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Abstract
Objective:  To  explore  the  effect  of  erythromycin  on  hyperoxia-induced  lung  injury.
Methods:  One-day-old  preterm  offspring  Sprague-Dawley  (SD)  rats  were  randomly  divided  into
four groups:  group  1,  air  +  sodium  chloride;  group  2,  air  +  erythromycin;  group  3,  hyperoxia  +
sodium chloride;  and  group  4,  hyperoxia  +  erythromycin.  At  one,  seven,  and  14  days  of  expo-
sure, glutathione  (GSH)  and  interleukin-1  beta  (IL-1  beta)  were  detected  by  double-antibody
sandwich  enzyme-linked  immunosorbent  assay  (ELISA),  and  bicinchoninic  acid  (BCA)  was  used
to detect  GSH  protein.  �-glutamine-cysteine  synthetase  (�-GCS)  mRNA  was  detected  by  reverse
transcription-polymerase  chain  reaction  (RT-PCR).
Results:  Compared  with  group  1,  expressions  of  GSH  and  �-GCS  mRNA  in  group  3  were  signifi-
cantly increased  at  one  and  seven  days  of  exposure  (p  <  0.05),  but  expression  of  �-GCS  mRNA
was significantly  reduced  at  14  days;  expression  of  IL-1  beta  in  group  3  was  significantly  incre-
ased at  seven  days  of  exposure  (p  <  0.05),  and  was  significantly  reduced  at  14  days.  Compared
with group  3,  expressions  of  GSH  and  �-GCS  mRNA  in  group  4  were  significantly  increased  at
one, seven,  and  14  days  of  exposure  (p  <  0.05),  but  expressions  of  GSH  showed  a  downward
trend at  14  days;  expression  of  IL-1  beta  in  group  4  was  significantly  reduced  at  one  and  seven
days of  exposure  (p  <  0.05).
Conclusions:  Changes  in  oxidant-mediated  IL-1  beta  and  GSH  are  involved  in  the  development
of hyperoxia-induced  lung  injury.  Erythromycin  may  up-regulate  the  activity  of  �-GCS,  increa-

sing the  expression  of  GSH,  inhibiting  the  levels  of  oxidant-mediated  IL-1  beta  and  alleviating
hyperoxia-induced  lung  injury  via  an  antioxidant  effect.
© 2014  Sociedade  Brasileira  de  Pediatria.  Published  by  Elsevier  Editora  Ltda.  All  rights  reserved.
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Efeitos  da  eritromicina  sobre  a  �-glutamil-cisteína-sintetase  e  a  interleucina-1�
no  tecido  pulmonar  exposto  à  hiperóxia  de  ratos  recém-nascidos  prematuros

Resumo
Objetivo:  Explorar  o  efeito  da  eritromicina  sobre  lesões  pulmonares  induzidas  por  hiperóxia.
Métodos:  Uma  prole  de  ratos  Sprague-Dawley  (SD)  prematuros  com  um  dia  de  vida  foi  dividida
aleatoriamente  em  quatro  grupos:  grupo  1  ar  +  cloreto  de  sódio,  grupo  2  ar  +  eritromicina,
grupo 3  hiperóxia  +  cloreto  de  sódio  e  grupo  4  hiperóxia  +  eritromicina.  Com  um,  sete  e  14
dias de  exposição,  foram  detectadas  Glutationa  (GSH)  e  Interleucina-1  beta  (IL-1  beta)  pelo
ensaio imunossorvente  ligado  à  enzima  (ELISA),  e  o  ácido  bicinconinico  (BCA)  foi  utilizado  para
detectar a  proteína  GSH.  O  mRNA  da  �-glutamil-cisteina-sintetase  (�-GCS)  foi  detectado  por
reação em  cadeia  da  polimerase  via  transcriptase  reversa  (RT-PCR).
Resultados:  Comparadas  ao  grupo  1,  as  expressões  do  mRNA  da  GSH  e  da  �-GCS  no  grupo  3
aumentaram  significativamente  com  um  e  sete  dias  de  exposição  (p  <  0,05),  porém  a  expressão
de mRNA  da  �-GCS  diminuiu  significativamente  aos  14  dias;  a  expressão  de  IL-1  beta  no  grupo
3 aumentou  significativamente  aos  7  dias  de  exposição  (p  <  0,05)  e  diminuiu  significativamente
aos 14  dias.  Comparadas  ao  grupo  3,  as  expressões  do  mRNA  da  GSH  e  da  �-GCS  no  grupo
4 aumentaram  significativamente  com  um,  sete  e  14  dias  de  exposição  (p  <  0,05),  porém  as
expressões  de  GSH  mostraram  uma  tendência  de  queda  aos  14  dias;  a  expressão  de  IL-1  beta
no grupo  4  foi  reduzida  significativamente  com  um  e  sete  dias  de  exposição  (p  <  0,05).
Conclusões:  As  variações  de  IL-1  beta  e  GSH  mediadas  por  oxidantes  estão  envolvidas  no
desenvolvimento  de  lesão  pulmonar  induzida  por  hiperóxia.  A  eritromicina  poderá  regular
positivamente  a  atividade  da  �-GCS,  aumentando  a  expressão  de  GSH,  inibindo  os  níveis  de
interleucina-1beta  mediada  por  oxidante  e  aliviando  a  lesão  pulmonar  induzida  por  hiperóxia
por meio  de  um  efeito  antioxidante.
© 2014  Sociedade  Brasileira  de  Pediatria.  Publicado  por  Elsevier  Editora  Ltda.  Todos  os  direitos
reservados.
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ntrodução

