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RESUMO

A leishmaniose visceral € uma doenca parasitaria endémica no Brasil, que representa
90% dos casos humanos nas Américas, com aumento da letalidade expressivo a cada
ano. A supressao da imunidade celular, com predominio da imunidade humoral ineficaz
no combate ao parasito representa a maioria dos casos de leishmaniose em caes. As
limitagGes quanto ao tratamento convencional, muitas vezes ineficaz no combate ao
parasita, instiga a busca por novas alternativas, como o uso coadjuvante de nutrientes
imunomoduladores, tais como vitamina A e D, e zinco. O objetivo desse estudo foi
avaliar os niveis séricos de vitamina A (retinol), vitamina D (25-hidroxi vitamina D3 ou
25(0OH)VD3) e zinco (Zn) em caes com leishmaniose (CanL), e o efeito da
suplementagao in vitro nas suas formas ativas all trans acido retinoico (ATRA), 1,25-
dihidroxi vitamina D3 (1,25(OH)2VDs) e sulfato de zinco hepahidratado (SZn) em
leucocitos esplénicos de CanL naresposta imune a doenca. Baixo nivel sérico de retinol
e Zn, e alto de 25(0OH)VDs foi observado na CanL. A suplementacgao in vitro com ATRA,
1,25(0H)2VDs e SZn em leucocitos esplénicos de CanL na presenca de antigeno
soluvel de Leishmania spp. (SLA) aumentou Oxido nitrico e espécie reativa de oxigénio.
Observamos que o interferon-gama diminuiu no sobrenadante de cultura celular apés
a estimulacdo dos leucocitos esplénicos com 1,25(0OH).VDs e SZn. Por outro lado, o
fator de necrose tumoral-alfa aumentou no sobrenadante de cultura celular apds a
estimulacédo dos leucécitos esplénicos com ATRA e SZn, e a interleucina-10 diminui no
sobrenadante de cultura celular na estimulacéo dos leucécitos esplénicos com ATRA,
1,25(0OH)2VDs e SZn, e carga parasitaria diminuiu na cultura celular na estimulagéo dos
leucocitos esplénicos com SZn. Concluimos que a leishmaniose em cées esta
associada a deficiéncia de retinol e Zn, e sugerimos que a ATRA, 1,25(0OH).VDs e SZn
estdo envolvidos com a regulacdo imunolégica associada a resposta efetora
leishmanicida, com um grande potencial de investigacdo em modelos in vivo,

especialmente quanto ao Zn.

Palavras-chave: Retinol. All trans acido retindico. Vitamina D3. Zinco. Leishmaniose.
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ABSTRACT

Visceral leishmaniasis is a parasitic disease endemic in Brazil, which represents 90%
of cases in the Americas, with an expressive increase in lethality each year. Suppression
of cellular immunity, with a predominance of humoral immunity without combating the
parasite represents the majority of cases of leishmaniasis in dogs such as vitamin A and
D, and zinc. The objective of the present study was to determine the serum levels of
vitamin A (retinol), the levels of vitamin D (25-hydroxy vitamin D3 (25(OH)VDz3)), and
zinc (Zn) levels in dogs with leishmaniasis (CanL), as well as the effect of in vitro
supplementation with the active forms of all trans retinoic acid (ATRA), 1,25-dihydroxy
vitamin D3 (1,25(0OH)2VD3) and zinc sulfate heptahydrate (SZn) on spleen leukocytes of
CanL dogs regarding the immune response to the disease. We detected low serum
levels of retinol and Zn, and high levels of 25(OH)VDs in CanL dogs. In vitro
supplementation with all-trans retinoic acid (ATRA), 1,25(0OH).VDs and SZn of CanL
spleen leukocytes dogs in the presence of the soluble antigen of Leishmania spp. (SLA)
increased the levels of nitric oxide and reactive oxygen species. We also observed that
interferon-gamma was reduced in the supernatant of spleen leukocytes stimulated in
vitro with 1,25(OH)2VD3 and SZn, while tumor necrosis factor-alpha was increased after
stimulation with ATRA and SZn. Interleukin-10 was reduced after stimulation with ATRA,
1,25(0OH)2VDs and SZn, and parasite load was reduced after stimulation with SZn. We
conclude that canine leishmaniasis is associated with retinol and Zn deficiency and we
suggest that ATRA, 1,25(0OH)2VDz and SZn are involved in the immunological regulation
of the leishmanicidal effector response, providing a high potential for investigation in in

vivo models, especially regarding Zn.

Keywords: Retinol. All trans retinoic acid. Vitamin D3. Zinc. Leishmaniosis.
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1. INTRODUCAO GERAL

A leishmaniose é considerada uma doenca infecto parasitaria caracteristica de
paises subdesenvolvidos e em desenvolvimento, incluindo o Brasil que representa 90%
dos casos da América Latina [1]. Apesar de importantes avangos na ciéncia, ela ainda
permanece endémica no pais e representa grave problema de salde publica. Além
disso, a letalidade da doenca vem aumentando gradativamente nos ultimos anos e
atinge cada vez mais areas urbanas de médio e grande porte [2].

A leishmaniose visceral, considerada a forma mais grave e letal da doenca, é
causada pela espécie Leishmania infantum (sinbnimo de L. chagasi). Em caes, a
doenca é mais prevalente comparada aos seres humanos, e normalmente a infeccao
no homem é precedida de casos caninos, que apresentam maior quantidade de
parasitas na pele, favorecendo a infec¢ao dos vetores [2]

No ciclo biolégico, durante o repasto sanguineo, os insetos fémeos de
flebotomineos ingerem os parasitas sob a forma amastigota, sem flagelo externo e
presentes no interior das células do sistema fagocitico mononuclear do hospedeiro
vertebrado. No vetor (fémeas de flebotomineos), o parasito se transforma na forma
promastigota (com flagelo externo), se multiplica e adere ao tubo digestivo do inseto.
Apds um novo repasto sanguineo, a forma promastigota (forma infectante) € inoculada
na pele do hospedeiro vertebrado, onde sdo englobados por células fagocitarias, como
0s macrofagos, e se transformam novamente na forma amastigota. Em seguida, a
intensa proliferacdo das amastigotas no interior do macrofago provoca o rompimento
da membrana celular e liberagcdo dos parasitos, tornando o hospedeiro como
reservatorio [3].

Do ponto de vista epidemiolégico, caes infectados podem permanecer sem
sinais clinicos por um longo periodo de tempo, mas ainda assim, continuam sendo
reservatérios do parasita, especialmente em areas urbanas [2]. O tratamento
medicamentoso, muitas vezes com limitacdes e ineficacia na morte do parasita,
também implica na permanéncia do cdo como reservatério [4,5], e por isso a eutanasia
€ preconizada em muitos casos.

Dados de 2018 mostram que as regides Norte e Nordeste do Brasil
permanecem liderando o coeficiente de incidéncia por 100.000 mil habitantes da
leishmaniose visceral (4,05 e 3,06, respectivamente), seguida das regides Centro-
Oeste (0,76), Sudeste (0,49) e Sul (0,04) [6]. No estado de Sao Paulo, foram notificados
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68 casos confirmados em 2019 (7 deles no municipio de Aracatuba) com 9 6bitos (3
também em Aracatuba) [7].

Os cédes sdo considerados os mais suscetiveis a infeccdo pelo parasito
Leishmania, sendo a doenca de evolucao lenta e inicio insidioso, com manifestacfes
tardias graves que podem evoluir ao 6bito. As manifestagfes clinicas variam de acordo
com a resposta imunoldgica do hospedeiro, e nos estagios avancados, € comum
observar esplenomegalia, linfadenopatia, alopecia, dermatites, diarreia e hemorragia

intestinal. Na fase final, observa-se caquexia, inanicdo e ébito [2].

1.1 Imunopatogénese

Ja é bem estabelecido que a supresséo da imunidade celular, com predominio
da imunidade humoral ineficaz na eliminacdo do parasito, € um dos aspectos mais
importantes na imunopatogénese e progressao doenca [8]

A interleucina 12 (IL-12) produzida por células dendriticas (CD) € determinante
para o desenvolvimento de células T CD4+ e interferon gama (IFN-y), levando a um
padrao de resisténcia a doenca [9]. A IL-12 também pode agir sobre células natural
killer (NK) para produzirem IFN-y, induzindo a respostas dos linfocitos TCD4+ Thl e
citotoxicos CD8+ [10]. J& a auséncia de IL-12 permite uma expansao progressiva de
células Th2, regulacao positiva da arginase nos macrofagos e, portanto, determina um
padrao de suscetibilidade e proliferacdo dos parasito [9].

Em cades naturalmente infectados por L. infantum, injecdo intradérmica de
antigenos de Leishmania spp. induziu maturacdo de CDs com efeito adicional numa
maior expressado de moléculas de superficie do complexo de histocompatibilidade de
classe Il (MHCII) [11].

Quanto aos macréfagos, estudos em caes e em outros modelos experimentais
destacam o seu papel como principal atividade microbicida do parasita da leishmania.
Uma vez ativados pelas citocinas IFN-y e fator de necrose tumoral alfa (TNF-o), 0s
macrofagos irdo provocar a morte das amastigotas intracelulares através da producéao
de o6xido nitrico (NO) pela enzima éxido nitrico sintase induzivel (iNOS) [12,13].

Destaca-se também o estresse oxidativo com producdo de superoxidos
observado em cées no estagio moderado a grave da doenca, e a viabilidade diminuida

de neutrdfilos nos estagios finais [14].
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Assim como na resposta imune inata, na resposta adaptativa a secrecao de
citocinas também é determinante para o tipo de resposta. Em caes resistentes com
leishmaniose foram descritas citocinas como a interleucina 2 (IL-2), TNF-a e INF-y [15],
caracteristicas do padrdo Th1l efetivo para o combate do parasita e que leva a cura da
doenca. Em cées sintomaticos e suscetiveis a doenca, é observada uma resposta
imune do tipo Th2, com alta producéo de anticorpos e permissiva a sobrevivéncia e
disseminacao das amastigotas no interior dos macréfagos e visceras, especialmente o
baco e figado [16].

