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RESUMO

Dissertacao de Mestrado
Programa de Pds-Graduacdo em Ciéncias Farmacéuticas
Universidade Federal de Santa Maria

AVALIACAO DOS EFEITOS TOXICOLOGICOS DO COMPOSTO
SALICILALDEIDO-4-FENILTIOSSEMICARBAZONA (SPTS)
AUTORA: TAIANE PICCINI TEIXEIRA
ORIENTADOR: MARLI MATIKO ANRAKU CAMPOS
Data e Local da Defesa: Santa Maria, 11 de marco de 2015.

As tiossemicarbazonas sdo compostos de consideravel interesse cientifico, devido as suas importantes
propriedades quimicas e bioldgicas, tais como antitumoral, antibacteriana, antiviral, antiprotozoaria,
citotoxica, dentre outras. O composto salicilaldeido-4-feniltiosemicarbazona (SPTS), da classe das
tiossemicarbazonas, possui atividades farmacol6gicas promissoras como atividade antioxidante e
antitumoral, deste modo sdo necessarios estudos prévios para avaliar a sua toxicidade. Desta forma,
este trabalho teve como objetivo avaliar a toxicidade in vitro do composto SPTS, através do bioensaio
da Artemia salina com a finalidade de determinar a concentracéo letal média (CLs), atividade da o-
aminolevulinato desidratase (3-ALA-D), atividade tiol oxidase e ensaios de viabilidade celular e
genotoxicidade. Testes de toxicidade aguda e subaguda do composto SPTS também foram realizados,
utilizando como metodologia as diretrizes da Organizagdo para a Coordenagdo e Desenvolvimento
Econdémico (OECD diretrizes 423 e 407). Na andlise da toxicidade aguda, uma Unica dose de 300 e,
posteriormente, 50 mg/kg de SPTS foi administrada por via subcutanea em ratos machos, para avaliar
a dose letal média estimada (DLsy). No estudo de toxicidade subaguda, o composto SPTS foi
administrado por via subcutanea nos animais em doses de 5, 10 e 20 mg/kg/dia durante 14 dias.
Parametros bioquimicos, de estresse oxidativo e hematoldgicos foram analisados nos estudos de
toxicidade aguda e subaguda, utilizando amostras de sangue, rins, figado e cérebro. Alteracoes
comportamentais foram analisadas na toxicidade subaguda. Nos resultados obtidos nos experimentosin
vitro, foi verificada uma CLs, de 69,11ug/ml, sendo considerado um composto biologicamente ativo,
mas nao houve efeito tiol oxidase ¢ nem inibi¢do da 6-ALA-D. Em relacdo aos testes de viabilidade
celular e genotoxicidade, foi verificado que a concentracdo de 100pM diminuiu significantemente a
viabilidade celular e causou efeitos genotoxicos frente a cultura de células. Em relacdo a toxicidade
aguda, a DLy estimada foi de 50-300mg/kg. Além disso, a exposicdo aguda a 50 mg/kg de SPTS nédo
causou alteragBes nos parametros bioquimicos e hematol6gicos, mas causou elevacdo nos niveis
hepéticos de acido ascdrbico. Na avaliacdo da toxicidade subaguda, entretanto, inimeras alteracdes
foram observadas, como o aumento na peroxidacédo lipidica e nos niveis de vitamina C e tidis nao-
proteicos em diferentes tecidos, bem como alteracGes nas atividades da glutationa S-transferase e
catalase. Tambeém foram observadas alteracbes comportamentais no teste do open field, diminuigdo no
ganho de peso corporal e aumento nos niveis de triglicerideos. Desta forma, nds concluimos que o
composto SPTS apresentou especialmente toxicidade subaguda, uma vez que causou alteracdes
comportamentais, nos pardmetros de estresse oxidativo e no perfil lipidico.

Palavras-chave: tiossemicarbazonas, SPTS, toxicidade.



ABSTRACT

Master Dissertation
Programa de P6s-Graduagdo em Ciéncias Farmacéuticas
Universidade Federal de Santa Maria

ASSESSMENT OF THE EFFECTS OF COMPOUND TOXICOLOGICAL
SALICYLALDEHYDE-4-FENILTIOSSEMICARBAZONE (SPTS)
AUTHOR: TAIANE PICCINI TEXEIRA
ADVISOR: MARLI MATIKO ANRAKU DE CAMPOS
Place and Date of Defense: Santa Maria, March 11%, 2015.

The thiosemicarbazone compounds are of considerable scientific interest because of their important
biological and chemical properties, such as antitumor, antibacterial, antiviral, antiprotozoal, cytotoxic,
among others. The compound salicylaldehyde-4-phenylthiosemicarbazone (SPTS), of the class of
thiosemicarbazone, has promising pharmacological activities such as antioxidant and antitumor,
thereby previous studies are needed to evaluate its toxicity. Thus, this study aimed to evaluate the
toxicity in vitroof SPTS compound, through bioassay of Artemia salina in order to determine the
median lethal concentration (LCs), activity of d-aminolevulinate dehydratase (3-ALA-D), thiol
oxidase activity and assays of cell viability and genotoxicity. Acute and subacute toxicity tests of
SPTS compound were also performed, using as methodology the Organization's guidelines for
Coordination and Economic Development (OECD guidelines 423 and 407). In the analysis of acute
toxicity, a single dose of 300 and, thereafter, 50 mg/kg SPTS was administered subcutaneously in rats,
to evaluate the estimated mean lethal dose (LDs). In the study of subacute toxicity, SPTS compound
was administered subcutaneously in animals at doses of 5, 10 and 20 mg/kg/day for 14 days.
Biochemical, hematological and oxidative stress parameters were examined in the studies of acute and
sub-acute toxicity, using samples of blood, kidney, liver and brain. Behavioral changes were analyzed
in the subacute toxicity. In the results obtained inin vitroexperiments, was verified a LCsqof
69,11pg/ml, being considered a compound active biologically, but there was no thiol oxidase effect or
inhibition of 8-ALA-D. With respect to cell viability and genotoxicity assays, it was found that the
concentration of 100uM significantly decreased cell viability and showed genotoxicity effects against
cell culture. With regard to acute toxicity, the estimated LDs, was of 50-300 mg/kg. Moreover, acute
exposure to 50 mg/kg of SPTS did not cause changes in biochemical and hematological parameters,
but caused an increase in hepatic levels of ascorbic acid. In the assessment of subacute toxicity,
however, numerous changes were observed as an increase in lipid peroxidation and in vitamin C and
non-protein thiols levels in different tissues, as well as changes in glutathione S-transferase and
catalase activities. We also observed behavioral changes in the open field test, decrease in body weight
gain and increased levels of triglycerides. Thus, we conclude that the compound SPTS provided
particularly subacute toxicity, since presented behavioural alterations, as well as changes in oxidative
stress parameters and in the lipid profile.

Keywords: thiosemicarbazone, SPTS, toxicity
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| REVISAO BIBLIOGRAFICA

1.1 Estudos de toxicidade

Testes de toxicidade podem ser definidos como procedimentos nos quais as respostas
de organismos-teste sdo utilizadas para detectar ou avaliar os efeitos adversos ou ndo de uma
ou mais substancias sobre os sistemas bioldgicos. Estes testes constituem-se basicamente na
exposicdo de organismos a diferentes condigdes, as quais tentam simular o ambiente natural,
visando assim detectar seus efeitos letais e/ou subletais(LAITANO & MATIAS, 2006).

Os estudos toxicoldgicos, aplicados em animais de laboratério e sob condicGes
previamente estabelecidas, permitem determinar os possiveis efeitos de substancias em
humanos ou animais expostos as mesmas (OGA, 2008). Os efeitos tdxicos observados no
homem encontram-se geralmente, na mesma faixa de concentracdo daqueles dos animais de
laboratdrio. Soma-se ainda o fato de que a exposicdo de animais a agentes toxicos em doses
elevadas ¢ um meétodo necessario e valido para a descoberta de possiveis perigos para a
espécie humana que é exposta a doses muito menores (KLAASSEN, 2006; OGA, 2008).

A andlise de dados toxicoldgicos de uma substancia quimica permite sua classificacdo
em categorias toxicoldgicas estabelecidas, seu potencial de letalidade ou toxicidade, além de
fornecer também informacdes a respeito da forma correta e segura de uso, medidas de
prevencdo e tratamento em caso de intoxicacdo. Testes de toxicidade aguda avaliam além da
letalidade, o potencial toxico em érgdos especificos, dados sobre a toxicocinética e a relacao-
dose resposta (VALADARES, 2006).

1.1.1 Toxicidade in vitro

A finalidade desses ensaios é de substituir os ensaios com animais, ou de poderem
servir como prévia de um estudo toxicolégico in vivo, complementando e melhorando a
sensibilidade e especificidade de estudos com animais (FRAZIER, 1992). Estes ensaios
geralmente precedem os testes in vivo e identificam bem o principio dos 3Rs, que séo a
substituicdo (replacement) de experimentos que utilizam animais por outros que néo
necessitam, a reducdo (reduction) do nimero de animais e o refinamento (refinement) com a

diminuicdo da severidade dos processos (REPETTO, 1995). Os estudos in vitro vém sendo
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utilizados com mais frequéncia, devido ao grande rigor nos laboratorios com o uso de animais

devido a questdes éticas.

A determinacdo da atividade da 6-aminolevulinatodesidratase (3-ALA-D), é umas das
técnicas mais realizadas em experimentos in vitro. A &-ALA-D, conhecida como
porfobilinogéniosintase, ¢ uma enzima contendo grupos sulfidrila (-SH), que catalisa a
condensagdoassimétrica de duas moléculas de §-aminolevulinato (acido aminolevulinico, 6-
ALA) paraproduzir porfobilinogénio, sendo este um precursor da sintese dos tetrapirrois nas
células (HEINEMANNet al., 2008).A inibi¢do da &-ALA-D pode prejudicar a rota
biossintéticado heme, podendo resultar em consequéncias patoldgicas (SASSA et al., 1989;
GOERING, 1993). Além da insuficiente producdo de heme, a inibigdo da 6-ALA-D pode
resultar no acimulo de substrato ALA no sangue, com consequente aumento na excrecdo
urinéria do mesmo. O acumulo de ALA esta relacionado com a superproducdo das espécies
reativas de oxigénio (EROs)como OHe (radicalhidroxila), o O,*-(&nion superoxido) e o H,0,
(peroxido de hidrogénio) (BRITO et al., 2011).