om  o  rápido  desenvolvimento  da  tecnologia  de  saúde
aterna  e  da  perinatologia,  a  taxa  de  sobrevida  de

eonatos  prematuros  tem  aumentado,  principalmente
m  neonatos  com  peso  muito  baixo  ao  nascer  (VLBWI).1

ntretanto,  os  pulmões  de  neonatos  prematuros  normal-
ente  são  imaturos  e  estão  em  contato  direto  com  o

xigênio,  sendo  um  dos  órgãos  mais  sensíveis  à  toxicidade  do
xigênio.  Ademais,  neonatos  prematuros  precisam  receber
árias  terapias  de  oxigênio  por  um  longo  período  após  o nas-
imento.  Infelizmente,  sem  dúvidas,  isso  agrava  o  estresse
xidativo  nos  pulmões  imaturos  de  neonatos  prematuros  e
ode  causar  lesão  pulmonar  aguda  e  crônica.2

A  lesão  pulmonar  induzida  por  hiperóxia  é  a  principal
ausa  de  doenças respiratórias  crônicas  desde  a  infância  até

 vida  adulta,  e  se  tornou  um  dos  problemas  mais  difíceis
a  unidade  de  terapia  intensiva  neonatal.  Contudo,  a  etio-
ogia  e  a  patogênese  não  são  totalmente  compreendidas.3

tualmente,  a  maioria  dos  pesquisadores  acredita  que  o
ecido  pulmonar  imaturo  diretamente  exposto  ao  ambiente
iperóxico  resulta  em  estresse  oxidativo,  que  tem  um  papel
rucial  no  desenvolvimento  de  lesão  pulmonar  induzida  por
iperóxia.4,5 O  estresse  oxidativo  pode  perturbar  o  equilíbrio
ntre  oxidantes  e  antioxidantes  e  é  um  dos  principais  fatores

6
atogênicos. A  GSH  é  um  importante  antioxidante  intra-
elular  e  possui  um  papel  fundamental  na  manutenção  da
ntegridade  e  na  prevenção  de  danos  oxidativos  nas  células
piteliais  alveolares.7 A  �-GCS  é  a  enzima  que  limita  a taxa

O
e
r

e  síntese  proteica  da  GSH  e  regula  os  níveis  intracelulares
a  GSH.8 A  IL-1  beta  está  presente  na  fase  inicial  da  dis-
lasia  broncopulmonar  (DBP)  em  neonatos  prematuros  e
oderá  ter  um  papel  importante  no  desenvolvimento  da  DBP.
ontudo,  a  patogênese  exata  da  DBP  permanece  obscura  e
s  tratamentos  clinicamente  efetivos  continuam  limitados.

O  efeito  não  antibacteriano  da  eritromicina  atraiu  gradu-
lmente  a  atenção da  maioria  dos  pesquisadores.9 Ela  apre-
enta  muitas  funções fisiológicas  importantes,  incluindo:
tividade  antibacteriana  eficaz,  efeitos  anti-inflamatórios
ão  específicos  na  asma,  regulação  imunológica,  aderência
uímica  induzida,  motilidade  gastrointestinal  promovida  e
feito  antitumoral.10 A  eritromicina  trata  de  maneira  efetiva
uitas  doenças inflamatórias  infecciosas  não  bacterianas

rônicas,  algumas  das  quais  apresentam  reações  redox  não
alanceadas.11 Entretanto,  a  maneira  como  os  níveis  de
xpressão  de  GSH,  �-GCS  e  IL-1  beta  são  afetados  no  tecido
ulmonar  exposto  à  hiperóxia  continua  indefinida.  No  pre-
ente  estudo,  exploramos  o  efeito  da  eritromicina  sobre  a
esão  pulmonar  induzida  por  hiperóxia  em  ratos  prematuros

 estudamos  os  níveis  de  expressão  de  GSH,  �-GCS  e  IL-1
eta  em  tecidos  pulmonares  de  ratos  prematuros.

ateriais e métodos

odelos  animais  experimentais12 e  agrupamento
 Centro  de  Animais  Experimentais  do  Centro  de  Pesquisa
m  Medicamentos  Tradicionais  de  Grupos  Étnicos  Minoritá-
ios  Chineses  da  Universidade  Central  para  Nacionalidades,
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Effects  of  erythromycin  on  �-glutamyl  cysteine  synthetase  a

