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Figure	
  2.5:	
  Hepatic	
  Gene	
  Expression	
  of	
  Nrf2	
  and	
  Nrf2–Dependent	
  Genes.	
  qRT-­‐PCR	
  was	
  performed	
  using	
  

cDNA	
  isolated	
  from	
  wild-­‐type	
  and	
  Nrf2-­‐null	
  mouse	
  livers	
  24	
  hours	
  after	
  the	
  last	
  of	
  five	
  daily	
  doses	
  of	
  CFB	
  

(250mg/kg;	
  i.p.).	
  (A)	
  Gene	
  expression	
  of	
  Nrf2.	
  (B-­‐H)	
  Gene	
  expression	
  of	
  Nrf2-­‐dependent	
  genes	
  involved	
  

in	
  combating	
  oxidative	
   stress	
   (Gclc,	
  Nqo1,	
  Cat,	
  and	
  Hmox1),	
   canaclicular	
  efflux	
   transport	
   (Mrp2,	
  Bcrp)	
  

and	
  basolateral	
  efflux	
  transport	
  (Mrp3,	
  Mrp4).	
  Data	
  is	
  presented	
  as	
  mean	
  gene	
  expression	
  ±	
  SEM	
  (n=4-­‐5	
  

mice).	
  Values	
  with	
  different	
  superscripts	
  are	
  significantly	
  different	
  from	
  one	
  another	
  (p<.05).	
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Altogether	
   these	
   results	
   suggest	
   Pparα	
   may	
   be	
   involved	
   in	
   the	
   regulation	
   of	
  

transcription	
  for	
  Nrf2	
  and	
  some	
  of	
  its	
  target	
  genes.	
  Activation	
  of	
  Pparα	
  by	
  CFB	
  treatment	
  in	
  wild	
  

type	
  mice	
  increases	
  the	
  mRNA	
  expression	
  of	
  Nrf2,	
  and,	
  as	
  already	
  demonstrated	
  by	
  Moffit	
  et	
  al.	
  

(2006,	
   2007),	
   several	
   Nrf2	
   target	
   genes.	
   In	
   the	
   absence	
   of	
   Nrf2,	
   the	
  majority	
   of	
   Nrf2	
   target	
  

genes	
   tested	
   did	
   not	
   display	
   any	
   CFB-­‐mediated	
   alterations	
   to	
   expression.	
   Following	
   CFB	
  

treatment,	
  however,	
  Mrp2	
  and	
  Bcrp	
  displayed	
  significant	
  increases	
  in	
  mRNA	
  expression	
  in	
  Nrf2-­‐

null,	
   compared	
   to	
   vehicle-­‐treated	
   null	
   mice.	
   These	
   data	
   suggest	
   that	
   Pparα	
   activation	
   may	
  

regulate	
  Nrf2	
  expression	
  and	
  may	
  play	
  a	
   role	
   in	
   the	
   transcriptional	
   regulation	
  of	
   several	
  Nrf2	
  

target	
  genes	
  in	
  the	
  absence	
  of	
  Nrf2.	
  	
  

	
   	
  

Loss	
  of	
  Nrf2	
  increases	
  mRNA	
  expression	
  of	
  Pgc1α	
  in	
  mouse	
  liver	
  

	
   Ppar	
  gamma	
  co-­‐activator	
  1-­‐alpha	
   (Pgc1α)	
   is	
  a	
  member	
  of	
   the	
  Pgc1	
   family	
  of	
   inducible	
  

transcriptional	
   co-­‐activators.	
   Pgc1	
   is	
   part	
   of	
   the	
   co-­‐activator	
   complex	
   that	
   directly	
   enhances	
  

transcription	
   initiation	
   in	
   a	
   series	
   of	
   transcription	
   factors,	
   including	
   both	
   nuclear	
   and	
   non-­‐

nuclear	
  receptors,	
  involved	
  in	
  cellular	
  metabolism	
  (Finck,	
  2006).	
  Unlike	
  in	
  muscle	
  and	
  adipose,	
  

