenta e oito ratos
inoculados intraperitonealmente com sangue criopreservado, contendo 1x10° tripomastigotas de T.
evansi por animal. Destes, oito morreram entre 0 5° e 7° dia p6s-infec¢do. Os animais restantes foram
divididos em quatro subgrupos de dez animais cada (T3, T5, T10 e T20) de acordo com o grau de
parasitemia. As amostras de sangue foram coletadas por pungdo cardiaca, nos dias 3 (C3, T3), 5 (C5,
T5), 10 (C10, T10) e 20 (C20,T20) pds-infeccdo (pi) para a realizagdo do hemograma e determinacéo
dos niveis séricos de INF-y, TNF-a, IL-1 e IL-6 pela técnica de ELISA tipo sanduiche. Imediatamente
apos as coletas os animais eram submetidos a eutanasia. Os niveis de citocinas pré-inflamatérias
aumentaram significativamente (P<0,01) nos animais infectados em relagdo ao grupo controle. A
infecgdo por T. evansi em ratos provocou um aumento nos niveis séricos de INF-y, TNF-q, IL-1, IL-6
e esse aumento foi observado durante toda a infec¢do experimental. Além disso, 0 aumento nos niveis
de citocinas foi diretamente correlacionado com a parasitemia e o desenvolvimento da anemia. Estes
resultados sugerem um sinergismo entre essas citocinas contribuindo para o desenvolvimento da
anemia e regulacdo da resposta imune contra o parasito.

Palavras-chave: INF-y, TNF-a, IL-1, IL-6, ratos, tripanossomoses.
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PRO- INFLAMMATORY CYTOKINES IN RATS EXPERIMENTALLY
INFECTED WITH Trypanosoma evansi

AUTHOR: FRANCINE CHIMELO PAIM
ADVISER: SONIA TEREZINHA DOS ANJOS LOPES
Santa Maria, March 28", 2011

The aim of this study was to measure the levels of interferon-gamma (IFN-y), tumor necrosis factor-
alpha (TNF-a), interleukin 1 (IL-1) and interleukin 6 (IL-6) in serum of rats experimentally infected
with Trypanosoma evansi and to correlate with the hematological parameters. Seventy-six rats
(Wistar) were divided into two groups. Group C (control) composed of twenty-eight non-inoculated
rats distributed in four subgroups with seven animals each (C3, C5, C10 and C20), which received 0.2
mL saline by intraperitoneally. The group T (infected) formed of forty-eight rats was inoculated
intraperitoneally with cryopreserved blood containing 1x10° trypomastigotes per animal. These, eight
animals died between 5" -7" days post-infection. The remaining animals were divided into four
subgroups with ten animals (T3, T5, T10 and T20) according to parasitemia degree. The blood
samples were collected by cardiac puncture at the day 3 (C3, T3), 5 (C5, T5), 10 (C10, T10) and 20
(C20, T20) post infection (pi) to perform the complete blood count and determination of IFN-y, TNF-
o, IL-1 and IL-6 levels using an ELISA quantitative sandwich. Immediately after collection the
animals were euthanized. The levels of all measured cytokines increased significantly (P < 0.01) in
infected animals compared to the controls. T. evansi infection in rats caused an increase in serum IFN-
v, TNF-a, IL-1 and IL-6 and this increase was observed during the whole experimental infection. In
addition, the increase in the cytokine levels was concomitant and directly correlated with parasitemia
and anemia development at the parasitemia peak. These results suggest a synergism between these
cytokines contributing to the development of anemia and the regulation of the immune response
against the parasite.

Keywords: INF-y, TNF-q, IL-1, IL-6, rats, trypanosomosis.



LISTA DE FIGURAS

CAPITULO |
Figura 1 — Formas tripomastigotas de T. evansi em esfregaco sanguineo de ratos
experimentalmente infectados, em microscopia de luz, coloragdo panético répido e

AUMENTO 08 LO00X. .. ueeuvereereetistestesieeieesie ettt st bt et e e nb e bbb e s bt s be e s e e s s e b et e b e nbesbenbeereanes 14
Figura 2 — Transmissao e multiplicagdo (fissdo binaria) do T. evansi. .........c.ccocevveiieiniiienns 15
Figura 3 — Esquema da producdo das citocinas pro-inflamatdrias pelos macrofagos, células

natural Killer (NK) e Celulas dendritiCas..........ccovvieiiiieiieieieiese s 18

CAPITULO II

Fig. 1 — Parasitemia of peripheral blood. Mean parasitemia of T. evansi-infected in Wistar
rats at day 3, 5, 10 and 20 poSt-INTECLION. ......eeeureeiiiee e e 40
Fig. 2 — Red blood cells parameters of T. evansi-infected in Wistar rats at day 3, 5, 10 and
20 post-infection compared with uninfected controls: (A) packed cell volume, (B) red
blood cell count and (C) hemoglobin concentration. ..............cceevieeeerieeeiiiiinne e 41
Fig. 3 — White blood cells parameters of T. evansi- infected in Wistar rats at day 3, 5, 10
and 20 post-infection compared with uninfected controls: (A) Number of total leukocytes;
(B) Number of total neutrophils; (C) Number of total lymphocytes. ..........ccooeeeeeiviiiiinnnnnnn. 42
Fig. 4 — Serum levels of proinflammatory cytokines of T. evansi-infected in Wistar rats at
day 3, 5, 10 and 20 post-infection compared with uninfected controls: (A) Interferon-
gamma, (B) Tumor necrosis factor alpha, (C) Interleukin 1, (D) Interleukin 6. ................... 43



LISTA DE TABELA

CAPITULO I1

Table 1 Hierarchical multiple linear regression (steps 1 and 2) and stepwise (step 3)
to reduce the packed cell volume (dependent variable) in rats experimentally infected

