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DESTAQUES

e Acisplatina é um agente antineoplasico usado em les6es malignas.

* A ototoxicidade da cisplatina é geralmente bilateral, irreversivel e progressiva.
e A genisteina é um fitoestrogeno.

« A genisteina funciona como antioxidante e inibidor do ciclo celular ao inibir a topoisomerase do DNA.

* A genisteina apresentou efeitos positivos sobre a ototoxicidade com seu efeito antioxidante.

PALAVRAS-CHAVE

e Resumo
(G)int]sg(??g’d . Objetivo: A cisplatina € um agente antineoplasico usado em adultos e criangas para o tra-
Cis?)l(z):\tircm'a & tamento de diversas lesdes malignas. Pode causar ototoxicidade irreversivel. A genisteina é

Estresse oxidativo

um fitoestroégeno que funciona como antioxidante e inibidor do ciclo celular ao inibir as enzi-
mas DNA topoisomerase e tirosina-quinase. O efeito protetor da genisteina na prevencéao da

ototoxicidade induzida pela cisplatina e os niveis de estresse oxidativo foram investigados.

Método: Trinta e dois ratos Sprague Dawley foram usados em 4 grupos (controle, cisplatina, cis-
platina + genisteina, genisteina). As medidas das emissdes otoacusticas por produto de distorcao
foram tomadas nos dias 1, 2 e 5 do protocolo do teste. Foram medidos os niveis séricos de
malondialdeido, superdxido dismutase, catalase, glutationa peroxidase, estado antioxidante

total, estado oxidante total e indice de estresse oxidativo.
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Resultados: A audicado do grupo cisplatina + genisteina foi melhor do que a do grupo cisplatina.
Enquanto os parametros malondialdeido, estado oxidante total e indice de estresse oxidativo
diminuiram significantemente no grupo cisplatina + genisteina em comparacdo com o grupo
cisplatina, o superdxido dismutase mostrou aumento significantemente (p <0,05).

Conclusdo: A genisteina apresentou efeitos positivos contra a ototoxicidade com seu efeito

antioxidante.

Nivel de evidéncia: Nivel 3.

© 2021 Associacdo Brasileira de Otorrinolaringologia e Cirurgia Cérvico-Facial. Publicado
por Elsevier Editora Ltda. Este & um artigo Open Access sob uma licenca CC BY (http://
creativecommons.org/licenses/by/4.0/).

Introducao

A ototoxicidade se traduz pela degeneracao celular e
disfuncdo na cdclea e do drgao vestibular causada por
varios medicamentos e produtos quimicos. A cisplatina é
um agente antineoplasico usado em adultos e criangas para
o tratamento de varias lesbes malignas, como tumores de
cabeca e pescoco e sistema urogenital, cancer do sistema
nervoso central, sistema respiratorio e de esdfago.’ Além da
nefrotoxicidade e da ototoxicidade irreversivel, a neuroto-
xicidade, a toxicidade do trato gastrointestinal e da medula
Ossea estdo entre os efeitos colaterais dose-limitantes sig-
nificativos da cisplatina.? E comumente usado em criancas,
bem como em adultos.® A ototoxicidade induzida por cis-
platina (OIC) foi definida pela primeira vez em 1972.4 A
ototoxicidade da cisplatina é geralmente bilateral, irrever-
sivel e progressiva e envolve altas frequéncias e tem inicio
em dias ou semanas. A ototoxicidade é dose-dependente
e cumulativa e, a medida que a dose aumenta, seus efei-
tos também aumentam.>® O processo pelo qual a OIC se
desenvolve ainda nao esta claro. Os mecanismos mais signi-
ficativos sao um aumento na geracao de espécies reativas de
oxigénio (ERO) e uma reducao no sistema de enzimas antio-
xidantes na coclea.” A interrupcao desse equilibrio dentro da
célula pode resultar em danos as células cocleares e morte
celular. Esse equilibrio pode ser restaurado com o uso de
agentes antioxidantes. Na literatura relevante, foi relatado
que varios agentes sao usados para restaurar esse equilibrio
e reduzir a formacao de ERO.?

