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RESUMO

BIANCHINI, Beatriz Hoffmann Salles. Maresina 2 reduz a dor e inflamagao
induzidas por anion superéoxido em camundongos. 2022. 50 f. Dissertagao
(Mestrado em Patologia Experimental) — Centro de Ciéncias Biologicas, Universidade
Estadual de Londrina, Londrina, 2022.

Espécies reativas de oxigénio (EROs) induzem inflamacao e dor através da liberagéo
de mediadores inflamatoérios e sensibilizacdo dos neurbnios via ativagao de canais
ibnicos, como por exemplo o receptor de potencial transitorio vanildide subtipo 1
(TRPV1). Mediadores pro-resolugao especializados (SPMs) tém efeitos analgésicos e
anti-inflamatdrios desempenhando suas funcdes via seus receptores, ou atuando de
forma alostérica em canais ibnicos impedindo a ativacdo neuronal. Apesar disso,
ainda nao se sabe se SPMs como a maresina 2 (MaR2) inibem a dor causada por
EROs. Portanto, neste trabalho avaliamos o efeito analgésico e anti-inflamatério da
MaR2 na inflamagao induzida pelo superéxido de potassio (KO,, um doador de anion
superoéxido). Para isso foram utilizados camundongos swiss machos (20-25g, n=6 por
grupo). Os animais foram tratados com 4 doses de MaR2 [10, 30, 100 ou 300
pg/animal, intraperitoneal (i.p)] ou veiculo [1% etanol em salina, intraperitoneal (i.p)],
30 minutos antes do estimulo inflamatério com KO2 [30 ug/animal, intraplantar (i.pl.)].
A hiperalgesia mecanica foi determinada com uma versao eletrénica dos filamentos
de von Frey nos tempos 0 (basal), 0.5, 1, 3, 5 e 7h apds o estimulo. A hiperalgesia
térmica foi avaliada através do teste de Hargreaves nos tempos 0 (basal), 1,3 e 7h e
placa quente aquecida a 52°C nos tempos 0 (basal), 0.5, 1, 3, 5 e 7h apds o estimulo.
A dor manifesta foi avaliada pelo numero de contorgcbes abdominais, sacudidas da
pata (flinches) e tempo de lambida expressos cumulativamente ao longo de 20 e 30
minutos, respectivamente. A disfungdo na distribuicdo do peso corporal nas patas
traseiras foi determinada utilizando o aparato de static weight bearing nos tempos 0
(basal) e 3h apds o estimulo. O recrutamento leucocitario foi determinado a partir da
contagem das células presentes no tecido plantar dos animais 7h apds o estimulo. A
MaR2 reduziu a hiperalgesia mecéanica apresentando analgesia em todos os tempos
de analise de maneira dose-dependente, além de reduzir a hiperalgesia térmica,
comportamentos de dor espontanea, desbalango da distribuicdo do peso e o
recrutamento de leucdcitos totais no tecido plantar induzidos pelo KO2. Concluindo, a
MaR2 tem efeito analgésico e anti-inflamatério na inflamagao iniciada pelo anion
superoxido.

Palavras-chave: mediadores lipidicos pro-resolucao; inflamacgao; dor.



ABSTRACT

BIANCHINI, Beatriz Hoffmann Salles. Maresin 2 reduces superoxide anion-induced
pain and inflammation in mice. 2022. 50 p. Trabalho de Conclusdo de Curso
(Mestrado em Patologia Experimental) — Centro Ciéncias Bioldgicas, Universidade
Estadual de Londrina, Londrina, 2022.

Reactive oxygen species (ROS) induce inflammation and pain by triggering the release
of inflammatory mediator and the sensitization of ion channels expressed by neurons,
such as TRPV1 (transient receptor potential vanilloid type 1). Specialized pro-resolving
mediators (SPMs) have analgesic and anti-inflammatory effects by acting via its
receptors, or allosterically via TRPV1 channels, for example. Despite of that, it remains
unknown if SPMs such as maresin 2 (MaR2) inhibits ROS-induced pain. Therefore, we
evaluated the analgesic and anti-inflammatory effect of MaR2 in potassium superoxide
(KO,, a superoxide anion donor) initiated inflammation. For this work, male Swiss mice
(20-25g, n=6) were treated with 4 doses of MaR2 [10, 30, 100 or 300pg/animal,
intraperitoneal (ip)], 30 minutes before the inflammatory stimulus [30 pug KO2,
intraplantar (i.pl.)]. Mechanical hyperalgesia was determined with an electronic version
of von Frey filaments at 0 (baseline), 0.5, 1, 3, 5, and 7h after stimulation. Based in this
experiment, the best dose of MaR2 was chosen for further experiments. Thermal
hyperalgesia was evaluated using the Hargreaves test at time-points 0 (baseline), 1, 3
and 7h and hot plate heated to 52°C at times 0 (baseline), 0.5, 1, 3, 5 and 7h after the
stimulus. Non-evoked spontaneous pain was evaluated through the number of
abdominal writhings, paw flinches and licking time expressed cumulatively over 20 and
30 minutes, respectively. Unbalanced body weight distribution in the hind legs was
determined using a static weight bearing apparatus at time-points 0 (baseline) and 3h
after stimulation. Leukocyte recruitment was determined by counting the number of
cells present in the plantar tissue of the animals 7h after stimulation in H&E stained
slices. MaR2 reduced mechanical hyperalgesia, presenting analgesia at all analysis
times, in a dose-dependent manner, in addition to reducing thermal hyperalgesia,
spontaneous pain behaviors, unbalanced weight distribution and the recruitment of
total leukocytes in the plantar tissue induced by KOZ2. In conclusion, MaR2 has
analgesic and anti-inflammatory effects in superoxide anion initiated inflammation.

Key-words: specialized pro-resolving mediators; ROS; inflammation; pain.
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1 INTRODUCAO
1.1 Inflamacao

A imunidade inata, também chamada de imunidade natural, é a primeira linha
de defesa do organismo. Este processo consiste em mecanismos celulares e
bioquimicos que sao preparados para responder rapidamente a infeccdes ou danos
teciduais (ABBAS; LICHTMAN; PILLAI, 2015). A imunidade inata € componente de
um sistema integrado de defesa do hospedeiro no qual células e moléculas funcionam
cooperativamente (ABBAS; LICHTMAN; PILLAI, 2015).