Pgc1α	
   and	
   Pgc1β	
   are	
   lowly	
   expressed	
   in	
   mouse	
   liver.	
   During	
   a	
   period	
   of	
   fasting,	
   however,	
  

hepatic	
  expression	
  of	
  Pgc1α	
  and	
  Pgc1β	
   increases.	
  During	
   fasting,	
   FA	
  oxidation	
   is	
   increased	
   in	
  

the	
   liver	
   in	
  order	
  to	
  supply	
  the	
  body	
  with	
  energy.	
  This	
   is	
  mediated	
  through	
  Pgc1α	
  and	
  Pgc1β,	
  

which	
   function	
   as	
   co-­‐activators	
   for	
   Pparα	
   and	
   act	
   to	
   increase	
   transcription	
   of	
   Pparα	
   target	
  

genes	
  involved	
  in	
  FA	
  oxidation	
  (Lin	
  et	
  al.,	
  2003;	
  Yoon	
  et	
  al.,	
  2001).	
  In	
  hepatocytes	
  isolated	
  from	
  

fasted	
  Pgc1α-­‐null	
  mice,	
  FA	
  oxidation	
  is	
  diminished	
  and	
  steatosis	
  is	
  evident	
  (Leone	
  et	
  al.,	
  2005).	
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This	
   suggests	
   that	
   Pgc1α	
   is	
   important	
   in	
   the	
   regulation	
   of	
   hepatic	
   FA	
   oxidation	
   through	
   co-­‐

activation	
  of	
  Pparα.	
  

	
   Hepatic	
  mRNA	
  expression	
  of	
  Pgc1α	
  has	
  been	
  shown	
  to	
  be	
   induced	
  following	
  fasting	
   in	
  

both	
  Nrf2-­‐null	
   and	
   C57BL/6	
  wild	
   type	
  mice.	
   Compared	
   to	
   all	
   other	
   treatment	
   groups,	
   fasted	
  

Nrf2-­‐null	
  mice	
  displayed	
  the	
  highest	
  levels	
  of	
  Pgc1α	
  expression	
  (Zhang	
  et	
  al.,	
  2013).	
  In	
  another	
  

study,	
  Sadnerson	
  et	
  al.	
   (2009)	
  performed	
  ChIP	
  analysis	
  on	
  fasted	
  wild	
  type	
  (129S1/SvImJ)	
  and	
  

Pparα-­‐null	
   mice.	
   In	
   concordance	
   with	
   Zhang	
   et	
   al.	
   (2013)	
   they	
   observed	
   increased	
   mRNA	
  

expression	
  of	
  Pgc1α	
   in	
   following	
   fasting	
   in	
  both	
  genotypes.	
  ChIP	
  analysis	
  displayed	
  enhanced	
  

recruitment	
  of	
   Pgc1α	
   to	
   the	
   transcription	
   start	
   site	
   of	
   the	
   representative	
   Pparα	
   target	
   genes	
  

fatty	
   aldehyde	
   dehydrogenase	
   (Aldh3a2)	
   and	
   carnitine	
   palmitoyltransferase	
   2	
   (Cpt2)	
   in	
   wild	
  

type	
   mice.	
   This	
   recruitment,	
   however,	
   was	
   not	
   present	
   in	
   Pparα-­‐null	
   mice,	
   suggesting	
   that	
  

Pgc1α	
  binding	
   to	
   these	
  genes	
   is	
  Pparα	
  dependent	
   (Sanderson	
  et	
  al.,	
  2009).	
  Analysis	
  of	
  Pgc1α	
  

expression,	
   following	
   chemical	
   activation	
   of	
   Pparα,	
   could	
   provide	
   insight	
   into	
   the	
   interaction	
  

between	
  Nrf2	
  and	
  Pparα.	
  This	
  is	
  because	
  increased	
  expression	
  of	
  a	
  known	
  Pparα	
  co-­‐activator,	
  

in	
  the	
  absence	
  of	
  Nrf2	
  expression,	
  provides	
  a	
  possible	
  mechanism	
  for	
  the	
  increased	
  sensitivity	
  

of	
  Nrf2-­‐null	
  mice	
  to	
  CFB-­‐mediated	
  Pparα	
  activation.	
  