Pequim,  China,  forneceu  Ratos  SD  adultos  (com  peso  entre
200-250  g,  incluindo  100  fêmeas  e  35  machos).  O  primeiro
dia  de  gestação foi  registrado  ao  detectar  esperma  na  região
vaginal  de  ratas  fêmeas  por  meio  de  análise  microscópica.
No  21◦ dia  de  gestação (período  =  22  dias),  os  fetos  foram
retirados  por  meio  de  uma  histerectomia.  Os  ratos  SD  pre-
maturos  com  um  dia  de  vida  foram  divididos  aleatoriamente
em  quatro  grupos  (oito  filhotes  em  cada  grupo):  o  grupo
1  recebeu  ar  (21%  O2)  +  cloreto  de  sódio;  o  grupo  2  recebeu
ar  +  eritromicina;  o  grupo  3,  hiperóxia  +  cloreto  de  sódio;  e
o  grupo  4,  hiperóxia  +  eritromicina.  Os  ratos  nos  grupos  com
ar  foram  expostos  a  ar  ambiente,  enquanto  os  que  estavam
em  grupos  com  hiperóxia  foram  expostos  a  concentrações de
O2 superiores  a  85%  e  de  CO2 inferiores  a  0,5%,  com  tempe-
raturas  mantidas  a  25-26 ◦C  e  60-70%  de  umidade,  e  os  níveis
de  oxigênio  e  CO2 na  câmara  foram  monitorados  continua-
mente  com  analisadores  de  gás.12 Na  veia  caudal  dos  ratos
prematuros,  foram  injetados  cloreto  de  sódio  (0,15  mL/kg)
nos  grupos  que  receberam  cloreto  de  sódio  e  eritromicina
(50  mg/kg)  nos  grupos  que  receberam  eritromicina.  Com  um,
sete  e  14  dias  de  exposição,  oito  filhotes  de  cada  grupo
foram  anestesiados  e  sacrificados.  A  proteína  foi  extraída
do  pulmão  esquerdo,  e  o  pulmão  direito  foi  congelado  e
armazenado  a  -70 ◦C  em  um  refrigerador  para  RT-PCR.

O  estudo  foi  aprovado  por  decisão  do  comitê  de  ética
e  gestão  de  bem-estar  de  animais  experimentais  do  hospi-
tal  da  criança de  Xangai,  Universidade  Jiao  Tong,  Xangai,
China.

Detecção  de  GSH  e  IL-1  beta  no  homogenato
do  tecido  pulmonar  pelo  teste  ELISA

Os  tecidos  pulmonares  foram  coletados  e  as  proteínas
totais  extraídas  utilizando  um  kit  de  extração de  proteí-
nas.  A  concentração de  proteínas  foi  mensurada  utilizando
o  método  Bradford  (Laboratório  Bio-Rad,  CA,  EUA).  A  GSH
e  a  IL-1  beta  foram  detectadas  no  homogenato  do  tecido
pulmonar  por  kits  do  teste  ELISA  obtidos  da  Nanjing  Jian-
cheng  Biological  Technology  Co.  Ltd.,  Nanquim,  China,  e
da  Wuhan  Huamei  Cusabio  Biological  Technology  Co.  Ltd.,
Wuhan,  China,  respectivamente.

Para  permitir  que  todos  os  reagentes  alcançassem  a
temperatura  ambiente  e  organizar  e  rotular  o  número  neces-
sário  de  fileiras,  100  �L  de  reagentes  foram  adicionados  a
poços  de  placas  de  poliestireno  do  ELISA,  e  os  poços  foram
minuciosamente  lavados  com  tampão  fosfato-salino  (PBS)
contendo  0,1%  de  Tween-20  (PBS-Tween)  (Bio-Rad  Labo-
ratories,  CA,  USA)  após  cada  etapa  de  incubação.  Para
preparar  todos  os  reagentes,  incluindo  padrões  de  trabalho  e
amostras,  100  �L  dos  padrões,  controles  ou  amostras  foram
adicionados  aos  poços  e  incubados  por  duas  horas  a  37 ◦C.
Após  a  lavagem  dos  poços,  100  �L  de  anticorpos  policlonais
de  GSH  (ou  IL-1  beta)  de  cabra  antirrato  foram  adicionados  a
cada  poço  (incubação  por  30  min  a  37 ◦C).  Após  uma  extensa
lavagem,  100  �L  de  imunoglobulina  G  (IgG)  de  coelhos  anti-
cabra  foram  adicionados  à  cada  poço  por  uma  hora  a  37 ◦C.

Após  a  incubação  da  solução de  substrato  e  da  solução de
paragem,  a  leitura  da  densidade  óptica  de  cada  poço  foi
feita  em  30  minutos,  utilizando  uma  leitora  de  microplacas
ajustada  para  450  nm.
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etecção  de  concentrações  proteicas  de  GSH
m homogenatos  do  tecido  pulmonar  por  ácido
icinconínico (BCA)