A avaliacdo da bioatividadedecompostosorganicos provenientes desintese tem sido
pouco viavel em laboratérios tradicionais de quimica, pois,geralmente, eles ndo estdo
adequadamente equipados para a realizacdo de bioensaios utilizando animais ou tecidos e
orgdo isolados.A necessidade de realizar ensaios com procedimentos simples e
rapidos,levouao bioensaiocom Artemia salina, quepermite a avaliacdo da toxicidade geral e é,
portanto, considerado essencial como ensaio preliminar no estudo denovos compostos com
potencial atividade bioldgica (CAVALCANTE, 2000).0 ensaio de letalidade frente a Artemia
salina, uma espécie de invertebrado marinho (SANCHEZ FORTUN et al., 1995), é uma
metodologia in vitro extensamente utilizada na linha de pesquisa de compostos quimicos e
extratos de plantas para avaliar seu potencial toxico. A utilizacdo da Artemia em estudos
toxicoldgicos preliminares deve-se a simplicidade com que pode ser manuseado, pela sua
capacidade para formar cistosdormentes,fornecendo, desse modo, material biolégico que pode
ser armazenado durante longos periodos de tempo (superioresa seis meses) sem perda de
viabilidade e sem necessidade de se manteremculturas continuas de organismo-teste (DIAS,
2002; HARTL, 2000;LHULLIER, 2006).

Os bioensaios com Artemia salina sdo realizados por varios métodos (LOPES,
2002).Este ensaio permite determinar a toxicidade de determinada substancia por meio da

estimativa da concentragdo letal média (CLsp), que é definida como a concentracdo de uma
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substancia quimica que provoca a morte de 50% de um grupo de animais expostos, em um
periodo de tempo definido (LEWAN et al., 1992; LUNA et al., 2005).McLaughlin et al.
(1998) relataram que o ensaio utilizando Artemia salina tem boa correlagdo com atividade
citotoxica em alguns tumores sélidos humanos e levou a descoberta dos Annonaceous
acetogenins como nova classe de agentes antitumorais ativos. Esta consideragdo encontra se
fundamentada em estudos de bioensaios comparativos, com diversas substancias
reconhecidamente citotoxicas, entre o teste de letalidade do camardo e testes in vitro

efetuados com linhagens de células cancerigenas (ANDERSON, 1991).

Os linfécitos sdo células responsaveis pela extraordinaria especificidade das respostas
imunes adaptativas de nosso organismo (ALBERT et al, 2004). Devido a sua grande
abundancia na corrente sanguinea, os linfocitos em cultura tornaram se um modelo in vitro
bastante vantajoso em diversos estudos, como por exemplo os de genotoxicidade,
citotoxicidade, entre outros; uma vez que sdo de facil obtencdo e podem ser obtidos
praticamente livres de contaminacgdo. Outra grande vantagem dos linfocitos é a sua facilidade
de desenvolvimento em cultura por longos periodos (WNUK et al, 2009).Todas as vantagens
citadas justificam a ampla utilizacdo de culturas celulares de linfocitos em estudos
citogenéticos, tanto os classicos (teste de micronucleo, ensaio do cometa, ensaio MTT),
guanto os moleculares (FISH), o que ressalta a utilidade destes modelos em estudos de
genotoxicidade.

A reducdo do MTT (93-[4,5dimetiltiazol 2-yl]-2,5-brometo difeniltetrazolico) é um
método colorimétrico rapido, que pode ser realizado a partir da cultura de leucdcitos,
frequentemente usado para medir proliferacdo celular e citotoxicidade (MOSMANN, 1983).
Neste ensaio, 0 MTT ¢é acumulado pelas células por endocitose e a reducéo do anel tetrazélico
deste sal resulta na formacdo de cristais de formazan de cor azul que se acumulam em
compartimentos endossomais e/ou lisossomais, sendo depois transportados para fora das
células por exocitose. Sendo a endocitose um mecanismo fundamental das células vivas (LIU
et al., 1997), o ensaio do MTT tem sido usado frequentemente como ensaio de citotoxicidade
celular.

Geralmente danos ndo reparaveis do DNA eram medidos por ensaios como 0 Ensaio
DNA Cometa (qualitativo), analise de micronlcleos (semiquantitativo) ou através de
eletroforese em gel de agarose de DNA isolado. Nos ultimos anos, a analise quantitativa de
DNA utilizando corantes fluorescentes comecou a ser feita. Recentemente, Georgiou, et al.

(2009) desenvolveram um protocolo em que analise da quantidade de DNA é medida por
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fluorimetria. Nesta técnica, corantes ultrassensiveis como o DNA Picogreen® ligam-se
apenas ao DNA que estd em dupla-fita (doublestrand ou dsDNA). O corante consegue
detectar uma quantidade minima de dsDNA no meio (25 pg/ml). Para dar uma ideia do quanto
esta quantidade é minima 80 pg de DNA correspondem ao DNA gendmico de apenas 120
células. Portanto, se 0 DNA apresentar algum tipo de fragmentacdo provocada por fatores
enddgenos ou exdgenos a fluorescéncia emitida vai diminuir e assim pode ser avaliado efeito
genotoxico. Assim, Georgiou et al. (2009) sugeriram que 0 uso de ensaio de quantificacdo do
DNA medido por fluorimetria utilizando o DNA Picogreen® pode ser um teste quantitativo

complementar ao Ensaio DNA Cometa.

1.1.2 Toxicidade in vivo

Alguns modelos de estudos toxicoldgicos in vivoabordam ensaios de toxicidade aguda,
toxicidade subcronica e toxicidade cronica, onde este deve abordar mutagenicidade,
embriofetotoxicidade, alteracGes de fertilidade, carcinogenicidade e inducdo de dependéncia.
(BEDNARCZUK, 2010).

Testes de toxicidade in vivo sempre foram intensamente criticados por grupos de
protecdo animal. As reflexdes feitas a partir do tema fizeram com que o nimero de animais
utilizados nessas metodologias fosse reduzido. Testes como o de toxicidade aguda onde antes
eram utilizados de 20 a 30 animais por grupo com doses chegando a 5000 mg/Kg foram
reduzidos para grupos de no maximo 10 animais normalmente utilizando 3 grupos com 5
animais com dose maxima de 2000 mg/Kg (VALADARES, 2006).

Diversos fatores influenciam na toxicidade, tais como fatores bioldgicos: idade,
peso corpdreo, temperatura, fatores genéticos, estados nutricionais e patolégicos, e outros
como: concentragdo da amostra testada, estado de dispersdo (forma e tamanho das particulas),
solubilidade nos fluidos orgénicos, afinidade e sensibilidade ao tecido ou organismo humano
e fatores da propria substancia (CAZARINet al., 2004). Diante de tantos fatores que podem
influenciar na toxicidade de uma substancia, os testes in vivo ainda ndo podem ser
substituidos completamente. No entanto, as metodologias podem sofrer reducdo com a
atribuicdo de testes in vitro na triagem, respeitando os 3R’sja anteriormente citados
(REPETTO & REPETTO, 1995).

1.1.2.1 Toxicidade aguda
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A estimativa de toxicidade aguda é uma tarefa importante no planejamento de
farmacos e avaliacdo de risco toxicolégico de agentes quimicos. Ratos e camundongos sdo as
principais espécies utilizadas nestes estudos. A toxicidade aguda é definida como os efeitos
adversos que ocorrem dentro de um periodo curto apos administracdo de dose Unica, ou doses
maltiplas, administradas dentro de 24 horas (BARROSet al., 1996). A toxicidade aguda €
expressaprincipalmente pela quantidade necessaria, em mg/kg de peso corpéreo, para
provocar a morte de 50% dos animais estudados, sendo representada pela dose letal média
(DLso) (EATON&KLAASSEN, 1995; BARROS et al., 1996; VALADARES, 2006; OGA,
2008).

Como descrito por Valadares (2006), para a realizacdo do teste da DLsy eram
empregados mais de 100 animais (normalmente ratos e camundongos) para cada espécie
estudada e para cada substancia testada. O teste da DLs foi inicialmente introduzido em 1927
por Trevan para avaliar substancias que seriam utilizadas por seres humanos como a
digitallise a insulina. Entretanto, na década de 1970, este teste, o qual tinha como objetivo
encontrar uma Unica dose letal de uma substancia para metade dos animais do grupo teste,
comecou a ser empregado amplamente como base de comparagdo e classificacdo da
toxicidade de substancias. Este teste tornou-se gradativamente um teste pré-requisito para
varias agéncias reguladoras, como a americana FoodandDrugsAdministration (FDA),
responsaveis pela aprovacdo de novos farmacos, aditivos alimentares, ingredientes
cosmeéticos, produtos domésticos, quimicos industriais e pesticidas (VALADARES, 2006).

Em 1981, a Organizacdo para Cooperacdo Econémica e Desenvolvimento
(Organization for EconomicCooperationandDevelopment; OECD) incorporou o Teste da
DLso em suas diretrizes, fornecendo testes com estimativas aproximadas de DLsp, utilizando
um numero mais reduzido de animais.O método de classificacdo de toxicidade aguda (OECD
423, 2001), é um procedimento gradual e reprodutivel, com o uso de poucos animais do
mesmo sexo por etapa (n=3). Dependendo da mortalidade e/ou estado moribundo dos
animais, em média 2-4 etapas j& sdo necessarias para permitir avaliar a toxicidade aguda da
substancia de ensaio. Os animais moribundos, com dor ou mostrando sinais de sofrimento
grave e continuado devem ser eutanasiados e sdo considerados, na interpretacdo dos
resultados do teste, da mesma forma que os animais que morreram durante o ensaio (OECD
423, 2001). Em principio, 0 método ndo se destina a permitir o calculo de um valor exato de

DLso, mas permite a determinacao de uma faixa de exposicdo definidas, nas quais a letalidade



16

é esperada uma vez que a morte de uma propor¢do dos animais é ainda o ponto principal de
extremidade do presente ensaio (VALADARES, 2006).