Analysis	
  of	
  Pgc1α	
  mRNA	
  expression	
  was	
  conducted	
  to	
  establish	
  whether	
  or	
  not	
  CFB	
  has	
  

any	
  effect	
  on	
  Pgc1α	
  expression.	
  Basal	
  mRNA	
  expression	
  of	
  Pgc1α	
  was	
  significantly	
  increased	
  in	
  

Nrf2-­‐null	
  mice	
  compared	
  to	
  wild	
   type.	
  Expression	
  was	
  not	
  altered	
  by	
  CFB	
  treatment	
   in	
  either	
  

genotype	
  (Figure	
  2.6).	
  CFB	
  acts	
  as	
  a	
  synthetic	
  ligand	
  for	
  Pparα.	
  When	
  a	
  ligand	
  binds	
  to	
  nuclear	
  

receptors,	
  it	
  causes	
  disassociation	
  of	
  the	
  co-­‐repressor	
  protein	
  complex.	
  This	
  enables	
  association	
  

of	
  co-­‐activator	
  proteins,	
  which	
  then	
  act	
  to	
  enhance	
  transcriptional	
  initiation	
  at	
  the	
  promoter	
  of	
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Figure	
  2.6:	
  Hepatic	
  Gene	
  Expression	
  of	
  Pgc1α.	
  qRT-­‐PCR	
  was	
  performed	
  using	
  cDNA	
  isolated	
  from	
  wild-­‐

type	
  and	
  Nrf2-­‐null	
  mouse	
  livers	
  24	
  hours	
  after	
  the	
  last	
  of	
  five	
  daily	
  doses	
  of	
  CFB	
  (250mg/kg;	
  i.p.).	
  Gene	
  

expression	
   of	
   Pgc1α.	
   Data	
   is	
   presented	
   as	
   mean	
   gene	
   expression	
   ±	
   SEM	
   (n=4-­‐5	
   mice).	
   Values	
   with	
  

different	
  superscripts	
  are	
  significantly	
  different	
  from	
  one	
  another	
  (p<.05).	
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target	
   genes.	
   Increased	
   expression	
   of	
   the	
   Pparα	
   co-­‐activator	
   protein	
   Pgc1α	
   could	
   allow	
   for	
  

increased	
   association	
   with	
   ligand	
   bound	
   Pparα	
   and	
   increased	
   transcription	
   of	
   Pparα	
   target	
  

genes.	
  

	
  

Clofibrate	
   treatment	
   increases	
  protein	
  expression	
  of	
  Vanin-­‐1	
   in	
  wild	
   type	
  and	
  Nrf2-­‐null	
  mouse	
  

liver	
  	
  

Western	
  blot	
  analysis	
  of	
  Vnn1	
  was	
  conducted	
  to	
  determine	
   if	
   the	
  absence	
  of	
  Nrf2	
  has	
  

any	
   effect	
   on	
   the	
   CFB-­‐mediated	
   induction	
   of	
   protein	
   expression	
   for	
   Pparα	
   target	
   genes.	
  

Expression	
  of	
  Vnn1	
  was	
  significantly	
  increased	
  following	
  CFB	
  treatment,	
  with	
  no	
  differences	
  in	
  

the	
  magnitude	
   of	
   induction	
   by	
   genotype.	
   Protein	
   expression,	
   however,	
   was	
   not	
   significantly	
  

different	
   between	
   CFB-­‐treated	
   wild	
   type	
   and	
   Nrf2-­‐null	
   mice	
   (Figure	
   2.7a).	
   Further	
   protein	
  

analysis	
  of	
  Pparα	
  and	
  other	
  Pparα	
  target	
  genes	
  are	
  necessary	
  to	
  determine	
  the	
  effect	
  of	
  CFB	
  on	
  

Pparα	
  activation	
  in	
  Nrf2-­‐null	
  mouse	
  liver	
  beyond	
  our	
  gene	
  expression	
  analysis.	
  	