pós  o  protocolo  padrão  para  o  Kit  de  Ensaio  de  Pro-
eína  Micro  BCA  (Beijing  Baitaike  Biological  Technology  Co.,
equim,  China),  a  solução de  trabalho  é:  Misturar  um  volume
o  reagente  C  com  25  volumes  do  reagente  B  e,  então,  adi-
ionar  26  volumes  do  reagente  A  à  mistura  C/B.  O  valor  do
H  da  solução de  trabalho  foi  11,16±0,06,  medido  com  um
Hmetro  Orion  310  (Thermo  Scientific,  MA,  USA).  O  padrão
e  proteínas  completamente  dissolvidas  (5  mg/mL),  10  �L
iluídos  em  100  �L,  de  forma  que  a  concentração final  fosse
,5  mg/ml,  seria  o  padrão  de  diluição de  acordo  com  0,  1,
,  4,  8,  12,  16,  20  �L,  respectivamente,  para  a  placa  de
6  poços,  adicionar  água  ultrapura  até  20  �L,  amostras  de
0  �L  e  200  �L  de  BCA  adicionados  à  solução de  trabalho,
atendo  gentilmente  na  placa  para  garantir  a  mistura  e  res-
riando  as  amostras  de  37 ◦C  até  a  temperatura  ambiente  por
0-60  minutos.  Cada  medição foi  feita  em  duplicata.  Todas
s  absorbâncias  foram  corrigidas  pela  réplica  em  branco
orrespondente.  A  absorbância  da  solução em  branco  foi
,048±0,006.  A  absorbância  em  562  nm  foi  medida  por  um
spectrofotômetro  utilizando  cuvetes  de  vidro  com  compri-
ento  do  percurso  óptico  de  0,1  cm.

xpressão  de  mRNA  da  �-GCS  detectada  por  RT-PCR

 RNA  total  foi  extraído  utilizando  o  Sistema  de  Isola-
ento  do  RNA  Total  RNAgent  (Promega  Corporation,  WI,
SA),  de  acordo  com  as  instruções  do  fabricante.  A  pureza

 a  produção  de  RNA  total  foram  determinadas  espectro-
otometricamente  com  a medição da  absorbância  de  uma
líquota  a  260  nm  e 280  nm.  O  RNA  (4  �g)  foi  transcrito
eversamente  em  50  �L  de  DNA  complementar  (cDNA)  utili-
ando  o sistema  de  Transcriptase  Reversa  M-MLV  (Jingmei
iotech  Ltd,  Shenzhen,  China).  As  primeiras  sequências
oram  projetadas  pela  Shanghai  Biology  Engineering  Co.,
hina,  de  acordo  com  a  literatura:  �-GCS,  transcrição:
’-TTGGCAGCCTT  CCTGATTTC-3’,  transcrição  reversa:  5’-
AACTTCTCCACAACCCTCTG-3’,  tamanho  do  produto:  78  pb;
-actina,  transcrição:  5’-AAC  GCAGCTCAGTAACAGTC-3’,
ranscrição  reversa:  5’-ATCCGT  AAA  AGCCTCTATGC-3’  tama-
ho  do  produto:  280  pb.  As  misturas  de  reação da  PCR
om  �-GCS  e  �-actina  foram  submetidas  à  incubação  por
inco  minutos  a  94 ◦C,  seguida  de  35  ciclos  de  94 ◦C
or  45  segundos,  50 ◦C  por  um  minuto  e  72 ◦C  por  30
egundos.  Uma  extensão  final  foi  realizada  a  72 ◦C  por  dez
inutos.  Os  produtos  da  PCR  foram  separados  por  eletrofo-

ese  em  gel  de  agarose  a  2%,  tingidos  com  brometo  de  etídio
0,5  �g/mL),  sendo  observados  utilizando  um  transilumina-
or  UV  e  avaliados  através  de  um  sistema  de  imagem  com  gel
SD-8000  (UVP  Co.,  Cambridge,  Reino  Unido),  ao  comparar

 intensidade  das  faixas  do  produto  objeto  de  análise  com  a
ntensidade  de  �-actina  utilizada  como  padrão  interno.

nálise  estatística
s  dados  foram  analisados  utilizando  o  pacote  de  software
statístico  SPSS,  versão  16.0  (IBM,  Armonk,  NY,  EUA).  Todos
s  dados  foram  apresentados  em  média±desvio-padrão.  As
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Figura  1  Expressão  da  proteína  GSH  detectada  pelo  teste  ELISA  em  pulmões  de  ratos  prematuros.
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SH, Glutationa;  ELISA,  ensaio  imunossorvente  ligado  à  enzima
p  <  0,05,  em  comparação  ao  grupo  1.
p  <  0,05,  em  comparação  ao  grupo  3.

iferenças  estatísticas  entre  os  grupos  foram  testadas  pela
nálise  de  variância  (ANOVA)  e  os  dados  entre  dois  grupos
oram  analisados  utilizado  o  teste  q.  Um  valor  de  p  inferior

 0,05  foi  considerado  estatisticamente  significativo.

esultados

feito  da  eritromicina  sobre  a  GSH  em  tecido
ulmonar  exposto  à  hiperóxia

m  comparação  ao  grupo  1,  a  expressão  de  GSH  no  grupo
 aumentou  significativamente  (p  <  0,05)  com  um  e  sete
ias  de  exposição,  porém  não  mostrou  nenhuma  redução sig-
ificativa  (p  >  0,05)  aos  14  dias.  Em  comparação  ao  grupo  3,

 expressão  de  GSH  no  grupo  4  aumentou  significativamente
om  um,  sete  e  14  dias  de  exposição  (p  <  0,05);  a  tendência
eral  diminuiu  após  14  dias  (figs.  1  e  2).