0 composto genisteina é uma importante molécula nutra-
céutica encontrada em abundancia na soja. A genisteina
(GST) é um fitoestrogeno que pode apresentar uma ampla
gama de efeitos farmacologicos, especialmente a inibicao da
tirosina quinase, em células animais. Ela é o foco de estu-
dos epidemioldgicos e varios estudos experimentais feitos
com animais, devido ao seu potencial de efeitos benéficos
a saiude com sua ingestao dietética diaria. E relatado que
mais de 3.600 estudos foram conduzidos para avaliar a efica-
cia bioldgica da genisteina nos ultimos 10 anos. Entretanto,
mais estudos devem ser feitos para avaliar os efeitos benéfi-
cos da genisteina com base nos dados atuais da literatura.’ A
genisteina funciona como um antioxidante e inibidor do ciclo
celular ao inibir as enzimas DNA topoisomerase e tirosina-
-quinase. '’

N&o ha estudo na literatura que avalie o efeito da GST na
OIC. Este estudo avaliou os efeitos ototoxicos com medidas
de Emissdao Otoacustica por Produto de Distorcao (EOAPD).

0 estudo também avaliou os niveis séricos do parametro de
estresse oxidativo Malondialdeido (MDA), Estado Oxidante
Total (EOT) e indice de Estresse Oxidativo (IEO), bem como
o conteudo antioxidante Superoxido Dismutase (SOD), Cata-
lase (CAT), Glutationa Peroxidase (GPX), GSH reduzida e
Estado Antioxidante Total (EAT). O principal objetivo deste
estudo foi avaliar o efeito otoprotetor da GST na OIC em
ratos; o segundo objetivo é comparar os parametros séri-
cos oxidante e antioxidante no grupo GST, grupo CIS, grupo
GST +CIS e grupo controle.

Método

A aprovacao ética foi obtida do comité de ética em pes-
quisa experimental com animais, com o nimero de protocolo
2019/A-45. O estudo usou 32 ratos fémeas Sprague-Dawley.
Ratos de trés meses com peso corporal entre 200g e 300¢g
e sem problemas auditivos nas medidas de emissao do dia
1 foram incluidos no pesquisa. Como as comparagdes entre
os quatro grupos em termos de variaveis bioquimicas previ-
ram um tamanho de efeito de 0,7434, o tamanho minimo da
amostra por grupo foi calculado como 8 (n =8) para um poder
de teste de 90% e intervalo de confianca de 95%. Os ani-
mais experimentais foram mantidos em laboratorio por 12
horas sob luz e 12 horas no escuro, sob condicoes reguladas
automaticamente com temperatura ambientede 22 +1°Ce
umidade de 45% a 50%. Os animais receberam dieta padrao
com pellets e agua potavel fresca todos os dias.

Grupo 1 (controle) - Grupo (n =8) que comecou a receber
DMSO - veiculo solvente da genisteina: EtOH (2: 1) 300 uL
por via intraperitoneal uma vez por dia durante cinco dias,
uma hora antes da injecao IP de veiculo solvente aquoso de
cisplatina no dia 1.

Grupo 2 (CIS) - Grupo (n=8) que comecou a receber
veiculo solvente da genisteina: EtOH (2: 1) 300 uL por via
intraperitoneal uma vez por dia, durante cinco dias, uma
hora antes de receber 4 doses de 16 mg/kg por Injecao IP de
CIS em intervalos de 6 horas no dia 1.

Grupo 3 (CIS-GST) - Grupo (n=8) que comecou a rece-
ber 10 mg/kg de genisteina por via intraperitoneal uma vez
por dia durante cinco dias uma hora antes de 4 doses de
16 mg/kg por injecao IP de CIS em intervalos de 6 horas no
dia 1.