WIEN T BV AN, e e 44



SUMARIO

CAPTTULO Lo et e, 11
1 - INTRODUGAO ...ttt ettt 11
2 - REVISAO DE LITERATURA .....oeeoeeeeeee e 13
2.1 TryPaANOSOMA EVANST .cccieiieie e 13
2.2 Citocinas pro-inflamatOrias ...........uueeiiiiiiiiiiie e 17
CAPTTULO Il e, 21
3 - ARTIGO CIENTIFICO ....oviiiiiiiiiieiee e 21
I 1 1 8 o Yo [0 Yo o ] o I 24
2. Material and MethodsS.........coooiiiiii i 25
2.1, Experimental animalS ........cooooiiiii e 25
2.2. Group and trypanosome iNfECHION .........coiiiiieiiiiiiiee e 25
2.3. Estimation of parasitemMia .........ccoooveeiieee e 26
2.4. Blood SAMPIING ... .ccciieieieiec e e 26
2.5. Hematological evaluation ..o 27
S T O/ (o ] {1 1= PO 27
2.6. StatiStiCal @NAIYSIS .....cce oo 27
S RESUILS e 28
3.1. Parasitemia and clinical course of iNfection............cccooveeeiiiiiiiiiiii e, 28
3.2. Hematological fINAINGS .......uiiiiieieiieei e 28
3.3 CYIOKINES. ..o 28
3.4. Multiple linear regression (MLR) analysSiS.............ceiiiiiieeiiiiiiiiicie e, 29
D TS o U 1357 Lo ] o U 29
REIBIEINCES .. e ettt eaaee 34
A — CONCLUSAOD ....ocviiiieeetece et 45

D - REFERENCIAS. ..o 46



CAPITULO |

1- INTRODUCAO

Trypanosoma evansi é um protozoario hemoflagelado de ampla distribuicdo mundial,
relatado na Africa, Asia, Europa, América Central e do Sul. Diferentes espécies de animais
podem se infectar por este parasito, como: camelos, cavalos, burros, zebuinos, bovinos,
caprinos, suinos, caes, elefantes, capivaras, quatis, antas, veados, coelhos e 0 homem (SILVA
et al., 2002; JOSHI et al., 2005; SILVA et al., 2007). Humanos séo considerados refratarios a
infeccdo por T. evansi (KUBIAK & MOLFI, 1954), entretanto Joshi et al. (2005) relataram o
primeiro caso de infecgo pelo parasito em um fazendeiro na India.

Os principais sinais clinicos manifestados nesta enfermidade sdo: febre, anemia, perda
de peso, letargia, edema de membros pélvicos e alteracbes hemostaticas. A doenca em
equinos é conhecida popularmente como “Mal das cadeiras” ou “Surra” devido as altera¢des
locomotoras e neuroldgicas desenvolvidas nos animais infectados como incoordenagdo
motora e paralisia de membros pélvicos (BRANDAO et al., 2002; SILVA et al., 2002;
RODRIGUES et al., 2005).

A transmissdo do T. evansi ocorre por meio de vetores, principalmente insetos
hematofagos (Tabanus sp., Chrysops sp. e Hematopota sp.) (SILVA et al., 2002). Ao atingir o
sistema linfatico, o protozoario estimula a producdo de células B e T gerando uma resposta
imune contra o parasito dependente do componente de superficie do parasito (glicoproteina
variante de superficie — VSG) (SILVA et al., 2002; TAYLOR & AUTHIE, 2004). Assim, nas
tripanossomoses 0 sistema imune realiza a ativacdo de diferentes células e mediadores
inflamatdrios buscando o controle da infeccdo, entre estes mediadores estéo as citocinas.

As citocinas sdo glicoproteinas que promovem a inducgéo e/ou regulacdo da resposta
imune. Os antigenos do parasito ativam a producdo de interferon-gama (IFN-y), feita
principalmente pelas células natural killer (NK) e por linfécitos T. O INF-y por sua vez, tem
como principal funcdo a ativacdo dos macrdéfagos para a sintese das citocinas pro-
inflamatdrias: fator de necrose tumoral-alfa (TNF-a), interleucina 1 (IL-1) e interleucina 6
(IL-6), que desempenham papéis-chave no processo de replicacdo do parasito, bem como na
resposta imune do hospedeiro (PAULNOCK & COLLER, 2001; GAO & PEREIRA, 2002;
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MAGEZ et al., 2007). Ainda, as citocinas também estdo associadas a atividade supressora da
eritropoiese (CACANDO & CHIATTONE, 2002) e podem atuar na anemia associada a
inflamacdo (NOYES et al., 2009).

Ao contrario de outras tripanossomoses, informacfes sobre 0s mecanismos
imunolégicos que desempenham papel na infeccdo por T. evansi sdo limitadas. Ndo ha dados
referentes aos niveis séricos de citocinas inflamatdrias INF-y, TNF-a., IL-1 e IL-6 em animais
infectados. O objetivo deste estudo foi fornecer informagdes sobre os niveis séricos dessas
citocinas em ratos experimentalmente infectados por T. evansi e estabelecer uma correlagéo

com os parametros hematoldgicos.



2 - REVISAO DE LITERATURA

2.1 Trypanosoma evansi

As principais espécies patogénicas de Trypanosoma em animais domesticos séo T.
evansi, T. equiperdum e T. brucei, sendo a primeira mais amplamente distribuida
geograficamente, ocorrendo na Africa, Asia, Europa, América Central e do Sul (SILVA et al.,
2002). O T. evansi foi o primeiro tripanossoma patogénico descoberto em 1880 por Griffith
Evans, que encontrou organismos mdveis no sangue de cavalos e camelos doentes
(MAUDLIN et al., 2004). Em equinos a doenga ¢ conhecida no Brasil como “Mal das
Cadeiras” devido a paralisia de membros pélvicos e incoordenagdo motora desenvolvida pelos
animais infectados (HERRERA et al., 2004).

A regido do Pantanal sul-mato-grossense € considerada area endémica de
tripanossomose, afetando principalmente equinos. Isso ocorre devido a grande concentragdo
de animais em areas de terra seca, presenca de reservatorios silvestres (principalmente
capivaras e quatis) e abundancia de vetores (FRANKE et al. 1994; SILVA et. al., 1995b;
HERRERA et al., 2004). O relato de animais infectados por T. evansi no Rio Grande do Sul é
recente, em cées (COLPO et al., 2005, FRANCISCATO et al., 2007) e equinos (CONRADO
et al., 2005; RODRIGUES et al., 2005; MORAES et al., 2007), o surgimento de casos no sul
da América do Sul sugere que maiores estudos sobre o agente e a doenca, bem como
diagnostico devem ser aprofundados em areas ndo endémicas desta enfermidade.

O T. evansi é um protozoario hemoflagelado da secdo Salivaria que pertence ao filo
Euglenozoa, classe Mastigophora, ordem Kinetoplastida, subordem Trypanosomatina, familia
Trypanosomatidae, género Trypanosoma e subgénero Trypanozoon (VICKERMAN, 1978).
Este parasito € geralmente monomorfico, tendo um pequeno cinetoplasto subterminal.
Entretanto, existem formas acinetoplasticas em que o DNA cinetoplastico circular é ausente.
Estes exemplares sdo encontrados em cepas silvestres como resultados de mutacdo ou apos
tratamento com tripanocidas (aceturato de diminazeno). Formas acinetoplasticas também sdo
reportadas apds longo tempo em cultura in vitro e criopreservacdo (ZWEYGARTH et al.,
1990). As cepas brasileiras sdo comprovadamente acinetoplasticas (VENTURA et al., 2000).