  

Analysis	
  of	
  protein	
  expression	
   for	
   the	
  prototypical	
  and	
   representative	
  Nrf2-­‐dependent	
  

gene	
   Nqo1	
   was	
   also	
   conducted.	
   Protein	
   expression	
   for	
   Nqo1	
   closely	
   resembles	
   mRNA	
  

expression.	
  Expression	
  was	
  significantly	
   increased	
  in	
  CFB-­‐treated	
  wild	
  type	
  mice,	
  compared	
  to	
  

vehicle-­‐treated	
   wild	
   type	
   mice	
   (Figure	
   2.7b).	
   Nrf2-­‐null	
   mice	
   demonstrated	
   significantly	
  

decreased	
   basal	
   protein	
   expression	
   of	
   Nqo1,	
   which	
   is	
   expected	
   since	
   Nqo1	
   is	
   an	
   Nrf2-­‐

dependent	
   gene.	
   CFB-­‐treated	
   Nrf2-­‐null	
   mice	
   displayed	
   no	
   alterations	
   to	
   protein	
   expression,

compared	
  to	
  vehicle-­‐treated	
  null	
  mice.	
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Figure	
   2.7:	
   Hepatic	
   protein	
   expression	
   of	
   Vnn1.	
   Western	
   Blots	
   were	
   performed	
   using	
   whole-­‐liver	
  

homogenates	
   isolated	
   from	
  wild-­‐type	
  and	
  Nrf2-­‐null	
  mice	
  24	
  hours	
  after	
   the	
   last	
  of	
   five	
  daily	
  doses	
  of	
  

CFB	
   (250mg/kg;	
   i.p.).	
   (A)	
   Protein	
   expression	
   of	
   Vnn1.	
   (B)	
   Quantitation	
   of	
   Vnn1	
   protein	
   expression,	
  

normalized	
   to	
   β-­‐actin.	
   (C)	
   Protein	
   expression	
   of	
   Nqo1.	
   (D)	
   Quantitation	
   of	
   Nqo1	
   protein	
   expression	
  

normalized	
   to	
   β-­‐actin.	
   Data	
   is	
   presented	
   as	
   mean	
   gene	
   expression	
   ±	
   SEM	
   (n=4-­‐5	
   mice).	
   Values	
   with	
  

different	
  superscripts	
  are	
  significantly	
  different	
  from	
  one	
  another	
  (p<.05).	
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Clofibrate	
   pretreatment	
   may	
   partially	
   protect	
   Nrf2-­‐null	
   mice	
   against	
   Acetaminophen	
  

hepatotoxicity	
  

	
   Pretreatment	
   of	
   wild	
   type	
   mice	
   with	
   the	
   fibrate-­‐type	
   drug	
   CFB	
   is	
   known	
   to	
   provide	
  

protection	
  against	
  a	
  challenge	
  dose	
  of	
  APAP,	
  however,	
  the	
  protective	
  role	
  of	
  CFB	
  has	
  not	
  been	
  

investigated	
   in	
  Nrf2-­‐null	
  mice.	
   In	
   order	
   to	
   determine	
   if	
   CFB	
   pretreatment,	
   in	
   the	
   absence	
   of	
  

Nrf2,	
   is	
  able	
   to	
  protect	
  against	
  a	
   toxic	
   insult	
  of	
  APAP,	
  Nrf2-­‐null	
  mice	
  were	
  pretreated	
   for	
   five	
  

days	
  with	
  250mg/kg	
  of	
  CFB	
  and	
  challenged	
  with	
  300mg/kg	
  of	
  APAP	
  on	
  day	
  six.	
  There	
  was	
  no	
  

significant	
  change	
   in	
   the	
   liver	
   to	
  bodyweight	
   ratios	
  between	
  treatment	
  groups	
  24	
  hours	
  after	
  

APAP	
   challenge	
   (Figure	
   2.8a).	
   This	
   indicates	
   that	
   this	
   alternative	
   CFB	
   treatment	
   regimen	
   of	
  

reduced	
  dose	
  and	
  length	
  did	
  not	
  result	
  in	
  hepatomegaly.	
  Compared	
  to	
  vehicle-­‐treated	
  control	
  

mice,	
   there	
  was	
   a	
   significant	
   increase	
   in	
   ALT	
   activity	
   in	
   vehicle-­‐treated	
  mice	
   challenged	
  with	
  