feito  da  eritromicina  sobre  a  IL-1  beta  em  tecido

ulmonar exposto  à  hiperóxia

m  comparação  ao  grupo  1,  a  expressão  de  IL-1  beta  no
rupo  3  aumentou  significativamente  (p  <  0,05)  aos  sete  dias
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igura  2  Expressão  da  proteína  GSH  detectada  por  BCA  em  pulmõ
SH, Glutationa;  BCA,  ácido  bicinconínico.
p  <  0,05  em  comparação  ao  grupo  1.
p  <  0,05,  em  comparação  ao  grupo  3.
e  exposição;  sua  expressão  diminuiu  significativamente
p  <  0,05)  aos  14  dias  de  exposição.  Em  comparação  ao  grupo
,  a  expressão  de  IL-1  beta  no  grupo  4  diminuiu  significati-
amente  com  um  e sete  dias  de  exposição  (p  <  0,05)  (fig.  3).

feito  da  eritromicina  sobre  a �-GCS  em  tecido
ulmonar exposto  à hiperóxia

m  comparação  ao  grupo  1,  a  expressão  de  mRNA  da  �-GCS
o  grupo  3  aumentou  significativamente  (p  <  0,05)  com  um  e
ete  dias  de  exposição;  sua  expressão  diminuiu  significativa-
ente  (p  <  0,05)  aos  14  dias  de  exposição.  Em  comparação

o  grupo  3,  a  expressão  de  mRNA  da  �-GCS  no  grupo  4 dimi-
uiu  significativamente  com  um,  sete  e  14  dias  de  exposição
p  <  0,05)  (fig.  4).  A  intervenção  de  eritromicina  regulou
ositivamente  a  atividade  do  mRNA  da  �-GCS,  particular-
ente  nos  tecidos  pulmonares  expostos  à  hiperóxia.
iscussão

om  base  nas  características  histológicas,  o  desenvolvi-
ento  do  pulmão  de  fetos  de  ratos  pode  ser  dividido  em
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Figura  3  Expressão  da  proteína  IL-1  beta  detectada  pelo  teste  ELISA  em  pulmões  de  ratos  prematuros.
IL-1 beta,  Interleucina-1  beta;  ELISA,  ensaio  imunossorvente  ligado  à  enzima.
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ap  <  0,05  em  comparação  ao  grupo  1.
bp  <  0,05,  em  comparação  ao  grupo  3.

quatro  períodos:  embrionário  (0  ∼  13  d),  glandular  (14
∼  18  d),  fase  canalicular  (19  ∼  20  d)  e  sacular  (21  ∼
22  d).  O  período  sacular  durante  o  desenvolvimento  do
pulmão  humano  corresponde  a  28-34  semanas  de  idade
gestacional,  idade  de  nascimento  da  maioria  dos  neona-
tos  prematuros.  O  desenvolvimento  pós-natal  do  pulmão
dos  ratos  é  dividido  em  três  períodos:  período  de  expansão
(1-4  dias  após  o  nascimento),  período  alveolar  (4-13  dias
após  o  nascimento)  e  período  de  crescimento  balanceado
(14-21  dias  após  o  nascimento).  Dessa  forma,  os  diferen-
tes  pontos  de  tempo  representam  as  diferentes  etapas  de
desenvolvimento  pulmonar  em  neonatos  prematuros  após  o
nascimento,  respectivamente.

A  patogênese  e  a  prevenção  da  DBP  em  neonatos  prema-
turos  fez  avanços significativos  recentemente;  contudo,  a
patogênese  exata  da  DBP  continua  incerta,  e  o  tratamento
efetivo  ainda  é  significativamente  restrito.13 Os  antibióticos
macrolídeos  (AM)  contêm  a  estrutura  química  de  carbono
12-22  e  pertencem  àqueles  de  carbono  com  anel  de  lac-
tona.  A  Eritromicina  A  pode  inibir  a  secreção  de  citocinas

pró-inflamatórias,  como  o  fator  de  necrose  tumoral-�  e  a
IL-1  beta.14 Ademais,  ela  é  um  antibiótico  de  largo  espectro
e  possui  atividade  antibacteriana  contra  bactérias  gram-
-positivas  e  algumas  gram-negativas,  bactérias  anaeróbicas,
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Figura  4  Expressão  de  mRNA  da  �-GCS  detectada  por  RT-PCR  em  

�-GCS, �-glutamil-cisteina-sintetase;  RT-PCR,  reação  em  cadeia  da  p
ap  <  0,05,  em  comparação  ao  grupo  1.
bp  <  0,05,  em  comparação  ao  grupo  3.
egionella,  Chlamydia,  micoplasma  e  Rickettsia.15 A  prática
línica  de  longo  prazo  e  estudos  farmacológicos  detalha-
os  mostraram  que  os  AM  não  apresentam  apenas  efeitos
ntibacterianos,  mas  possuem  também  propriedades  de
egulação  não  específicas  anti-inflamatórias,  antialérgicas

 imunes.16 O  principal  papel  dos  antibióticos  em  algu-
as  doenças inflamatórias  pulmonares  crônicas  poderá  estar

elacionado  à  inibição da  explosão  oxidativa  de  neutrófilos  e
 liberação  de  mediadores  inflamatórios.  Além  disso,  os  AM
ão  eficazes  na  prevenção  e  tratamento  de  algumas  doenças
espiratórias,  incluindo  asma,  fibrose  pulmonar,  panbronqui-
lite  difusa  e  algumas  doenças inflamatórias  não  infecciosas,
omo  doenças do  sangue,  doenças de  pele  e  câncer,  e  essas
unções  não  possuem  relação alguma  com  as  atividades
ntibacterianas.17