As formas encontradas na corrente sanguinea sdo basicamente lancetadas e o corpo é
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alongado e achatado. Um flagelo livre estd sempre presente. H4 uma membrana ondulante
bem desenvolvida e a extremidade posterior pode ser arredondada ou afilada (Figura 1). Seu
tamanho varia de 15 a 33 um, com média de 24 um (HOARE, 1972).

Figura 1 — Formas tripomastigotas de T. evansi em esfregaco sanguineo de

ratos experimentalmente infectados, em microscopia de luz, coloracdo

panético rapido e aumento de 1000x.

O T. evansi é transmitido mecanicamente por insetos hematdfagos pela inoculagdo dos
tripanossomas através da saliva dos vetores e a sua divisdo ocorre por fissdo binaria (Figura 2)
(HOARE, 1972). A transmissdo ocorre principalmente através de vetores tabanideos
(Tabanus sp., Crysops sp. e Hematopota sp.). Insetos dos géneros Stomoxys sp., Haematopota
sp. e Lyperosia sp. também podem transmitir a doenca (SILVA et al. 2002). Além disso, a
transmissdo pode ocorrer iatrogenicamente por agulhas contaminadas com sangue infectado.
Na América do Sul, o T. evansi também pode ser transmitido por morcegos hematéfagos
(Desmodus rotundus), onde os parasitas podem se multiplicar e sobreviver por um longo
periodo. Dessa maneira, morcegos hematofagos atuam tanto como vetores quanto como
reservatorios (HOARE, 1972; URQUHART et al., 1996). Ainda, existe a possibilidade de
transmissao oral em carnivoros que se alimentam da carcaca de animais infectados
(WIESENHUNTER, 1975; RAMIREZ et al., 1979). Experimentalmente foi demonstrado que
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ap6s a ingestdo de sangue e de tecidos infectados o0s animais tornaram-se agentes
transmissores (RAINA et al., 1985; BAZOLLI et al., 2002; SILVA et al., 2007).

Capilar

/

Tripomastigotas

Tabanidae

Fisdo
4 binaria

7t

\ Tripomastigotas

Figura 2 — Transmissdo e multiplicacéo (fissao binaria) do T. evansi
(Modificado de GARDINER et al., 1988).

O T. evansi é um protozoario flagelado encontrado no sangue e fluidos tissulares de
diversas espécies de mamiferos domésticos e selvagens. Foi relatado parasitando cavalos,
camelos, burros, bovinos, gatos, caprinos, suinos, caes, bafalos, elefantes, capivaras, quatis,
antas, tatus, marsupiais, zebuinos, veados e pequenos roedores silvestres (LEVINE, 1973;
SILVA et al., 2002; HERRERA et al., 2002; ATARHOUCH et al. 2003; FRANCISCATO et
al., 2007) e em 2005 foi relatado o primeiro caso de infeccdo humana em um fazendeiro, na
india (JOSHI et al., 2005). Além disso, diferentes espécies de animais de laboratério, como
coelhos, ratos e camundongos sao suscetiveis a infec¢do por T. evansi, sendo frequentemente
utilizados como modelo experimental.

A infeccdo por T. evansi pode se manifestar de forma aguda, subaguda ou crénica. A
infeccdo aguda se caracteriza por febre, edema de membros pélvicos, anemia e alteragdes
hemostéaticas. Na fase crénica ocorre perda da condicdo fisica do animal e agravamento dos
sinais clinicos. Distarbios neurologicos podem ser observados na fase terminal da doenca
(SILVA et al., 2002; RODRIGUES et al., 2005). O diagnostico da tripanossomose € realizado



16

com base nos dados epidemioldgicos, clinicos, hematoldgicos, parasitologicos, patologicos,
soroldgicos e molecular. A presenca do parasito em esfregaco sanguineo é o achado mais
importante para confirmar a doenca (BRANDAO et al., 2002; SILVA et al., 2002;
RODRIGUES et al., 2005).

A patogenicidade dos tripanossomas no hospedeiro varia de acordo com a espécie
animal e cepa do tripanossoma, fatores inespecificos afetando o animal como outras infeccoes
e estresse, e condicdes epizootioldgicas locais (HOARE, 1972). Queiroz et al. (2000; 2001)
concluiram que a despeito da homogeneidade das cepas isoladas, existe diferenca no padrao
de viruléncia dos isolados. Os tripanossomas multiplicam-se no local da picada, na pele,
invadem a corrente sanguinea e o sistema linfatico, causando febre recorrente e induzindo
uma resposta inflamatéria (CONNOR & VAN DEN BOSSCHE, 2004). A parasitemia
aumenta e € acompanhada por respostas febris, que sdo seguidas por periodos aparasitémicos
e afebris. Os picos de parasitemia ocorrem devido a variagdes antigénicas na superficie do
parasita. Conforme os anticorpos sdo produzidos, h& eliminacdo do clone corrente, mas
sucessivos novos padrdes de antigenos de superficie sdo gerados para evadir a resposta do
hospedeiro (LUCAS, 1992).

A anemia é o achado laboratorial mais frequentemente encontrado nos animais
acometidos pela tripanossomose. Varios mecanismos tém sido propostos para explicar a
origem, ainda ndo completamente elucidada, das anemias na enfermidade causada pelo
protozoario (AQUINO, 2007). Um dos principais mecanismos envolvidos na producdo de
anemia é a hemolise extravascular, que é resultado da destruicdo eritrocitaria mediada por
anticorpos (GAUNT, 2000). Os anticorpos produzidos séo principalmente a imunoglobulina
M (IgM) e a imunoglobulina G (IgG), que se ligam em epitopos dos agentes infecciosos, em
complexo membrana do eritrécito ligado a proteinas microbianas ou em epitopos da
membrana do eritrocito que sdo expostas depois da infeccdo ou lise da célula (GAUNT,
2000). Assim, tanto os eritrocitos infectados, quanto os ndo infectados podem estar ligados a
anticorpos, complexos imunes ou complemento, sendo fagocitados por macrofagos presentes
no baco, medula dssea, figado e pulmdes (GAUNT, 2000).