APAP.	
  In	
  CFB	
  pretreated	
  Nrf2-­‐null	
  mice	
  receiving	
  APAP,	
  ALT	
  activity	
  was	
  also	
  increased	
  slightly,	
  

however,	
   these	
  values	
  were	
  not	
   significantly	
  different	
   from	
  either	
  vehicle	
   treated	
  controls	
  or	
  

vehicle-­‐pretreated	
  mice	
   challenged	
  with	
   APAP	
   (Figure	
   2.8b).	
   In	
   this	
   study,	
   ALT	
   values	
   at	
   the	
  

dose	
  of	
  APAP	
  used	
   (300mg/kg)	
  are	
  much	
   lower	
   than	
  our	
  historical	
   values.	
  This	
   indicates	
   that	
  

the	
   APAP	
   dose	
   in	
   the	
   current	
   study	
   did	
   not	
   produce	
   sufficient	
   toxicity	
   to	
   distinguish	
   any	
  

potential	
  differences	
  in	
  response	
  by	
  treatment.	
  This	
  is	
  supported	
  by	
  the	
  lack	
  of	
  any	
  histological	
  

indications	
   of	
   hepatotoxicity	
   (i.e.	
   centrilobular	
   necrosis)	
   in	
   control	
   mice	
   receiving	
   APAP	
  

challenge	
   (data	
   not	
   shown).	
   A	
   significant	
   decrease	
   in	
   liver	
   non-­‐protein	
   sulfhydryl	
   (NPSH)	
  

content	
  was	
  observed	
  in	
  vehicle-­‐pretreated	
  mice	
  challenged	
  with	
  APAP,	
  compared	
  to	
  the	
  mice	
  

receiving	
   CFB	
   only.	
   Compared	
   to	
   all	
   other	
   groups,	
   there	
   was	
   a	
   trend	
   for	
   decreased	
   NPSH	
  

content	
   in	
  vehicle-­‐pretreated	
  mice	
  receiving	
  APAP.	
  Compared	
  to	
  all	
  other	
  groups	
  there	
  was	
  a	
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Figure	
  2.8:	
  Liver	
  to	
  Bodyweight	
  Ratio,	
  ALT	
  Activity	
  and	
  Hepatic	
  Non-­‐Protein	
  Sulfhydryl	
  Content	
  Following	
  

APAP	
  challenge.	
  Liver	
  and	
  serum	
  was	
  isolated	
  from	
  Nrf2-­‐null	
  mouse	
  livers	
  24	
  hours	
  after	
  APAP	
  challenge	
  

(300mg/kg;	
   50%	
   propylene	
   glycol,	
   i.p.).	
   (A)	
   Liver	
   to	
   bodyweight	
   ratio	
   presented	
   as	
   percent	
   of	
   total	
  

bodyweight.	
   (B)	
  ALT	
  activity	
   (U/L).	
   (C)	
  Hepatic	
  NPSH	
  content	
  presented	
  as	
  μmol	
  of	
  NPSH	
  per	
   gram	
  of	
  

liver.	
  Data	
  is	
  presented	
  as	
  mean	
  gene	
  expression	
  ±	
  SEM	
  (n=3-­‐5	
  mice).	
  Values	
  with	
  different	
  superscripts	
  

are	
  significantly	
  different	
  from	
  one	
  another	
  (p<.05).	
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trend	
   for	
   increased	
   NPSH	
   content	
   in	
   mice	
   receiving	
   only	
   CFB	
   (Figure	
   2.8c).	
   Similarly,	
   NPSH	
  

content	
  was	
  higher	
  in	
  CFB	
  pretreated	
  mice	
  than	
  in	
  vehicle	
  control	
  or	
  vehicle-­‐pretreated	
  mice.	
  

However,	
   this	
   elevation	
   in	
   NPSH	
   was	
   not	
   significantly	
   different	
   from	
   any	
   other	
   treatment	
  

groups.	
   This	
   suggests	
   that	
   CFB	
   pretreated	
   Nrf2-­‐null	
   mice	
   may	
   be	
   less	
   susceptible	
   to	
   GSH	
  

depletion	
  following	
  a	
  toxic	
  insult	
  of	
  APAP.	
  	
  

	
  

2.5	
  Discussion:	
  

The	
  Nrf2	
  and	
  Pparα	
  transcription	
  factors	
  have	
  both	
  been	
  demonstrated	
  to	
  play	
  a	
  role	
  in	
  

protection	
  against	
  APAP-­‐induced	
  hepatotoxicity	
  (Goldring	
  et	
  al.,	
  2004;	
  Nicholls-­‐Grzemski	
  et	
  al.,	
  

1992).	
  The	
  dependence	
  of	
  Pparγ	
  action	
  on	
  Nrf2	
  signaling	
  has	
  been	
  demonstrated	
   in	
   lung	
  and	
  

adipose	
   tissue,	
  and	
  appears	
   to	
  act	
   through	
  binding	
  of	
  Nrf2	
   to	
  an	
  ARE	
   in	
   the	
  Pparγ	
  promoter.	
  