Quando o organismo € agredido, o primeiro evento para a resposta defensiva
€ o reconhecimento da agressédo. O reconhecimento ocorre pela identificagdo de
moléculas presentes no agente agressor ou geradas em resposta a agressao com
componentes do proprio organismo (PRADEU; COOPER, 2012). As moléculas
existentes em patégenos que podem ser reconhecidas pelo organismo recebem o
nome de padrbes moleculares associados a patdgenos (PAMPs), enquanto as que
sao resultado das alteragdes em moléculas do organismo ou de estresse metabdlico
sdo denominadas de padrées moleculares associados a danos (DAMPs). A ativagao
de receptores de reconhecimento padrao (PRRs) para PAMPs e DAMPs iniciam
cascatas de sinalizagao intracelulares que levam a transcri¢ao de genes para citocinas
pré-inflamatérias, quimiocinas, interferons tipo | (IFNs), peptideos antimicrobianos e
proteinas envolvidas na modulagdo da sinalizacdo de PRRs (MATZINGER, 2002;
MEDZHITOV; JANEWAY, 2002). A maioria das células expressa PRRs, sendo que
fagodcitos, incluindo neutréfilos, macrofagos, e células dendriticas expressam em
maior numero e variedade (ABBAS; LICHTMAN; PILLAI, 2015).

Sabe-se que uma das principais reagdes geradas pelo sistema imune é a
inflamacao, que € uma resposta do corpo ao dano aos seus tecidos e células. Esse
dano pode ser causado por patdgenos, estimulos nocivos como produtos quimicos ou
lesdes fisicas, e constitui um dos componentes mais importantes da execucao da
resposta imunoldgica (FILHO, 2013; GERMOLEC et al., 2018). A inflamagao aguda é
uma resposta de curto prazo que geralmente resulta, apds o processo resolutivo, na
cura, onde os leucdcitos se infiltram na regido danificada, removendo o estimulo e
reparando o tecido (ABBAS; LICHTMAN; PILLAI, 2015). A inflamagao crénica, ao

contrario, € uma resposta prolongada e adaptativa que envolve inflamacao ativa,
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destruicéo tecidual e reparo do tecido (ABBAS; LICHTMAN; PILLAI, 2015). Mesmo
assim, o processo inflamatério tem um cunho benéfico, pois envolve fenémenos
vasculares e celulares que promovem o recrutamento de leucécitos, a remocéo do
estimulo nocivo e a protegdo do organismo. Clinicamente, a inflamacéo causa os
sinais cardinais calor, rubor, edema, dor e perda de funcdo (ABBAS; KUMAR,;
FAUSTO, 2005).

Cronologicamente, a resposta inflamatéria aguda € caracterizada por edema
precoce do tecido que leva de segundos a minutos, seguido por infiltragdo de
neutrofilos em minutos a horas. Posteriormente, células mononucleares, algumas das
quais sao diferenciadas em macrofagos, estes sdo importantes para geragcado de
mediadores proé-resolugéo especializados (SPMs) que contribuem para o retorno da
homeostase (DENG et al., 2014). Se a inflamagédo aguda n&o se resolver, pode se
converter em uma inflamacao crénica (LEVY; SERHAN, 2014) .

Sendo assim, a inflamacdo consiste no extravasamento de proteinas
plasmaticas do sangue e recrutamento de leucdcitos na tentativa de retornar a
homeostase (ABUL K. ABBAS, 2016). Os principais leucdcitos recrutados sdo os
fagécitos, neutrdfilos (que tém vida curta nos tecidos) e mondcitos (que se
desenvolvem em macréfagos teciduais) (ABUL K. ABBAS, 2016).

Além disso, essas reacdes também envolvem citocinas que sao produzidas por
essas ceélulas imunes e a secregao de moléculas que induzem e regulam a resposta
inflamatoria (ABUL K. ABBAS, 2016). As principais citocinas na inflamagao aguda sao
o TNF-qa, IL-1, IL-6, bem como quimiocinas, que contribuem para um aumento no
recrutamento de neutréfilos e ativa sistema geradores de superdxido induzindo a
inflamacao e contribuindo para o aumento do estresse oxidativo e da dor (BORISH;
STEINKE, 2003; FILHO, 2013; YAMACITA-BORIN et al., 2015). A transcrigdo do fator
nuclear kappa B (NFkB), por exemplo, € um componente chave redox sensitivo da dor
e inflamacao, por modular a producédo de mediadores pro-inflamatorios e radicais
livres (NDENGELE et al., 2008).

Apesar da inflamagao ser uma importante resposta do nosso organismo a
agressoes, pode se tornar prejudicial se desregulada. Os leucdcitos recrutados sao
potencialmente lesivos para os tecidos e sdo responsaveis por grande parte das
lesdes nesses locais (FILHO, 2013). Além disso, a falha na resolucéo do processo
inflamatorio pode acarretar fibrose e culminar no 5° sinal da inflamacéo que ¢é a perda
de funcao do tecido e/ou 6rgao acometido (MADERNA; GODSON, 2009). Por tanto,
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para uma eliminagédo da agressao seguida de uma fase de resolugéo e reparo eficiente
€ necessario a mediagdo principalmente por macréfagos residentes que sao
responsaveis pela liberagcao de SPMs cruciais para a resolugao da inflamacao, através
de um processo coordenado e ativo que visa restaurar a fungcdo e a homeostase
tecidual (SERHAN, 2014).

1.2 Dor

A dor, um dos cinco sinais cardinais da inflamacéo, € um sintoma presente em
diversas doengas e € conhecida como um problema de saude internacional, devido a
alta procura por atendimento médico. Definida como experiéncia sensitiva e emocional
desagradavel, associada a uma lesdo tecidual real ou potencial, a dor pode ser
descrita como hiperalgesia, quando ha aumento da sensagéo dolorosa a um estimulo
considerado doloroso com precedentes, ou alodinia, quando ha sensacédo dolorosa
em resposta a um estimulo ndo doloroso (IASP, 2012; VERRI et al., 2006).