O nivel de dose para ser usada como a dose de partida € selecionada a partir de um dos
quatro niveis fixos, 5, 50, 300 e 2000 mg/kg de peso corporal. A dose inicial deve ser a que
tem maior probabilidade de induzir mortalidade em alguns dos animais tratados (OECD 423,;
2001). A figura 1 descreve o procedimento que deve ser seguido para a dose inicial de
300mg/Ka.

300ma/kg
3 animals

50mag/kg
3 animals

2000mgikg
3 animals

5mg'kg
3 animals

5mglkg 50mg/kg 300mg/kg 2000mg/kg
3 animals 3 animals 3 animals 3 animals
1
Ce1 D <D, Co1 D Co D D,
oo
v A 4
GHS Category Category 2 Category 3 Category 5 Category 5 or
> 05 > 5-50 > 2000 - 5000 Unclassified
v b
[2(at 50) 3{at 300) 1 0
bt 1% step | at 1% step
oo | 5 | 25 30 | 50 | 200 | 300 | 500 | 1000 | 2000 | 2500 | 5000 | P |

- per step three animals of a single sex (normally females | are used - s : unclassified
-0,1,23: Number of moribund or dead animals at each step - Testing at 5000 mg'kg bow.: see Annex 3
- GHS: Globally Harmonized Classification System (mgikg b.w.)

Figura 1- Procedimento de teste com uma dose inicial de 300mg/kg de peso corporal. Fonte: OECD
423, 2001.

Sendo a dose escolhida a de 300mg/kg, como demonstrado na figura acima, e
ocorrendo de 2 a 3 mortes ou a observacao de sinais clinicos alterados, o protocolo da OECD
423 descreve doses decrescentes a serem administradas em um novo experimento, sendo a
dose de 50mg/kg a proxima a ser selecionada. N&o ocorrendo mortes ou sinais de toxicidade
na dose de 50 mg/kg, a substancia é classificada como pertencente a categoria 3, com DLsg
estimada de 50-300mg/Kg.

Além da letalidade, os resultados obtidos a partir dos estudos de toxicidade aguda

servem também para identificacdo do potencial toxico em érgdos especificos, conhecimento
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do mecanismo de acdo da substancia, informagOes para a comparacdo de toxicidade entre
substancias de mesma classe, identificacdo da toxicocinética e a relagdo-dose resposta.
(PURCHASE et al., 1998; BLAAUBOER, 2003; VALADARES, 2006).0s animais sao
observados individualmente apds a administracdo da substancia, pelo menos uma vez durante
0s primeiros 30 minutos e periodicamente durante as primeiras 24 horas, com especial
atencdo durante as primeiras 4 horas, e diariamente a partir dai, por um total de 14 dias. As
observacdes incluem alteracbes na pele e pelos, olhos e mucosas, alteragdes no aparelho
respiratorio, circulatorio, autbnomo e sistema nervoso central e alteracbes na atividade
somatomotora e do comportamento. Atencdo especial deve ser dirigida a observacdo de

tremores, convulsdes, salivacdo, diarreia e letargia.

1.1.2.2 Toxicidade subaguda

A toxicidade subaguda refere-se aos efeitos nocivos, cumulativos, decorrentes da
exposicao repetida, em um periodo limitado ao longo do tempo. Um dos principais objetivos
deste estudo é avaliar mais efetivamente &rgdos alvos,determinar aqueles com mais
suscetibilidade e prover dados sobre dosagens seletivas para estudo de toxicidade cronica
(OGA, 2008).

A OECD 407 estipula um protocolo para 0 estudo de toxicidade subaguda, o qual
utiliza 3 doses crescentes de determinada substancia, uma dose por grupo, por 14 ou
28 dias, utilizando-se um numero limitado de animais do mesmo sexo. Este estudo
forneceinformagdes sobre 0s possiveis riscos suscetiveis para a saude que surgem a
partir da exposicdo repetida ao longo de um periodo relativamente pequeno de tempo
onde séo observados sinais evidentes de toxicidade em Orgédos-alvo, ap0s a administracdo da
substancia. Além de poder indicar a necessidade de maisestudos de longo prazo, este teste
também pode fornecer informagdessobre a selecdo da concentracBes usadas nesses novos
estudos (OECD, 1995).

O estudo de toxicidade subaguda, utilizando o guia da OECD 407 é um método que
compreende o estudo de toxicidade de uma dose repetida pré-estabelecida que possam ser

utilizados para
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produtos quimicos em que um estudo de 90 dias ndo se justifica ou como uma fase preliminar
de um estudo de longo prazo (OECD 407, 1995).

A substancia é administrada uma vez por dia em doses crescentes(5 machos e 5
fémeas por dose). Os animais que morrem ou sdo sacrificados durante o ensaio sdo
submetidos & autopsia e no fim do ensaio 0s animais sobreviventes sdo eutanasiados para
anélise (OECD 407, 1995).Pelo menos trés grupos teste e um grupo controle devem ser
utilizados durante o experimento. A dose mais elevada do grupo teste deve ser escolhida com
0 objetivo de induzir efeitos tdxicos, mas ndo a morte ou sofrimento grave. A partir dai, uma
sequéncia decrescente de doses deve ser selecionadas com objetivo de evidenciar uma dose
resposta e a menor dose ndo deve apresentar quaisquer efeitos toxicos (OECD 407, 1995).

A observacdo e a administracdo da dose aos animais devem ser feitas pelo menos uma
vez por dia, no mesmo horario, sendo registrada qualquer alteracdo de comportamento, sinais
de toxicidade, morbidade e mortalidade causados pela administracdo da substéncia. Os sinais
anotados devem incluir alteragdes na pele, olhos, mucosas, ocorréncia de secregdes, excrecoes
ou atividade auténoma (por exemplo, lacrimacdo, erecdo pilosa, alteracbes nas pupilas e
respiracdo anormal). Alteragbes da atitude, postura e reacdo a manipulacdo, além da
ocorréncia de movimentos tonicos ou clonicos, estereotipias (por exemplo, de higiene
excessiva) ou estranhos (automutilagdo, andar para tras) também devem ser registrados. Todos
0s animais devem ser pesados pelo menos uma vez por semana. As medi¢des do consumo de
alimentos devem ser realizadas pelo menos semanalmente. Se a substancia for administrada
através da agua de beber, o consumo de &gua também deve ser medido pelo menos
semanalmente.

Além disso, no final do periodo de ensaio, varios parametros devem ser analisados,
dentre eles parametros hematolégicos como hematdcrito, hemoglobina, contagem de
eritrocitos, contagem total e diferencial de leucdcitos e contagem de plaquetas. Analises
bioquimicas como glicose, colesterol total, triglicerideos, ureia, creatinina, pelo menos, duas
enzimas indicativas dos efeitos hepatocelulares (tais como alanina aminotransferase (ALT),
aspartatoaminotransferase (AST) e fosfatase alcalina) entre outros. Determinagdes destinadas
a investigar os principais efeitos toxicos nos tecidos, especificamente, os efeitos sobre rins e
figado, devem ser realizados em amostras de sangue. Exame histopatologico deve ser
realizado sobre os 6rgdos e tecidos de todos os animais do grupo controle e da dose mais alta.
Estes exames devem ser realizados em todos os outros animais dos grupos que receberam
dosesmenores se as mudancas relacionadas ao tratamento sdo observadas no grupo que

recebeu a dose mais elevada.
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1.2 Tiossemicarbazonas

Nos Gltimos anos tem-se verificado um grande avanco cientifico envolvendo os estudos
quimicos e farmacoldgicos de compostos sintetizados em laboratdrio que visam obter novos
compostos com propriedades terapéuticas. Isto pode ser claramente observado pelo aumento
de trabalhos publicados nesta area. Existem varios trabalhos enumerando os beneficios de
compostos semicarbazonas e tiosemicarbazonas. Semicarbazonas e tiossemicarbazonas(figura
2) apresentam uma ampla gama de atividades bioldgicas, e sua composicdo quimica e
aplicacdes farmacologicas tém sido amplamente estudadas. Este interesse pode ser atribuido a
fatores significativos, tais como a sua grande utilidade farmacoldgica, incluindo a atividade
antimicrobiana (KASUGA, 2003),antitumoral (BERALDO, 2004; FEUN, 2002), antiviral
(TEITZ, 1994), antiprotozoaria (BHARTI, 2002), citotoxica (KARAH, 2002), dentre
outras(PRATHIMAEet al. 2010).

X=8§,0
R, R;, R;, R3 = H, grupos alquila ou arila

Figura 2 - Estrutura genérica de semicarbazonas e tiossemicarbazonas

Apesar da ampla versatilidade farmacoldgica desses compostos como uma classe,

especificidades estruturais podem levar a manifestacdo de atividades especificas. Para 0s
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complexos metalicos, em alguns casos é possivel modular a atividade através do desenho do
ligante. A sua capacidade de quelar ions de metais dependente da presenca do sistema de
coordenacao tridentado de N, N, S (doador leve) (DECONTI et al., 1972; YUet al. 2009;
KALINOWSKI & RICHARDSON, 2005; BERALDO, 2004) De modo geral pode-se dizer
que tiossemicarbazonase semicarbazonasagem, seja como inibidores de enzimas, atraves da
complexacdo de metais endogenos ou através de reagdes redox, seja atraves de interacdes com
0 DNA e da inibicdo da sintese de DNA. Esta propriedade confere as tiossemicarbazonas a
possibilidade de serem aplicadas na busca por novas substancias terapéuticas em diversos
campos de pesquisa(BERALDO, 2004; KALINOWSKI & RICHARDSON, 2005;
PEDRIDO, 2008), sendo as atividades antitumorais e antiprotozodrias as que aparecem, sem
davida, como as mais relevantes (TENORIO et al. 2005).

Em alguns estudos demonstrou-se quecompostos derivados das tiossemicarbazonas
foram capazes de proteger e reativar acetilcolinesterase e a butirilcolinesterase inibida
por organofosforados (BARCELOS et al., 2012; WOREK et al., 2004). E pode-se
observar atividade antioxidante e anti-inflamatdria em intoxicages por metais pesados como
cadmio (FREITAS et al., 2012). Além disso, estudos relatam atividade scavenger de radicais
livres, podendo ser atribuidos também a esses compostos a propriedade antioxidante
(PRATHIMA et al., 2010).