Grupo 4 (GST) - Grupo (n=8) que comecou a receber
10mg/kg de genisteina por via intraperitoneal uma vez por
dia durante cinco dias, uma hora antes da injecao IP de
veiculo solvente aquoso de de cisplatina no dia 1.
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As medidas das EOAPD foram feitas com os ratos sob
anestesia com cetamina/xilazina (100 mg.kg/10mg.kg) no
Experimental Animals Production and Research Center no
1°, 2° e 5° dias do protocolo experimental. As funcoes do
PD-grama de entrada/saida foram registradas entre 0,9961
e 8,0003 Hz nas orelhas direitas dos ratos. As medidas foram
feitas de acordo com os métodos que ja usamos com sucesso
em estudos publicados em 2014 e 2016. As medidas foram
feitas com um dispositivo GSI Audera DPOAE (Grason Stadler,
Madison, WI, EUA). O aparelho foi calibrado antes de cada
medida com um sistema automatizado. As medidas foram
feitas em uma cabine silenciosa, isolada dos sons circun-
dantes. Os niveis de estimulo primario foram equalizados
em 65dB (L1=L2). Para obter as respostas mais fortes, duas
frequéncias diferentes (f1 e f2) foram preparadas em f2:
f1=1,22. As medidas de EOAPD foram feitas nos dias 0, 1 e
5 nas frequéncias de 996, 1.266, 1.582, 2.004, 2.519, 3.176,
3.996, 5.039, 6.351, 8.004 e 10.078 Hz. Objetivou-se ava-
liar o nivel de estresse oxidativo e o efeito antioxidante que
desempenham um papel na fisiopatologia da OIC. Aproxima-
damente 5 mL de sangue intracardiaco foram coletados apds
as medidas de emissao no 5° dia do experimento. Os niveis
de MDA, SOD, CAT, GPX, EAT, EOT e IEO foram determinados
espectrofotometricamente por PCR.

Medidas bioquimicas

A atividade da SOD foi calculada de acordo com o método
descrito por Sun et al."' De acordo com esse método, a ati-
vidade da SOD é observada através da reducao do tetrazolio
nitroazul (NBT) produzido pelo efeito da xantina/xantina
oxidase. 1 U de SOD é uma atividade enzimatica que inibe
a reducao do NBT em 50% e os resultados sao apresentados
como U/mg de proteina.

A atividade da catalase foi calculada de acordo com o
método de Aebi.'? Esse método é baseado no principio da
medida da reducdo da absorbancia no espectrofotémetro
(UV) como resultado da dissolucao de H,0,, que é uma
substancia quimica ativa, em agua e oxigénio na presenca
da enzima CAT. Essa reducdo na absorbancia é diretamente
proporcional a atividade da enzima CAT. Na analise de espec-
trofotometria por UV, H,0, fornece a absorbancia maxima
com um comprimento de onda de 240 nm.

Uma reacao enzimatica foi iniciada com a adicdo de
H,0, para determinar a atividade de GPX de acordo com
o método sugerido por Paglia e Valentine.'3 A proveta com
GSH consistia em azida sédica, NADPH e glutationa redu-
tase. Alteracdes na absorbancia a 340 nm foram observadas
com um espectrofotometro. Os resultados sdo apresenta-
dos como U mg de proteina. Os valores de absorbancia do
contetido de GSH foram extrapolados com o método acima
mencionado. O resultado foi derivado da curva padrao de
glutationa e é apresentado como GSH (Umol/L).

O MDA, que é um produto da peroxidacao lipidica,
foi determinado de acordo com o método relatado por
Uchiyama et al."* O sobrenadante desse composto de cor
rosa foi extraido na fase N-butanol pela reacdo de MDA
com acido tiobarbitlrico (TBA). Esse método é baseado na
medida do sobrenadante formado em um espectrofotome-
tro a 535 e 520nm. Os padrdes em varias concentracoes

foram preparados com 1,1,3,3 tetrametoxipropano, e os
resultados foram avaliados com o grafico padrao extraido
deles e sao apresentados como pwmolL/L.

Os niveis séricos de capacidade antioxidante total (TAC)
foram medidos com o método automatizado. Os resultados
sao apresentados como mmol equivalente de Trolox/L/ |
unidade.”