Citocinas associadas a resposta do tipo Th2 incluem as interleucinas 4 (IL-4),
10 (IL-10) e 13 (IL-13), além do fator de crescimento transformador (TGF-B) [17]. Em
cées, as citocinas Thl e Th2 sdo comumente observados nos tecidos de caes
sintomaticos com leishmaniose [18] e as respostas sao variaveis nos diferentes 6rgaos
acometidos. Por fim, a suscetibilidade canina também foi atribuida a taxas aceleradas
de apoptose das células T, desorganizacdo da polpa branca do baco e niveis reduzidos
de células T no sangue periférico de cées [8].

Apesar do avanco dos estudos que tratam da resposta imune, pouco ainda se
sabe sobre os determinantes dessa resposta durante a infeccdo [19], sendo os
nutrientes possiveis gatilhos de causa e/ou consequéncia e com grande potencial de
investigacao.

A relacdo entre doenca, nutricAo e imunidade, ainda que nao elucidada
completamente, ja é reconhecida ha centenas de anos e hoje extensivamente
investigada sob diferentes aspectos. Como consequencia de uma ma nutricao,
destacam-se algumas alterac6es imunoldgicas tais como prejuizo na estrutura e funcéo
do timo, reducédo da funcdo das células T, reducdo nos componentes do sistema do
complemento, prejuizo da fagocitose, da resposta de citocinas, da producéo e afinidade
de anticorpos, entre outros [20].

Micronutrientes (vitaminas e minerais), embora necessarios em guantidades
tracos no organismo, desempenham papéis essenciais em inUmeros processos
bioquimicos, fisiolégicos e imunolégicos. Como por exemplos, diversos componentes
do sistema antioxidante sdo micronutrientes, como as vitaminas E e C, ou séo
dependentes deles, como o mineral selénio na enzima glutationa peroxidase e o0s
minerais zinco (Zn), cobre e manganés na enzima superoxido dismutase. Sdo também

componentes estruturais e/ou funcionais de uma série de outras metaloenzimas e
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metaloproteinas, e assim participam do metabolismo celular, da homeostase e de
diversos eventos imunologicos [21,22].

1.2 Vitamina A

A vitamina A € um termo genérico utilizado para designar uma série de
compostos retindides com atividade biologica de all-trans retinol. E considerada um
micronutriente essencial numa série de funcgdes fisiologicas, dentre elas a visdo (sua
deficiéncia causa xeroftalmia), reproducdo, hematopoese, integridade epitelial e
imunidade [23].

Nos tecidos, all trans retinol e B-caroteno sdo oxidados a all trans retinal pela
enzima alcool desidrogenase, que por sua vez é oxidado a all trans acido retindico pela
enzima retinal desidrogenase (RALDH) através de uma reacao irreversivel e
estritamente controlada. Em mamiferos adultos, foi encontrada RALDH nos enterdcitos,
células dendriticas (CD) da placa de Peyer e de linfonodos mesentéricos. O organismo
€ capaz de armazenar essa vitamina no figado, principalmente nas células estreladas
sob a forma de ésteres de retinil [24].

O mecanismo de ac¢ao da vitamina A se da através da sua ligagcdo com a familia
de receptores nucleares de acido retindico (RAR) em suas isoformas principais a, e
v. O RAR forma héterodimeros com o receptor retindico X (RXR), os quais interagem
com os elementos de resposta do acido retinoico localizados na regido promotora de
genes alvos [24].

A literatura mostra que sua deficiéncia (hipovitaminose A) resulta em aumento
de risco de morbimortalidade por sarampo, infec¢des diarreicas, cegueira e anemia em
criancas, e em gestantes ha risco aumentado de mortalidade. Tais riscos podem estar
associados a sua funcao imunoldégica [23].

Diversos estudos vém demonstrando o papel imunomodulador da vitamina A,
como por exemplo, estimulo a fagocitose por células fagocitarias, ativacdo da
citoxicidade mediada por células e aumento na resposta de timécitos a mitdbgenos
especificos, sendo esse aumento associado a expressao de receptores para IL-2 em
suas células precursoras [24,25].

Em criancas com e sem leishmaniose visceral de area endémica do nordeste
brasileiro, células Treg e mondcitos foram suplementadas com all trans acido retindico.

Os resultados mostraram aumento de IL-10 e TGF-p apds estimulo ao antigeno no
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grupo sem LV, evidenciando um perfil de resposta regulatéria. J& no grupo com LV, all
trans &cido retindico preveniu aumento de IL-10 nas células Treg e mondcitos [19]

1.3 Vitamina D

A vitamina D é considerada um horm&nio esteroide cuja principal fungéo envolve
o metabolismo ésseo (regulagdo da homeostase do célcio e formacgéo/ reabsorcao
Ossea) através da interacdo com as paratireoides, rins e intestino [26]. Pode-se
apresentar sob diversas formas, com por exemplos, calcifediol ou calcidiol ou 25-
hidroxivitamina D3 [25(OH)D3] (principal forma circulante pois possui meia-vida de 2 a
3 semanas, e por isso indicada para exames laboratoriais) e calcitriol ou 1,25-
diidroxivitamina D3 [1,25(0OH).D3] (principal forma ativa no organismo com meia-vida
curta de 4 horas, e por isso nao indicada para exames laboratoriais, até porque na sua
deficiéncia o organismo langca méo de mecanismos para manutengcdo de niveis
normais). A 1,25(0OH).Dz é sintetizada na pele a partir do 7-dehidrocolesterol, processo
dependente da exposicao solar (radiacéo ultravioleta B 270-300nm) e € considerada a
principal fonte de vitamina D no organismo [24,27].

Ja é bem estabelecido na literatura que a deficiéncia crénica da vitamina D pode
levar ao raquitismo, osteomalacia e osteoporose, além de risco aumentado de fraturas
em adultos e idosos [26]. Entretanto, achados recentes vém demonstrando que seu
papel vai muito além do metabolismo 6sseo e que ha uma forte relagdo com a
imunidade, especialmente em doencas autoimunes como diabetes melito tipo 1,
esclerose multipla, doencas inflamatérias intestinais, IUpus eritematoso sistémico e
artrite reumatoide [26], devido a sua acao antinflamatéria e supressora de IFN-y [28].

No organismo, a vitamina D é hidroxilada no figado a 25(OH)Ds (forma
circulante) através da enzima CYP27A1, e em seguida nos rins a 1,25(0OH)2VDs (forma
ativa) através da enzima CYP27B1. Ambas as enzimas supracitadas pertencem ao
grupo do citocromo P450 e também podem ser sintetizadas por células dendriticas
(CD), macréfagos, além de linfécitos T e B (esses apenas CYP27B1), o que denota a
capacidade do sistema imune em metabolizar a vitamina D [24].

O mecanismo de acgdo da 1,25(0OH).VD3 se d& através da sua ligacdo com
receptores nucleares de vitamina D (VDR), semelhantes aos receptores para
esterdides, hormonios tireoidianos e retindides. O VDR é capaz de interagir com a

familia do RXR (isoformas a, B e y) formando héterodimeros, os quais interagem com
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os elementos de resposta da VD3. O VDR é expresso em diversos tipos celulares como
epitélio do intestino delgado, células 6sseas e pancreaticas, além das células do
sistema imune [24,26]. Por isso, atualmente, o papel da vitamina D vem sendo
extensivamente estudado em diversas condi¢des clinicas ndo calcémicas.

Quanto ao sistema imune, o VDR é expresso em macrofagos, CD, NK, linfécitos
T e B, e em maior concentracdo nas células imaturas do timo e nos linfécitos CD8
maduros. Os principais achados sobre os efeitos imunomoduladores da vitamina D
incluem efeitos anti-inflamatérios como diminuicdo na producao de IL-2, INF-y e TNF-
o, inibicdo da expresséao de IL-6 e da secrecéo e producdo de anticorpos pelos linfécitos
B [26] e aumento dos niveis de IL-10 [29].

Estudos sobre agbes nao calcémicas da vitamina D na leishmaniose s&o
escassos e com resultados contraditérios. Suplementacéao in vitro (1,25(0OH)2VD3 a
40nM) em cultura de macrofagos de camundongos infectados com Leishmania major,
mostrou reducéo da producéo de NO e sobrevivéncia intracelular do parasita no grupo
selvagem em comparacdo ao grupo knockout para VDR (VDR-KO) [28]. Apesar da
maior resisténcia a infeccdo em animais VDR-KO [30], mais estudos sdo necessarios
para extrapolar os resultados em linhagens selvagens [29].

Camundongos infectados com Leishmania mexicana e tratados com
1,25(0OH)2VDs obtiveram resultados positivos em analises histologicas de lesbes
causadas pela doenca, tais como limitacdes de areas das lesfes, arquitetura celular e

tecidos preservados, no entanto, sem efeito quanto a sobrevivéncia do parasita [29].

1.4 Zinco

O Zinco (Zn) é um mineral que teve sua essencialidade definida no inicio do
século XX, e dentre suas inumeras funcdes bioldgicas, destacam-se acdo catalitica
(mais de 100 enzimas sdo dependentes de Zn como catalisador, dentre elas alcool
desidrogenase, fosfatase alcalina e RNA polimerase), acdes estruturais e reguladoras,
como antioxidante [25,31].

A literatura destaca o Zn como essencial ao sistema imunoldgico, afetando varios
aspectos desde a barreira da pele até a regulacéo génica em linfocitos. E crucial para
o desenvolvimento e funcdo das células que medeiam a imunidade inata e adquirida e
seus efeitos estdo associados a papéis miriades de fungbes celulares basicas, tais

como a replicagéo de DNA, transcricdo de RNA, divisao e ativacao celular [32].
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Embora o papel do zinco no sistema imunoldgico esteja bem documentado, na
leishmaniose os estudos sao escassos. Estudo recente avaliou suplementacéo oral de
Zn (2,2 mg/ peso/ dia durante 12 meses) associado a terapéutica (antimoniato de
megluemina associado ou ndo com alopurinol) em cées infectados com L. infantum de
uma area endémica no sul da Italia. Os autores observaram uma resposta mais rapida
a terapéutica e prolongamento na recidiva da doencga nos grupos que receberam a
suplementagao com Zinco [33].

Por fim, mais estudos sao necessarios para elucidar o papel dos micronutrientes
na leishmaniose, visto que eles possuem papel chave no sistema imunoldgico.