No entanto, suas propriedades redox tém sido controversas,alguns estudos relatam que
as tiossemicarbazonas sé&o compostos antioxidantes (GHOSH et al.,, 2009), enquanto
outros relatam que elas sdo compostos oxidativos (KARATAS et al., 2006). Do ponto de vista
sintético, estas moléculas apresentam baixo custo de sintese, além de grande economia
dedtomos,uma vez que, com excecdo da agua que é liberada na sua sintese, todos 0s

outros &tomos dos compostos reagentes estardo presentes na molécula final (DU et al., 2002).

1.2.1 Salicilaldeido-4-feniltiossemicarbazona (SPTS)

O composto SPTS (figura 3) é um composto pertencente a classe das
tiossemicarbazonas, classe que vem sendo amplamente estudada por apresentardiversas
atividades farmacoldgicas. Dessa forma torna-se importante avaliar a toxicidade do composto

em mamiferos.
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Figura 3 - Estrutura quimica do compostoSPTS.

Em estudos anteriores do nosso grupo de pesquisa com o composto SPTS, observou-se
a sua atividade antioxidante contra a oxidacdo de lipoproteina de baixa densidade (LDL) e
soro induzidas por Cu®* e 2,2’-azobis(2-metilpropionamidina) dihidrocloreto. O composto
também apresentou significativa atividade scavenger de radicais e preveniu a formacéo de
substancias reativas ao acido tiobarbitdrico induzidas por nitroprussiato de sodio em
diferentes tecidos de ratos (figado, rim e cérebro). Estes resultados foram sugestivos do efeito
antioxidante do SPTS que pode ser causado pela combinacdo de uma possivel atividade
quelante do composto e a atividade scavenger de radicais livres (dados ndo publicados).

Sabe-se que tiossemicarbazonas derivadas da piridina, que contém o sistema quelante
tridentado (N-N-S), como por exemplo o SPTS, sdo mais ativas como antitumorais que 0s
derivados bidentados (N-S). Sabe-se ainda que tiossemicarbazonas com grupos volumosos no
nitrogénio terminal apresentam maior atividade antitumoral do que aquelas ndo substituidas
(BORGES, 1997). Em um estudo realizado por Divolic et al. (2008), onde compostos
tiossemicarbazonas foram testados contra cinco linhagens celulares derivadas de carcinoma
diferentes, pode-se verificar que o composto SPTS apresentou atividade antiproliferativa

perceptivel, quando comparada com outros compostos diferentemente substituidos.

1.3 Radicais livres, Estresse oxidativo e defesas antioxidantes
131 |

Os radicais livres de oxigénio (RLO) sdo produzidos naturalmente em nosso

organismo através de processos metabolicos oxidativos e, muitas vezes, sdo de extrema
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utilidade, como nas situacGes em que ha necessidade de ativacdo do sistema imunoldgico
(como exemplo, os macréfagos utilizam o perdxido de hidrogénio para destruir bactérias e
outros elementos estranhos); na desintoxicacdo de drogas; e na producdo do fator relaxante
derivado do endotélio, o Oxido nitrico, extremamente importante nos processos que
desencadeiam o relaxamento dos vasos sanguineos (MONCADA & HIGGS, 2001).

Espécies reativas sdo espécies quimicas que geralmente apresentam um elétron
desemparelhado na sua Orbita externa. Estas moléculas, também chamadas de radicais livres,
caracterizam-sepor serem instaveis e por terem um tempo de vida muito curto, o que as
tornam altamente oxidantes. Todosos organismos aerdbicos produzem continuamente
espécies reativas de oxigénios (EROs) e/ ou espécies reativas de nitrogénio (ERNS)
durante os seus processos metabdlicos. Entre as espécies quimicas geradas, se destacam o
anion superoxido, o peroxido de hidrogénio, o déxido nitrico e o radical hidroxila
(FREI, 1994; FINKEL & HOLBROOK, 2000). Em condi¢des fisiologicas, tais
espéciessao detoxificadas por um sistema antioxidante complexo presente nas células,
composto por antioxidantes enzimaticos (ex: catalase, glutationaperoxidase e superoxido
dismutase) e antioxidantes ndoenzimaticos (ex: Vitamina A, C, E eGlutationa)
(NORDBERG & ARNER, 2001; KOHEN & NYSKA, 2002)

1.3.2 Estresse oxidativo

O termo estresse oxidativo € utilizado em circunstancias nas quais a acdo das espécies
reativas resulta em dano tecidual ou na producdo de compostos toxicos ou danosos aos
tecidos. Pode-se dizer que um organismo encontra-se sob estresseoxidativo (EO) quando
ocorre um desequilibrio entre os sistemas pré-oxidantes e antioxidantes, de maneira que 0s
primeiros sejam predominantes (SIES, 1986). Um dos principais mecanismos de lesdo € a
lipoperoxidagéo (LPO), ou seja, a oxidagdo da camada lipidica da membrana celular. Além
disso, 0 EO pode gerar danos a proteinas e ao DNA, provocando diversas alteragdes na fungédo
celular e, portanto, tecidual (SCHNEIDER & OLIVEIRA, 2004).

1.3.3Peroxidacdo lipidica
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As membranascelulares consistem em um envoltério composto por fosfolipidios e
proteinas, as quais sdo encontradas em todas as células vivas. Esta membrana é composta por
uma dupla camada de fosfolipidios, que apresentam uma cabeca polar e duas caudas
hidrofobicascompostas por &cidos graxos, que podem apresentar uma ou mais duplas
ligagdes (insaturagdo) (HALLIWELL & GUTTERIDGE, 1989).|

Quando ocorre um desequilibrio metabdlico, as EROs atacam o0s &cidos graxos
insaturados das membranas celulares num processo chamado peroxidacdolipidica. Este
mecanismo resulta em modificacdo nos lipideos de membrana e esta perde suas caracteristicas
arquitetonicas, tornando-se mais firme e menos flexivel. Com isso criam-se fendas ibnicas,
que alteram a permeabilidade da membrana e favorecem o fluxo indiscriminado de
metabolitos e detritos celulares. Este desequilibrio hidroeletrolitico leva a ruptura e lise com
necrose (JOSEPHY, 1997; TIMBRELL, 2000).

A peroxidacao lipidica ocorre por meio de uma série de reacdes em cadeia (figura 4)
que sdo divididas em trés etapas: iniciacdo, propagacdo e terminacdo. Decorrente da
peroxidacaolipidica ocorrea formacdo de hidroperdxidos lipidicos e produtos secundarios
da oxidag&o, incluindo peroxidos ciclicos como o malondialdeido (MDA) (JANERO, 1990).
O MDA por sua vez pode ser detectado e analisado em amostras bioldgicas através do método
de determinacéo de EspéciesReativas ao Acido Tiobarbitdrico (TBARS) descrito por Ohkawa
e colaboradores (1979), onde o MDA reage com o acido tiobarbitarico (TBA) para formar um
complexo colorido (TBA-MDA), o qual pode ser quantificado espectrofotometricamente,
sendo este teste bastante utilizado para quantificar a peroxidacdo lipidica, que é um dos

principais marcadores de EO.



24

Pl N N

1* He Sequestro de Hidrogénio

INICIACAO
l Rearranjo Molecular
N Vo e/ N/
Incorporagao de Oxigénio
0
He Absorcao de H de outro acido graxo
TERMINAGAO

3

Hidroperdxido de lipidico

Fragmentacdo de
Perdxido Ciclico > awg;dos .

Endoperdxido Ciclico (malondiaideido)

Figura 4 - Etapas da peroxidac&o lipidica (adaptado de HALLIWELL& GUTTERIDGE,1989).

1.3.4 Mecanismos de defesa antioxidante

A célula possui uma série de defesas capazes de evitar o efeito deletério destas EROs.
Estas defesas sdocomumente chamadas de defesas antioxidantes, e podem ser produzidas
endogenamente ou adquiridas pela dieta (HALLIWELL & GUTTERIDGE, 2007). Os
organismos possuem um complexo sistema de defesa antioxidante, com uma parte enzimatica
e umanéo-enzimatica, que agem de forma conjunta e dindmica em sua defesa. Entre as
principais defesas antioxidantes ndo-enzimaticas da célula estdo o acido ascorbico,
carotendides, flavonoides, pigmentos biliares, urato e a glutationa reduzida (GSH),
todos sendo estabilizadores de radicais. AGSHtem papel importantissimo, pelo seu

grupamento tiol (SH), atua contra a formacédo de radicais livres, na homeostase tidlica, na
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manutencdo do balango redox da célula e na defesa contra agentes eletroliticos (REISCHL et
al., 2007).

As defesas antioxidantes enzimaticas também s8o fundamentais. Entreas principais
estdo as enzimas catalase (CAT) e a glutationa-S-transferase (GST). A CAT age decompondo
diretamenteoH,O, em &gua e O,, o qual resulta da dismutacdo do O2--(NIKI, 2004;
STOCKER & KEANEY-JR, 2004). AGST é uma enzima responsavel pela conjugacéo
de xenobidticoseletrofilicos com a GSH, reduzindo sua toxicidade, além de torna-los
mais hidrofilicos, permitindo que o sistema de transporte elimine estes conjugados para
0 meio extracelular, metabolizados pela via do &cido mercaptirico (BUCHELI & FENT,
1995). A GSH formada pelos aminoacidos glicina, cisteina e glutamato, é o cofator para a
GST. AGST e consideradaa principal enzima detoxificante da fase 11, esta desempenha papel
fisiol6gico na iniciacdo da detoxificacdo de xenobidticos através de reacdo de conjugacgdo
destes com a GSH, tornando os produtos da reacdo menos tdxicos e hidrossoluveis,
facilitando a excrecdo (LAM et al., 1982; LAM et al., 1994; WATTENBERG, 1983;
WHEATLEY etal., 1994).
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11 OBJETIVOS

2.1 Objetivo geral

Avaliar a toxicidade in vitro e in vivo do compostosalicilaldeido-4-

feniltiosemicarbazona(SPTYS).