A  glutationa  é  um  tripeptídeo  que  contém  material  sulfô-
ico,  composto  de  glicina,  ácido  glutâmico  e  cistina.  A  �-GCS

 a enzima  que  limita  a  taxa  da  síntese  de  GSH,  que  regula  os
íveis  de  GSH  intracelular.18 A  GSH  é  ativada  pelo  sistema  de
xidação/redução  in  vivo, que  fornece  o  redutor  para  a

istina  e  inibe  a  produção  de  várias  substâncias  do  corpo
o  processo  de  oxidação  das  espécies  reativas  de  oxigênio
ROS),  inativando  a  atividade  da  peroxidase  da  membrana

 inibindo  as  ROS,  reduzindo,  assim,  as  ROS.  A  maioria  dos
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esquisadores  reconheceu  que  as  ROS  causadas  por  estresse
xidativo  possuem  um  papel  importante  no  desenvolvimento
a  lesão  pulmonar  induzida  por  hiperóxia.19 Diversos  estudos
dentificaram  que  experimentos  in  vivo  e  in  vitro  mostram
ue,  como  um  importante  antioxidante,  a  GSH  desempe-
hou  um  papel  de  destaque  na  manutenção  da  integridade
as  células  epiteliais  das  vias  aéreas,  resistindo  à  lesão  e  à
nflamação  pulmonares.20

No  presente  estudo,  em  comparação  ao  grupo  exposto  a
r  +  cloreto  de  sódio,  a  expressão  de  GSH  nos  tecidos  pul-
onares  de  ratos  prematuros  aumentou  significativamente

pós  a  intervenção  com  eritromicina  nos  dias  1,  7  e  14  no
rupo  exposto  a  eritromicina  +  cloreto  de  sódio  (p  <  0,05).
ua  expressão  aumentou  significativamente  no  dia  1  e  no  dia

 após  a  exposição à  hiperóxia  no  grupo  exposto  à  hiperó-
ia  +  cloreto  de  sódio,  e  diminuiu  significativamente  no  dia
4.  A  expressão  de  GSH  no  grupo  exposto  a  hiperóxia  +  eri-
romicina  aumentou  significativamente  após  a  intervenção
om  exposição  à  hiperóxia  e  eritromicina  nos  dias  1,  7  e  14,
orém  apresentou  uma  tendência  de  queda  significativa  no
ia  14.  A  detecção da  expressão  de  GSH  por  BCA  confirmou  os
esultados  do  ELISA.  Após  a  exposição  à  hiperóxia  nos  dias  1  e
,  a  expressão  de  GSH  aumentou  significativamente.  O  corpo
ode  apresentar  algum  mecanismo  de  autoproteção  e  pode
esistir  a  uma  lesão  causada  por  hiperóxia.  Conforme  as  ROS
ntracelulares  aumentam,  os  grupos  sulfúricos  de  cisteína  na
SH  apresentam  uma  forte  atividade  de  afinidade  e  podem
er  utilizados  como  alvos  eletrofílicos  que  se  combinam  com
s  ROS.  Eles  também  possuem  uma  função  na  eliminação
as  ROS  e  na  peroxidação  lipídica,  evitando,  assim,  dano
a  membrana  da  célula  alveolar.  Contudo,  a  exposição  à
iperóxia  fez  com  que  a  proteína  GSH  nas  células  epite-
iais  alveolares  fosse  gravemente  danificada  por  estresse
xidativo  no  dia  14,  e  a  expressão  de  GSH  não  apresentou
iminuição  significativa.

A  �-glutamil-cisteina-sintetase  é  a  enzima  que  limita  a
axa  de  síntese  proteica  da  GSH,  que  regula  os  níveis  intrace-
ulares  da  GSH.21 Este  estudo  mostrou  que  a  intervenção  de
ritromicina  pode  inibir  a  regulação  positiva  dos  níveis
e  proteína  da  GCS  nos  tecidos  pulmonares  por  meio  da
xposição  à  hiperóxia  nos  dias  1  e  7  (p  <  0,05).  A  intervenção
a  eritromicina  não  apresentou  influência  óbvia  sobre  a
xposição  à  hiperóxia  no  dia  14,  porém  a  expressão  de
RNA  da  �-GCS  aumentou  significativamente  nos  dias  7  e  14

p  < 0,05),  o  que  pode  estar  relacionado  às  proteínas  regu-
atórias  relevantes  após  a  transcrição  de  mRNA  da  �-GCS
evido  ao  dano  por  exposição  à  hiperóxia,  resultando  na
nibição,  pela  eritromicina,  da  regulação  positiva  dos  níveis
e  proteína  da  GCS  por  meio  de  exposição  à  hiperóxia.