O objetivo desse estudo foi avaliar os efeitos da suplementacdo in vitro de
micronutrientes imunomoduladores, como vitamina A, vitamina D e zinco na resposta

imunoldgica de leucdécitos esplénicos de cdes com leishmaniose.
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2.1 Resumo

A leishmaniose visceral € uma doenca infecciosa cronica causada pelo parasita do
género Leishmania spp., endémica em muitos paises subdesenvolvidos e em
desenvolvimento, representando grave problema de saude publica. As limitacdes
guanto ao tratamento convencional, muitas vezes ineficaz no combate ao parasita,
instiga a busca por novas alternativas, como o uso coadjuvante de nutrientes
imunomoduladores. Nosso objetivo foi avaliar os niveis séricos de vitamina A (retinol),
vitamina D (25-hidroxi vitamina D3 ou 25(OH)VD3)) e zinco (Zn) em caes com
leishmaniose (CanL), e o efeito da suplementagao in vitro nas suas formas ativas all
trans acido retinoico (ATRA), 1,25-dihidroxi vitamina D3 (1,25(0OH)2VDs) e sulfato de
zinco hepahidratado (SZn) em leucocitos esplénicos de CanL na resposta imune a
doenca. Observamos baixo nivel sérico de retinol e Zn, e alto de 25(OH)VD3s em CanL.
A suplementacéo in vitro com ATRA, 1,25(0OH)2VD3 e SZn em leucdcitos esplénicos de
CanL na presenca de antigeno soluvel de Leishmania spp. (SLA) aumentou 6xido
nitrico e espécie reativa de oxigénio. Observamos também que o interferon-gama
diminuiu no sobrenadante de cultura celular na estimulacéo dos leucocitos esplénicos
com 1,25(0OH),VD3 e SZn, o fator de necrose tumoral-alfa aumentou no sobrenadante
de cultura celular na estimulacdo dos leucdcitos esplénicos com ATRA e SZn, a
interleucina-10 diminui no sobrenadante de cultura celular na estimulacdo dos
leucocitos esplénicos com ATRA, 1,25(0OH)2VDs e SZn, e a carga parasitaria diminuiu
na cultura celular na estimulacéo dos leucdcitos esplénicos com SZn. A leishmaniose
em cdes esta associada a deficiéncia de AR e Zn, e sugerimos que a ATRA,
1,25(0OH).VD3 e SZn estdo envolvidos com a regulacdo imunolégica associada a
resposta efetora leishmanicida, com um grande potencial de investigacdo em modelos

in vivo, especialmente quanto ao Zn.

Palavras-chave: Retinol. Todo o acido trans retindico. Vitamina D3. Zinco.

Leishmaniose.
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2.2 Abstract

Visceral leishmaniasis is a chronic infectious disease caused by a parasite of the genus
Leishmania spp., which is endemic in many underdeveloped and developing countries,
representing a serious public health problem. The limitations of conventional treatment,
often ineffective in the fight against the parasite, encourages the search for new
alternatives such as the coadjutant use of immunomodulatory nutrients. The objective
of the present study was to determine the serum levels of vitamin A (retinol), vitamin D
(25-hydroxy vitamin D3 or (25(OH)VDs3)) and zinc (Zn) in dogs with leishmaniasis
(CanL), as well as the effect of in vitro supplementation with the active forms of all trans
retinoic acid (ATRA), 1,25-dihydroxy vitamin D3 (1,25(OH).VDs3) and zinc sulfate
heptahydrate (SZn) on spleen leukocytes of CanL dogs regarding the immune response
to the disease. We detected low serum levels of retinol and Zn, and high levels of
25(0OH)VDs3 in CanL dogs. In vitro supplementation with all-trans retinoic acid (ATRA),
1,25(0OH).VD3s and SZn of CanL spleen leukocytes dogs in the presence of the soluble
antigen of Leishmania spp. (SLA) increased the levels of nitric oxide and of reactive
oxygen species. We also observed that interferon-gamma was reduced in the
supernatant of a spleen leukocyte stimulated with 1,25(0OH).VDz and SZn, while tumor
necrosis factor-alpha was increased after stimulation with ATRA and SZn. Interleukin-
10 was reduced after stimulation with ATRA, 1,25(0OH).VD3 and SZn, and parasite load
was reduced after stimulation with SZn. We conclude that canine leishmaniasis is
associated with retinol and Zn deficiency and we suggest that ATRA, 1,25(0OH).VDs and
SZn are involved in the immunological regulation of the leishmanicidal effector
response, providing a high potential for investigation in in vivo models, especially

regarding Zn.

Keywords: Retinol. All trans retinoic acid. Vitamin D3. Zinc. Leishmaniosis.
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2.3 Introduction

Visceral leishmaniasis is a chronic infectious disease characteristically
occurring in underdeveloped and developing countries, caused by a parasite of the
genus Leishmania ssp., with a broad spectrum of clinical and immunopathological
manifestations [1]. Dogs are considered to be the main reservoirs of the parasite in
urban centers and, despite the efforts in the fight against the disease, many endemic
sites of canine leishmaniasis (CanL) persist, preceding human infection and
representing a serious public health problem [2].

It has been well established that one of the most important aspects of the
pathogenesis and progression of CanL is the suppression of Thl cell immunity, with a
predominance of Th2 cell immunity which is ineffective in the elimination of the parasite
[3]. The absence of a T cell response to Leishmania ssp. antigens has been observed
in infected dogs based on negative skin tests. On the other hand, a Thl cell effector
response in the fight against the parasite is detected in resistant animals [3,4].

The Thl cell effector response is characterized by the action of TCD4+
lymphocytes which secrete Th1l type cytokines such as interleukin 12 (IL-12), interferon
gamma (IFN-y) and tumor necrosis factor (TNF-o). In contrast, humoral immunity is
characterized by the secretion of type Th2 cytokines such as interleukin 10 (IL-10) and
associated with parasite survival and disease persistence [5,6].

The therapeutic arsenal for the treatment of leishmaniasis is limited by
toxicity, a high cost and inefficacy in some cases [7,8]. Treatment failure implies the
permanence of dogs as reservoirs of the parasite, with further aggravation of the public
health problem, indicating that new therapies should be evaluated in order to increase
treatment efficacy.

The relationship between the disease, nutrition and immunity, although not
yet fully elucidated, has been recognized for many years and is currently being
investigated under different clinical conditions experimental models [9]. Nutrients are
necessary for immune system function [10], they may act synergistically with drug
treatment [11] and can help prevent a series of infectious contagious diseases [12].

The importance of nutrients for the regulation of immunity has been little
studied in visceral leishmaniasis. Zinc (Zn) is an essential mineral for innate and

adaptive immune response [13].
Free Radical Biology and Medicine — ANEXO B
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In dogs, Zn supplementation in combination with standard therapy has
elicited a more rapid therapeutic response and the delay in relapse [11], whereas vitamin
D deficiency was associated with disease progression[14]. In patients with visceral
leishmaniasis, serum vitamin A has been found to be reduced and its in vitro
supplementation has promoted a reduction of IL-10 in Treg cells and monocytes [15]. In
mice infected with L. donovani, vitamin A and D supplementation improved immunity
and reduced parasite load in the spleen [16].

Despite the evidence of the role of nutrients in the immune system and in
leishmaniasis, few studies have been conducted on dogs. Thus, the objective of the
present study was to determine the serum levels of vitamin A (retinol), vitamin D (25-
hydroxy vitamin D3 or 25(OH)VDs)) and Zn in dogs with leishmaniasis, and to assess
in vitro the ability of these nutrients to regulate the production of nitric oxide (NO),
reactive oxygen species (ROS) and cytokines that regulate adaptive response (IFN-y,

TNF-a and IL-10), as well as the parasite load in CanL.

2.4 Materials and Method

2.4.1 Animals and sample collection

The study was approved by the Ethics Committee for the Use of Animals of
Sao Paulo State University (Unesp), School of Veterinary Medicine, Aracatuba (Protocol
N° 00165-2017).

The group of dogs with leishmaniasis (CanL) consisted of 15 adult animals
(8 males and 7 females) seropositive for the L. infantum antigen as determined by
indirect ELISA [17], with the diagnosis confirmed by the detection of Leishmania ssp.
DNA by real time PCR (gPCR) [18]. Animals were obtained from the Center of Zoonosis
Control, aged 2 to 5 years old and varied breed and weight, with disease staging ranging
from discrete (15%) to moderate (80%) and severe (5%) according to the parameters
proposed by Solano and Galego [8]. They were symptomatic and exhibited at least 3 of
the following clinical signs: onychogryphosis, cachexia, alopecia, skin and periocular
lesions, and lympho-hepatosplenomegaly.

The control group (CG) consisted of 5 healthy dogs (2 males and 3 females)

residing in an endemic area and negative for Leishmania spp. as determined by indirect
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ELISA and gqPCR, and with blood count and biochemical parameters within normal
range for the species.

Blood samples were collected by puncture of the jugular vein and placed in
dry tubes, with serum being obtained immediately for later determination of vitamins A
and D, and Zn levels.

Spleen tissue samples were obtained from the CanL group after euthanasia
performed according to state legislation with an intravenous injection of a barbituric
anesthetic (thiopental, Cristdlia Itapira, SP), followed by a 19.1% solution of potassium
chloride. A spleen fragment was obtained from CG animals by surgical excision
according to the protocol described by Lima et al. [3].

2.4.2 Serum micronutrient analysis

Serum retinol was determined based on its circulating form (retinoic acid, RA)
by HPLC using a 4.6 x 25 cm C-18 column (Shimpack CLC-ODS), a 4 mm x 1 cm
precolumn and a flow of 2.0 mL/min[19]. Serum (25(OH)VD3) was determined by
competitive capture ELISA using the commercial Dog 25-hydroxy vitamin D3 kit
(BiorByt, Cambridge, UK) according to manufacturer instructions. Serum Zn was

determined by inductively coupled plasma mass spectrometry (ICP-MS) [20].

2.4.3 Isolation and culture of spleen cells

Whole spleen cells were obtained from a 3 cm® macerated fragment and
added to 10 mL RPMI-1640 medium supplemented with fetal bovine serum inactivated
to 10% (Gibco, Waltham, MA, USA), 0.03% L-glutamine (Sigma, St. Louis, MO, USA),
100 IU/mL penicillin (Sigma), and 100 mg/mL streptomycin (Sigma). After removal of
cell debris through a BD Falcon Cell filter (San Diego, CA, USA), cell suspension was
processed with 5 mL erythrocyte lysis buffer containing 7.46 g/L ammonium chloride
(NH4ClO3) at 4°C for 10 min, centrifuged at 2000 rpm for 5 min and washed three times
with phosphate buffered saline, pH 7.2.