Outro mecanismo importante na producdo de anemia é atribuido & atividade dos
tripanossomas circulantes, através da producdo de neuraminidase, que resulta na clivagem do
acido sialico da superficie do eritrécito, tornando as hemacias mais propensas a fagocitose
pelo sistema reticulo endotelial (SHEHU et al., 2006). A producédo de radicais livres também
esta estreitamente envolvida na patogénese do T. evansi. Em estudo realizado por Wolkmer et

al. (2009), em que ratos foram experimentalmente infectados pelo flagelado, concluiu-se que
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0s danos oxidativos causados na membrana das hemécias podem ser uma das causas de

anemia na fase aguda da doenca.

2.2 Citocinas pro-inflamatdrias

As citocinas sdo glicoproteinas que regulam a duracdo e a intensidade da resposta
imune (ABBAS & LICHTMAN, 2009). Possuem papel essencial na formacdo dos sinais
locais ou sistémicos da inflamacdo, sendo produzidas e liberadas por varios tipos de células
em resposta a estimulos desencadeados por agentes infecciosos como virus, parasitos,
bactérias e seus produtos, ou em resposta a outras citocinas, sendo responsaveis pela liberacéo
dos mediadores do processo inflamatorio (COTRAN, 2000).

As citocinas apresentam as seguintes propriedades: sdo moléculas pleiotropicas
(podem atuar em diferentes tipos celulares), possuem efeitos redundantes (varias citocinas
podem efetuar as mesmas acdes) e podem influir na acdo de outras citocinas de forma
sinérgica ou antagbnica. Sdo liberadas principalmente por mondcitos/macréfagos e linfécitos,
mas também podem ser secretadas por células adiposas, células epiteliais, células endoteliais
e células da glia. Os mondcitos circulantes no sangue e os macréfagos presentes nos tecidos
promovem a ativacdo dos linfocitos T e a secrecdo de citocinas. S8o os macrdfagos ativados
0s principais responsaveis pela sintese de citocinas pro-inflamatérias como: IFN-y, TNF-a,
IL-1e IL-6 (TIZARD, 2002; ABBAS & LICHMAN, 2009).

A estimulacdo das células inflamatérias, em resposta ao reconhecimento de antigenos
especificos pelos linfocitos T promove o crescimento, a diferenciacdo e a ativacdo de
leucdcitos que estdo envolvidos na resisténcia ao microrganismo e na lesdo tecidual no
hospedeiro. Quando estdo no local da infec¢do, os neutrofilos e macréfagos reconhecem os
patdgenos por meio de VAarios receptores, ingerem-nos para destruicdo intracelular, secretam
citocinas e respondem de outras maneiras para eliminar os patdgenos e reparar os tecidos
infectados. Os linfocitos T ativados proliferam e passam também a secretar as citocinas pro-
inflamatdrias como, TNF-a e IFN-y, que causam ainda uma maior ativacdo de macréfagos,
ativagdo vascular e inflamacdo (Figura 3) (ABBAS & LICHTMAN, 2009).
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Figura 3 — Esquema da producéo das citocinas pro-inflamatérias pelos macréfagos, células natural killer
(NK) e células dendriticas (Adaptado de ABBAS & LICHTMAN, 2009).

As citocinas podem atuar como mediadoras intercelulares de muitos processos
biolégicos, como inflamacdo, fibrose, reparacdo, angiogénese, regulacdo da hematopoiese,
controle da proliferacdo e diferenciacdo celular e ativacdo da resposta imune celular e
humoral (TIZARD, 2002; FELDMANN, 2008). Ainda, sdo atribuidas a inibicdo da
hematopoiese e associadas a anemia de doenca crénica. Um aumento nos niveis de citocinas
pode ocasionar supressdo da hematopoise e a degradacdo de hemécias, levando a reducéo do
hematocrito (JAIN, 1993; TANIGUCHI et al., 1997). Baral et al. (2007) observaram uma
correlacdo entre a anemia e aumento dos niveis séricos TNF-o em ratos experimentalmente
infectados com T. evansi.

As células natural killer (NK) sdo uma classe de linfécitos que reconhecem células
infectadas e respondem destruindo essas células. O IFN-y é apontado como sendo a primeira
citocina envolvida na resposta inflamatoria. As células NK ativadas sintetizam e secretam
IFN-y, que tem como principal fungdo a ativacdo de macr6fagos em resposta a antigenos do
parasito. E a interleucina 12 (IL-12) que induz a producdo de IFN-y pelos linfocitos T e
células NK (ABBAS & LICHMAN, 2009). O IFN-y é a principal citocina da resposta Thl,
capaz de ativar macrofagos e inibir a replicacao intracelular do parasito e a sua producdo se da
logo apds a adesdo e invasdo do parasito na célula hospedeira (MABBOTT et al., 1998;
PAULNOCK & COLLER, 2001).

O TNF-a é uma citocina pleiotrépica que induz o processo inflamatorio através da
sintese de moléculas de adeséo, fatores quimiotaticos para macrdéfagos e neutréfilos, proteinas
de fase aguda e geracdo de outras citocinas pro-inflamatérias, tais como IL-1 e IL-6

(TIZARD, 2002). O controle da parasitemia € atribuido ao aumento dos niveis séricos de
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TNF-a nas tripanossomoses (DAULOUEDE et al., 2001; NAESSENS et al., 2004; BARAL
et al., 2007). Ainda, essa citocina esta relacionada a perda de peso nos animais infectados por
T. brucei, isso se deve ao TNF-a causar supressdo da lipase lipoprotéica produzida pelos
adipdcitos levando a perda de peso progressiva (MAGEZ et al., 1999).

A associacao entre o IFN-y e 0 TNF-a induz a ativa¢ao da enzima induzivel sintetase
de 6xido nitrico (iNOS) que catalisa a reagdo de producdo de 6xido nitrico (NO) na infeccéo
pelo T. cruzi. O NO ¢é efetor essencial no desenvolvimento da resposta Thl contra T. cruzi,
controlando a replicacéo através da secrecdo de citocinas pré-inflamatorias e substancias co-
estimuladoras (SILVA et al., 1995a; MALVEZI et al., 2004).