O componente fisiolégico da dor é chamado nocicepgao, que € o mecanismo
pelo qual os estimulos periféricos sao transmitidos ao SNC (através da percepgao dos
estimulos nocivos), e consiste dos processos de transdugdo, transmissdo e
modulagao de sinais neurais gerados em resposta a um estimulo nocivo externo
(DINAKAR; STILLMAN, 2016). O neurénio pseudounipolar tem seu corpo celular
presente dentro do ganglio da raiz dorsal e possui prolongamentos em direcao a
periferia e, prolongamentos em direcdo a medula espinal. Na periferia ha a percepgao
de estimulos periféricos que desencadeiam a ativacdo do nociceptor e o
encaminhamento dessa informagao até o corno da raiz dorsal, onde ocorre a sinapse
com neurbnios de segunda ordem, e a transmissdao do sinal até o cortex
somatosensorial para que ocorra a interpretacdo do estimulo (BAJWA; AL KHALILI,
2022). De forma simplificada, podem ser observados como uma cadeia de trés-
neurdnios, com o neurdnio de primeira ordem originado na periferia e projetando-se
para a medula espinhal, o neurénio de segunda ordem ascende pela medula espinhal
e o0 neurbnio de terceira ordem que se projeta para o cortex cerebral (BAJWA; AL
KHALILI, 2022; DINAKAR; STILLMAN, 2016).

O corpo humano possui diferentes tipos de neurénios sensoriais e nociceptores
dotados de receptores e canais idnicos que possibilitam a deteccdo de estimulos,

como por exemplo, através da ativagao de fibras aferentes primarias nédo mielinizadas
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(fibras C) e mielinizadas (fibras Ad) e uma vez sensibilizados podem acarretar em uma
resposta aos estimulos e transmitir esta informacao para a medula espinal (BARON;
BINDER; WASNER, 2010; ST. JOHN SMITH, 2018). Canais idbnicos também sofrem
alteracdes apds ativagdo neuronal (BARON; BINDER; WASNER, 2010). Nos
neurdnios, canais ibnicos como, por exemplo, o receptor de potencial transitério
vaniléide 1 (TRPV1) s&o ativados e isso permite o influxo de calcio para o terminal
pré-sinaptico contribuindo para excitabilidade da membrana dos nervos nociceptivos
(BARON; BINDER; WASNER, 2010; HUANG et al., 2021). O TRPV1 é amplamente
expresso no cerebro em nociceptores de fibra C no ganglio da raiz dorsal (DRG) e sua
hiperativagao pode facilitar a inflamagao (HUANG et al., 2021; PARK et al., 2011).

As respostas inflamatérias no sistema nervoso periférico e central
desempenham papéis importantes no desenvolvimento e persisténcia de muitos
estados patolédgicos de dor, funcionando como um dispositivo de alerta para possiveis
perigos (FATTORI et al., 2020). O estresse oxidativo € um componente importante da
dor (LOURENCO-GONZALEZ et al., 2019). Evidéncias demonstram que a injegao de
um doador de anion superoxido como o KO, induz respostas nociceptivas e
inflamatdrias variadas envolvidas ndo apenas na iniciacdo, mas também na
persisténcia da dor patoldgica, ativando direta e indiretamente os neurdnios sensoriais
nociceptivos (MAIOLI et al., 2015).

1.3 Estresse Oxidativo

O organismo possui diversos mecanismos capazes de manter a concentragao
de espécies reativas de oxigénio (ERO) dentro de limites fisiologicos. O desequilibrio
entre 0 aumento de espécies reativas e a diminuicdo de defesas antioxidantes
resultam no estresse oxidativo (CUMPSTEY; FEELISCH, 2017).

Um aumento de ERO tem sido associado a varias condicdes, incluindo o
processamento da dor e da inflamacao (FATTORI et al., 2015). Sendo assim, niveis
elevados de estresse oxidativo durante a resposta inflamatoria também contribuem
para a nocicepgao. A liberagcao de grandes quantidades do anion superoxido (0O2%), a
partir do chamado “Burst” respiratério por fagdcitos, € um importante mecanismo de
morte de patdgenos e que também leva ao dano endotelial (GUZIK; KORBUT;
ADAMEK-GUZIK, 2003). Como resultado, ha aumento da permeabilidade vascular,

bem como morte celular, por exemplo, através da degranulagcado de neutrdfilos, os
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guais possuem enzimas que tém a fungao de produzir radicais livres para a destruicao
de patégenos (GUZIK; KORBUT; ADAMEK-GUZIK, 2003).

A principal fonte de ERO é o sistema NADPH oxidase, presente em todos os
tipos de células participantes na inflamag¢ao, como por exemplo, leucdcitos e células
endoteliais (BELAMBRI et al., 2018; GUZIK; KORBUT; ADAMEK-GUZIK, 2003). O
anion superoéxido € a primeira ERO a ser gerada pela NADPH oxidase e sua regulagao
se da por meio da enzima superoéxido dismutase (SOD), sendo uma forma comum de
ERO que pode gerar a nocicepgéo através da ativagcédo da via de sinalizagdo do NF-
KB e consequente aumento de mediadores inflamatérios, além de estimular a
producédo de citocinas, contribuindo para a dor e a inflamacédo (GLOIRE; PIETTE,
2009; SERAFIM et al., 2015; WANG et al., 2004).

Sob condi¢des fisioldgicas, 0 organismo possui mecanismos antioxidantes
enddégenos para controlar a produgéo de oxidantes (MAIOLI et al., 2015). Porém,
durante a inflamacgao, citocinas ativam e recrutam neutrofilos e monécitos, que por sua
vez produzem quantidades exacerbadas de anion superdxido, desencadeando vias
de sinalizagao que contribuem para a sua propria produgao, o que implica diretamente
na inducao da dor e inflamagao (PINHO-RIBEIRO et al., 2016).

O KOz é um doador de anion superoxido e sua administragao induz inflamacgao
e dor. Os mecanismos nociceptivos do KO2 envolvem a contribuigdo da inflamacgao
periférica, incluindo o aumento da permeabilidade vascular, aumento do recrutamento
de neutrdfilos e a produgdo de mediadores pré-inflamatérios que sensibilizam o
neurbénio. Contudo, o KO2 também ativa diretamente os neurdnios nociceptivos
contribuindo para a dor (MANCHOPE et al., 2016).