Spleen leukocyte cultures, 2.5 x 10° cells in 400 uL per well, were incubated
in an oven at 37°C with 5% CO for 20 h for the detection of reactive species and for 72

h for the detection of cytokines and of parasite load.
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The following treatment conditions were used: basal medium, addition of 10
pg/ml soluble leishmania antigen (SLA) [15], addition of the active form of vitamin A (0.5
nM all-trans retinoic acid or ATRA), addition of the active form of vitamin D, 4 nM 1,25-
dihydroxy vitamin D3 (1,25(0OH).VDs), addition of 0.05 nM zinc sulfate heptahydrate
(SZn), and addition of 10 pg/ml phytohemagglutinin [15].

Concentrations of ATRA, 1,25(0OH).VDs and SZn used in the canine spleen
leukocyte cultures were based on literature [15,21,22] and previously obtained in a pilot
study in which percent cell death by apoptosis was titrated by flow cytometry using the
Guava Nexin kit (Millipore®) according to manufacturer instructions. In the cytometry
analysis we considered the percentage of cells in late apoptosis that were positive for
PE- conjugated annexin and 7AA-D, respectively collected from the FL2 and FL3
channels of the flow cytometer. We chose the concentration that promote lower cell
death by apoptosis.

2.4.4 Flow cytometry

NO and ROS levels in spleen leukocytes were determined after 20h of cell
culture. For ROS determination, cell suspension was treated and stained with 10 yM
H2DCFDA (Invitrogen-Leiden Molecular Probes, The Netherlands), and then incubated
for 30 minutes at 37°C in the presence of 5% CO.. For NO determination, the same cell
suspension was treated with 2 uM DAF-2DA for 30 minutes at 37°C in the presence of
5% CO2. Unlabeled samples were used as a negative control in order to define the
negative populations in the samples analyzed. FITC fluorescence (FL1) was measured
in a log scale and was expressed as mean fluorescence considering 10,000 closed
events. Data were analyzed using the BD Accuri C6 software, version 1.0.264 (BD

Biosciences, CA).

2.4.5 ELISA

The cytokines IFN-y, TNF-a and IL-10 were quantitated in the supernatant of
dog leukocytes after 72 h of culture using commercial ELISA capture Duo Set® Canine
kits (R&D System, Minneapolis, MN, USA) according to manufacturer instructions. Plate
readings were obtained with a Spectra Count spectrophotometer (Packard Bio Science

Company, USA) with a 450 nm filter.
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2.4.6 Parasite load

Parasite load was determined in canine spleen leukocytes after 72h of
incubation by cytocentrifugation at 1000 rmp for 5 minutes at room temperature. Slides
were stained with a commercial hematological dye (Instant-Prov, Newprov, Pinhais, PR,
Brazil) for parasite count inside the macrophages under a light microscope (Eclipse
E800, Nikon, Tokyo, Japan), with differentiation of infected and noninfected cells. We
counted 50 infected macrophages (when the infection rate was low we considered the
maximum number of infected macrophages) and the quantity of amastigotes inside the
cells. Parasite load was determined by dividing the number of amastigotes by the
number of infected macrophages counted.

2.4.7 Reagents and antibodies

In vitro cultures were supplemented with vitamin A (all-trans retinoic acid,
Biomedicals MP, Canada), vitamin D (1a,25-dihydroxyvitamin D3, Sigma) and Zn (zinc
sulfate heptahydrate, Sigma). Serum vitamin A was determined using synthetic retinol,
dichloromethane, acetonitrile, methanol, ethanol and hexane (Sigma) and serum
vitamin D was determined using the commercial kit Dog 25-hydroxy vitamin D3 (BiorByt,
Cambridge, UK). DNA was extracted using the commercial kit DNAeasy® (Quiagen,
Valencia, CA, USA). NO and ROS were quantitated using the DAF-2DA probe (2 uM)
and the H2DCFDA probe (10 yM) (Invitrogen, Leiden, The Netherlands), respectively.
IFN-y, TNF-a. and IL-10 were quantitated with commercial Duo Set® Canine kits (R&D
System).

2.4.8 Statistical analysis

Data were tested for normality and the Mann-Whitney test was used to
compare serum retinol, 25(OH)VDs and Zn between the CanL group and CG. Wilcoxon
test was used to compare the production of NO and ROS, the cytokines IFN-y, TNF-a
and IL-10 and parasite load between treatments. All analyses were carried out and
graphs constructed using the GraphPad Prisma 6 software (La Jolla, CA, USA), with the

level of significance set at p < 0.05.
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2.5 Results

2.5.1 Reduction of retinol and Zn and increase of 25(OH)VD; in CanL serum

Vitamin D deficiency has been associated with the progression of CanL [14]
and low serum levels of vitamin A [15] and Zn [23] have been detected in patients with
leishmaniasis [15]. On this basis, in the present study we quantitated the serum levels
of these nutrients in the dogs under study and observed low levels of retinol (Fig.1a)
and Zn (Fig.1c) in the CanL group compared to CG and, conversely, higher levels of
25(0OH)VDs in the CanL group (Fig.1b).
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Figure 1. Serum retinol (A), 25(OH)VDs (B) and Zn (C) levels of the CanL group and CG. Data are
reported as mean + SEM (n=15 and 5 for CanL and CG, respectively). ***p<0.001, Mann-Whitney test.

2.5.2 In vitro supplementation of spleen leukocytes with ATRA, 1,25(0OH),VD3; and
SZn increased production of NO and ROS in the CanL group

The reactive species NO and ROS are important for leishmanicidal activity
[24], NO having been previously demonstrated in CanL [25]. On this basis, we
determined the production of NO and ROS in spleen leukocytes of CanL after in vitro
supplementation with the above nutrients and observed an increased production of NO
in the spleen leukocytes of CanL with ATRA, 1,25(0OH)2VD3 and SZn (Fig.2a), but no
change in ROS production (Fig. 3a). Addition of SLA, ATRA, 1,25(0OH)2VDs and SZn
increased NO (Fig.2a) and ROS (Fig.3a) production in cells. NO production was
increased in CG spleen leukocytes only after the addition of ATRA (Fig.2a), whereas no
effect was observed for the remaining treatment conditions or for ROS production
(Fig.3a).
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Figure 2. NO (A) production increased with in vitro supplementation with ATRA, 1,25(0OH)2VDz and SZn

of spleen leukocytes of CanL animals, and NO production increased with in vitro supplementation with
ATRA of spleen leukocytes of healthy dogs. Flow cytometry histogram showing the production of NO (B)

in spleen leukocytes of CanL. Data are reported as mean + SEM (n=15).*p<0.05, **p<0.01, ***p<0.001,

Wilcoxon test.
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Figure 3. ROS (A) production increased with in vitro supplementation with ATRA, 1,25(0OH)2VDs and SZn
of spleen leukocytes of CanL animals. Flow cytometry histogram showing the production of ROS (B) in

spleen leukocytes of CanL. Data are reported as mean + SEM (n=15).*p<0.05, **p<0.01, ***p<0.001,
Wilcoxon test.

2.5.3 In vitro supplementation of CanL spleen leukocytes stimulated with
1,25(0OH),VD3; and SZn reduced IFN-y; ATRA and SZn and increased TNF-a. ATRA,
1,25(0OH),VD3 and SZn reduced IL-10

We also determined whether in vitro supplementation with the above
nutrients would interfere with production of immunity regulating cytokines such as IFN-

v, TNF-a and IL-10 in CanL animals. We observed that IFN-y was reduced in the cell
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culture supernatant of the CanL group following treatment with 1,25(OH)2VD3, but not
after treatment with ATRA or SZn (Fig. 4a). IFN-y was also reduced in the cell culture
supernatant of the CanL group after spleen leukocyte stimulation with SLA,
1,25(0H).VDs and SZn (Fig. 4a). Again, no effect observed for ATRA. In CG,
supplementation of spleen leukocytes with ATRA, 1,25(0OH).VDs and SZn did not
interfere with the production of IFN-y under any treatment conditions studied.

TNF-o was increased in the cell culture supernatant of spleen leukocytes of
both CanL and CG with stimulation with ATRA and SZn, whereas it was increased only
in the CanL group after stimulation with SLA (Fig. 4b). No effect was observed in CG
after stimulation with 1,25(0OH)2VDs.

No change in IL-10 production was observed in the supernatant of the spleen
leukocyte culture of CanL animals after stimulation with ATRA, 1,25(0OH).VDs and SZn,
whereas IL-10 production was reduced after stimulation with SLA plus the addition of
ATRA, 1,25(0H)2VDs and SZn (Fig. 4c). In CG, IL-10 was increased in the supernatant
of the spleen leukocyte cell culture supplemented with 1,25(0OH).VDs, while no other

effect was observed with the remaining treatment conditions (Fig. 4c).
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Figure 4. (A) IFN-y production was reduced by in vitro supplementation with 1,25(OH)2VDs and SZn
stimulated with SLA in spleen leukocytes of CanL dogs; (B) TNF-a production was increased by in vitro
supplementation with ATRA and SZn with and without SLA stimulation in spleen leukocytes of CanL dogs,
and was increased only with SLA stimulation in healthy dogs; (C) IL-10 production was reduced by in vitro
supplementation with ATRA, 1,25(OH)2VDs and SZn stimulated with SLA in spleen leukocytes of CanL
animals and was increased by 1,25(0OH)2VDsin healthy dogs . Data are reported as mean + SEM (n=10,

7 and 15 for IFN-y, TNF-a and IL-10, respectively). *p<0.05, **p<0.01, Wilcoxon test.
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2.5.4 In vitro supplementation of spleen leukocytes of CanL animals stimulated
with ATRA, 1,25(0OH),VD3 and SZn reduced parasite load, although only SZn
continued to have this effect after the addition of SLA

Intracellular Zn can influence phagocytosis and microbicidal activity [26]. On
this basis, we determined whether supplementation of a spleen leukocyte culture of the
CanL group with ATRA, 1,25(0OH)2VDs and SZn would affect parasite load. Parasite load
was reduced by supplementation with ATRA, 1,25(0OH).VDs and SZn (Fig. 5); however,
in the presence of stimulation with SLA, only the treatment with SZn continued to have

this reducing effect on parasite load (Fig. 5).

in vitro parasitic load
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Figure 5. Parasite load was reduced by in vitro supplementation of spleen leukocytes of CanL animals
with ATRA, 1,25(0H)2VDs and SZn. Parasite load was quantitated by counting the amastigotes present
inside the macrophages on slides obtained by cytocentrifugation. Data are reported as mean + SEM
(n=15). *p<0.05, **p<0.01, Wilcoxon test.