As citocinas pro-inflamatorias sdo responsaveis pelo aumento na sintese e secrecéo de
proteinas de fase aguda (ECKERSALL, 2001). A acdo dessas citocinas acontece de forma
sinérgica, através da mobilizacdo de aminodacidos periféricos, pela acdo proteolitica do TNF-a.
nos masculos, o que aumenta a disponibilidade de moléculas no figado para a producédo das
proteinas de fase aguda. Assim, a IL-1 modula a sintese de proteinas no hepatdcito, inibindo a
producdo de proteinas de fase aguda negativas (albumina e transferrina), estimulando a
producdo de proteinas de fase aguda positivas (proteina C-reativa, amildide sérica A,
haptoglobina, ceruloplasmina, fibrinogénio e alfa-1 glicoproteina acida). Por fim, a IL-6 é
responsavel pela liberacdo dessas proteinas para a circulagdo sanguinea (MURATA et al.,
2004; PALTRINIERI, 2007).

A principal atividade da IL-1 é ser reguladora do processo inflamatorio. Essa citocina
induz a producdo de proteinas de fase aguda pelo figado, estimula os linfécitos na resposta
imune e age no hipotdlamo causando febre, letargia e perda de peso (TIZARD, 2002). A IL-1
¢ uma citocina mediadora da patogénese na tripanossomose (VINCENDEAU &
BOUTEILLE, 2006). Altos niveis de IL-1 foram observados na infeccdo aguda em ratos
experimentalmente infectados por T. brucei (SILEGHEM et al., 1989). Em ratos infectados
por T. cruzi a IL-1 estimula a resposta imune mediada por linfocitos (REED et al., 1989).

Na resposta de fase aguda, a IL-6 é a principal citocina indutora da sintese de proteinas
de fase aguda pelos hepatocitos. Muitas funcOes bioldgicas da IL-6 sdo também
desempenhadas por IL-1 e TNF-o.. Em sinergismo a IL-1 e a IL-6 promovem a ativagéo e
proliferacdo de linfocitos T. Essa citocina induz a diferenciacdo de linfocitos B em
plasmacitos e a liberacdo de IgM, IgG e imunoglobulina A (IgA) e, estimula a proliferagdo de
células germinativas hematopoéticas (HEINRICH et al., 1990; TIZARD et al., 2002) Nas

tripanossomoses ocorre aumento dos niveis séricos de IL-6 nos animais infectados. Em ratos
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infectados pelo T. cruzi foi observado que a deficiéncia de 1L-6 aumenta a suscetibilidade a
infeccdo, com aumento da parasitemia e mortalidade dos animais infectados (GAO &
PEREIRA, 2002). Ainda, na infeccdo por T. brucei ocorre aumento dos niveis séricos de IL-6,
estando correlacionados ao processo inflamatorio induzido pelo parasito (STERNBERG et al.,

2005).



CAPITULO 1

3-ARTIGO CIENTIFICO

Os resultados desta dissertacdo sdo apresentados na forma de artigo cientifico, com sua

formatacdo de acordo com as orientacdes da revista que serd submetido:

Cytokines in rats experimentally infected with Trypanosoma evansi

Autores: Francine Chimelo Paim, Marta Maria Medeiros Frescura Duarte, Marcio
Machado Costa, Aleksandro Schafer da Silva, Patricia Wolkmer, Céassia Bagnolin Silva,
Carlos Breno Viana Paim, Raqueli Teresinha Franca, Cinthia Melazzo Andrade Mazzanti,

Silvia Gonzalez Monteiro, Alexandre Krause, Sonia Terezinha dos Anjos Lopes

De acordo com normas para publicacdo em: Experimental Parasitology



22

Cytokines in rats experimentally infected with Trypanosoma evansi

Francine C. Paim®, Marta M. M. F. Duarte®, Mércio M. Costa®, Aleksandro S. da
Silva®, Patricia Wolkmer®, Cassia B. Silva®, Carlos Breno V. Paim® Raqueli T. Franga®,

Cinthia M. A. Mazzanti®, Silvia G. Monteiro®, Alexandre Krause®, Sonia Terezinha A. Lopes®

Laboratory of Veterinary Clinical Analysis - LACVet, Federal University of Santa Maria,
97105-900 Santa Maria, RS, Brazil

®Lutheran University of Brazil - ULBRA, BR 287, Km 252, Clover Maneco Pedroso, Boca do Monte, Cx.
Postal 21834, 97020-001 Santa Maria, RS, Brazil

‘Department of Microbiology and Parasitology - LAPAVET, Federal University of Santa
Maria, 97105-900 Santa Maria, RS, Brazil
9Department of Small Animal Clinical Sciences, Federal University of Santa Maria, 97105-

900 Santa Maria, RS, Brazil

*Correspondence to: Francine C. Paim

Address: Laboratory of Veterinary Clinical Analysis - LACVet, Federal University of Santa
Maria, Department of Small Animal Clinical Sciences, 97105-900 Santa Maria, RS, Brazil.
Phone number: +55-55-3220-8814

E-mail:franchimelo@gmail.com



23

ABSTRACT

The aim of this study was to measure the levels of interferon-gamma (IFN-y), tumor necrosis
factor-alpha (TNF-a), interleukin 1 (IL-1) and interleukin 6 (IL-6) in serum of rats
experimentally infected with Trypanosoma evansi and to correlate with the hematological
parameters. Forty-eight Wistar rats were initially intraperitoneally inoculated with
cryopreserved blood containing 10° trypomastigotes per animal. Twenty-eight animals were
used as negative controls and received 0.2 mL of saline by the same route. The experimental
groups were formed according to the time after infection and parasitemia degree, as follows:
four control groups (C3, C5, C10 and C20) with seven non-inoculated animals each and four
test groups (T3, T5, T10 and T20) with ten animals inoculated with T. evansi. The blood
samples were collected by cardiac puncture at the day 3 (C3, T3), 5 (C5, T5), 10 (C10, T10)
and 20 (C20, T20) post infection to perform the complete blood count and determination of
IFN-y, TNF-a, IL-1 and IL-6 levels using an ELISA quantitative sandwich. The levels of all
measured cytokines increased significantly (P < 0.01) in all infected animals compared to the
controls. T. evansi infection in rats caused an increase in serum IFN-y, TNF-a, IL-1 and IL-6
and this increase was observed during the whole experimental infection. In addition, the
increase in the cytokine levels was concomitant and directly correlated with parasitemia and
anemia development at the parasitemia peak, but not to the recovery of anemia. These results
suggest a synergism between these cytokines contributing to the development of anemia and
the regulation of the immune response against the parasite. Since anemia has also been
associated to cytokine expression in other trypanosome models, we suggest a variable

pathogenic mechanism which is host and parasite dependent.