The	
  importance	
  of	
  this	
  regulation	
  was	
  demonstrated	
  in	
  Nrf2-­‐null	
  mice,	
  which	
  display	
  decreased	
  

basal	
   expression	
   of	
   Pparγ,	
   increased	
   susceptibility	
   to	
   acute	
   lung	
   injury,	
   and	
   impaired	
  

adipogenesis	
   (Cho	
   et	
   al.,	
   2010;	
   Pi	
   et	
   al.,	
   2010).	
   Positive	
   regulation	
   of	
   the	
   Ppar	
   heterodimer	
  

partner,	
   Rxrα,	
   through	
  Nrf2	
  binding	
   to	
   an	
  ARE	
   in	
   the	
  promoter	
  has	
   also	
  been	
   shown	
   in	
   vitro	
  

(Chorley	
   et	
   al.,	
   2012).	
   Despite	
   some	
   experimental	
   evidence	
   supporting	
   an	
   interaction,	
   a	
  

regulatory	
  link	
  between	
  Nrf2	
  and	
  Pparα	
  is	
  yet	
  to	
  be	
  established.	
  	
  

In	
  the	
  present	
  study,	
  the	
  increased	
  susceptibility	
  of	
  Nrf2-­‐null	
  mice	
  to	
  Pparα	
  activation,	
  

by	
  means	
  of	
  CFB	
  treatment,	
  was	
  demonstrated.	
  Vehicle-­‐treated	
  Nrf2-­‐null	
  mice	
  had	
  a	
  decreased	
  

liver	
   to	
   bodyweight	
   ratio	
   compared	
   to	
   vehicle-­‐treated	
  wild	
   type	
  mice.	
   This	
   decrease	
   did	
   not	
  

occur	
  in	
  CFB-­‐treated	
  Nrf2-­‐null	
  mice.	
  There	
  was	
  also	
  no	
  change	
  in	
  the	
  liver	
  to	
  bodyweight	
  ratio	
  

of	
  CFB-­‐treated	
  wild	
  type	
  mice.	
  In	
  the	
  literature,	
  500mg/kg	
  CFB	
  treatment	
  for	
  ten	
  days	
  has	
  been	
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reported	
   to	
   cause	
   hepatomegaly	
   in	
   wild	
   type	
   mice	
   (Manautou	
   et	
   al.,	
   1994).	
   Due	
   to	
   this	
  

treatment	
  regimen	
  being	
  toxic	
  in	
  Nrf2-­‐null	
  mice,	
  a	
  new	
  regimen	
  of	
  CFB	
  dosing	
  at	
  250mg/kg	
  for	
  

five	
  days	
  was	
  implemented.	
  In	
  the	
  present	
  study,	
  the	
  new	
  treatment	
  model	
  was	
  not	
  sufficient	
  

to	
  produce	
  hepatomegaly	
  in	
  wild	
  type	
  or	
  Nrf2-­‐null	
  mice;	
  however,	
  it	
  was	
  sufficient	
  to	
  cause	
  an	
  

increase	
   in	
   the	
   liver	
   to	
  bodyweight	
   ratio	
  of	
  CFB-­‐treated	
  Nrf2-­‐null	
  mice,	
   compared	
   to	
   vehicle-­‐

treated	
  Nrf2-­‐null	
  mice.	
  No	
  evidence	
  for	
  hepatotoxicity	
  was	
  noted	
  and	
  animal	
  viability	
  was	
  not	
  

compromised.	
  

CFB	
   is	
   a	
   member	
   of	
   the	
   fibrate-­‐type	
   class	
   of	
   hypolipidermic	
   drugs	
   that	
   act	
   through	
  

activation	
   of	
   the	
   Pparα	
   signaling	
   pathway	
   (Chen	
   et	
   al.,	
   2000).	
   In	
   the	
   present	
   study,	
   mRNA	
  

expression	
   of	
   Pparα	
   was	
   significantly	
   elevated	
   in	
   Nrf2-­‐null	
   mice	
   following	
   CFB	
   treatment.	
  