2.6 Discussion

In the present study we observed low retinol and Zn levels and increased
25(OH)VDs3 levels in the serum of dogs with leishmaniasis (CanL group) compared to
uninfected dogs. In vitro supplementation of CanL spleen leukocytes with ATRA,

1,25(0OH).VD3 and SZn and treatment with an antigen caused an increase in NO and
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ROS levels. Supplementation with 1,25(0OH).VD3s and SZn and treatment with an antigen
reduced IFN-y in the culture supernatant, while the addition of ATRA and SZn increased
TNF-a levels and only SZn reduced the parasite load (ENCLOSURE 1). These findings
suggest an important role of these immunomodulatory nutrients in CanL, with positive
effects that favor an effector Thl1 response (Fig. 6).

Low serum level of retinol observed in dogs with leishmaniasis confirmed
previous results regarding this nutrient in the disease, such as a low serum vitamin A
level in children with visceral leishmaniasis in an endemic area of Brazil [15]. Vitamin A
deficiency affects the immunity of mice, reduces Thl memory cells [27], and provokes
an abnormal expansion of myeloid cells [28], and in symptomatic dogs the
histopathological changes associated with the increased myeloid cell levels in the
spleen [29] may be related to the low serum level of retinol observed here in the CanL
group.

Low serum Zn levels observed in dogs with leishmaniasis confirmed previous
findings reported for dogs [30-32] and for human with chronic visceral leishmaniasis
living in endemic areas of India [33] and Blangadesh [34]. Zn deficiency shows effects
on immunity such as reduction of peritoneal macrophages in mice and a lower
microbicidal activity of these cells, while Zn addition restores the ability of macrophages
to capture and kill Trypanosoma cruzi parasites [35]. In addition, Zn is essential for
thymus function, with atrophy of the organ occurring under Zn deficiency, as well as
lymphopenia and depression of both immune and adaptive response [13,36]. Adaptive
response is suppressed in dogs with leishmaniasis [3] and part of this suppression may
be related to Zn deficiency.

In addition, Zn status influences vitamin A status because this mineral is
involved in several aspects such vitamin A absorption, transport and utilization[37]. Also,
vitamin A [38] and Zn [13] are antioxidants and their use in the fight against the oxidative
stress characteristic of leishmaniasis [39] may be at the root of the observed deficiency
in this disease.

Since vitamin A and Zn deficiency has been extensively reported in
leishmaniasis, we emphasize the need for supplementation with these nutrients as a
preventive strategy or as a coadjutant treatment in view of their importance for the
immune system.

On the other hand, in the present study we did not observe 25(OH)VD3

deficiency, but rather a high serum level in the CanL group compared to uninfected
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dogs, in contrast to a study in an endemic area of Spain in which dogs with visceral
leishmaniasis had low serum vitamin D levels [14]. This difference may be explained by
the high incidence of solar radiation in Brazil compared to Spain, since most vitamin D
is produced on the skin by exposure to UVB radiation [40]. In addition, our control group
consisted of dogs belonging to private owners who usually reside inside their homes
protected from the sun, possibly justifying the low serum 25(OH)VDz3 levels of this group.

Supplementation with all three nutrients tested in the present study, in the
presence or absence of SLA, increased NO levels in the spleen leukocytes of the CanL
group, although these nutrients only induced an increase in ROS when the cells were
stimulated with SLA. NO and ROS have a microbicidal activity in canine leishmaniasis
[24,41], suggesting that these micronutrients may potentiate the leishmanicidal effect of
the Thl response.

In vitro increase of NO in the spleen leukocytes of CanL animals
supplemented with ATRA may have been due to activation of the promoter region of the
induced nitric oxide synthase (INOS) gene, as previously demonstrated in vitro in
humans [42] and in vivo in mice [43]. In agreement with our results, the addition of
1,25(0OH).VD3 also increased NO production in murine macrophages activated by IFN-
v and infected with L. major [21]. Future studies are needed to elucidate the mechanism
by which ATRA, 1,25(0OH)2VDs and Zn increase NO levels in dogs with leishmaniasis.

We also investigated cytokine levels of spleen leukocytes from CanL animals
after supplementation with ATRA, 1,25(0OH)2VD3 and SZn and the presence or absence
of SLA. In vitro supplementation with 1,25(OH)2VDs reduced IFN-y levels in the cell
culture supernatant, an effect that was not observed with ATRA or SZn. In the presence
of SLA, 1,25(0OH).VD3 and SZn also reduced IFN-y levels in the supernatant ot the
leukocyte culture, whereas ATRA had no effect. High IFN-y levels have been observed
in canine leishmaniasis, with high spleen parasitism and worsening of the disease [44—
46], and the reduction of IFN-y observed in the present study may have been favorable
to the regulation of effector immunity, since we also detected a low parasite load in the
presence of 1,25(0OH)>VD3z and SZn.

Reduction of IFN-y in the supernatant of spleen leukocytes observed in the
CanL group after supplementation with 1,25(OH).VDs confirmed the anti-inflammatory
role of vitamin D, also observed in experimental leishmaniasis [47,48] and in other

infectious-parasitic [49,50] and autoimmune diseases [51].
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On the other hand, ATRA and SZn increased TNF-a levels in the cell culture
supernatant with or without the use of SLA, and 1,25(OH).VDs had no effect. TNF-a is
associated with the effector Thl response for the fight against the disease[52], and its
increase after supplementation with SZn agreed with data reported in an in vitro study
using peripheral blood mononuclear cells (PBMC) from healthy humans [53]. Regarding
the effect of ATRA on the increased levels of TNF-a, we suggest a positive effect on the
Th1 response of dogs with leishmaniasis, in contrast to the results obtained in vitro in
mouse PBMC, in which supplementation with ATRA reduced the TNF-a mRNA, a
difference that may be related to the different host and experimental designs used in the
studies. The modulation of TNF-a. production by ATRA and SZn suggests that these
nutrients may regulate the adaptive response of the Thl cell profile.

Production of IL-10 was reduced by supplementation with all three nutrients
tested in the present study. In agreement with our results, in vitro supplementation with
ATRA of PMBC (T-reg and monocytes) from human infected with L. infantum reduced
expression of IL-10 [15], indicating a possible regulatory role of vitamin A in the
production of IL-10 in visceral leishmaniasis. The IL-10 cytokine in the spleen seems to
be an indicator of susceptibility[54] and its reduction observed in the CanL group after
supplementation with ATRA, 1,25(0OH).VDz and SZn may favor the regulation of
immunity.

Finally, supplementation with all three nutrients tested in this study reduced
parasite load, although only SZn continued to have this effect when the leukocytes were
stimulated with SLA. In vitro addition of SLA reproduces the condition of the dogs in the
endemic area, since the animals are in constant contact with antigens of Leishmania
sp., and the fact that only SZn reduced the parasite load in this condition suggests that
this mineral has a more potent leishmanicidal effect with different pathways of
immunological activation compared to ATRA and 1,25(0OH).VDs.

In agreement with these results, mice infected with L. donovani and receiving
a diet enriched with ATRA and 1,25(OH)2VD3 also showed a reduced spleen parasite
load [16]. In addition, Zn supplementation has proved to be beneficial in various
infectious diseases including leprosy, tuberculosis and others [55]. Therapeutic
response of dogs with leishmaniasis treated with standard therapy in combination with
Zn was more rapid, with a longer interval before relapse [11], supporting the important

role of this mineral in the disease. These findings suggest that Zn may be directly linked
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to the leishmanicidal activity of macrophages, although further studies are needed to

elucidate the mechanisms involved.

2.7 Conclusion

In summary, we showed that canine leishmaniasis is related with vitamin A
and Zn deficiency, and we suggest that ATRA, 1,25(0OH).VDs and SZn are involved in
the immunological reaction associated with the leishmanicidal effector response, with
great potential for investigation in vivo models, especially regarding Zn.
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Figure 6. (A) In vitro supplementation of spleen leukocytes of CanL stimulated with ATRA, 1,25(0OH)2VDs
and SZn promoted an increase of NO and reduction of parasite load; 1,25(0OH)2VDz reduced IFN-y; ATRA
and SZn increased TNF-a; with no effect on IL-10. (B) In vitro supplementation of spleen leukocytes of
CanL stimulated with ATRA, 1,25(0OH)2VDs and SZn in the presence of SLA promoted an increase in NO,
ROS and IL-10; 1,25(0OH)2VDs and SZn reduced IFN-y; ATRA and SZn increased TNF-o; SZn reduced

parasite load.
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FREE RADICAL BIOLOGY AND MEDICINE

Aims and scope

Free Radical Biology and Medicine is the premier forum for publishing groundbreaking
research in the redox biology of both health and disease. We focus on signal transduction and
redox signaling; oxidative stress; reductive stress; redox stress; nitrosative stress; aging and
age-related diseases; metabolic regulation and metabolic diseases; mitochondrial function and
signaling; homeostatic mechanisms and adaptive responses; redox chemistry and
mechanisms; materials & nanomaterials; non-thermal plasmas; microorganisms, fungi, plants,
insects, animals, and humans; and antioxidant enzymes, pathways, and networks. We
welcome both full-length and short Research Communications, Hypothesis Papers, Reviews,
Mini Reviews, Graphical Reviews, and Critical Methods Papers. Free Radical Biology and
Medicine also commissions themed Special Issues aimed at highlighting recent advances in
both basic and clinical fields, with a particular focus on mechanisms underlying altered
metabolism and redox signaling.

Your Paper Your Way

We now differentiate between the requirements for new and revised submissions. You
may choose to submit your manuscript as a single Word or PDF file to be used in the
refereeing process. Only when your paper is at the revision stage, will you be
requested to put your paper in to a 'correct format' for acceptance and provide the
items required for the publication of your article.