Keywords: IFN-y, TNF-a, IL-1, IL-6, trypanosomosis
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1. INTRODUCTION

Trypanosoma evansi is a pathogenic hemoflagelate protozooa belonging to the
Salivaria section, with presents a global distribution and affects several animal species. The
disease progression, clinical, hematological and pathological aspects in the host can vary
according to the strain virulence, the host susceptibility and the epizootic conditions. The
transmission occurs mainly by hematophagous insects (Tabanus sp., Chrysops sp. and
Hematopota sp.) (Hoare, 1972).

After reaching the lymphatic system, the T. evansi leads to a B and T cell response
depending on the type of the parasite cell surface molecule (variant surface glycoprotein -
VSG) (Taylor and Authié, 2004). Most of the immunoglobulins produced in response to the
infection belong to the IgM and IgG classes. These antibodies bind to specific epitopes on the
parasite causing its death (Baral et al., 2007). Costa et al. (2010) reported an increase in the
total serum protein levels in cats infected by T. evansi corresponding to the alpha-2-globulin,
beta-globulin and gamma-globulin fractions. This is reported to be related with the host
response in the inflammatory processes. The immune system is involved in the control of the
infection and activates different cellular mechanisms where the cytokines play an important
role.

Cytokines are low molecular proteins which act as intercellular mediators involved in
many biological processes such as inflammation, fibrosis, repair, angiogenesis, cell growth/
proliferation and immune response (Tizard, 2002; Feldmann, 2008). In trypanosome
infections the lymphocytes produce interferon-gamma (IFN-y) in response to parasite
antigens. IFN-y activates the macrophages increasing their ability to destroy phagocytosed
organisms. Activated macrophages induce pro-inflammatory cytokines IL-1, IL-6 and TNF-a
playing important roles in the replication process of the parasite as well as in the host immune

response (Paulnock and Coller, 2001; Gao and Pereira, 2002; Magez et al., 2007). Cytokines,
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in addition to the over cited roles, are referred to have suppressor activity on erythropoiesis
(Cancando and Chiattoone, 2002) and probably are central players in the anemia associated
with inflammation (Noyes et al., 2009).

Unlike other trypanosomosis, information about the immunological mechanisms
playing a role in T. evansi infection is limited. There is no data referring the serum levels of
the inflammatory cytokines IFN-y, TNF-a, IL-1 e IL-6 in infected animals. The aim of this
work was to provide information about the serum levels of these cytokines in T. evansi

infection and to establish a correlation with hematological parameters.

2. MATERIAL AND METHODS
2.1. Experimental animals
Seventy-six Wistar rats (Rattus norvegicus; 230 - 270g) were housed in a temperature
(23°C) and relative humidity (70%) controlled room. The rats were fed with commercial rat
pellets and received water ad libitum.
This study was approved by the Ethics and Animal Welfare Committee of the Rural
Science Center of the Federal University of Santa Maria (CCR / UFSM), N°
23081.014568/2009-05 in accordance with existing legislation and the Ethical Principles

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

2.2. Group and trypanosome infection

Rats were divided into two groups as follows: Group T formed by forty-eight Wistar
rats were inoculated with strain the T. evansi and the group C was composed of twenty-eight
animals, which were used as negative controls. For this experiment, it was utilized a strain of
T. evansi obtained from a naturally infected dog (Colpo et al., 2005), maintained in liquid

nitrogen according to the methodology described by Silva et el. (2003). The animals of Group
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T were inoculated intraperitoneally (IP) with cryopreserved blood containing 1x10°
trypomastigotes per animal. The infected blood has been crypreserved for 10 days. On day
zero the blood was tawed to inoculate the animas in group T. At this time the quantification of
viable parasites was done in Neubauer chamber (Wolkmer et al., 2007). The control animals
received 0.2 mL saline (0.9% NaCl) IP.

Four groups were defined as control (C3, C5, C10 and C20), each group composed by
seven non-inoculated animals and the test groups (T3, T5, T10 and T20) were formed by ten
animals infected with the parasite. The test groups were formed according to the time of
infection and the parasitemia degree (number of parasites/High Power Field, HPF under the
microscope) as follows: T3 (day 3 post-infection (pi); 20-30 trypanosomes/HPF), T5 (day 5

pi; 30-70 trypanosomes/HPF), T10 e T20 (day 10 and 20 pi; 0-5 trypanosomes/HPF).

2.3. Estimation of parasitemia

The presence and degree of parasitemia were estimated for each animal daily by blood
film examination. A drop of blood was collected from the tail vein and placed on a slide, and
a thin blood smear was manually prepared. The blood films were Romanovsky stained and
then examined under a microscope, the parasites were counted in 10 fields at 1000x

magnification (Da Silva et al., 2006).

2.4. Blood sampling

The blood samples were collected in the day 3 (C3, T3), 5(C5, T5), 10 (C10, T10) and
20 (C20, T20) post-infection (pi). For the blood collection, 5 mL were obtained by heart
puncture after anesthesia with isofluorane in a gas chamber. After the blood sampling, the rats
were sacrificed by exsanguination under anesthesia. For the complete blood count (CBC), 1

mL of blood from each rat was placed into tubes containing 10% ethylene diamine tetracetic
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acid (EDTA). The remaining 4 mL were transferred into tubes without anticoagulants and
centrifuged to obtain serum. The serum was used to mensuare pro-inflammatory cytokines

determination IFN-y, TNF-a, IL-1 e IL-6.

2.5. Hematological evaluation

Complete blood count and hemoglobin (Hb) determination were performed using an
automated cell counter (Vet Auto Hematology Analyzer®, model BC 2800). The packed cell
volume (PCV) was obtained by centrifugation using a microcentrifuge (Sigma) at 14.000 rpm
for 5 minutes. For morphological evaluation of the blood and differential count of white blood
cell (WBC), the blood smears were first stained using a Diff-Quick commercial kit and
subsequently visualized under the microscope. Mean corpuscular volume (MCV) and mean
corpuscular hemoglobin concentration (MCHC) were calculated according to Feldman et al.

(2000).

2.5. Cytokines

Pro-inflammatory cytokines quantification were assessed by ELISA using commercial
kits for rat IFN-y, TNF-o, IL-1 e IL-6 (eBIOSCIENCE®, San Diego, USA), according to
manufacturer’s instructions. Briefly, 96 well microplates were sensitized with the primary
antibody at room temperature (RT) for 30 minutes, the sample was added and incubated (37°C
temperature, for 30 minutes). After washing, the secondary antibody conjugated with
peroxidase was added to each well and a period of incubation followed. The presence and
concentration of the cytokines was determined by the intensity of color measured by

spectrometry by a micro ELISA reader.