1.4 Maresina-2

Por anos, referiam-se a resolugcdo do processo inflamatério como o
desaparecimento dos neutréfilos no tecido, considerando uma abordagem passiva
onde era fundamental a contencao do estimulo inicial e a dissipagao dos sinais pro-
inflamatérios (LEVY; SERHAN, 2014). Apesar disso, evidéncias demostraram que a
resolucao da inflamacao € um processo ativo, rigidamente regulado por moléculas
derivadas de acido graxo 6mega 3 como o acido eicosapentaendico (EPA) e acido
docosaexaenodico (DHA), e 6mega 6 como o acido araquiddnico (AA), os chamados
mediadores lipidicos pro-resolucao especializados (SPMs) (Fig.1) como é o caso da
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Maresina 2 (MaR2) (CHIANG; SERHA, 2020; DENG et al.,, 2014). Os SPMs
orquestram o processo de resolugdo da inflamacdo com eventos celulares
especificos, detém capacidade de parar a infiltracdo e ativacdo de neutrodfilos,

induzem atividade fagocitica de macrofagos para células apoptéticas e micrébios,

1
2
3
4
5 eliminam leucdcitos de superficies mucosas e apresentam acdes antimicrobianas
6 aprimoradas na defesa do hospedeiro, retornando a homeostase (ARNARDOTTIR et
7 al., 2014). Ademais, a redugao do recrutamento de neutréfilos para o foco inflamatério,
8 bem como a retirada dos neutréfilos da superficie endotelial € imprescindivel para a
9 fase resolutiva (ORTEGA-GOMEZ; PERRETTI; SOEHNLEIN, 2013; SERHAN, 2014).
10
11 Figura 1 - Vias biossintéticas dos mediadores lipidicos pro-resolugéo especializados

12 (SPMs).
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13
14  Fonte: Adaptado de Yasukawa et al., 2020.
15
16 Este novo género de mediadores lipidicos € derivado da transformacédo dos

17  acidos graxos essenciais do 6mega-3 EPA e DHA em mediadores lipidicos pré-

18 resolugdo — subdivididos nas familias das resolvinas, protectinas e maresinas
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(SERHAN, 2014). Os SPMs operam na resolug¢ao do processo inflamatorio com agoes
de pro-resolucao estimulando a liberagao de oxido nitrico endotelial e prostaciclina e
aumentando a fagocitose de macréfagos, incluindo eferocitose, depuragéo microbiana
e efluxo dos leucocitos para os linfonodos, mas também desempenham importante
papel na defesa do hospedeiro, manutengéo da dor e remodelamento tecidual (LEVY;
SERHAN, 2014; SERHAN, 2014).

A MaR2 é um mediador lipidico produzido por macrofagos a partir do DHA
(DALLI et al., 2013; DENG et al., 2014). Os macréfagos exibem diferentes fenétipos
categorizados como fendtipo M1 com fungdes pré-inflamatorias e microbicidas; ou
fendtipo M2 que medeiam funcdes de reparo tecidual, porém, os mecanismos das
alteracdes fenotipicas ainda nao foram totalmente estabelecidos (Fig. 2). Estudos
recentes apontam as Maresinas como uma nova classe dos SPMs que ajudam a
resolver o processo inflamatério através do aumento da fagocitose por macréfagos e
a mudancga da liberagcdao de citocinas para os fendtipos anti-inflamatorios M2,
regulando negativamente as citocinas pré-inflamatérias, como IL-1B, IL-6 e TNF-a
(HWANG et al., 2019; SERHAN, 2017).

Figura 2 - Polarizagdo M1 e M2 de macréfagos
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Fonte: Adaptado de HWANG et al., 2019.

Sendo um membro da quarta familia de SPMs derivados do DHA, a MaR2 tem
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sua biossintese (Fig. 3) via 12-lipoxigenase humana (12- LOX) a partir do 6mega 3
por macrofagos, seguido de epoxidagdo do intermediario 14 hidroperoxi que é
subsequentemente convertido em 13S,14S-epoxi-maresina convertido em novo
produto macréfago bioativo (13R, 14Sdiidroxi-4Z, 7Z, 9E, 11E, 16Z, 19Z-acido
hexaendico) evidenciado de MaR2 (DALLI et al., 2013; DENG et al., 2014; HWANG et
al., 2019).

Figura 3 — Biossintese da MaR2
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Fonte: Adaptado de Deng et al., 2014.

No entanto, o unico efeito que foi demonstrado sobre as atividades biolégicas
da MaRz2 evidenciou que essa molécula reduz o recrutamento de leucacitos induzido
por zimosan e a fagocitose dessas moléculas por macréfagos (DENG et al., 2014).
Em relagdo a dor, ja existem artigos que outros lipidios pro-resolucdo tem efeito
analgésico e que em parte o efeito € neuronal, via receptores acoplados a proteina G,
ou por efeitos independentes do receptor através de modulagao alostérica em canais
ibnicos como o TRPV1, por exemplo (FATTORI et al., 2018; PARK, 2015; PARK et
al., 2011; SERHAN et al., 2012).

De fato, foi demonstrado que a MaR2 reduz a ativacdo neuronal dependente

de TRPV1 e TRPA1 (Fattori et al., submetido ao Neuropharmacology



22
(NEUROPHARM-D-22-00210).

Sabe-se que ROS ativam TRPV1 e por isso ativam neurdnios nociceptivos
(WESTLUND et al., 2010). Apesar disso, ndo existem estudos investigando se lipidios

pro-resolucdo como a MaR2, inibem a dor causada por ROS.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar o efeito analgésico e anti-inflamatério da MaR2 na dor
inflamatoéria induzida pelo superoxido de potassio (KO2), um doador de anion

superoxido.

2.2 OBJETIVO ESPECIFICO

Avaliar o efeito da MaR2 nos seguintes parametros:

Hiperalgesia mecéanica;

Hiperalgesia térmica;

Dor manifesta induzida pelo KOg;

Teste de distribuicdo de peso nas patas traseiras;
Recrutamento leucocitario para tecido plantar.
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Abstract

Reactive oxygen species (ROS) induce inflammation and pain by triggering the release
of inflammatory mediator and sensitizing ion channels expressed by nociceptive neurons, such
as TRPV1 (transient receptor potential vanilloid type 1). Specialized pro-resolving mediators
(SPMs) have analgesic and anti-inflammatory effects by acting via their own receptors or even
by allosteric inhibition of, for instance, TRPV1 channels. Despite of that, to our knowledge, it
remains unknown an SPMs inhibits pain and inflammation initiated by ROS. In the present
study, we evaluated the analgesic and anti-inflammatory effect of maresin 2 (MaR2) in
potassium superoxide (KO:, a superoxide anion donor) initiated inflammation. To this end,
male Swiss mice (20-25g, n=6) were treated with 4 doses of MaR2 [10, 30, 100 or
300pg/animal, intraperitoneal (ip)], 30 minutes before the inflammatory stimulus [30 ug KOo,
intraplantar (i.pl.)]. Mechanical hyperalgesia was determined with an electronic version of von
Frey filaments at O (baseline), 0.5, 1, 3, 5, and 7h after stimulation. This dose-response
experiment allowed to select the best dose of MaR2 for further experiments. Thermal
hyperalgesia was evaluated using the Hargreaves Test and hot plate heated to 52°C. Non-evoked
spontaneous pain was evaluated through the number of abdominal writhings, flinches, and
licking time over 20 and 30 minutes, respectively. The unbalanced static weight bearing was
also used as a non-evoked behavioral test. Leukocyte recruitment was determined counting the
cells present in the plantar tissue in H&E stained slices. MaR2 reduced overt pain-like behavior
and evoked pain behaviors as well as the number of cells infiltrated in the paw skin, which were
induced by KO, stimultion. In conclusion, MaR2 has analgesic and anti-inflammatory effects

in superoxide anion-initiated inflammation.