Analysis	
  of	
  mRNA	
  expression	
  for	
  Pparα-­‐dependent	
  genes	
  revealed	
  a	
  pattern	
  of	
  increased	
  mRNA	
  

expression	
  for	
  both	
  wild	
  type	
  and	
  Nrf2-­‐null	
  mice	
  treated	
  with	
  CFB.	
  A	
  greater	
  fold	
  change	
  was	
  

observed	
  in	
  Nrf2-­‐null	
  mice.	
  These	
  findings	
  suggest	
  that	
  Nrf2-­‐null	
  mice	
  exhibit	
  a	
  greater	
  increase	
  

in	
  Pparα	
  activation	
  by	
  CFB	
   than	
  wild	
   type	
  mice.	
  Western	
  blot	
  analysis	
  of	
  Vnn1	
  demonstrated	
  

significantly	
  increased	
  protein	
  expression	
  following	
  CFB	
  treatment	
  in	
  both	
  wild	
  type	
  and	
  Nrf2-­‐

null	
  mice.	
  Protein	
  expression,	
  however,	
  did	
  not	
  significantly	
  differ	
  between	
  the	
  two	
  genotypes	
  

following	
  CFB	
  treatment.	
  This	
  indicates	
  that	
  induction	
  of	
  Vnn1	
  protein	
  by	
  CFB	
  is	
  not	
  influenced	
  

by	
  Nrf2	
  expression	
  or	
  function,	
  at	
  least	
  not	
  with	
  this	
  regimen	
  of	
  CFB	
  treatment.	
  Further	
  protein	
  

analysis	
   of	
   Pparα	
   and	
   other	
   target	
   genes,	
   such	
   as	
   Acox1,	
   Pdk4	
   and	
   Cyp4a10,	
   are	
   needed	
   to	
  

determine	
   if	
   the	
   data	
   obtained	
   from	
  mRNA	
   analysis	
   is	
   corroborated	
   by	
   data	
   obtained	
   from	
  

protein	
  analysis.	
  This	
  would	
  provide	
  a	
  better	
  understanding	
  as	
  to	
  the	
  effect	
  of	
  CFB	
  treatment	
  

on	
  Pparα	
  activation	
  in	
  Nrf2-­‐null	
  mouse	
  liver.	
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   The	
  Ppar	
   family	
  of	
   transcription	
   factors	
   consists	
  of	
   three	
  members	
   (Pparα,	
  Pparγ,	
  and	
  

Pparβ/δ),	
  which	
  are	
  differentially	
  expressed	
  throughout	
  the	
  body.	
  Pparγ	
  is	
  mainly	
  expressed	
  in	
  

adipose	
   tissue	
   (Zieleniak	
   et	
   al.,	
   2008).	
   Interactions	
   between	
   Nrf2	
   and	
   Pparγ	
   are	
   present	
   in	
  

mouse	
  adipose	
  and	
   lung	
   tissue,	
  but	
   this	
  has	
  not	
  been	
  studied	
   in	
   the	
  mouse	
   liver.	
  Our	
   results	
  

show	
  that	
  Pparγ	
  mRNA	
  expression	
  in	
  the	
  mouse	
  liver	
  was	
  not	
  affected	
  by	
  CFB	
  treatment,	
  but	
  

was	
   significantly	
   decreased	
   in	
   vehicle-­‐treated	
   Nrf2-­‐null	
   compared	
   to	
   wild	
   type	
   mice.	
   This	
   is	
  

consistent	
  with	
  previous	
  reports	
  examining	
  mouse	
  lung	
  and	
  adipose	
  tissue	
  (Cho	
  et	
  al.,	
  2010;	
  Pi	
  

et	
  al.,	
  2010).	
  Analysis	
  of	
  Pparγ	
  protein	
  expression	
  is	
  still	
  required,	
  but	
  Pparγ	
  mRNA	
  expression	
  

suggests	
   that	
  Nrf2	
  may	
  be	
  a	
  positive	
  regulator	
  of	
  Pparγ	
   in	
   the	
  mouse	
   liver.	
  Analysis	
  of	
  mRNA	
  