A medida do estado oxidante total (EOT) foi feita com
um leitor de placas imunoestimulante com o software Bio-
Tek HT Synergy Gen 5 e um conjunto de kit EOT (Rel Assay
Diagnostics, Turquia).’ Os ions férricos em um ambiente
acido formam um complexo colorido com o xilenol laranja. A
densidade da cor, que pode ser medida espectrofotometri-
camente, é proporcional a quantidade total de moléculas
oxidantes na amostra. O experimento foi calibrado com
peroxido de hidrogénio e os resultados sao apresentados
como equivalente de perdxido de hidrogénio em micromol
por litro (equivalente de H,0, umoL/L). Os niveis de IEO
foram calculados como EOT/TAC e sao apresentados como
unidades arbitrarias."”

Analise estatistica

Analises estatisticas de medidas otoacusticas

O software IBM SPSS Statistics versao 21.0 (IBM Co., Armonk,
NY, EUA) foi usado para as analises estatisticas. O teste de
Kolmogorov-Smirnov foi usado para determinar se os grupos
apresentavam distribuicao normal. Os grupos foram compa-
rados com a analise de variancia de Kruskal-Wallis e o teste
U de Mann-Whitney, quando as medidas das EOAPD exibiram
uma distribuicdo nao normal. O teste de amostras pareadas
de Wilcoxon foi usado na analise das variaveis dependentes.

Andlises estatisticas bioquimicas

As analises estatisticas foram feitas com um programa
de computador. A analise de variancia (Anova) de uma
via foi usada para comparar 0s grupos que apresentavam
distribuicao normal e foram expressos como média + desvio-
-padrao, enquanto o teste de Tukey foi usado para os grupos
que apresentavam variancia homogénea nas comparagdes
multiplas. O teste H de Kruskal-Wallis foi usado para com-
parar os grupos que nao apresentavam distribuicao normal
em termos de MDA e EOT, expressos como mediana (minimo-
-maximo), enquanto o teste U de Mann-Whitney foi usado
nas comparacdes multiplas. O nivel de significancia estatis-
tica foi estabelecido em p <0,05.

Resultados

Medidas otoacusticas

Os graficos de antes e depois dos medicamentos em todos os
grupos sao apresentados nas figuras 1-5. Nao foram encon-
tradas diferencas significantes entre os grupos GST, CIS-GST
e controle quanto aos valores das EOAPD na analise feita
no dia 1 apds a administracao dos medicamentos (p > 0,05).
Entretanto, houve uma diferenca significante no grupo CIS
(p <0,05) (fig. 1). Nos testes auditivos feitos no dia 2, os gru-
pos CIS e CIS-GST apresentaram perda auditiva significante
em relacao ao grupo controle (p <0,05) (fig. 2). Nao houve
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Figura1 Amplitudes da emissao otoacustica por produto de distorcdo (EOAPD) medidas no dia 1. CIS, Cisplatina; GST, Genisteina;
CIS + GST, Genisteina + Cisplatina; NPS, Nivel de pressao sonora.
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Figura2 Amplitudes da Emissao Otoacustica por Produto de Distorcao (EOAPD) medidas no dia 2. CIS, Cisplatina; GST, Genisteina;
CIS + GST, Genisteina + Cisplatina; NPS, nivel de pressao sonora.
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Figura3 Amplitudes da Emissdao Otoacustica por Produto de Distorcao (EOAPD) medidas no dia 5. CIS, Cisplatina; GST, Genisteina;
CIS + GST, Genisteina + Cisplatina; NPS, nivel de pressao sonora.
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Figura 5
nos dias 1, 2 e 5.