To find out more, please visit the Preparation section below.

g Introduction

Free Radical Biology and Medicine is the premier forum for publishing groundbreaking
research in the redox biology of both health and disease. We focus on signal
transduction and redox signaling; oxidative stress; reductive stress; redox stress;
nitrosative stress; aging and age-related diseases; metabolic regulation and metabolic
diseases; mitochondrial function and signaling; homeostatic mechanisms and adaptive
responses; redox chemistry and mechanisms; materials & nanomaterials; non-thermal
plasmas; microorganisms, fungi, plants, insects, animals, and humans; and antioxidant
enzymes, pathways, and networks.

We welcome both full-length and short Research Communications, Hypothesis
Papers, Reviews, Mini Reviews, Graphical Reviews, and Critical Methods Papers.

Free Radical Biology and Medicine also commissions themed Special Issues aimed at
highlighting recent advances in both basic and clinical fields, with a particular focus on
mechanisms underlying altered metabolism and redox signaling.


https://www.elsevier.com/journals/free-radical-biology-and-medicine/0891-5849/guide-for-authors

58

Types of paper
Full-length research articles, Short Communications, Review articles, Mini-Review
articles, Hypothesis papers, Critical Methods articles.

Research Articles: Original articles are the normal medium of publication. Although
there is no fixed length, articles should be as concise as possible, while providing
sufficient information for the work to be repeated

and for the claims of the authors to be judged by the readers. Authors are encouraged
to either use supplementary data or co-publish a Data in Brief article to provide
supportive information where appropriate.

Short Communications: These concise research articles have a maximum length of
2000 words excluding graphical abstract, highlights, references, abstract and figure
legends with a maximum of four figures with no more than 6 panels per figure. Authors
are encouraged to either use supplementary data or co-publish a Data in Brief article
to provide supportive information where appropriate. The journal editors will fast-track
the peer review of this type of paper.

Review Articles: “A well-illustrated review article is easier to read and offer greater
value where illustrations or infographics can replace many words".

Reviews (full-length) should provide a comprehensive analysis on topics of broad
interest to the journal's readership. Reviews should be thorough, sufficiently critical
and accommodate different points of view. They should stand out from other recently
published reviews on the same theme. Although Reviews are not of any fixed length,
they are usually 16,320 words in length (excluding references and figure legends),
include an abstract that is no more than 200 words, normally between 75-250
references (should include titles), and a minimum of three figures/illustrations and
summary table(s) of relevant literature.

Mini-Review Articles: Mini-reviews are succinct, focused updates of the literature
related to a question of current interest in the scientific community (typically from the
last 2-3 years). Subjects covered in Mini-reviews are generally narrower, either in
scope or depth, than those covered in full-length Reviews. They should
highlight/analyze/discuss recent and important findings and include the author's
viewpoint on how the subject relates to the current state of the field. Mini-reviews are
usually 2000 to 4000 words in length (excluding references and figure legends),
include an abstract that is no more than 150 words, up to 50 references (should
include titles), and one to three figures/illustrations.

Reviews and Mini-Reviews All Articles should be authoritative, state-of-the-art
accounts of the selected research field, be of high interest, balanced and accurate.
Beyond summaries of important scientific developments and ideas, authors are
encouraged to identify and discuss how the field may be impacted or develop in the
future, including insights that may be of significance to the scientific community. All
FRBM Review and Mini-Review Articles undergo rigorous and full peer review, in the
same way as regular research papers, and publication cannot be guaranteed.

Hardware article (Hypothesis papers): Hypothesis Papers provide a mechanism for
authors to advance new ideas, hypotheses, or theories. Such novel concepts are
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typically based primarily on previously published data, findings, or observations and a
strong line of reasoning, rather than on extensive new experiments. Ideally, a way of
testing the hypothesis or theory being proposed (along with proper experimental
controls) should be developed as part of the submission.

Critical Methods: Both new methods or substantial revisions or updates to existing
methods are suitable as 'Critical Methods." Authors should clearly state the purpose(s)
of the method and why it is appropriate for the task. If other methods are flawed, briefly
explain the problem with them. The chemical and/or biological basis of the method
should be clearly explained. The limitations of the method should be elucidated; for
example, many molecular biology measurements provide relative changes rather than
absolute values and some methods may only be appropriate with certain kinds of
biological samples. All Critical Methods papers must describe reagents, equipment,
special techniques, and procedural steps in sufficient detail that they can be accurately
reproduced by any competent free radical biologist. A detailed list of every reagent,
including source and catalogue number, should be provided and all required
instrumentation must be listed. Describe each procedural step in detail, as well as the
timing of all steps. Provide representative illustrations of steps where useful.
Precautions should also be included for any steps where something can easily go
wrong. Describe any post protocol calculations in detail and provide representative
results. Describe any caveats that need to be considered. State whether the authors
have patents or financial interests in the protocol or instruments.

Free Radical Biology and Medicine introduces Graphical Reviews: These reviews
will summarize schematically key concepts, established and novel ideas in redox
biology which will be accessible to a broad audience and freely downloaded as
PowerPoint slides for use in teaching or conference presentations.

Example: https://doi.org/10.1016/j.redox.2012.10.001

Contact details for submission

Papers should be submitted using the Free Radical Biology & Medicine online
submission

system, http://www.evise.com/evise/faces/pages/navigation/NavController.jspx?JRNL
ACR=FRBM For questions on the submission or reviewing process, please contact the
Editorial Office at from@elsevier.com

g Before You Begin

Ethics in publishing

Please see our information pages on Ethics in publishing and Ethical guidelines for
journal publication.

Policy and ethics

The work described in your article must have been carried out in accordance with The
Code of Ethics of the World Medical Association (Declaration of Helsinki) for
experiments involving

humans http://www.wma.net/en/30publications/10policies/b3/index.html; Uniform
Requirements for manuscripts submitted to Biomedical journals http://www.icmje.org.
This must be stated at an appropriate point in the article.
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Animal experiments

Where animals have been used in a study, the institutional ethical or animal welfare
Authority under which the work was conducted must be stated, along with the specific
authorisation reference number. Circumstances relating to animal experimentation
must meet the International Guiding Principles for Biomedical Research Involving
Animals, as issued by the Council for the International Organizations of Medical
Sciences. These guidelines are obtainable from: Executive Secretary C.I.O.M.S., c/o
WHO, Appia, CH-1211 Geneva 27, Switzerland, or at the following

URL: http://www.cioms.ch/frame 1985 texts of guidelines.htm, or the EC Directive
86/609/EEC for animal

experiments http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.ht
m.
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Use of inclusive language
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which might imply that one individual is superior to another on the grounds of race,
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sex, culture or any other characteristic, and should use inclusive language throughout.
Authors should ensure that writing is free from bias, for instance by using 'he or she’,
'his/her' instead of 'he' or 'his’, and by making use of job titles that are free of
stereotyping (e.g. 'chairperson' instead of 'chairman’ and 'flight attendant' instead of
'stewardess’).

Authorship
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interpretation of data, (2) drafting the article or revising it critically for important
intellectual content, (3) final approval of the version to be submitted.

Changes to authorship

Authors are expected to consider carefully the list and order of

authors before submitting their manuscript and provide the definitive list of authors at
the time of the original submission. Any addition, deletion or rearrangement of author
names in the authorship list should be made only before the manuscript has been
accepted and only if approved by the journal Editor. To request such a change, the
Editor must receive the following from the corresponding author: (a) the reason for
the change in author list and (b) written confirmation (e-mail, letter) from all authors
that they agree with the addition, removal or rearrangement. In the case of addition or
removal of authors, this includes confirmation from the author being added or
removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or
rearrangement of authors after the manuscript has been accepted. While the Editor
considers the request, publication of the manuscript will be suspended. If the
manuscript has already been published in an online issue, any requests approved by
the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels
your article is more suitable in one of our other participating journals, then you may be
asked to consider transferring the article to one of those. If you agree, your article will
be transferred automatically on your behalf with no need to reformat. Please note that
your article will be reviewed again by the new journal. More information.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement' (see more information on this). An e-mail will be sent to the corresponding
author confirming receipt of the manuscript together with a 'Journal Publishing
Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including
abstracts for internal circulation within their institutions. Permission of the Publisher is
required for resale or distribution outside the institution and for all other derivative
works, including compilations and translations. If excerpts from other copyrighted
works are included, the author(s) must obtain written permission from the copyright
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owners and credit the source(s) in the article. Elsevier has preprinted forms for use by
authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to
complete an 'Exclusive License Agreement' (more information). Permitted third party
reuse of gold open access articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your
work. More information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the
research and/or preparation of the article and to briefly describe the role of the
sponsor(s), if any, in study design; in the collection, analysis and interpretation of data;
in the writing of the report; and in the decision to submit the article for publication. If
the funding source(s) had no such involvement then this should be stated.

Elsevier journals comply with current NIH public access policy.
Open access
Please visit our Open Access page from the Journal Homepage for more information.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not
a mixture of these). Authors who feel their English language manuscript may require
editing to eliminate possible grammatical or spelling errors and to conform to correct
scientific English may wish to use the English Language Editing service available from
Elsevier's Author Services.

Your Paper-Your Way

As part of the Your Paper-Your Way service, authors may submit a PDF version of
their manuscript for use in the refereeing process. This PDF file can be in any format
or lay-out that can be used by referees to evaluate your work. It should contain high
enough quality figures for refereeing. References can be in any style or format, as long
as the full paper title is present. After revision, at acceptance, source files of the paper,
figures, tables and figure captions will then be required to produce the final published
version - not before.

Submission in the traditional way is also still possible.

Submission

Submission to this journal proceeds totally online and you will be guided stepwise
through the creation and uploading of your files. The system automatically converts
source files to a single PDF file of the article, which is used in the peer-review process
(see above). Please note that even though manuscript source files are converted to
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PDF files at submission for the review process, these source files are needed for
further processing after acceptance. All correspondence, including notification of the
Editor's decision and requests for revision, takes place by e-mail removing the need
for a paper trail.

If you are submitting a new version of the manuscript for an earlier rejected
manuscript then please submit a point by point response to the reviewer's
comments to the earlier rejected paper.

Submit your article

Please submit your article

via http://www.evise.com/evise/faces/pages/navigation/NavController.jspx?JRNL ACR
=FRBM

Referees

A minimum of four suitable potential reviewers (please provide their name, email
addresses, and institutional affiliation) should be provided. When compiling this list of
potential reviewers please consider the following important criteria: they must be
knowledgeable about the manuscript subject area; must not be from your own
institution; at least two of the suggested reviewers should be from another country
than the authors'; and they should not have recent (less than four years) joint
publications with any of the authors. However, the final choice of reviewers is at the
editors' discretion.