Reações  infecciosas  e  inflamatórias  são  fatores  funda-
entais  na  patogênese  da  DBP  em  neonatos  prematuros,

ato  confirmado  por  meio  de  estudos  clínicos  e  animais.22

oi  relatado  que  a  IL-1  beta,  como  uma  citocina  pró-
inflamatória,  possui  uma  posição central  na  patogênese
a  DBP  e  um  importante  papel  patogênico  em  lesões  pul-
onares  agudas  e  crônicas  em  neonatos  prematuros.23 No
resente  estudo,  descobrimos  que,  em  comparação  aos
rupos  expostos  a  ar,  a  expressão  da  IL-1  beta  no  tecido  pul-

onar  de  ratos  prematuros  dos  grupos  expostos  à  hiperóxia

umentou  significativamente  no  dia  7  e  diminuiu  no  dia  14.
demais,  comparada  aos  grupos  expostos  a  cloreto  de  sódio,

 expressão  da  IL-1  beta  diminuiu  significativamente  nos  gru-
1

Cai  C  et  al.

os  expostos  à  eritromicina  nos  dias  1  e  7.  Por  outro  lado,  a
xpressão  de  GSH  nos  tecidos  pulmonares  aumentou  após

 intervenção  da  eritromicina  nos  dias  1,  7  e  14.  Esses  resul-
ados  mostraram  que  o  principal  papel  da  eritromicina  pode
star  relacionado  à  inibição da  explosão  oxidativa  de  neutró-
los  e  à  liberação  de  mediadores  inflamatórios.  Assim,  um
os  principais  mecanismos  dos  AM  ao  tratar  a  DBP  em  neo-
atos  prematuros  pode  ser  a  inibição da  explosão  oxidativa
e  neutrófilos  e  a  liberação  de  mediadores  inflamatórios.

Em  resumo,  a  eritromicina  pode  inibir  o  surto  oxida-
ivo  de  granulócitos  neutros  no  tecido  pulmonar,  melhorar

 função  antioxidante  da  GSH,  inibir  a  liberação  da  cito-
ina  inflamatória  IL-1  beta  e,  por  isso,  possui  um  importante
apel  na  redução do  estresse  oxidativo  no  desenvolvimento
e  lesão  pulmonar  induzida  por  hiperóxia,  o  que  poderá
stabelecer  uma  nova  base  teórica  para  o  tratamento  clínico
e  lesão  pulmonar  induzida  por  hiperóxia.

inanciamento

ste  trabalho  foi  financiado  pelo  Comitê  de  Ciência  e  Tec-
ologia  de  Xangai  (Número  do  Projeto:  134119a0500).

onflitos de interesse

s  autores  declaram  não  haver  conflitos  de  interesse.

eferências

1. Jobe AJ. The new BPD: an arrest of lung development. Pediatr
Res. 1999;46:641---3.

2. Jobe AH. The new bronchopulmonary dysplasia. Curr Opin Pedi-
atr. 2011;23:167---72.

3. Farstad T, Bratlid D, Medbø S, Markestad T, Norwegian Extreme
Prematurity Study Group. Bronchopulmonary dysplasia - preva-
lence, severity and predictive factors in a national cohort of
extremely premature infants. Acta Paediatr. 2011;100:53---8.

4. Saugstad OD. Bronchopulmonary dysplasia-oxidative stress and
antioxidants. Semin Neonatol. 2003;8:39---49.

5. Fernandes LV, Goulart AL, Santos AM, Barros MC, Guerra CC,
Kopelman BI. Neurodevelopmental assessment of very low birth
weight preterm infants at corrected age of 18-24 months by
Bayley III scales. J Pediatr (Rio J). 2012;88:471---8.

6. Dundaroz R, Erenberk U, Turel O, Demir AD, Ozkaya E, Erel
O. Oxidative and antioxidative status of children with acute
bronchiolitis. J Pediatr (Rio J). 2013;89:407---11.

7. Hassanin KM, Abd El-Kawi SH, Hashem KS. The prospective
protective effect of selenium nanoparticles against chromium-
-induced oxidative and cellular damage in rat thyroid. Int J
Nanomedicine. 2013;8:1713---20.

8. Kim BY, Kwak SY, Yang JS, Han YH. Phosphorylation and
stabilization of c-Myc by NEMO renders cells resistant to ioni-
zing radiation through up-regulation of �-GCS. Oncol Rep.
2011;26:1587---93.

9. Swords WE, Rubin BK. Macrolide antibiotics, bacterial popu-
lations and inflammatory airway disease. Neth J Med.
2003;61:242---8.

0. Amado-Rodríguez L, González-López A, López-Alonso I, Aguirre
A, Astudillo A, Batalla-Solís E, et al. Anti-inflammatory effects

of clarithromycin in ventilator-induced lung injury. Respir Res.
2013;14:52.