Key-words: Specialized pro-resolving mediators; ROS; Inflammation; Pain.
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1. Introduction

Inflammation is a protective response developed with the formation of the so-called
cardinal signs, which are heat, redness, swelling, pain, and loss of function. Those clinical
manifestations involve vascular and cellular phenomena, which culminates in the recruitment
of leukocytes with the goal of protecting our body against injurious stimuli [1]. In this process,
an increase in reactive oxygen species (ROS) are present in several conditions, including pain
processing and inflammation [2]. ROS induces inflammation and pain by triggering the release
of inflammatory mediators and sensitizing neurons, and activating ions channels, such as
TRPV1 (transient receptor potential vanilloid type 1), widely expressed in C-fiber nociceptors
whose cellular bodies reside in the dorsal root ganglion (DRG) and innervate tissues such as
the skin [3—6]. Upon mechanical and heat stimulation, this voltage-gated calcium channel
opens, allowing calcium influx to the presynaptic terminal contributing to pain and
inflammation [3,4,6,7]. The superoxide anion is the first ROS to be generated by NADPH
oxidase in response to injuries and high levels during the inflammatory response contributes to
nociception [2,8]. KO, a superoxide anion donor, drives nociception and generates pain by
some mechanisms, in part by inducing peripheral inflammation, but also by activating

nociceptor neuron [4].

Specialized pro-resolving mediators (SPMs) promote the resolution of inflammation
through an active process, tightly regulated by mediators derived from omega-3 fatty acid
molecules, such as eicosapentaenoic acid and docosahexaenoic acid (DHA) [3]. Maresins such
as MaR1 are lipid mediator biosynthesized by macrophages from DHA and directly involved
in the resolution of the inflammatory process. Among its effects, increases phagocytosis by
macrophages and alters the profile of cytokine released by M1 to M2 anti-inflammatory
phenotypes [4,9]. In addition, it reduces neutrophil recruitment and promotes the removal of
neutrophils from the endothelial surface [10,11]. Currently, the known functions of MaR?2 are
the inhibition of neutrophil recruitment in zymosan peritonitis and enhancement of macrophage
phagocytosis of zymosan particles [12].

ROS are known to activate TRPV1 and therefore activate nociceptive neurons [13].
SPMs have analgesic and anti-inflammatory effects by inhibiting ion channels activation, such
as, TRPV1. This effect may occur via SPM receptors and intracellular inhibition of ion
channels or even by allosteric inhibition [5]. Despite this, there are no studies investigating
whether SPMs, such as MaR2, inhibit ROS-initiated pain. Therefore, we investigated the effect

of MaR?2 in superoxide anion-initiated pain and inflammation in mice.
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2. Material and Methods

2.1. Experimental Procedures

KO, was administered intraplantar (i.pl.) at a dose of 30 ug/paw. Control animals
received isotonic saline (i.pl.). To evaluate the treatment with MaR2, a dose-response curve
(10, 30, 100 and 300 pg/animal, i.pl.) was performed and the animals were treated 30 minutes
before the stimulus administration. After stimulation with KO, mechanical hyperalgesia were
evaluated at O (baseline), 0.5, 1, 3, 5 and 7 hours after stimulus. The dose of 100 pg/animal of
MaR?2 was selected for the subsequent experiments. The dose and treatment time protocols used
were previously standardized in the laboratory [14]. Thermal hyperalgesia was evaluated using
the Hargreaves Test at times O (baseline), 1, 3 and 7h and hot plate heated to 52°C at times 0
(baseline), 0.5, 1, 3, 5 and 7h after the stimulus [15,16]. Overt pain was assessed by the number
of abdominal writhings, paw flips (flinches) and licking time expressed cumulatively over 20
and 30 minutes, respectively. Unbalanced weight distribution in the hind legs was determined
using the static weight bearing apparatus at times O (baseline) and 3h after stimulation [17].
Leukocyte recruitment was determined from the count of cells present in the plantar tissue of

the animals 7h after stimulation [15].

2.2. Animals
Male Swiss mice (25-30 g), from Universidade Estadual de Londrina (Londrina,

Parand, Brazil) were used in this study. All mice were housed in standard clear cages with
free access to food and water, light/dark cycle of 12/12h and temperature of 21°+1°C. The
animals were divided according to the experimental groups (maximum of 12 animals per cage)
and adapted to the conditions and environment for at least 1h before behavior testing. Animal
care and handling procedures were approved by Universidade Estadual de Londrina Ethics
Committee (process number 003.2021) and were in accordance with the International
Association for Study of Pain (IASP) guidelines. All efforts were made to minimize the number

of animals used and their suffering.

2.3. Chemicals and Drugs
Materials were obtained from the following sources: Maresin 2 (13R,14S-dihydroxy-

47.72Z.,9E,11E,16Z,19Z-docosahexaenoic acid, Cayman Chemicals, Ann Arbor, Michigan,
USA), superoxide anion (KO2) (Alfa Aesar, 96,5%, Ward Hill, MA, USA), and saline (NaCl
0,9%; Fresenius Kabi Brazil Ltda. Aquiraz, CE, Brazil).
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2.4. Evaluation of mechanical hyperalgesia

An electronic version of the increasing pressure test of von Frey filaments in the paw of
mice was used to evaluate plantar cutaneous hyperalgesia. In a quiet room, the animals were
placed in an acrylic compartments (12 x 10 x 17 cm) with a grid underneath. The test consists
of applying an increasing force to the paw of the mice with a manual transducer (electronic
aesthesiometer, IITC Life Science, Woodland Hills, CA), fitted with a 0.5mm? polypropylene
tip, until a nociceptive reaction characteristic of withdrawal and shaking of the paw. Basal
thresholds were determined before intraplantar (i.pl.) injection of the inflammatory stimulus
KO: (30 pg/paw) or saline. Additional measurements were performed at 0.5, 1, 3, 5 and 7h after
stimulus administration. The results are expressed in delta (A), and these were calculated by
subtracting the values obtained at measurement times 0.5, 1, 3, 5, 7h after the stimulus, from

the basal value (TO) before the stimulus [14].