B Preparation

NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise
through the creation and uploading of your files. The system automatically converts
your files to a single PDF file, which is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your
manuscript as a single file to be used in the refereeing process. This can be a PDF file
or a Word document, in any format or lay-out that can be used by referees to evaluate
your manuscript. It should contain high enough quality figures for refereeing. If you
prefer to do so, you may still provide all or some of the source files at the initial
submission. Please note that individual figure files larger than 10 MB must be
uploaded separately.

References

There are no strict requirements on reference formatting at submission. References
can be in any style or format as long as the style is consistent. Where applicable,
author(s) name(s), journal title/book title, chapter title/article title, year of publication,
volume number/book chapter and the article number or pagination must be present.
Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct.

Formatting requirements
There are no strict formatting requirements but all manuscripts must contain the
essential elements needed to convey your manuscript, for example Abstract,
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Keywords, Introduction, Materials and Methods, Results, Conclusions, Artwork and
Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be
included in your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to
the relevant text in the manuscript, rather than at the bottom or the top of the file. The
corresponding caption should be placed directly below the figure or table.

Peer review

This journal operates a single blind review process. All contributions will be initially
assessed by the editor for suitability for the journal. Papers deemed suitable are then
typically sent to a minimum of two independent expert reviewers to assess the
scientific quality of the paper. The Editor is responsible for the final decision regarding
acceptance or rejection of articles. The Editor's decision is final. More information on
types of peer review.

REVISED SUBMISSIONS

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide
us with an editable file of the entire article. Keep the layout of the text as simple as
possible. Most formatting codes will be removed and replaced on processing the
article. The electronic text should be prepared in a way very similar to that of
conventional manuscripts (see also the Guide to Publishing with Elsevier). See also
the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check’ and
‘grammar-check’ functions of your word processor.

Article structure

Subdivision - unnumbered sections

Divide your article into clearly defined sections. Each subsection is given a brief
heading. Each heading should appear on its own separate line. Subsections should be
used as much as possible when cross-referencing text: refer to the subsection by
heading as opposed to simply 'the text'.

Introduction
State the objectives of the work and provide an adequate background, avoiding a
detailed literature survey or a summary of the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced, with details of supplier and
catalogue number when appropriate. Methods already published should be indicated
by a reference: only relevant modifications should be described.

Results
Results should be clear and concise.
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Discussion

This should explore the significance of the results of the work, not repeat them. A
combined Results and Discussion section is often appropriate. Avoid extensive
citations and discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section,
which may stand alone or form a subsection of a Discussion or Results and
Discussion section.

Essential title page information

* Title. Concise and informative. Titles are often used in information-retrieval systems.
Avoid abbreviations and formulae where possible.

» Author names and affiliations. Please clearly indicate the given name(s) and family
name(s) of each author and check that all names are accurately spelled. You can add
your name between parentheses in your own script behind the English transliteration.
Present the authors' affiliation addresses (where the actual work was done) below the
names. Indicate all affiliations with a lower-case superscript letter immediately after the
author's name and in front of the appropriate address. Provide the full postal address
of each affiliation, including the country name and, if available, the e-mail address of
each author.

» Corresponding author. Clearly indicate who will handle correspondence at all
stages of refereeing and publication, also post-publication. This responsibility includes
answering any future queries about Methodology and Materials. Ensure that the e-
mail address is given and that contact details are kept up to date by the
corresponding author.

* Present/permanent address. If an author has moved since the work described in
the article was done, or was visiting at the time, a 'Present address' (or 'Permanent
address’) may be indicated as a footnote to that author's name. The address at which
the author actually did the work must be retained as the main, affiliation address.
Superscript Arabic numerals are used for such footnotes.

Highlights

Highlights are mandatory for this journal as they help increase the discoverability of
your article via search engines. They consist of a short collection of bullet points that
capture the novel results of your research as well as new methods that were used
during the study (if any). Please have a look at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission
system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point).

Abstract

A concise and factual abstract is required. The abstract should state briefly the
purpose of the research, the principal results and major conclusions. An abstract is
often presented separately from the article, so it must be able to stand alone. For this
reason, References should be avoided, but if essential, then cite the author(s) and
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year(s). Also, non-standard or uncommon abbreviations should be avoided, but if
essential they must be defined at their first mention in the abstract itself.

Graphical abstract

A graphical abstract is mandatory for this journal. It should summarize the contents of
the article in a concise, pictorial form designed to capture the attention of a wide
readership online. Authors must provide images that clearly represent the work
described in the article. Graphical abstracts should be submitted as a separate file in
the online submission system. Image size: please provide an image with a minimum of
531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a
size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF,
EPS, PDF or MS Office files. You can view Example Graphical Abstracts on our
information site.

Authors can make use of Elsevier's lllustration Services to ensure the best
presentation of their images also in accordance with all technical requirements.

The Editors suggest that amongst the examples
given https://www.elsevier.com/graphicalabstracts, that example 11 and 12 best reflect
the sort of graphical abstract most suited to this field and journal.

Keywords

Following the abstract, list keywords for indexing. These keywords should cover
precisely the contents of the submitted paper and should give readers sufficient
information as to the relevance of the paper to their particular field.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the
first page of the article. Such abbreviations that are unavoidable in the abstract must
be defined at their first mention there, as well as in the footnote. Ensure consistency of
abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the
title or otherwise. List here those individuals who provided help during the research

(e.g., providing language help, writing assistance or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's
requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers
XxXX, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz];
and the United States Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants
and awards. When funding is from a block grant or other resources available to a
university, college, or other research institution, submit the name of the institute or
organization that provided the funding.
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If no funding has been provided for the research, please include the following
sentence:

This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Nomenclature and abbreviations

Stylistic details must be kept constant. For example, reactive oxygen species is
abbreviated as ROS, reactive nitrogen species is abbreviated as RNS, and electron
spin resonance is abbreviated either ESR or EPR(for electron paramagnetic
resonance). Either can be used, but both should be given and stated as equivalent at
the first mention.(This is the recommendation of the International EPR Society.)
Formulas for radicals follow IUPAC recommendations and contain a superscripted (not
centered) large dot that precedes a charge,if any. Thus, superoxide is represented by
02" 7, not O2™°, or some other permutation.

Other examples are HO® or ‘OH (not OH"), RO’, ROO*/'NO2, ‘CH>0H, etc. In the text,
names of radicals are preferred, rather than using formulas in the middle of sentences.
For names of radicals, use alkoxyl, peroxyl, and hydroxyl and not alkoxy, peroxy, etc.
(correct nomenclature requires the 'I' on the end of radicals, as in methyl, hydroxyl,
etc.). Use tert, not t-, etc., for abbreviations. For example, CORRECT: tert-butoxyl,
sec-peroxyl; INCORRECT: t-butoxy, s-peroxy.

Wherever possible, nomenclature and abbreviations should be in accordance with
internationally agreed rules. When an enzyme or compound is first mentioned in the
text, specification by its code number accompanied by its systematic name (as distinct
from its trivial name) is requested by the Editors, but not checked for correctness.

Official names of drugs are preferred to trade names.

Standard three-letter codes for the common amino acids may be used freely and
without definition, but the one-letter codes should be restricted to comparisons of long
protein sequences. Similar considerations apply to nucleosides and nucleotides.
Standard three-letter codes for carbohydrates and for purine and pyrimidine bases
may also be used. All other abbreviations should be defined when they first appear in
the text. If an extensive list of abbreviations is used, please provide an alphabetical list
with definitions followed by the references at the end of the article.

Temperatures denoted by an unqualified degree symbol are assumed to be Celsius.
For solution strengths, percentages should be expressed by the sign %, followed in
cases of ambiguity by w/w, w/v, or v/v [e.g., 5% (w/v) means 5 g/100 ml].

All non-standard abbreviations should be defined in a footnote.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the
article. Many word processors build footnotes into the text, and this feature may be
used. Should this not be the case, indicate the position of footnotes in the text and
present the footnotes themselves separately at the end of the article.
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Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity,
manipulation for purposes of deception or fraud will be seen as scientific ethical abuse
and will be dealt with accordingly. For graphical images, this journal is applying the
following policy: no specific feature within an image may be enhanced, obscured,
moved, removed, or introduced. Adjustments of brightness, contrast, or color balance
are acceptable if and as long as they do not obscure or eliminate any information
present in the original. Nonlinear adjustments (e.g. changes to gamma settings) must
be disclosed in the figure legend.

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

* Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.
* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Indicate per figure if it is a single, 1.5 or 2-column fitting image.

» For Word submissions only, you may still provide figures and their captions, and
tables within a single file at the revision stage.

* Please note that individual figure files larger than 10 MB must be provided in
separate source files.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are
given here.

Formats

Regardless of the application used, when your electronic artwork is finalized, please
'save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of
300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum
of 500 dpi is required.

Please do not:

 Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the
resolution is too low.

* Supply files that are too low in resolution.

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS
(or PDF), or MS Office files) and with the correct resolution. If, together with your
accepted article, you submit usable color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color online (e.g., ScienceDirect and
other sites) regardless of whether or not these illustrations are reproduced in color in
the printed version. For color reproduction in print, you will receive information
regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the
preparation of electronic artwork.
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Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title
(not on the figure itself) and a description of the illustration. Keep text in the
illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either
next to the relevant text in the article, or on separate page(s) at the end. Number
tables consecutively in accordance with their appearance in the text and place any
table notes below the table body. Be sparing in the use of tables and ensure that the
data presented in them do not duplicate results described elsewhere in the article.
Please avoid using vertical rules and shading in table cells.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list
(and vice versa). Any references cited in the abstract must be given in full.
Unpublished results and personal communications are not recommended in the
reference list, but may be mentioned in the text. If these references are included in the
reference list they should follow the standard reference style of the journal and should
include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has
been accepted for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a
source publication, etc.), should also be given. Web references can be listed
separately (e.g., after the reference list) under a different heading if desired, or can be
included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript
by citing them in your text and including a data reference in your Reference List. Data
references should include the following elements: author name(s), dataset title, data
repository, version (where available), year, and global persistent identifier. Add
[dataset] immediately before the reference so we can properly identify it as a data
reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and
any citations in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most
popular reference management software products. These include all products that
support Citation Style Language styles, such as Mendeley. Using citation plug-ins from
these products, authors only need to select the appropriate journal template when
preparing their article, after which citations and bibliographies will be automatically
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formatted in the journal's style. If no template is yet available for this journal, please
follow the format of the sample references and citations as shown in this Guide. If you
use reference management software, please ensure that you remove all field codes
before submitting the electronic manuscript. More information on how to remove field
codes from different reference management software.