1. Nair PM, Park SY, Chung JW,  Choi J. Transcriptional regu-
lation of glutathione biosynthesis genes. �-glutamyl-cysteine

http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0005
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0005
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0005
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0005
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0005
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0005
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0005
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0005
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0005
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0005
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0005
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0005
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0005
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0005
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0005
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0005
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0005
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0005
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0005
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0010
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0010
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0010
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0010
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0010
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0010
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0010
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0010
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0010
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0010
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0010
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0010
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0010
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0010
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0010
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0010
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0010
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0015
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0020
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0020
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0020
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0020
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0020
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0020
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0020
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0020
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0020
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0020
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0020
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0020
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0020
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0020
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0025
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0030
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0035
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0040
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0045
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0045
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0045
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0045
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0045
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0045
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0045
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0045
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0045
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0045
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0045
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0045
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0045
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0045
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0045
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0045
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0045
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0045
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0045
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0045
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0045
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0045
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0050
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055


nd  in

1

2

2

2

2

versus glucocorticoids ongene expression and pro-inflammatory
Effects  of  erythromycin  on  �-glutamyl  cysteine  synthetase  a

ligase and glutathione synthetase in response to cadmium and
nonylphenol in Chironomus riparius. Environ Toxicol Pharmacol.
2013;36:265---73.

12. Yam J, Frank L, Roberts RJ. Oxygen toxicity: comparison of lung
biochemical responses in neonatal and adult rats. Pediatr Res.
1978;12:115---9.

13. Halliday HL, Ehrenkranz RA, Doyle LW. Early (< 8 days) postnatal
corticosteroids for preventing chronic lung disease in preterm
infants. Cochrane Database Syst Rev. 2010;1:CD001146.

14. Carlson S, Marler L, Nam SJ, Santarsiero BD, Pezzuto JM, Murphy
BT. Potential chemopreventive activity of a new macrolide anti-
biotic from a marine-derived Micromonospora sp. Mar Drugs.
2013;11:1152---61.

15. Sato K, Suga M, Akaike T, Fujii S, Muranaka H, Doi T, et al.
Therapeutic effect of erythromycin on influenza virus-induced
lung injury in mice. Am J Respir Crit Care Med. 1998;157:853---7.

16. Gotfried MH. Macrolides for the treatment of chronic sinusitis,
asthma, and COPD. Chest. 2004;125:52S---60S, quiz 60S-61S.
17. Tamaoki J. The effects of macrolides on inflammatory cells.
Chest. 2004;125:41S---50S, quiz 51S.

18. Rahman I, van Schadewijk AA, Hiemstra PS, Stolk J, van Krieken
JH, MacNee W, et al. Localization of gamma-glutamylcysteine
terleukin-1� 499

synthetase messenger rna expression in lungs of smokers and
patients with chronic obstructive pulmonary disease. Free Radic
Biol Med. 2000;28:920---5.

9. Northway Jr WH, Rosan RC, Porter DY. Pulmonary disease
following respirator therapy of hyaline-membrane dise-
ase. Bronchopulmonary dysplasia. N Engl J Med. 1967;276:
357---68.

0. Rahman I, MacNee W. Oxidative stress and regulation of
glutathione in lung inflammation. Eur Respir J. 2000;16:
534---54.

1. Chen HH, Kuo MT. Role of glutathione in the regulation of Cis-
platin resistance in cancer chemotherapy. Met Based Drugs.
2010:2010, pii: 430939.

2. Rocha G. Chorioamnionitis and lung injury in preterm newborns.
Crit Care Res Pract. 2013;2013:890987.

3. Davidson D, Patel H, Degoy AC, Gershkovich I, Vancurova I,
Miskolci V. Differential effect of exogenous interleukin-10
cytokine release bypolymorphonuclear leukocytes and
monocytes of the newly born. Am J Transl Res. 2013;5:
103---15.

http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0055
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0060
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0065
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0070
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0075
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0080
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0080
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0080
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0080
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0080
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0080
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0080
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0080
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0080
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0080
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0080
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0080
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0080
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0080
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0080
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0080
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0080
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0080
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0080
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0080
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0085
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0085
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0085
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0085
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0085
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0085
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0085
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0085
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0085
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0085
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0085
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0085
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0085
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0085
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0085
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0085
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0085
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0085
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0090
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0095
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0100
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0105
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0110
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0110
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0110
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0110
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0110
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0110
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0110
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0110
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0110
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0110
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0110
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0110
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0110
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0110
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0110
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0110
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0110
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115
http://refhub.elsevier.com/S2255-5536(14)00108-6/sbref0115

	Effects of erythromycin on γ‐glutamyl cysteine synthetase and interleukin‐1β in hyperoxia‐exposed lung tissue of premature...
	Introdução
	Materiais e métodos
	Modelos animais experimentais12 e agrupamento
	Detecção de GSH e IL‐1 beta no homogenato do tecido pulmonar pelo teste ELISA
	Detecção de concentrações proteicas de GSH em homogenatos do tecido pulmonar por ácido bicinconínico (BCA)
	Expressão de mRNA da γ‐GCS detectada por RT‐PCR
	Análise estatística

	Resultados
	Efeito da eritromicina sobre a GSH em tecido pulmonar exposto à hiperóxia
	Efeito da eritromicina sobre a IL‐1 beta em tecido pulmonar exposto à hiperóxia
	Efeito da eritromicina sobre a γ‐GCS em tecido pulmonar exposto à hiperóxia

	Discussão
	Financiamento
	Conflitos de interesse
	Referências