diferenca estatisticamente significativa entre os grupos GST
e controle (p> 0,05). Na comparacao do grupo CIS com o
grupo CIS-GST, o grupo CIS-GST apresentou melhores niveis
de audicao. Houve diferenca estatisticamente significante
entre os valores das EOAPD dos grupos, principalmente nas
frequéncias superiores a 6000 Hz (p <0,05). Na analise feita
no dia 5, o grupo CIS apresentou niveis auditivos significan-
temente inferiores (p <0,05) (fig. 3). Nao houve diferencas
estatisticamente significantes entre os grupos CIS-GST e CIS
a 1500, 2003 e 3996Hz (p> 0,05). Os valores dos niveis
auditivos dos ratos do grupo CIS diminuiram nos dias 2 e
5; entretanto, essa diminuicao nao foi estatisticamente sig-
nificante (p> 0,05) (fig. 4). Os valores dos niveis auditivos
no grupo CIS-GST diminuiram nas medidas feitas nos dias 2 e
5 em comparacao a medida feita no dia 1 (p> 0,05); entre-
tanto, nao houve diferenca significante entre as medidas
feitas nos dias 2 e 5 (p> 0,05) (fig. 5).

Comparacao das medidas da Emissdo Otoacustica por Produto de Distorcdo (EOAPD) nos grupos controle e grupo CIS-GST

Analises bioquimicas

A tabela 1 mostra os escores dos parametros antioxidan-
tes estudados no soro das amostras apds a centrifugacao
das amostras de sangue colhidas no fim do experimento.
Os niveis de EQOT e IEO foram significantemente maiores no
grupo CIS do que no grupo controle, enquanto a cisplatinae o
suplemento de GST reduziram significantemente todos esses
parametros de toxicidade. Além disso, os conteldos séri-
cos de SOD, CAT, GPX e TAC diminuiram significantemente
no grupo CIS, enquanto o tratamento com GST aumentou
significantemente todos os niveis dos parametros.

Discussao

Varios motivos ja foram sugeridos para a patogénese da oto-
toxicidade induzida por medicamentos. Estudos anteriores
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Tabela1 Comparacdo de parametros de estresse oxidativo sérico e status antioxidante
Grupo MDA SOD CAT GPx EOT EAT IEO

wmolL/L U/mL K/L U/mL wmolL H;0; Eq/L wmolL Trolox Unidade

Eq/L arbitraria

Controle 3,23 (2,76-4,92) 0,61+0,09 4,39+1,62 4,68+0,96 21,11 (13,53-30,47) 1,11+0,20 20,70+7,86
CIS 4,08 (2,33-6,16) 0,36+0,08* 2,47+0,76* 2,25+0,81* 36,86 (26,16-50,24) 0,75+0,26 53,06+ 14,65
CISGST  3,40° (2,50-4,50) 0,46+0,10° 2,68+1,32° 2,94+0,90° 31,96 (18,28-37,90) 0,97+0,18> 33,14+9,55°
GST 1,572 (1,15-2,50) 0,50+0,09* 3,54+1,44* 3,11+1,03% 23,34%(19,77-39,84) 0,96+0,16° 27,64+7,18%

MDA, Niveis séricos do pardmetro de estresse oxidativo malondialdeido; EOT, Estado oxidante total; IEO, indice de estresse oxidativo;
SOD, Conteudo antioxidante superdxido dismutase; CAT, Catalase; GPX, Glutationa peroxidase; EAT, Estado antioxidante total.

a p <0,05 versus grupo controle.
b p <0,05 versus grupo cisplatina.

verificaram que a cisplatina causou a formacao de ERO, que
iniciam a reacao inflamatdria e os eventos oxidativos ao
se acumular na célula ou mesmo por estarem na linha de
frente. Considerando os mecanismos moleculares da OIC, os
pesquisadores observaram um aumento nos radicais reati-
vos de oxigénio, reducao no sistema antioxidante da orelha
interna (glutationa peroxidase, glutationa redutase, cata-
lase) e apoptose com a ativacdo do sistema caspase.'®"
A cisplatina ativa o NOX-3 (isoforma nicotinamida adenina
dinucleotideo fosfato oxidase-3). Essa enzima aumenta a
producédo do radical superoxido, aumenta a producao de
perdxido de hidrogénio. O perdxido de hidrogénio é cata-
lisado pelo ferro e os radicais livres formados reagem com
os acidos graxos na membrana celular, causam danos e morte
celular.?’ Estudos in vitro sobre OIC mostraram que as célu-
las ciliadas externas na parte basal sao afetadas primeiro e,
em seguida, a OIC prossegue na direcao apical. Em seguida,
ela afeta as células ciliadas internas, o ganglio espiral e a
estria vascular. A ototoxicidade da cisplatina é geralmente
bilateral, irreversivel e progressiva e envolve altas frequén-
cias e seu inicio ocorre em dias ou semanas. A perda auditiva
tende a progredir com o tempo.2'"23 E observada em 25% a
50% dos pacientes que recebem tratamento com cisplatina
para zumbido e continua por um ano em 38% deles.?