2.4. Evaluation of thermal hyperalgesia

Thermal hyperalgesia was evaluated using the Hargreaves Test at times O (baseline), 1,
3 and 7h and hot plate heated to 52°C at times O (baseline), 0.5, 1, 3, 5 and 7h after the stimulus
to evaluate the plantar cutaneous thermal hyperalgesia [14—16].The maximum time allowed for

permanence is 20 seconds so that tissue damage does not occur in the mice.

2.4. Evaluation of KO:z-induced overt pain-like behavior (abdominal writhing, flinches and
paw licking time)

KO: (1 mg/animal) was administered intraperitoneally (i.p.) to animals pretreated with
MaR?2 (100pg/animal). Each animal was placed in a large glass vat and the intensity of
nociceptive behaviors was quantified by counting the total number of writhings that occurred
from O to 20 min after stimulus injection [17]. The writhing response was considered to be the
contraction of the abdominal muscles associated with a stretch of the hind legs. Results were
expressed as the total number of abdominal writhing for 20 min. In another set of experiments,
the number of of paw withdrawal/flicking movements (flinches) and the total paw licking time
was determined between 0 and 30 min after injection of KOz (30 pg/paw, i.pl.). Results were

expressed as total number of flinch and lick time over 30 minutes.

2.5. Evaluation of the right/left paw ratio (Static Weight Bearing)
Changes in paw weight distribution were evaluated using the SWB apparatus (model

BIO-SWB-TOUCH-M, Bioseb, France). In a quiet, temperature-controlled room, mice were
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gently placed into an acrylic chamber, where the animal is comfortably maintained while their
hind paws rest on two separate sensor plates. Mice were habituated for at least four consecutive
days prior to the behavioral testing. The animal stands and makes a natural adjustment to the
degree of pain by adapting weight distribution on the noninjured rear paw, and the value of the
weight applied on each sensor is displayed on the LCD screen of the control unit. Mice were
tested before (baseline values) and after treatment and stimulus. The results are expressed by
right/left paw ratio, which was calculated by using the mean of three measurements at O

(baseline value) and 3h after injection. The investigator were blinded to the treatment [17].

2.6. Histopathological analysis

Plantar tissue was collected 7 hours after KO2 stimulus. Samples were fixed in 10%
buffered formaldehyde and processed for paraffin embedding. The sectioned tissues (7 Hm)
were stained with hematoxylin-eosin (HE) for later examination under an optical microscope
(Olympus OX31, Olympus, Japan; original magnification, 100x). The analysis was performed
using a clinical score, where neovascularization and inflammatory infiltrate were evaluated,
being scored from O to 3, demonstrating a degree of tissue degradation according to the
increasing level, with O for no change and 3 for the most serious change, in which case it could
be a significant increase in new vessels and inflammatory infiltrate that damage the tissue. By
means of this same staining, it was possible to measure the percentage of inflammatory infiltrate

per area, using the Image J software of each group with 6 animals [15].

2.6. Data analysis

Data normality was verified by the Shapiro-Wilk test. For normal data, one-way or two-
way ANOVA tests (depending on the variables) followed by Tukey's post-test were used. For
data without normal distribution, the non-parametric Kruskal-Wallis test followed by Dunn's

test were used. For all analyses, differences were considered significant for P < 0.05.



- O © 0 N O O PO DN-

- A -
A WN

_ A
N O O

N =
o © o

NNDNDNDN
AP ON -

W W W W W W W N DN DNMNDNDN
oo 00 A WO N =~ O © 0 N O O

36

3. Results

3.1. MaR2 reduces KO:-induced mechanical hyperalgesia.

Firstly, we conducted a dose-response curve of MaR2 to determine the which dose
presented a higher analgesic effect using mechanical hyperalgesia test. KO> produced an
increase in mechanical response intensity when compared to the saline group. The treatment
with MaR2 at doses of (100 and 300 pg/animal, i.p.) demonstrated a significant effect in
reducing mechanical response intensity at all time points. On the other hand, lower doses were
not effective in reduce pain (10 and 30 pg/animal, i.p.) (Fig. 1). Based on these results, the dose

of 100 pg/animal of MaR2 was chosen to execute the subsequent tests.

3.2. MaR2 reduces KO:-induced thermal hyperalgesia.

Next, the effect of MaR2 was tested in KO»-induced thermal hyperalgesia. Thermal
hyperalgesia was first evaluated using a hot plate heated at 52°C. The treatment with MaR2 was
effective in reducing thermal hyperalgesia from the first to the fifth hour after stimulation (Fig.

2A). Data are expressed in absolute value in seconds.

In addition, treatment with MaR2 was also able to reduce thermal hyperalgesia
evaluated through the Hargreaves Test up to the seventh hour after stimulation (Fig. 4B). The

data are expressed in delta of thermal hyperalgesia intensity.

3.3. MaR2 reduces the number of abdominal writhing, paw flinches and KO-
induced licking time.

In the field of pain, the evaluation of overt pain-like behavior is very important to
determine a compound analgesic effect [18]. Thus, we next evaluate whether the treatment with
MaR?2 decreases KO»-induced overt pain-like behavior. Animals were treated with MaR2 (100
pg/animal, i.p.) before KO injection, (Img/animal, i.p.) for abdominal writhing determination,
or (30pg/paw) for licking time and flinches count. Intraperitoneal stimulation with KO:
significantly increased the number of abdominal writhes when compared to the saline group.
Treatment with MaR?2 demonstrated a significant effect in relation to the decrease in the number
of writhes exhibited by the stimulated mice (Fig. 3A). The intraplantar stimulus with KO>
significantly increased the number of flinches and paw licking time when compared to the saline
group. The treatment with MaR2 at dose of 100 pg/animal reduced the number of flinches (Fig.

3B) and paw licking time (Fig. 3C) induced by the superoxide anion.
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3.4. MaR?2 increased the right/left paw ratio.