2.2 Objetivos especificos

Tendo em vista que ndo existem estudos de toxicidade sobre o composto, este trabalho

tem como objetivos especificos:

2.2.1 Avaliar a toxicidade in vitro do composto SPTS, através do ensaio das
Artemias salinas, atividade da enzima 6-ALA-D e testes de cito e genotoxicidade.

2.2.2 Avaliar a toxicidade aguda do composto SPTS em ratos, através de parametros
hematoldgicos, bioquimicos e de estresse oxidativo

2.2.3 Avaliar a toxicidade subaguda do composto SPTS em ratos, através de

parametros hematoldgicos, bioquimicos, de estresse oxidativo e comportamentais.
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11 MANUSCRITO

Os itens Materiais e Metodos, Resultados, Discussdo dos Resultados, e
Referéncias Bibliograficas encontram-se no préprio manuscrito. O manuscrito esta disposto

da mesma forma que sera submetido para avaliacdo na revista Journal of Applied Toxicology.
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3.1 Manuscrito

Teixeira, T.P.}, Fleck, M.A., Pagliarini, P.!; Freitas, M.L.}; Moreira, L.R'.; Brum, E.;
Campos, M.M.A’; Barbisan, F?; Teixeira, C.F.%, Cruz, I.B.M?; Soares, F.A.A.%; Brezolin, L.*;
Branddo, R.°

O presente artigo sera submetido ao periodico JournalofAppliedToxicology.
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Abstract

The compound salicylaldehyde-4-phenylthiosemicarbazone (SPTS)belongs to the class of
thiosemicarbazone.This compound possess considerable scientific interest because of their
important biological and chemical properties, such as antitumor and antioxidant and, thus,
previous studies to assess the toxicity of SPTS are necessary.In the present study,in vitro
assays were verified, such as Saline Arteminas test, to determine the median lethal
concentration (LCso) of the compound, as well as determination of -aminolevulinate
dehydratase.We also performed the 3-[4,5dimethylthiazol-2-yl]-2,5-diphenyltetrazolic
bromide (MTT) reduction test and PicoGreen assay, in order to check the cell viability and the
presence of doublestrand (dsDNA) fragments indicating cytotoxicity and genotoxicity,
respectively.Acute and subacute toxicological tests were performed also, in vivo, to evaluate
oxidative parameters in brain, kidney, and liver tissue, as well as hematological and
biochemical analysis.In addition, behavioral parameters were analyzed in subacute protocol.
The LCs resulted in a value considered biologically active (69,11ug/ml), confirming the in
vitro toxicity of the compound. In the MTT and PicoGreen assays, we verified that SPTS, at
100 uM, presented citotoxic and genotoxic effects. The results of acute studies demonstrated
an estimated median lethal dose (DLsp) between 50-300 mg/kg.In the studies of sub-acute
toxicity, we verified that SPTS induced oxidative alterations in liver, kidney and brain of rats.
Behavioral alterations and hypertriglyceridemia were observed also.Thus, in this study we
verified toxic effects of SPTS in vitro, highlighting the citotoxic and genotoxic effects. In
addition, significant toxic effects were observed in subacute exposure protocol, such as

changes in lipid profile and in oxidative and behavioral parameters.
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1 Introduction

Semicarbazones and thiosemicarbazones present a wide range of bioactivities, and
their chemistry and pharmacological applications have been extensively investigated. This
interest can be attributed to significant factors, such as its extensive pharmacological utility,
including antimicrobial and antineoplasic activity (Beraldo, 2004), as well as versatility as a
binder, which enables it to rise to a wide variety of forms of coordination (Pedrido, 2008). In
fact, the thiosemicarbazones are excellent chelators of transition metals such as iron, copper
and zinc (DeConti et al. 1972). Its ability to chelate metal ions is dependent on the presence of
coordination system tridentate N, N, S (mild donor) (Yu et al. 2009) therefore the ability to
chelate metals isan attractive strategy in developing drugs (Kalinowski et al. 2005). Moreover,
studies have reported scavenger activity free radical, which may also be attributed to the

antioxidant properties of these compounds (Prathima et al. 2010).

The compound salicylaldehyde-4-phenylthiosemicarbazone (SPTS; Figure 1) was
recently synthesized, therefore, little is known about its pharmacological and toxicological
properties. In previous studies with the compound SPTS, it was noted their antioxidant
activity against the oxidation of low-density lipoprotein (LDL) cholesterol and serum induced
by Cu®*and 2,2 '-azobis (2-etilpropionamidina) dihydrochloride (AAPH) (Barceloset al.,
2011). This compound also showed significant activity free radical scavenger (Zhonget al.,
2010). These results are suggestive that the SPTS antioxidant effect may be caused by a
possible combination of thechelating activity and free radicals scavenger activity.In addition,
Divolic et al. (2008) verified that SPTS presented anti proliferative effects against five

different cell lines derived from carcinomas.
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The guideline of Organization for Economic Cooperation and Development(OECD)
423 stipulates a stepwise procedure with the use of 3 animals of a single sex per step.
Depending on the mortality and/or the moribund status of the animals, on average 2-4 steps
may be necessary to allow judgement on the acute toxicity of the test substance (OECD,
2001). The OECD 407 stipulates the evaluation of toxicological effects after repeated
exposure to test substance. The duration of exposure should normally be 28 days although a
14-day study may be appropriate in certain circumstances. Behavioural, biochemical and
hematological analyses are recomended to assess the subacute toxicity of compound (OECD,
1995). Thus, the aim of this study was evaluated the in vitro, acute and sub-acute toxicity of

SPTS, through behavioural, hematological, biochemical and oxidative parameters.

2 Material and methods
2.1 Animals

Adult male Wistar rats from our own breeding colony (250-350g) were used. The
animals were kept on a 12 h light/dark cycle, with lights on at 7:00 a.m., at a room
temperature of 22 + 2 ‘C, with free access to food (Guabi, RS, Brazil) and water. Animals
were used according to the guidelines of the Committee on Care and Use of Experimental
Animal Resources, the Federal University of Santa Maria, Brazil. The number of approval

protocol is 111/2014.

2.2 Chemicals
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The compound was prepared by a mixture of equimolar amounts of salicylaldehyde
and 4-phenylthiosemicarbazone described by Klayman et al. (1979). Spectralanalysis of SPTS

was proposed in a previous article (Seena et al., 2008).

2.3In vitro experiments

To &-aminolevulinate dehydratase activity, thiol oxidase, Artemia salina, 3-
[4,5dimethylthiazol-2-yl]-2,5-diphenyltetrazolic bromide(MTT) reduction and PicoGreen

assay,we used ethanol 100% as vehicle.

2.3.1 SAminolevulinate dehydratase (5-ALA-D) activity

Three untreated ratswere sacrificed by dislocation of the cervical spine and were
removed theirs kidneys, liver and brain. The tissue samples were homogenized in 50
mMTris/HCI, pH 7.4 (1/10, w/v) and centrifuged at 2.400xg for 10 min to obtain the
supernatants.The activity of the enzyme 3-ALA-Dwas evaluated through method of Sassa
(1989), by measuring the rate of product porphobilinogen (PBG) formation, except that 100
mM potassium phosphate buffer, pH 6.8 and 2.4 mM of aminolevulinic acid (ALA) were
used (Barbosa et al. 2008). An aliquot of 200 ul of S; was incubated, in the presence of
different concentrations of SPTS (50, 100, 200, 300 and 400 puM), at 37°C for 60 min for the
liver and kidney, and 180 min for brain. The reaction product was determined using modified

Ehrlich’s reagent at 555 nm. 3-ALA-D activity was expressed as nmol PBG/mg protein/hour.

2.3.2Thiol oxidase activity
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The rate of thiol oxidation was determined in the presence of 50 mMTris—HCI, pH 7.4,
and SPTS at different concentrations (50-400 uM). Incubation at 37 °C was initiated by the
addition of the thiol compound: reduced glutathione (GSH) (10.0 mM). At 120 min, aliquots
of the reaction mixture (200 ul) were checked for the amount of —SH groups at 412 nm. The
rate of thiol oxidation was evaluated by measuring the disappearance of —SH groups. Free-SH

groups were determined according to Ellman (1959). Results were reported as % of control.

2.3.3Artemiasalina lethality test

Different concentrations of the compound (50, 100, 200, 300 and 400 puM) were
evaluated in the brine shrimp larvae lethality assay, based on procedure described by Meyer et
al. (1982). Briefly, dried shrimp eggs were obtained in saline medium (35 g of sea salt, pH
8.0), under controlled conditions of aeration and lighting. After 24 h of hatching, the larvae
(10 per vial) were transferred to 10 ml vials containing the extract dilutions and saline
solution, the number of survivors was counted after 24 h of incubation and the percentage of
death calculated, were performed double of each concentration. The number of dead larvae
was recorded and used to calculate the 50% lethal concentration (LCso) by trimmed

Spearman-Karber, the conventional Spearman-Karber method is described in Finney.

2.3.4 Peripheral blood mononuclear cells (PBMCs)in vitro culture
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The human blood samples were collected from people in our research group by
venipuncture using heparinized vials and then transferred to tubes with Ficoll histopaque
(1:1). The tubes were centrifuged for 30 min at 252xg and PBMCs were positioned in the
interfase, PBMCs were centrifuged again (10 minutes at 2000 rpm) and transferred to culture
medium containing 1 ml RPMI 1640 (GIBCO) with 10% fetal calf serum (FCS) and 1%
penicillin/ streptomycin. Culture tubes for each subject were prepared at a final concentration
of 1x10° cells/mL. The PBMC cultures were incubated at 37°C and 5% CO, for 24 h before
performingthe experiments.The concentrations of the SPTS compound used for the PBMC
viability assays and Double-stranded DNA (dsDNA) levels cytotoxicity assay were: 5, 10,

30and 100 pM.

2.3.4.1 Cell viability assays

The MTT bioassay was performed to monitor cell viability. The MTT assay is based
on the cleavage of tetrazolium salts via the activity of mitochondrial succinate dehydrogenase
in metabolically active cells that yield a colored formazan product (Mosmann, 1983).Briefly,
treated cells were incubated for 4 h with MTT reagent. After the formazan salt was dissolved,
the absorbance was measured at 570 nm. The cells were photographed before the addition of
DMSO in order to observe the formazan crystals. The MTT assay was performed using a 96-
well plate in three independent replications. The results were expressed as a percentage of the
untreated control values. Since the conversion takes place in living cells, the amount of

formazan produced directly corresponds to the number of viable cells.