2.6. Statistical analysis
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The result analysis was performed using the analysis of variance (ANOVA) and the
means were compared using the Tukey’s test. In order to verify the effects of the cytokines
levels on the PCV the multiple linear regression (MLR) using the hierarchical method for
TNF-a e IL-1 was chosen. The MLR stepwise method was used for IL-6 e IFN- y. P values
lower than 5% were considered statistically different.

3. RESULTS
3.1. Parasitemia and clinical course of infection

T. evansi could be detected in the blood of all infected rats from 24 to 72 hours after
inoculation. Parasitemia levels increased progressively in almost all animals until the day 5
post-infection (pi). Eight infected rats died from day 5-7 pi and presented very high
parasitemia. After day 6 pi, the remaining rats showed a reduction in parasitemia which
oscillated from 0 to 5 parasites/HPF. The parasitemia evolution is showed in Fig. 1.

Animals presenting high parasitemia (T5) showed weight loss and prostration. Control

animals remained clinically healthy during the experimental period.

3.2. Hematological findings

A reduction in the PCV (Fig. 2A), red blood cell (RBC) count (Fig. 2B) and
hemoglobin (Hb) (Fig. 2C) was observed in all infected animals compared to the control
group. Anemia was very strong at day 5 pi, and was correlated with the parasitemia peak,
after the RBC increased although the animals still remained anemic. MCV, MCHC remained
in the normal range, characterizing a non-responsive anemia. Infected animals developed
leukocytosis with neutrophilia (Fig. 3A and B) and lymphocytosis (Fig. 3C). Monocyte and

eosinophil numbers did not vary statistically.

3.3. Cytokines
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Cytokine levels increased gradually (P < 0.01) in infected animals compared to the
control group (Fig. 4). A progressive increase in the serum levels of IFN-y (Fig. 4A), TNF-a

(Fig. 4B), IL-1 (Fig. 4C) e IL-6 (Fig. 4D) was observed during the experimental period.

3.4. Multiple linear regression (MLR) analysis

MLR was chosen in order to verify the contribution of each cytokine (independent
variable) to the reduction in the PCV (dependent variable) in the T. evansi experimentally
infected animals. Using the hierarchical mode, TNF-a and IL-1 were chosen for comparison
due to their relevance in suppressing erythropoiesis (Jain, 1993; Waner and Harrus, 2000). IL-
6 and IFN-y were added to the analysis by the stepwise method in order to allow the software
(SPSS, version 15.0) to choose the best parameter for the mathematical model. The results of
this analysis are represented in table 1. According to the analysis, IL-6 was excluded from the

third step and the remaining parameters were IL-1, TNF-a and IFN-y (P < 0.01).

4. DISCUSSION

We observed a variation among the animals regarding the response to the parasitemia
degree. This could be due to the variation in the virulence of the strain. In order to achieve
homogeneity among the groups and to prolong the survival time of the animals, the
experimental groups were constituted according to time of infection and the parasitemia
degree. At the beginning of infection, the animals were classified into two main groups: with
increasing or with a wave-pattern parasitemia (Fig. 1). Our previous results could demonstrate
high pathogenicity of T. evansi in rats, with a high mortality rate at day 5-6 pi (Wolkmer et
al., 2007; Da Silva et al., 2009). Similar results were obtained in this work, were the mortality
reached 10% (n = 8) in days 5-7 pi. This mortality was associated to high parasitemia. After

day 5 pi, the remaining animals showed a reduction in the parasitemia, but this characterized
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by a multi-wave parasitemia development, which is a standard feature observed in infected
animals (Assoku, 1975; Noyes et al., 2009). The prolonged course of disease observed in this
experiment could be related to the cryopreservation of the strain, causing a delay in the
multiplication of the parasite due to environmental or host changes (Da Silva et al., 2009).

Clinical signs of disease in animals were weight loss and prostration, observed
especially in animals presenting high parasitemia (T5). These clinical signs are reported in the
literature and are linked to death in a period of weeks or months in non-treated animals
(Conrado et al., 2005; Franciscato et al., 2007). Neurological signs described by Wolkmer et
al. (2009) were not observed in our study.

The analysis of red blood cell indices indicated marked normocytic hormochromic
anemia in the infected rats (Fig. 2). The anemia was more intense (P < 0.01) in the T5 group
and was correlated with the parasitemia peak. This feature was observed in T. evansi infection
in different animal species (Silva et al., 1995; Wolkmer et al., 2007; Da Silva et al., 2008).

The pathogenesis of anemia associated with trypanosome infection still remains
unclear. Despite parasitemia degree, anemia associated with inflammation is investigated as
an additional cause for the anemia. In an experimental model of trypanosomosis, Noyes et al.
(2009) did not observed a correlation between parasitemia levels and anemia in different
mouse strains infected with T. congolense. The authors analyzed the gene expression profile
of the infected mice and observed a correlation between the expression of genes involved in
erythropoiesis and haemolysis and the genes related to inflammation, IL-6 and IFN-y. The
increase in the cytokine levels was concomitant and directly correlated with parasitemia and
anemia development at the parasitemia peak, but not to the recovery of anemia (Fig. 4). These
cytokines are reported to inhibit hematopoiesis and to be associated with the chronic disease-
related anemia. An increase in the levels of these cytokines would lead to hematopoiesis

suppression and to erythrocyte degradation leading to a reduction in the PCV (Jain, 1993;
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Taniguchi et al., 1997). Waner and Harrus (2000) reported an inhibition of hypoxia-induced
erythropoietin secretion in the presence of high levels of TNF-a, together with IL-1 o and p.

The infection by T. brucei rhodesiense increased in blood parameters in human TNF-a
deficient (Naessens et al., 2005). Baral et al. (2007) reported an association between anemia
and TNF-a in rats infected with T. evansi. However, in a mouse model of T. congolense
infection, the hematological parameters remained in the normal range (Naessens et al., 2004).
In this study, the reduction of 24% in the PVC was attributed to the increase of IFN-y, TNF-a
e IL-1 indicating that in addition to the cytokines associated anemia, others mechanisms could
be related to the anemia observed in the disease caused by T. evansi. Previous studies have
suggested that the anemia is a result of the red blood cell destruction (Jatkar and Purohit,
1971) by an immunologically-mediated mechanism (Assoku 1975), associated with the
development of antigen-antibody complexes (Audu et al., 1999). The anemia was also
attributed to the trypanosomal enzyme neuraminidase and to the lipidic peroxidation that
would injure the erythrocyte membrane rendering it to be more prone to phagocytosis in the
reticuloendothelial system (Shehu et al.; 2006; Wolkmer et al., 2009).