O presente estudo usou EOAPD nao invasivas e objetivas
na determinacao da perda auditiva coclear. As EOAPD reve-
lam o efeito da cisplatina na audicdo antes da ocorréncia
de alteracdes na audiometria de tons puros. A caracte-
ristica mais significativa nas EOAPD é o diagndstico dos
estagios iniciais do processamento do som e avaliacao da ati-
vidade biomecénica das células ciliadas externas.??° Este
estudo encontrou uma diminuicao estatisticamente signifi-
cante em todas as frequéncias no grupo da cisplatina com as
EOAPD. Essa diminuicao significante no grupo da cisplatina
foi devido a OIC. Na comparacao dos testes auditivos feitos
no dia 2 do grupo CIS com o grupo CIS-GST, o grupo CIS-GST
apresentou melhores niveis de audicdo. Houve diferencas
estatisticamente significantes entre os valores das EOAPD,
principalmente nas frequéncias superiores a 6000Hz (p
<0,05). Na avaliacao feita no dia 5, o grupo CIS apresen-
tou niveis auditivos significantemente inferiores (p <0,05).
Nao houve diferencas estatisticamente significantes entre
os grupos CIS-GST e CIS a 1500, 2003 e 3996 Hz (p > 0,05).

Estudos mostraram que a genisteina, um fitoquimico
da soja, é um antioxidante, um modulador inflama-
torio e um inibidor de alteracbes epigenéticas em

modelos pré-clinicos.”’” Pesquisas também foram feitas
sobre as atividades repelentes de radicais livres (antio-
xidante), antitrombética, anti-hipertensiva, antialérgica,
anti-inflamatoria, antiapoptotica e, recentemente, anti-
cancerigena dos flavonoides. Varios estudos examinaram
os mecanismos do efeito antioxidante dos flavonoides e
relataram diferentes atividades. Os flavonoides podem ligar-
-se a metais como nos complexos metal-flavonoides em
varias proporcdes. As propriedades antioxidantes de alguns
flavonoides podem surgir com a quelacao de metais, espe-
cialmente ferro e cobre. Os movimentos dos ions metalicos
sao cofatores cruciais na reacao de Fenton. Portanto, sua
quelacado com flavonoides torna os metais inutilizaveis ??para
esse tipo de reacdo.?® Os flavonoides sao considerados indu-
tores da inibicao da xantina oxidase. A inibicao da xantina
oxidase pode ajudar a prevenir a formacao de superoxido.?’
0 estudo também avaliou os resultados auditivos atuais e
os parametros bioquimicos séricos, inclusive novos conteu-
dos oxidantes e antioxidantes, como EOT, TAC e IEO medidos
no sangue. SOD, CAT, GPX e GSH causaram uma diminuicao
no nivel das enzimas antioxidantes do EAT e seus conteldos
aumentaram o nivel de MDA, EOT e IEO. A GST causou uma
mudanca no estado molecular que produziu todo esse efeito
ototoxico (tabela 1). A causa do dano coclear e da ototoxi-
cidade pode ter aumentado os parametros da peroxidacao
lipidica e do estresse oxidativo e reduzido a atividade dos
sistemas antioxidantes. Além disso, mais estudos devem ser
feitos para avaliar o papel da GST em diferentes dosagens
na prevencao e no tratamento da OIC.