2.3.4.2Double-stranded DNA (dsDNA) levels genotoxicity assay
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The PicoGreen fluorescence assay measures the presence of dsDNA fragmentation,
which is also an indicative of cytotoxicity (Swarup et al., 2011). To evaluate the cytotoxic
effect of SPTS in PBMCs in vitro culture, the presence of double-stranded DNA (dsDNA) in
supernatant was determined, using a Quant-IT TM PicoGreen® dsDNA kit (Invitrogen-Life
Technologies) according to manufacturer's instructions. Briefly, the assay is based on
quantifications of cell death. Because of that, when the cell dies the membrane is disrupted
and dsDNA fractions are released into the extracellular medium (Swarup et al., 2011). The
DNA PicoGreen® dye presents high affinity with the dSDNA and is able to quantify the
dsDNA released. In relation to the dsDNA, it was measured by using 50 ul of the sample and
50 wl of the DNA PicoGreen® dissolved in TE buffer, 1x (1:1; v/v), following the
incubationfor 5 min in a dark room. The fluorescence was measured at an excitation of 485

nm and an emission of 520 nm recorded at room temperature.

2.3 Invivo experiments

2.5.1 Acute exposure

Initially, the estimated LDso was determined by test procedure with a starting dose of
300 mg/kg subcutaneous injection(s.c.) body weight, following determinations of OECD 423.
The animals that received 300 mg/kg presented evident signals of toxicity and were sacrificed
as recommended by the OECD. As there was no mortality and no apparent signs of toxicity at
50 mg/kg, the SPTS was classified in category 3, with a LDsy of 50-300mg/kg (Figure

2).Thus, the dose of 50 mg/kg was used to further analysis.

Following determinations of OECD 423, six rats were assigned uniformly to

twogroups tagged as vehicle (ethanol 100%, 1mL/kg body weight), and 50mg/kg body weight
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of SPTS. The rats weresubjected to fasting throughout the night (food but notwater was

absent)
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before death. The animals received a single subcutaneous injection of SPTS and were
sacrificed after 14 days by cardiac puncturefrom the left ventricle of the heart. Blood samples
were collected with or without anticoagulant (EDTA). The blood samples, without
anticoagulant, were centrifuged for 10 min at 2.400xg and, thus, serum was obtained.
Hematological analysis were performed,in total blood samples with anticoagulant EDTA, in
automatic counter veterinary Mindray BC 2800.Subsequently, were removed kidney, liver
and brain of rats. The tissue samples were homogenized in 50 mMTris/HCI, pH 7.4 (1/10,
w/v) and centrifuged at 2.400xg for 10 min. The low-speed supernatants (S;) were separated

and used for biochemical analyses.

2.5.2 Subacute exposure
Following determinations of OECD 407, twenty-two rats were divided into four
groups (5-6 animals per group). They received a subcutaneous injection/day during 14 days of

SPTS (dissolved in ethanol at 50%) or vehicle.

The exposure protocol is given below:

Group 1: ethanol at 50%; 1mL/kg body weight (s.c.)

Group 2: 5 mg/kg body weight of SPTS (s.c.)

Group 3: 10 mg/kg body weight of SPTS (s.c.)

Group 4: 20 mg/kg body weight of SPTS (s.c.)

After the last administration, on the fourteenth day, we performed the open field test

(OFT) in the rats, to assess the possible effects of SPTS on the locomotor and exploratory
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activities. The floor of the OFT, 45 cm in length and 45 cm in width, was divided by masking
tape markers into 09 squares (three rows of three). Each animal was placed individually at the
center of the apparatus and observed for 5 min to record the locomotor (hnumber of segments
crossed with the four paws) and exploratory activities (expressed by the number of time
rearing on the hind limbs) (Walsh and Cummins, 1976). In addition, the body weight gain was
verified, where the animals were weighed at the beginning and at the end of treatment. On the
fifteenth day, the animals were sacrificed and the blood, liver, kidney and brain were

collected. The samples preparation was conducted in accordance with item 2.4.1

2.4 Parameters used in the experiment in vivo

2.6.1 o-aminolevulinate dehydratase (5-ALA-D) activity
d-ALA-D activity was assayed according to the method of Sassa (1989), which was

described in item 2.3.1, without adding SPTS to the incubation medium.

2.6.2 Catalase (CAT) activity

The activity of CAT was assayed spectrophotometrically by the method of Aebi et al.
(1995), which involve monitoring the disappearance of H,O, in the presence of cell
homogenate at 240 nm. Enzymatic reaction was initiated by adding an aliquot of 20 pl of the
S1 and the substrate (H,O,) to a concentration of 0.3 mM in a medium containing 50 mM
phosphate buffer, pH 7.0. The enzymatic activity was expressed in Units (1 Unit decomposes

1 umol of H,O, per min at pH 7 at 25 °C).mg protein™.



39

2.6.3 Glutathione S-transferase (GST) activity

GST activity was assayed spectrophotometrically at 340 nm by the method previously
described by Habig (1974). The reaction mixture contained an aliquot of S1, 0.1 M potassium
phosphate buffer pH 7.4, 100 mMMGSHand 100 mM of 1-chloro-2,4-dinitrobenzene (CDNB).

The enzymatic activity was expressed as umol CDNB conjugated.min™.mg protein™.

2.6.4 Ascorbic acid levels

Ascorbic acid determination was performed as described by Jacques-Silva et al.
(2001). S1 was precipitated in 10 volumes of a cold 4% trichloroacetic acid solution. An
aliquot of homogenized sample (300 pl), in a final volume of 1 ml of the solution, was
incubated at 38 °C for 3 h, then 1 ml H,SO, 65% (v.v') was added to the medium. The
reaction product was determined using color reagent containing 4.5 mg.ml™ dinitrophenyl
hydrazine and 0.075 mg/ml CuSQO,4. The ascorbic acid levels were expressed in pug AA.g

tissue™.

2.6.5 Non-protein thiols (NPSH) levels

NPSH levels were determined by the method of Ellman (1959). To determine NPSH,
S1 was mixed (1:1) with 10% trichloroacetic acid. After the centrifugation, the protein pellet
was discarded and free thiols (-SH) groups were determined in the clear supernatant. An
aliquot of supernatant was added in 1 M potassium phosphate buffer pH 7.4 and 10 mM(5,5'-
dithiobis-2-nitrobenzoic acid) DTNB. The color reaction was measured at 412 nm. NPSH

levels were expressed as pmolNPSH.g tissue™.
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2.6.6 LipidPeroxidation levels

The levels of lipid hydroperoxides (LOOH) were measured by FOX assay. The tissue
homogenate was added to a test tube together with the FOX reagent (88 mg of butylated
hydroxy toluene, 7.6 mg xylenol orange and 9.8 mg of ammonium iron(ll) sulfate in 90 ml
methanol and 10 ml of H,SO,). According to the method of Manna et al. (2008) modified, the
mixed was incubated at 37°C for 30 min, after was centrifuged at 2.400xg for 10 min and the

absorbance of the supernatant was read at 560 nm.

2.6.7 Protein levels quantification

Protein concentration was measured by the method of Bradford (1976), using bovine

serum albumin (1 mg.ml™) as the standard.

2.6.8Serum biochemical parameters

Serum creatinine,triglycerides and cholesterol levelswere measured using commercial
Kits of Gold Analisa, Diagnostica LTDA, Minas Gerais, Brazil. Serum ureia levels and
alanine aminotransferase (ALT) and aspartate aminotransferase (AST)were measured using

commercial Kits of Wiener Laboratdrios S.A.1.C, Rosario, Argentina.

2.6.9 Hematological Analysis

For the hematological analysis (mensuration of hemoglobin, erythrocytes, hematocrit,

platelet and total leukocyte count),the blood samples with anticoagulant (EDTA at 10%),
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were separed without preliminary preparation to measurement in automatic counter veterinary

Mindray BC 2800.

2.7 Statistical Analysis

All experimental results are given as the mean (s) + standard derivarion
(S.D.).Thestatistical analysiswas performed usingOne-way (ANOVA) followed by the
Duncan’s testwhen appropriate.p values< 0.05wereconsidered significant.To assays of MTT
and dsDNA levels, the statistical analysis was performed using One-way (ANOVA) followed
by the Dunnet post hoc test.The results with p < 0.05 were considered significant. The data
were pooled fromthree independent experiments, and the results were expressedas the

meanzS.D.

3 Results

3.1 In vitro experiments

The results showed that hepatic, renal and cerebrald-ALA-D activities were not
inhibited by SPTS, at concentrations used. Moreover, SPTS did not present thiol oxidase
effect in this protocol (data not shown).The results obtained in Artemiasalina test showed a
LCso = 69,11 pg/ml.

In relation to cytotoxicity assays, we can check a significant decrease (~21%) in cell
viability, at the concentration of 100uMof SPTS, compared to the control in the MTT assay
(Figure 3). We demonstratedalso a significant increase (~21%) in dsDNA levels, at 100 uM,

when compared to the control group (Figure 4).
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3.2 In vivo experiments

3.2.1 Acute exposure

Initially, the estimated LDso was determined by test procedure with a starting dose of
300 mg/kg body weight. The animals that received 300 mg/kg presented evident signals of
toxicity and were sacrificed. As there was no mortality and no apparent signs of toxicity at 50

mg/kg, the SPTS was classified in category 3, with a LDsg of 50-300mg/Kkg.

Hepatic, renal and cerebral GST, 6-ALA-D and CAT activities were not modified in
rats exposed to 50 mg/kg of SPTS (data not shown). We did not verify also significant
changes in NPSH and lipid peroxidation values in all tissues analyzed.The results showed that
renal and cerebral ascorbic acid levels were not modified, while that hepatic ascorbic acid
levels were increased (~15%) in animals exposed to SPTS at 50 mg/kg, when compared to the

control group (data not shown).

Biochemical parameters (creatinine, ureia, triglycerides and cholesterol levels) and
hematological parameters (mensuration of hemoglobin, erythrocytes, hematocrit, platelet and
total leukocyte count) were not modified in rats exposed to 50 mg/kg of SPTS (data not

shown).