The leukocytosis observed at the beginning of infection in groups T3 and T5 (Fig. 3A)
with neutrophilia and lymphocytosis. The neutrophilia in trypanosomosis could be related to
the inflammatory response and the lymphocytosis has been implicated in trypanosomosis as a
result of antigenic stimulation on the animal immune system caused by the ever changing
VSG on the infecting trypanosomes (Vincendeau and Bouteille, 2006). However, a typical
leukogram pattern in animals infected by T. evansi could not be established, since reports of
leukopenia (Da Silva et al., 2008), normal WBC counts (Franciscato et al., 2007) or
leukocytosis (Rodrigues et al., 2005) can be found in the literature.

The major parasite surface compound is the variant VSG is probably associated with

immune response evasion, cytokine dysfunction and to the production of autoantibodies
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(Vincendeau and Bouteille, 2006). The IFN-y is pointed to be the first inflammatory cytokine,
having the major role in activating the macrophages following antigen stimulation by the
parasite. Activated macrophages are responsible for the induction of TNF-a, IL-1 and IL-6 in
trypanosomosis (Mabbott et al., 1998; Paulnock and Coller, 2001).

In this study, we observed a progressive increase in the serum levels of IFN-y, TNF-a,
IL-1 and IL-6 following the evolution of infection (Fig. 4). This increase could be related to
the inflammatory response and the parasitemia control occurring in the infected animals, as
described by different authors (Sileghem et al., 1989; Silva et al., 1995; Gao and Pereira,
2002). Titus et al. (1991) reported that the first host response to protozooa infection is the
secretion of several cytokines, including TNF-a, IL-1 e IL-6. The combined action of these
cytokines leads to leukocytosis, fever and acute phase proteins production. These initial
response provide important contribution to the course of infection by regulation of the
immune response to the parasite.

The serum levels of INF-y could be related to the parasitemia control by activation of
macrophages leading to the clearance of the parasite from the blood stream. This mechanism
was described for trypanosomosis by different authors (Silva et al.; 1995; Hertz et al., 1998;
Magez et al., 2006; D Avila et al., 2009). Holscher et al. (1998) demonstrated in a mouse
model of T. cruzi infection an inhibition of in vivo and in vitro replication inhibition of the
parasite caused by the nitric oxide (NO) release by activated macrophages induced by INF-y.
Additionally, in another mouse model, high levels of INF-y were associated to resistance and
lower parasitemia in animals infected by Trypanosoma brucei rhodesiense (Hertz et al.,
1998).

The TNF-a is a pleiotropic cytokine which plays an important role in T cell-mediated
inflammatory response in trypanosomosis (Magez et al., 2007). It has tripanolytic activity

whereas the control of the parasitemia is attributed to an increase of TNF-a levels in T. brucei
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infection (Daulouede et al., 2001). Increased susceptibility to infection by T. congolense was
reported in TNF-a deficient (Naessens et al., 2004). Based on these findings it is reasonable to
believe that TNF-a acts in parasitemia control, once increased levels of TFN-o were followed
by reduction of parasites in the blood stream.

A similar study on T. evansi infection in a mouse model, the TNF-a. was associated to
anemia development and to increased levels of IgM in parasitemia control (Baral et al., 2007).
In addition, TNF-a is associated with weight loss in infected animals, as occurs in animals
infected by T. brucei (Magez et al., 1999). This would be due to the suppression of the
lipoproteic lipase produced by the adipocytes leading to the progressive weight loss.

IL-1 is a potent mediator cytokine in the pathogenesis of trypanosomosis. In T. cruzi
infection, IL-1 increases were associated to the development of myocardiopathy in the chronic
phase of infection (Robles et al., 2009). High levels of IL-1 were detected during the acute
phase of the disease in rats experimentally infected by T. brucei (Sileghem et al., 1989). IL-1
induces the production of acute phase proteins in the liver (Eckersall et al., 2001) and
stimulates the lymphocyte-mediated immune response (Reed et al., 1989). This could explain
the lymphocytosis observed in our study.

Sternberg et al. (2005) observed neurological alterations infectious caused by T. brucei
that were correlated to IL-6. In mice infected by T. cruzi, IL-6 deficient mice had higher
susceptibility to infection and presented higher parasitemia and mortality rates (Gao and
Pereira, 2002). In our study, the increase in IL-6 serum levels observed in rats infected with T.
evansi represents the host immune response to infection.

These results suggest a synergism between these cytokines contributing to the
development of anemia and the regulation of the immune response against the parasite. Since
anemia has also been associated to cytokine expression in other trypanosome models, we

suggest variable pathogenic mechanism which is host and parasite dependent.
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Wistar rats at day 3, 5, 10 and 20 post-infection.
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Table 1 Hierarchical multiple linear regression (steps 1 and 2) and stepwise (step 3) to reduce the
packed cell volume (dependent variable) in rats experimentally infected with T. evansi.
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B SEB B R’ F p

Step 1

Constant 43.91 1.01

TNF-a -0.057 0.02 -0.29 0.09 6.03 0.017
Step 2

Constant 45.55 1.21

TNF-a -0.195 0.06 -0.99 0.16 5.99 0.004

IL-1 0.169 0.07 0.75
Step 3

Constant 48.60 1.64

TNF-a -0.089 0.07 -0.45

INF-y 0.31 0.09 1.39 024 6.66 0.001

IL-1 -0.23 0.09 -1.20

Note: n=66. B: regression coefficient; SE B: stardard error; 8: standardized regression coefficient;
R% coefficient of determination, TNF-a: Tumor necrosis factor alpha, IFN-y: Interferon-gamma, IL-1:
Interleukin 1, IL-6: Interleukin 6.



4 — CONCLUSAO

Na infeccdo por T.evansi em ratos ocorre aumento dos niveis séricos de IFN-y, TNF-
a, IL-1 e IL-6. O aumento dessas citocinas pro-inflamatdrias esta correlacionado com a
parasitemia e com desenvolvimento da anemia no pico da parasitemia. Estes resultados
sugerem um sinergismo entre essas citocinas contribuindo para o desenvolvimento da anemia,
leucocitose e regulacdo da resposta imune contra o parasito. Portanto, a anemia pode estar
associada a expressao de citocinas, em um mecanismo patogénico variavel dependente do

hospedeiro e do parasito.
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