Conclusao

Nossos resultados mostram pela primeira vez na literatura
disponivel que a genisteina pode proteger contra a ototo-
xicidade, aumentar os niveis de enzimas antioxidantes e
diminui os niveis dos parametros oxidantes. Sugerimos que a
genisteina pode ser uma opcao viavel contra a ototoxicidade
induzida pela cisplatina.

Financiamento

Research Fund of the Inonu University, Malatya, Turquia.

110



Brazilian Journal of Otorhinolaryngology 2022;88(1):105-111

Conflitos de interesse

Os autores declaram nao haver conflitos de interesse.

Referéncias

10.

1.

12.

13.

14.

. Dixon

. Rybak LP, Whitworth CA. Ototoxicity: therapeutic opportuni-

ties. Drug Discov Today. 2005;10:1313-21.

. Rabik CA, Dolan ME. Molecular mechanisms of resistance and

toxicity associated with platinating agents. Cancer Treat Rev.
2007;33:9-23.

. Clemens E, van den Heuvel-Eibrink MM, Mulder RL, Kremer

LCM, Hudson MM, Skinner R, et al. Recommendations for
ototoxicity surveillance for childhood, adolescent, and young
adult cancer survivors: a report from the International Late
Effects of Childhood Cancer Guideline Harmonization Group
in collaboration with the PanCare Consortium. Lancet Oncol.
2019;20:€29-41.

. Rossof AH, Slayton RE, Perlia CP. Preliminary clinical experience

with cis-diamminedichloroplatinum (lI) (NSC 119875. CACP).
Cancer. 1972;30:1451-6.

. Reavis KM, McMillan G, Austin D, Gallun F, Fausti SA, Gordon JS,

et al. Distortion-product otoacoustic emission test performance
for ototoxicity monitoring. Ear Hear. 2011;32:61-74.

. Dutta A, Venkatesh MD, Kashyap RC. Study of the effects of

chemotherapy on auditory function. Indian J Otolaryngol Head
Neck Surg. 2005:57226-8.

. Kelles M, Tan M, Kalcioglu MT, Toplu Y, Bulam N. The Protective

Effect of Chrysin Against Cisplatin induced Ototoxicity in Rats.
Indian J Otolaryngol Head Neck Surg. 2014;66:369-74.

. Campbell KC, Meech RP, Rybak LP, Hughes LF. The effect of

D-methionine on cochlear oxidative state with and without cis-
platin administration: mechanisms of otoprotection. J Am Acad
Audiol. 2003;14:144-56.

RA, Ferreira D.
2002;60:205-11.

Akiyama T, Ishida J, Nakagawa S, Ogawara H, Watanabe S, Itoh
N, et al. Genistein, a specific inhibitor of tyrosine-specific pro-
tein kinases. J Biol Chem. 1987;262:5592-5.

Sun Y, Oberley LW, Li Y. A simple method for clinical assay of
superoxide dismutase. Clin Chem. 1988;34:497-500.

Aebi H. Catalase. In: Bergmeyer U, editor. Methods of enzymatic
analysis. Academic Press. 1974:673-7.

Paglia DE, Valentine WN. Studies on the quantitative and quali-
tative characterization of erythrocyte glutathione peroxidase.
J Lab Clin Med. 1967;70:158-69.

Mihara M, Uchiyama M. Determination of malonaldehyde pre-
cursor in tissues by thiobarbituric acid test. Anal Biochem.
1978;86:271-8.

Genistein.  Phytochemistry.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

111

Erel O. A novel automated direct measurement method for total
antioxidant capacity using a new generation, more stable ABTS
radical cation. Clin Biochem. 2004;37:277-85.

Erel O. A new automated colorimetric method for measuring
total oxidant status. Clin Biochem. 2005;38:1103-11.

Aycicek A, Erel O, Kocyigit A. Decreased total antioxidant capa-
city and increased oxidative stress in passive smoker infants and
their mothers. Pediatr Int. 2005;47:635-9.

Goncalves MS, Silveira AF, Teixeira AR, Hyppolito MA. Mecha-
nisms of cisplatin ototoxicity: theoretical review. J Laryngol
Otol. 2013;127:536-41.