Therefore, to examine pain using a nonreflexive method, we performed the static weight
bearing assay and the effect of treatment with MaR2 was investigated. Intraplantar injection of
KO: (30 pg/paw) induced a reduction in the right/left rear paw ratio, indicating mice distributed
their weight toward the noninjured paw (left rear paw) (Fig. 4). The heat map shows the
right/left rear paw ratio of each mouse. Treatment with MaR?2 increased the right/left paw ratio,

demonstrating the analgesic effect in a nonreflexive method of pain measurement.

3.5. MaR2 reduces superoxide anion-induced leukocyte recruitment to the paw
skin.
Next, the effect of MaR2 on leukocyte recruitment was investigated. A

histopathological analysis focusing on the dermal region of the hindpaw skin was performed
using H&E staining. The result shows that treatment with 100 pg/animal of MaR2 reduced the
total leukocyte infiltrate (Fig.5 (A) - (H)).

4. Discussion

In this study, we demonstrated that the SPM MaR?2 reduced pain initiated by superoxide anion
in mice. The treatment with MaR2 reduced overt pain-like behavior, evoked pain, and KO»-
induced leukocyte recruitment. The generation of free radicals is a common process during
inflammation [15] and an increase in ROS is directly associated to pain perception [13]. In fact,
ROS can generate nociception through the activation of the NF-kB signaling pathway and
consequent increase in inflammatory mediators, in addition to stimulating the production of
cytokines contributing to pain and inflammation [19,20]. Contemporary therapies are still
restricted to drugs that have multiple side effects, limited efficacy, high cost, and in some cases,
toxicity [21]. Opiods also represent a current challenge due to the chemical dependency [22].
Thus, it is necessary to develop new therapies capable of reducing inflammation and acute pain
[21]. SMPs do not activate opioid receptors, but rather act through their own receptors, thus
avoiding opioid actions [22,23]. In this context, the use of pro-resolution lipid mediators, such

as MaR?2, represents a potential therapeutic approach.

TRPV1 activation represents an important potential peripheral mechanism initiating the
generation of ROS and the inflammatory products [47]. This activation contributes to
membrane excitability of nociceptive nerves and its hyperactivation may facilitate
inflammation [22,24]. KO, itself via the release of superoxide anion can induce calcium influx

through anionic channels, inducing neuronal firing in the medullary dorsal horn neurons [24].
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Thus, molecules with the ability of targeting ROS metabolism and/or inhibit the activation of
ionic channels are interesting analgesic approaches [25]. In fact, SPMs such as MaR1 inhibit
TRPVI1 channel activation and neuroinflammatory activation of astrocytes and microglia
[7,24]. Furthermore, MaR1 reduces the activation of NF-KB and, thus, the production of pro-
inflammatory cytokine production [7,21,24] Interestingly, our group demonstrated that MaR2
inhibits capsaicin- and AITC-induced calcium influx in in vitro cultured dorsal root ganglia
(DRG) neurons, and these molecules are agonists of TRPV1 and TRPAI, respectively
(manuscript under review). These data aligned to our findings and indicated that MaR2 might

be acting through inhibiting superoxide anion-initiated TRP activation in nociceptor neurons.

Pain can be detected as hyperalgesia (when there is increased pain from a stimulus that
normally causes pain) or allodynia (when pain is present due to a stimulus that normally does
not cause pain)[26]. Martini and contributors (2016)[27] argued that LXA4 treatment caused
significant reductions in the intensity of mechanical pain hypersensitivity induced by spinal
cord hemisection. Svensson and contributors (2007)[28] evidenced that intrathecal and the
intravenous administration treatment with lipoxin reduces thermal hyperalgesia induced by
carrageenan in rats. These data reinforce the equivalent results found in the effects of MaR?2

treatment on mechanical and thermal hyperalgesia.

Mechanisms involved in overt pain may be different from those involved in
hyperalgesia models, thus, some experiments were performed to evaluate them[18]. For
instance, MaR 1 reduces CFA-induced overt pain-like behavior in mice [29]. In our study, MaR2
decrease paw flinches, licking time and abdominal writhings induced by KO». Furthermore,
unilateral peripheral inflammation produces changes in paw weight distribution toward the
noninjured paw [30]. Therefore, the kinetic measurement (static weight distribution) was
evaluated in our work, and MaR2 was also effective in reducing the unbalanced weight

distribution.

Leukocyte recruitment is a key marker of inflammation, and contributes to the pain
genesis [15]. MaR?2 treatment reduced KO»-induced leukocytes recruitment to the inflamed paw
skin. Similarly, Abdulnour and co-authors (2014)[31] report that MaR1 inhibits the infiltration
of neutrophils. In addition, Dalli and Serhan (2012)[32] demonstrate that SPMs share similar
biological functions, although through different receptors, such as limiting neutrophil
infiltration and promoting macrophage phagocytosis. With this background, in this work we
seek to evaluate the ability of the lipid mediator MaR2 to reduce pain and inflammation induced

by a model of oxidative stress generated by the superoxide anion donor (KO2). There is limited
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data on the literature about the activities and mechanisms of action of MaR2. To date, MaR2 is
known to inhibit zymosan-triggered recruitment of neutrophils and increased zymosan
phagocytosis by macrophages [12]. Unpublished data from our laboratory unveils the analgesic
effect of MaR?2 in LPS inflammation and upon TRPV1 and TRPAI agonist administration.
However, the present findings demonstrate for the first time that MaR2, or a SPM, can reduce

pain and inflammation initiated by a ROS (superoxide anion in this case).

5. Conclusion

These data demonstrated that MaR?2 inhibits inflammation and pain initiated by free
radicals, suggesting that MaR?2 have anti-inflammatory and analgesic effects worthy of further

investigation about its mechanisms of action.
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Figure 1 — MaR2 reduces KO:-induced mechanical hyperalgesia. Effect of treatment with MaR?2 at doses of (10, 30, 100 and 300 pg/animal,
1.p.) on mechanical hyperalgesia induced by KOz (30 pg/20 pl/paw). Results are expressed as mean + SEM of 6 animals per group *p<0.05
compared to saline group, #p<0.05 compared to KO> group, **100 e 300 pg # KOz e 10 pg, ##100 e 300 pg # KO2, 10 e 30 pg. (Two-way ANOV A
followed by Tukey post-test).
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Figure 2 — MaR2 reduces KO:-induced thermal hyperalgesia. Effect of treatment with MaR2 (100 pg/animal, i.p.) on thermal hyperalgesia

assessed by hot plate (A) and Hargreaves test (B) after stimulation with KO2 (30 pg/20 pl/paw). Results are expressed as mean + SEM of 6 animals

per group *p<0.05 compared to saline group, #p<0.05 compared to KOz group. (Two-way ANOVA followed by Tukey post-test).
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Figure 3 — MaR2 reduces the number of writhes, flinches and KO:-induced licking time. Effect of treatment with MaR2 (100 pg/animal, i.p.)
on the number of abdominal writhings (A), flinches (B) and paw licking time (C) after stimulation with KO2 (1 mg/100ul/animal or 30 pug/20ul/paw,
respectively). Results are expressed as mean + SEM of 6 animals per group *p<0.05 compared to saline group, #p<0.05 compared to KO, group.