Users of Mendeley Desktop can easily install the reference style for this journal by
clicking the following link:
http://open.mendeley.com/use-citation-style/free-radical-biology-and-medicine
When preparing your manuscript, you will then be able to select this style using the
Mendeley plug-ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References
can be in any style or format as long as the style is consistent. Where applicable,
author(s) name(s), journal title/book title, chapter title/article title, year of publication,
volume number/book chapter and the article number or pagination must be present.
Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the
references yourself they should be arranged according to the following examples:

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The
actual authors can be referred to, but the reference number(s) must always be given.
Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result

List: Number the references (numbers in square brackets) in the list in the order in
which they appear in the text.

Examples:

Reference to a journal publication:

[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific article,
J. Sci. Commun. 163 (2010) 51-59. https://doi.org/10.1016/j.Sc.2010.00372.
Reference to a journal publication with an article number:

[2] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, 2018. The art of writing a scientific
article. Heliyon. 19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.
Reference to a book:

[3] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York,
2000.

Reference to a chapter in an edited book:

[4] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in:
B.S. Jones, R.Z. Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc.,
New York, 2009, pp. 281-304.

Reference to a website:

[5] Cancer Research UK, Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/, 2003
(accessed 13 March 2003).

Reference to a dataset:

[dataset] [6] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for
Japanese oak wilt disease and surrounding forest compositions, Mendeley Data, v1,
2015. https://doi.org/10.17632/xwj98nb39r.1.
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Reference style

Type references double-spaced and number them consecutively in the order in which
they are first mentioned in the text, not alphabetically. Cite references in the text,
tables, and legends in sequential, numerical order, placing the numbers in square
brackets. References cited only in tables or figure legends should be numbered in
accordance with a sequence established by the first mention in the text of the
particular table or figure. Journal titles are to be abbreviated according to the List of
Journals Indexed in Index Medicus published by the U.S. Department of Health and
Human Services. Examples of reference style are as follows:

Journal:
[1] Muller, F. L.; Lustgarten, M. S.; Jang, Y.; Richardson, A.; Van Remmen, H. Trends
in oxidative aging theories. Free Radic. Biol. Med. 43:477-503; 2007.

Book:
[2] Van Faassen, E.; Vanin, A., eds. Radicals For Life: the Various Forms of nitric
oxide. Amsterdam: Elsevier; 2007.

Chapter in edited book:

[3] Zuo, L.; Clanton, T. L. Detection of reactive oxygen and nitrogen species in tissues
using redox-sensitive fluorescent probes. In: Sen, C. K.; Packer, L., eds. Redox cell
biology and genetics, part A. Methods in enzymology, volume 352. San Diego:
Academic Press; 2002: 307-325.

Abstract:
[4] Freeman, B.; Aslan, M. Tissue oxidation and nitration reactions in a mouse model
and humans with sickle cell disease (abstract). Free Radic. Biol. Med. 33:5298; 2002.

Manuscripts that have been accepted for publication may be cited as "in press"” in the
reference list using the estimated year of publication:

[5] Aguirre, J.; Lambeth, J.D. Nox enzymes from fungus to fly to fish and what they tell
us about Nox function in mammals. Free Radic. Biol. Med. In press; 2010.

Reference to a paper as "in press" implies that it has been accepted for publication.
Evidence (e.g., a photocopy of the note of acceptance from the journal concerned)
should accompany the submitted typescript. Papers that are "in press" should be
included as a number in the text. Other papers submitted before or simultaneously
with the paper in question should be included as a number in the text and in the
References section, stating the name of the journal. Copies of papers that are
submitted elsewhere should be provided for inspection by the Editors. Omission of this
information will delay publication and may lead to redating of a submitted manuscript.
Papers presented at scientific meetings that are not available in published form should
not be cited as references in the References section.

Unpublished results should not be listed in the References section. In the text they are
mentioned as follows: "(Tervoort MV and Glimcher J, unpublished data)". When
unpublished results are cited, the data should be provided for the Editors' information
when essential for proper evaluation, or if requested.

A personal communication should be mentioned in the text as follows: "(Tervoort MV,
personal communication)”. Authors should not make unauthorized use of personal
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communications. Personal communications are not to be included in the Reference
section.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word
Abbreviations.

Video

Elsevier accepts video material and animation sequences to support and enhance
your scientific research. Authors who have video or animation files that they wish to
submit with their article are strongly encouraged to include links to these within the
body of the article. This can be done in the same way as a figure or table by referring
to the video or animation content and noting in the body text where it should be
placed. All submitted files should be properly labeled so that they directly relate to the
video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred
maximum size of 150 MB per file, 1 GB in total. Video and animation files supplied will
be published online in the electronic version of your article in Elsevier Web products,
including ScienceDirect. Please supply 'stills' with your files: you can choose any
frame from the video or animation or make a separate image. These will be used
instead of standard icons and will personalize the link to your video data. For more
detailed instructions please visit our video instruction pages. Note: since video and
animation cannot be embedded in the print version of the journal, please provide text
for both the electronic and the print version for the portions of the article that refer to
this content.

Data visualization

Include interactive data visualizations in your publication and let your readers interact
and engage more closely with your research. Follow the instructions here to find out
about available data visualization options and how to include them with your article.

Supplementary material

Supplementary material such as applications, images and sound clips, can be
published with your article to enhance it. Submitted supplementary items are published
exactly as they are received (Excel or PowerPoint files will appear as such online).
Please submit your material together with the article and supply a concise, descriptive
caption for each supplementary file. If you wish to make changes to supplementary
material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track
Changes' option in Microsoft Office files as these will appear in the published version.

Supplementary material captions

Each supplementary material file should have a short caption which will be placed at
the bottom of the article, where it can assist the reader and also be used by search
engines.

Research data


https://www.issn.org/services/online-services/access-to-the-ltwa/
https://www.issn.org/services/online-services/access-to-the-ltwa/
https://www.sciencedirect.com/
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-resources/data-visualization
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This journal encourages and enables you to share data that supports your research
publication where appropriate, and enables you to interlink the data with your
published articles. Research data refers to the results of observations or
experimentation that validate research findings. To facilitate reproducibility and data
reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make
a statement about the availability of your data when submitting your manuscript. If you
are sharing data in one of these ways, you are encouraged to cite the data in your
manuscript and reference list. Please refer to the "References" section for more
information about data citation. For more information on depositing, sharing and using
research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your
article directly to the dataset. Elsevier collaborates with a number of repositories to link
articles on ScienceDirect with relevant repositories, giving readers access to
underlying data that gives them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can
directly link your dataset to your article by providing the relevant information in the
submission system. For more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to
your published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of
your manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020;
CCDC: 734053; PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data
(including raw and processed data, video, code, software, algorithms, protocols, and
methods) associated with your manuscript in a free-to-use, open access repository.
During the submission process, after uploading your manuscript, you will have the
opportunity to upload your relevant datasets directly to Mendeley Data. The datasets
will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional
raw data into one or multiple data articles, a new kind of article that houses and
describes your data. Data articles ensure that your data is actively reviewed, curated,
formatted, indexed, given a DOI and publicly available to all upon publication. You are
encouraged to submit your article for Data in Brief as an additional item directly
alongside the revised version of your manuscript. If your research article is accepted,
your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief.
Please note an open access fee of 600 USD is payable for publication in Data in Brief.


https://www.elsevier.com/authors/author-resources/research-data
https://www.elsevier.com/authors/author-resources/research-data/data-base-linking
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Full details can be found on the Data in Brief website. Please use this template to write
your Data in Brief.

Data statement

To foster transparency, we encourage you to state the availability of your data in your
submission. This may be a requirement of your funding body or institution. If your data
is unavailable to access or unsuitable to post, you will have the opportunity to indicate
why during the submission process, for example by stating that the research data is
confidential. The statement will appear with your published article on ScienceDirect.
For more information, visit the Data Statement page.

Full Online Submission

The following list will be useful during the final checking of an article prior to sending it
to the journal for review. Please consult this Guide for Authors for further details of any
item.

Ensure that the following items are present:

One Author designated as corresponding Author:

* E-mail address

* Full postal address

» Telephone and fax numbers

All necessary files have been uploaded

» Keywords

* All figure captions

« All tables (including title, description, footnotes)

Further considerations

» Manuscript has been "spellchecked" and "grammar-checked"

» References are in the correct format for this journal - preferred but not essential.

* All references mentioned in the Reference list are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources
(including the Web)

* Color figures are clearly marked as being intended for color reproduction on the Web
(free of charge) and in print or to be reproduced in color on the Web (free of charge)
and in black-and-white in print

« If only color on the Web is required, black and white versions of the figures are also
supplied for printing purposes

For any further information please visit our customer support site

at http://service.elsevier.com.

After Acceptance

Online proof correction

To ensure a fast publication process of the article, we kindly ask authors to provide us
with their proof corrections within two days. Corresponding authors will receive an e-
mail with a link to our online proofing system, allowing annotation and correction of
proofs online. The environment is similar to MS Word: in addition to editing text, you
can also comment on figures/tables and answer questions from the Copy Editor. Web-
based proofing provides a faster and less error-prone process by allowing you to
directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF
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version. All instructions for proofing will be given in the e-mail we send to authors,
including alternative methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately.
Please use this proof only for checking the typesetting, editing, completeness and
correctness of the text, tables and figures. Significant changes to the article as
accepted for publication will only be considered at this stage with permission from the
Editor. It is important to ensure that all corrections are sent back to us in one
communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing
50 days free access to the final published version of the article on ScienceDirect. The
Share Link can be used for sharing the article via any communication channel,
including email and social media. For an extra charge, paper offprints can be ordered
via the offprint order form which is sent once the article is accepted for publication.
Both corresponding and co-authors may order offprints at any time via

Elsevier's Author Services. Corresponding authors who have published their article
gold open access do not receive a Share Link as their final published version of the
article is available open access on ScienceDirect and can be shared through the
article DOI link.

B Author Inquiries

Visit the Elsevier Support Center to find the answers you need. Here you will find
everything from Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted
article will be published.
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