3.2.2Sub-acute exposure

3.2.2.15-ALA-D activity

Hepatic, renal and cerebrald-ALA-D activities were not modified by SPTS at all dose

used (data not shown).
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3.2.2.2 CAT activity

Hepatic and renal CAT activities were not modified in rats treated with SPTS.
However, rats exposed to SPTS at 20 mg/kg presented an increase (~32%) in cerebral CAT

activity, when compared with those of the control group(p<0,05) (data not show).

3.2.2.3 GST activity

Rats exposed to SPTS at 10 and 20 mg/kg presented aninhibition (~57% and 37%,
respectively) in hepatic GST activity, when compared with those of the control group(p<0,05)
(Figure 5A). Rats exposed to SPTS at 20 mg/kg presented an increase (~48%) in renal GST
activity, when compared to the control group(p<0,05) (Figure 5B). Cerebral GST activity was
also increased by SPTS administration, in rats that received 10 and 20 mg/kg (~46% and 73%,

respectively), when compared to the control group(p<0,05) (Figure 5C).

3.2.2.4Ascorbic acid levels

Animals exposed to 5, 10 and 20 mg/kg of SPTS presented an increase (~97%, 92%
and 115%, respectively) in hepatic ascorbic acid levels, when compared with those of the
control group(p<0,05) (Figure 6A). In contrast, renal ascorbic acid levels were not modified
in rats exposed to SPTS (Figure 6B). Rats exposed to SPTS at 10 and 20 mg/kg presented an
increase (~26% and 25%, respectively) in cerebral ascorbic acid levels, when compared to the

control group(p<0,05) (Figure 6C).

3.2.2.5 NPSH levels
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Hepatic NPSH levels were not modified in rats exposed to SPTS (Figure 7A).
However, rats exposed to SPTS at 10 and 20 mg/kg presented an increase (~36% and 44%,
respectively) in renal NPSH levels, when compared to the control group(p<0,05) (Figure 7B).
Rats exposed to SPTS at 5, 10 and 20 mg/kg presented an increase (~150%, 153% and 156%,
respectively) in cerebral NPSH levels, when compared with those of the control

group(p<0,05) (Figure 7C).

3.2.2.6 LipidPeroxidation levels

Rats exposed to SPTS at 20 mg/kg presented an increase in hepatic(~88%) (Figure
8A)and renal (~32%) (Figure 8B) lipid peroxidation levels, when compared with those of the
control group(p<0,05). Rats exposed to SPTS at 5, 10 and 20 mg/kg presented an increase
(~35%, 72% and 74%, respectively) in cerebral lipid peroxidation levels, when compared to

the control group(p<0,05) (Figure 8C).

3.2.2.7Serum biochemical parameters

One-way ANOVA revealed that serum ALT and AST activities and creatinine,ureia,
and cholesterol levels were not modified in rats treated with SPTS (data not shown).In
contrast, the results demonstrated that rats exposed to SPTS, at 20 mg/kg, presented an
increase (~40%) in triglycerides levels, when compared to the control group(p<0,05) (Figure

9).

3.2.2.8 Body weight gain
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Rats exposed to SPTS at 20 mg/kg presented a decrease (~34%) in body weight gain,

when compared with those of the control group(p<0,05) (Figure 10).

3.2.2.90pen Field

Number of rearings was not modified after SPTS exposure. Rats exposed to SPTS at
10 and 20 mg/kg presented a decrease(~31% and 32%, respectively) in number of crossings,

when compared to the control group(p<0,05) (Figure 11).

3.2.2.10Hematological Analysis

Hematological parameters (mensuration of hemoglobin, erythrocytes, hematocrit,

platelet and total leukocyte count) were not modified in rats treated with SPTS (Table 1).

4 Discussion

The evaluation of toxicity is necessary for predicting the possible adverse effects that
can manifest when have human exposure to a particular chemical. For this reason, these
studies are always required in research processes, and animal models can be used for this
purpose (Koeter, 1993; Ecobichon, 1997; Stokes, 2002; Meyer, 2003). The thiosemicarbazone
derived from pyridine and containing tridentate chelating bulky groups on the terminal
nitrogen. The action mechanism of the biological thiosemicarbazone, in many cases, involves
metal complexes of these compounds. Moreover, in some cases the complex is more active

than the free ligand (Rigol et al., 2005).
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In our study, the compound belonging to the thiosemicarbazone class, SPTS, showed
no changes in the in vitro activity of the enzyme & -ALA-D at concentrations of 50-400 puM.
The 3-ALA-D is a marker of toxicity, that catalyzes the condensation of two molecules of
delta-aminolevulinic acid to form porphobilinogen, a precursor of heme (Jaffe,
1995).Inhibition of 6-ALA-D may adversely affect the heme biosynthetic pathway which, in
turn, may have pathological consequences (Sassa et al., 1989).The 5-ALA-D is a sulfhydryl
enzyme and numerouscompounds can oxidize sulfhydryl groups, modifying its activity
(Emanuelli et al, 1996). Therefore, 3-ALA-D is inhibited by substances that oxidize the thiol
(-SH) groups (Nogueira, 2003), and it is linked to situations associated with oxidative stress
(Luchese, 2007).In this context, we verifiedalso that SPTS did not present thiol oxidase effect
in this study. This is consistent with the lack of inhibition of ALA-D, since the main

mechanism of inhibition of this enzyme is the oxidation of SH groups.

Artemiasalinais aninvertebrate component of the fauna of saline aquatic and marine
ecosystems (Sanchez Fortun et al., 1995) and it can be used in a laboratory bioassay in order
to determine toxicity through the estimation of the medium lethal concentration (LCs, values)
(Lewan et al., 1992), which have been reported for a series of compound and plant extracts
(Meyer et al., 1982). According to the literature (David et al., 2001; Anderson et al., 1991;
Meyer,1982), substances with LCs;> 1000pg/mL are considered inactive. Substances with
LCso between 100 and 900 pg/mL are considered moderately active (Meyer, 1982) and those
with LCs0<100pug/mL are considered very active. In our study, LCso of SPTS was lower than
100 ug/mL, demonstrating that is compound presented important toxicity in this protocol of

toxicity.

In the presence of living cells, the MTT tetrazolium salt [3-(4,5-Dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium-bromide] is enzimatically reduced to a crystalline water-insoluble

purple/blue formazan compound, the amount of which is proportional to the number of viable
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cells in the tested samples (Lupu & Popescu, 2013). Currently the use of fluorescent dyes,
suchas the fluorimetric assay for quantification of DNA using the Picogreen reagent has been
increasing. This is an objective and highly sensitive technique, which detects small amounts
of DNA in solution. Besides, it plays an increasingly important role in many research and
biological applications, being quite employed in molecular biology may also be used to
analyze the genoprotetor or genotoxic effect of a given compound (Dragan et al.,2010;Swarup
et al., 2011). The MTT reduction method provides information on mitochondrial function by
assessing the activity of succinate dehydrogenase (Mosmann,1983), showing that in the
concentration of 100uM cell viability was decreased in comparison with the control, showing
that this concentration is cytotoxic. This result is in agreement with the dsDNA levels
genotoxicity assay, where there was increased dsDNA levels when compared to the control,
which indicated augmented cellular mortality. The dsDNA assay result strengthens the MTT
assay, since it has a direct damage to the cell nucleus, in order that the assay is performed by

detecting binding of the dye to the DNA itself (Ahn et al., 1996).

The acute toxicity test estimates the median lethal dose (LDsp) and is important to
classify the toxicants in diferent categories. The OECD 423 guide provides 4 dose levels (5,
50, 300 and 2000 mg/kg - reaching up to 5000 mg/kg) (OECD, 2001). In this experiment, the
assays were initiated at the dose of 300 mg/kg. In this dose there was no mortality, but the
animals presented evident signals of toxicity, like loss of body weight and locomotor
impairment. Thus, the dose of 50mg/kg was tested, as recommended by the guide, and no
deaths and no apparent signs of toxicity were observed, therefore the SPTS was classified in
the category 3, with a LD50 of 50-300mg/kg.In acute protocol of exposure, hepatic ascorbic
acid levels were increased in animals exposed to SPTS. An antioxidant compensatory
mechanism may be the explanation for the increased levels of ascorbic acid in response to

acute exposure to compound SPTS. Ascorbic
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acid is a powerful non-enzymatic antioxidant due to the presence of the strongly reducing
group in its structure, called reductone, which also refers to the hydroxyl group of the C=C
(Bobbio and Bobbio, 1992). The another parameters of oxidative stress, as well as
biochemical and hematological analyses, were nod modify by SPTS. Thus, we believe that a

single administration of 50 m /kg of SPTSdid not causes significant toxic effects.

Regarding the study of subacute toxicity, hematological parameters were evaluated.
Hematological tests are essential in the investigation of hematological diseases. The diversity
of the information that the hemogram can provide, although generally rather unspecific,
makes this one of the most requested examination in clinical and surgical practice (Garcia-
Navarro, 2005). In this study, the subacute treatment with SPTS did not induce changes in
hematological profile of rats in all tested doses.

The OECD 407 stipulates that biochemical analyses can be interesting to evaluate the
subacute toxicity of different compounds. Hypertriglyceridemia and hypercholesterolemia are
important risk factors for cardiovascular disease and cause of morbidity and mortality. In our
study, we observed a significant increase in the levels of triglycerides at dose of 20mg/kg,
however cholesterol levels showed no significant changes. One possible explanation to this
hypertriglyceridemia can be a hepatic and renal injury. The liver is regarded as one of the
central metabolic organs in the body, regulating and maintaining lipid homeostasis
(Thilakarathna et al., 2012).End-stage renal disease (ESRD) is associated with accelerated
atherosclerosis and a high incidence of cardiovascular morbidity and mortality (Collins et al.,
2005). Vaziri (2006) demonstrated that the ESRD-induced dyslipidemia is characterized by
hypertriglyceridemia.