(Kruskal-Wallis and Dunn’s post-test (A); One-way ANOV A and Tukey post-test (B-C)).
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Figure 4 — MaR2 increased the right/left paw ratio. Effect of treatment with MaR2 (100 pg/animal, i.p.) on mechanical incapacity
using the Static Weight Bearing test, 3 hours after stimulation with KO- (30 ug/20 ul/paw). Results are expressed as mean + SEM of
6 animals per group *p<0.05 compared to saline group, #p<0.05 compared to KOz group. (One-way ANOVA and Tukey post-test).
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Figure 5 — MaR2 reduces superoxide anion-induced leukocyte recruitment to the paw skin. Seven hours after
intraplantar injection of KOz (30 pg/paw), the skin of the hind paw was dissected for histopathological analysis by H&E staining using
a light microscope (original magnification 40x). The analysis was performed using a clinical score (A) where neovascularization and
inflammatory infiltrate were evaluated and the percentage of inflammatory infiltrate per area (highlighted area in red (F-H)), using the
Image J software (B) of each group with 6 animals xp < 0 05 vs. saline group; #p < 0 05 vs. vehicle group (0 pg/paw), non-parametric
Kruskal-Wallis test was used, followed by Dunn's test (A); One-way ANOVA followed by Tukey's post-test (B); mean + SEM).
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3 CONCLUSAO

Neste trabalho retratou-se a eficacia da MaR2 como um possivel agente
analgésico e anti-inflamatério. A MaR2 demonstrou atividade em reduzir a dor
induzida por estimulo mecéanico ou térmico, a dor manifesta e o recrutamento de
leucdcitos, apresentando-se como uma estratégia para controlar a superproducao de
ERO e/ou seus efeitos deletérios, incluindo estresse oxidativo e inflamagao

corroborando com outros modelos.
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III_ JII Universidade

~ Estadual de Londrina

COMISSAO DE ETICA NO USO DE ANIMAIS

OF. CIRC. CEUA N° 024/2021
Londrina, 26 de marco de 2021.

Prezado (a) professor (a),

Certificamos que o projeto intitulado: “Avaliacdo do Efeito e Mecanismos Anti-Inflamatérios e
Analgésicos das Resolvinas D1, D2 e DS (RvD1, RvD2 E RvDS), Maresinas 1 e 2 (MaR1 e MaR 2), da
Protectina DX, da Lipoxina A4 e da 15-epi-Lipoxina A4 em Modelo de Dor Induzida pelo Superéxido de
Potissio (KO:) em Camundongos” protocolo CEUA n° 003.2021 sob a responsabilidade de Waldiceu
Aparecido Verri Junior, que envolve a produgio, manutengdo e/ou utilizagdo de animais pertencentes ao filo
Chordata, subfilo Vertebrata (exceto o homem) para fins de pesquisa cientifica (ou ensino), encontra-se¢ de
acordo com os preccitos da Lei n° 11.794, de 8 de outubro de 2008, do Decreto n° 6.899, de 15 de julho de 2009,
e com as normas editadas pelo Conselho Nacional de Controle da Experimentacdo Animal (CONCEA), e foi
aprovado pela Comissdo de Ftica no Uso de Animais da Universidade Estadual de Londrina (CEUA/UEL) no dia
26/03/2021.

O projeto tem como objetivo avaliar o efeito dos mediadores lipidicos pro-resolugdo (SPMs) na dor
inflamatoéria induzida pclo superéxido de potdssio (KO2 - um doador de anion superéxido). Grau de
invasividade: 3.

Finalidade () Ensino  (X) Pesquisa cientifica

Vigéncia da autorizacio 01/05/2021 a 30/04/2025

Espécie/ linhagem/ raca Camundongo heterogénico/ Swiss

N° de animais 6640

Peso/ Idade 25-25 g/ 1-2 meses

Sexo Machos.

Origem Biotério Central da Universidade Estadual de Londrina

Amostras a serem coletadas | Tecido subcutineo plantar, medula espinal, ganglio da raiz dorsal, sangue,
estomago.

Cumpre orientar que caso pretendam-se quaisquer alteragdes no protocolo experimental aprovado,
deve-se submeter o novo protocolo & apreciagdo da CEUA/UEL anteriormente a cxccugao das modificacoces.

Em cumprimento as exigéncias do Conselho Nacional de Controle de Experimentacio
Animal (CONCEA), em até 30 dias da finalizac¢io do projeto de pesquisa ou extensido envolvendo o uso de
animais (verificar periodo de vigéncia cxpresso neste oficio), ¢ necessirio encaminhar relatério da
descri¢io de uso de animais para ceua@uel.br, conforme modelo disponivel no site da CEUA:
http://www.uel.br/comites/ceua/pages/relatorio-de-projetos.php.

Coloco-me a disposigdo para quaisquer esclarecimentos que se [izerem necessarios. Sem mais para
0 momento, subscrevo-me, cordialmente.

Prof* Dr* Maria Fernanda
Rodrigues Graciano

(Coordenudora da Comissdo de

no Uso de Animais

de Estadual de Londring

wi br / (43) 337] 5454

Wlans ?’Uw:wrbu 7\: qkutwmrv)/

Prof*. Dr* Maria Fernanda Rodrigues Graciano
Coordenadora da CEUA/UEL

Ilmo.(a) Sr.(a)

Prof. (a) Dr. (a) Waldiceu Aparecido Verri Junior

Responsével pelo projeto

C/C para a Chefia do Departamento de Ciéncias Patologicas /CCB
C/C para a Dire¢do do Centro de Ciéncias Biologicas/ CCB

C/C para o Biotério Central da UEL/CCB

Campus Universitario: Rodovia Celso Garcia Cid (PR 445), km 380 - Fone (043) 3371-4000 PABX - Fax 3328-4440 - Caixa Postal 10.011 - CEP 86057-970 - Internet http:/www.ueLbr
LONDRINA - PARANA - BRASIL
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