Chirtes F, Albu S. Prevention and restoration of hearing
loss associated with the use of cisplatin. Biomed Res Int.
2014;2014:925485.

Rybak LP. Mechanisms of cisplatin ototoxicity and progress
in otoprotection. Curr Opin Otolaryngol Head Neck Surg.
2007;15:364-9.

Reavis KM, McMillan G, Austin D, Gallun F, Fausti SA, Gordon JS,
et al. Distortion-product otoacoustic emission test performance
for ototoxicity monitoring. Ear Hear. 2011;32:61-74.

Sakamoto M, Kaga K, Kamio T. Extended high-frequency ototoxi-
city induced by the first administration of cisplatin. Otolaryngol
Head Neck Surg. 2000;122:828-33.

Reavis KM, McMillan G, Austin D, Gallun F, Fausti SA, Gordon
JS, et al. Platinum-induced ototoxicity in children: a consensus
review on mechanisms, predisposition, and protection, inclu-
ding a new International Society of Pediatric Oncology Boston
ototoxicity scale. J Clin Oncol. 2012;30:2408-17.

Vermorken JB, Kapteijn TS, Hart AA, Pinedo HM. Ototoxicity
of cis-diamminedichloroplatinum (Il): influence of dose, sche-
dule and mode of administration. Eur J Cancer Clin Oncol.
1983;19:53-8.

Lopez-Gonzalez MA, Guerrero JM, Rojas F, Delgado F. Ototoxi-
city caused by cisplatin is ameliorated by melatonin and other
antioxidants. J Pineal Res. 2000;28:73-80.

Ozturan O, Jerger J, Lew H, Lynch GR. Monitoring of cisplatin
ototoxicity by distortion-product otoacoustic emissions. Auris
Nasus Larynx. 1996;23:147-51.

Mukund V, Mukund D, Sharma V, Mannarapu M, Alam A. Genis-
tein: Its role in metabolic diseases and cancer. Crit Rev Oncol
Hematol. 2017;119:13-22.

Cheng IF, Breen K. On the Ability of Four Flavonoids Baicilein,
Luteolin Naringenin and Quercetin, to Supress the Fenton Reac-
tion of the Iron-ATP Complex. Biometals. 2000 Mar;13:77-83.

. Ashraf M, ve Samra ZQ. Subcellular Distribution of Xanthine Oxi-

dase During Cardiac Ischemia and Reperfusion: An Immunocyto-
chemical Study. J Submicrosc Cytol Pathol. 1993;25:193-201.


http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0150
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0150
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0150
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0150
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0150
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0150
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0150
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0150
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0150
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0150
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0150
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0150
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0150
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0150
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0150
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0150
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0150
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0150
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0150
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0155
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0160
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0165
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0170
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0175
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0180
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0185
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0190
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0190
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0190
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0190
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0190
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0190
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0190
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0190
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0190
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0190
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0190
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0190
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0190
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0195
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0200
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0205
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0205
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0205
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0205
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0205
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0205
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0205
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0205
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0205
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0205
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0205
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0205
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0205
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0205
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0205
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0205
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0205
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0205
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0205
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0205
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0210
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0215
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0215
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0215
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0215
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0215
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0215
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0215
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0215
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0215
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0215
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0215
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0215
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0215
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0215
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0215
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0215
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0215
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0215
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0215
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0215
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0215
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0215
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0220
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0225
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0225
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0225
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0225
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0225
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0225
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0225
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0225
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0225
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0225
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0225
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0225
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0225
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0225
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0225
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0225
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0225
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0225
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0225
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00175-9/sbref0290

	Efeito da genisteína na ototoxicidade induzida pela cisplatina e estresse oxidativo
	Introdução
	Método
	Medidas bioquímicas
	Análise estatística
	Análises estatísticas de medidas otoacústicas
	Análises estatísticas bioquímicas


	Resultados
	Medidas otoacústicas
	Análises bioquímicas

	Discussão
	Conclusão
	Financiamento
	Conflitos de interesse
	Referências