In according to exposed above, we observed a significant increase in the levels of
LOOH in renal and hepatic tissue, when rats received 20mg/kg of SPTS. This increase may

indicate that the compound exhibits pro-oxidant effects on lipid content of kidney and liver.
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LOOH are formed during the biochemical processes of peroxidation of unsaturated fatty
acids, being basically considered as the initial primary product of lipid peroxidation (Porter et
al., 1995). Lipid peroxidation causes structural changes in the lipid bilayer, destabilizing
biological membranes and causing loss of barrier function between the intra and extracellular
environment, jeopardizing the integrity of organelles and the cell itself (Kihn et al., 2002).
However, we verified that serum creatinine and urea levels, which are extensively used to
assess renal function by glomerular filtration rate (Cockcroft et al., 1976; Colombeli et al.,
2006), were not modified by SPTS exposure. In addition, the serum ALT and AST activities,
which are biochemical markers of hepatocytes necrosis and inflammation, were not also
modified by SPTS administration. These results demonstrated that SPTS subacute
administration, by 14 days, was not sufficient to alter the major markers of renal and hepatic
lesion, although it has caused an increase in lipid peroxidation in these tissues.

The increase in oxidative stress can be associated with the alterations in enzymatic or
non-enzymatic antioxidant system. Among the main constituents of non-enzymatic
antioxidant system are ascorbic acidand GSH.Ascorbic acid is a powerful reducing agent,
losing with ease atoms of hydrogen and becoming dehydroascorbic acid. As a water-soluble
molecule behaves as oxidizing scavenger elements in the aqueous phase of the organism
before they produce attack on other factors such as the lipids of cell membranes (Lenhinger,
1995). Renal ascorbic acid levels were not modified in this protocol of exposure,while that an
increase in hepatic levels of ascorbic acid, at all doses of SPTS, was observed.GSH serves as
a substrate for antioxidant enzymes such as GST and glutathione peroxidase (GPx) and
consists of gamma-glutamyl-cysteinyl-glycine, acting against the formation of free radicals in
maintaining the redox balance of the cell and in defense against electrophilic agents(Reischl et

al.,, 2007). In our studyhepatic NPSH levels showed no significant changes
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in rats exposed to SPTS, while that a significant increase in the renal NPSH levels was
observed, in rats exposed to 10 and 20 mg/kg of SPTS.According to the results, an increase in
antioxidant defense system, as observed in ascorbic acid and NPSH levels, is possibly a
compensatory response to the presence of oxidative tissue damage (Barbosa et al., 2006;
Barbosa et al, 2008), which was observed by the increase in LOOH levels.

In relation to enzymatic antioxidant system, we verified that the activity of renal GST
was increased in animals that received 20mg/kg of SPTS. This increase may be associated
with the detoxification of endogenous and exogenous substances (Hayes and Pulford, 1995),
an adaptive process of the organism to the presence of the compound or with the increase in
renal NPSH levels, reported previously. However, hepatic GST activity was reduced after
exposure to the SPTS in the rats that received 10 and 20 mg/kg of SPTS. Once GST plays an
important role in detoxification, this enzyme could be consumed by catalyzing the
conjugation of GSH with xenobiotics. This is supported since the liver is the main organ of
biotransformation (Mannervik and Danielson, 1988; Vickers, 1994). In contrast to GST, renal
and hepatic catalase and 6-ALA-D activities were not modified by SPTS exposure.

Another result observed in the subacute protocol was a reduction in body weight gain,
in rats exposed to 20 mg/kg of SPTS, which could be an indicator of adverse effects (Tofovic
and Jackson, 1999; Raza et al., 2002; Teo et al., 2002;Hilaly et al., 2004) or may indicate
important physiological changes (Antonelli-Ushirobira et al., 2010), such as an anorexigenic
effect.

The OECD 407 recommends also the evaluation of comportamental parameters in a
model of subacute toxicity. The OFT has evolved as a commonly used tool for the
measurement of animal behavior. Regarding the number of rearings, no significant changes

were observed in the animals that
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received SPTS. Regarding the number of crossings, there was a significant decrease in the
animals exposed to 10 and 20mg/kg of SPTS, indicating that this compound, in the doses
used, can cause impairment of motor activity in a short period of time (14 days). The test is
commonly used to assess qualitatively and quantitatively the general locomotor activity and
willingness to explore in laboratory animals. In addition, the OFT is a well characterized
rodent model of depression (Brady and Nauta, 1955; Kelly et al., 1997; Slotkin et al., 1999;
Ramamoorthy et al., 2008). This demonstrates the central effect of the compound, which may

have the psychomotor depressant properties reflected changes (Ross et al., 1991).

The results of this paper demonstrated also cerebral oxidative alterations induced by
SPTS. We verified an increase in the cerebral LOOH levels, when animals were treated with
5, 10 and 20mg/kg of SPTS, suggesting pro-oxidant effects of this compound in the brain. In
addition, cerebral ascorbic acid levels were increased after exposure to SPTS in rats that
received 10 and 20 mg/kg of this compound. We observed also a significant increase in
cerebral NPSH levels at 5, 10 and 20 mg/kg of SPTS. According to the results, an increase in
antioxidant defense system (ascorbic acid and NPSH levels) has been observed, possibly as a
compensatory response to the presence of oxidative tissue damage (Barbosa et al., 2006;.
Barbosa et al, 2008). Cerebral GST was also increased in rats treated with SPTS at 10 and
20mg/kg. This increase can be explained since GST plays an important role in the
detoxification and may be associated with an adaptive process of the organism to the presence
of the compound (Gallagher et al. 2001) or with the increase in cerebral NPSH levels.
Another result of this study was the increase in cerebral CAT activity in rats exposed to 20
mg/kg of SPTS. Catalase is an important antioxidant enzyme that catalyzes the dismutation of
hydrogen peroxide to water and molecular oxygen (Nelson et al., 2006). According to
Czeczot et al. (2009), during exposure of rats to xenobiotics, the activity of antioxidant

enzymes in tissues increases, which may denote the attempted adaptation of the cells to the
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conditions of strong oxidative stress. Moreover, In all tissues analysed in this study, 6-ALA-D
activity was no inhibited by SPTS exposure.

With this work, we can conclude that the SPTS compound showed significant
citotoxicity and genotoxicity in vitro against normal cells, which is a novelty of this study.
We verified also significant toxic effects after exposure subacute to this compound, since
were observed changes in lipid profile, in parameters related to oxidative stress and, in

addition, behavioral changes.
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Table

Table 1 — Effects of SPTS on hematological analysis of rats exposed to SPTS.

Control 5mg/kg 10mg/kg 20mg/kg
Hemoglobin (g/dL) 5,92+3,83 8,70+2,38 8,82+2,21 9,32+2,86
Erythrocytes 5,06+2,28 5,19+1,39 5,17+1,05 5,42+1,51

(10%/pL)

Hematocrit (%0) 30,47+13,63 30,80+8,29 31,77+8,01 33,24+9,59

Platelet (10%/pL) 528,75+£327,29 572,20+147,53 548,00+114,35 687,40+226,38

Leukocytes (10%/uL)  5,92+3,61 7,28+1,92 6,67+1,30 7,16+2,38

Data are expressed as means + S.D. from 5-6animals in each group.
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Legends

Figure 1 — Chemical structure of the compound Salicylaldehyde-4-phenylthiosemicarbazone.

Figure 2 - Test procedure with a starting dose of 300mg/kg body weight by Organization for
Economic Cooperation and Development (OECD) 423. Fonte: OECD 423.

Figure 3 — Effects of the compound SPTS in MTT assay. Data are expressed as means + S.D

"Denotes p<0.05 as compared to the control group (One-way ANOVA/Dunnet post hoc test).

Figurf 4 — Effects of the compound SPTS in dsDNA assay. Data are expressed as means +
S.D. Denotes p<0.05 as compared to the control group (One-way ANOVA/Dunnet post hoc
test).

Figure 5 - Effects of SPTS on hepatic (A), renal (B) and cerebral (C) GST activities of
rats.Data are expressed as means + S.D. from 5-6animals in each group. "Denotes p<0.05 as
compared to the control group (One-way ANOVA/Duncan).

Figure 6 - Effects of SPTS on hepatic (A), renal (B) and cerebral (C) ascorbic acid levels of
rats. Data are expressed as means + S.D. from 5-6animals in each group. "Denotes p<0.05 as
compared to the control group (One-way ANOVA/Duncan).

Figure 7 - Effects of SPTS on hepatic (A), renal (B) and cerebral (C) NPSH levels of rats.Data
are expressed as means + S.D. from 5-6animals in each group. "Denotes p<0.05 as compared
to the control group (One-way ANOVA/Duncan).

Figure 8 - Effects of SPTS on hepatic, renal and cerebral lipid peroxidation levels of rats
exposed to SPTS.Data are expressed as means = S.D. from 5-6animals in each group.
“Denotes p<0.05 as compared to the control group (One-way ANOVA/Duncan).

Figure 9 - Effects of SPTS on triglycerides levels of rats.Data are expressed as means + S.D.
from 5-6 animals in each group. "Denotes p<0.05 as compared to the control group (One-way
ANOVA/Duncan).
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Figure 10 - Effects of SPTS on weight gain body of rats.Data are expressed as means + S.D.
from 5-6animals in each group. "Denotes p<0.05 as compared to the control group (One-way
ANOVA/Duncan).

Figure 11 - Effects of SPTS on open field (rearings and crossings)of rats.Data are expressed
as means + S.D. from 5-6animals in each group. “Denotes p<0.05 as compared to the control
group (One-way ANOVA/Duncan).
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IV CONCLUSOES

Em relacdo a exposicdo ao composto SPTS:

-Na toxicidade in vitroverificamos que o composto apresentou uma CLsg baixa, demonstrando
um potencial toxico e, aléem disso, apresentou alteracfes na viabilidade celular e efeitos

genotoxicos.

- Na toxicidade aguda conseguimos estimar uma DLsode 50-300mg/kg, indicando que nosso
composto apresenta uma taxa de mortalidade intermediaria. A exposi¢do aguda ao composto
SPTS nédo causou importantes alteragdes no perfil oxidativo dos animais, assim como néao
alterou as andlises bioquimicas e hematoldgicas, demonstrando baixa toxicidade aguda na

dose testada.

- Na avaliacdo da toxicidade subaguda, importantes alteracdes foram observadas, tais como
no perfil lipidico, nos pardmetros de estresse oxidativo e em analises comportamentais,

sugerindo um risco maior deste composto ao ser administrado em doses repetidas.
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