expression	
   for	
   some	
   Pparγ	
   target	
   genes	
   displayed	
   no	
   significant	
   change	
   following	
   CFB	
  

treatment	
   in	
   wild	
   type	
   mice.	
   Expression	
   of	
   these	
   genes	
   in	
   Nrf2-­‐null	
   mice,	
   however,	
   was	
  

significantly	
   increased	
   by	
   CFB	
   treatment.	
   It	
   appears	
   that	
   in	
   the	
   mouse	
   liver	
   Pparα	
  

predominantly	
  regulates	
  these	
  selected	
  Pparγ	
  target	
  genes.	
  This	
  is	
  not	
  surprising	
  because	
  Pparγ	
  

and	
  Pparα	
  have	
  both	
  been	
  demonstrated	
  to	
  regulate	
  a	
  set	
  of	
  overlapping	
  genes	
  involved	
  in	
  lipid	
  

metabolism	
   (i.e.	
   Lpl,	
   Fabp4)	
   (Nakachi	
   et	
   al.,	
   2008;	
   Rakhshandehroo	
   et	
   al.,	
   2010).	
   Also,	
   Pparγ	
  

acts	
   mainly	
   in	
   adipose	
   tissue	
   as	
   a	
   regulator	
   of	
   lipid	
   and	
   glucose	
   metabolism,	
   and	
   is	
   only	
  

expressed	
  at	
   low	
   levels	
   in	
   the	
   liver.	
  Pparα,	
  on	
  the	
  other	
  hand,	
   is	
  highly	
  expressed	
   in	
   the	
   liver	
  

and	
   acts	
   as	
   a	
  main	
   regulator	
   of	
   hepatic	
   lipid	
  metabolism	
   (Tyagi	
   et	
   al.,	
   2011).	
   These	
   findings	
  

suggest	
   that,	
  when	
  analyzed	
   in	
   the	
   liver,	
   these	
   selected	
  Pparγ	
   target	
   genes	
   (i.e.	
   Slc27a1,	
   Lpl,	
  

Fabp4,	
  Glut4)	
  serve	
  as	
  better	
  indicators	
  of	
  Pparα	
  activity	
  than	
  as	
  indicators	
  of	
  Pparγ	
  activity.	
  	
  

	
   Rxrα	
  is	
  a	
  member	
  of	
  the	
  Rxr	
  family	
  of	
  transcription	
  factors	
  with	
  high	
  levels	
  of	
  expression	
  

in	
  the	
  liver	
  (Pérez	
  et	
  al.,	
  2012).	
  It	
  acts	
  as	
  a	
  heterodimer	
  partner	
  for	
  many	
  transcription	
  factors	
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and	
   is	
   required	
   for	
   Pparα	
   action.	
   Our	
   data	
   show	
   that	
   Rxrα	
   mRNA	
   expression	
   is	
   not	
   altered	
  

between	
  mouse	
  genotypes	
  or	
  treatment	
  group,	
  indicating	
  that	
  Rxrα	
  expression	
  is	
  not	
  affected	
  

by	
   Nrf2	
   expression	
   or	
   function.	
   This	
   finding	
   is	
   contradictory	
   to	
   previous	
   reports	
   that	
   mRNA	
  

expression	
   of	
   Rxrα	
   is	
   decreased	
   by	
   knocking	
   down	
  Nrf2	
   function	
   (Chorley	
   et	
   al.,	
   2012).	
   This	
  

apparent	
  discrepancy	
  may	
  be	
  due	
   to	
  differences	
   in	
  experimental	
  models.	
  Our	
   study	
  analyzed	
  

mRNA	
  expression	
  of	
   Rxrα	
   in	
   vivo,	
   using	
  wild	
   type	
   and	
  Nrf2-­‐null	
  mice,	
  whereas	
   Chorley	
   et	
   al.	
  

(2012)	
  analyzed	
  mRNA	
  expression	
  in	
  vitro,	
  using	
  shRNA	
  knockdown	
  of	
  Nrf2	
  in	
  mouse	
  embryonic	
  

fibroblasts.	
  	
  

Analysis	
  of	
  mRNA	
  expression	
   for	
  all	
  of	
   the	
  Rxrα	
  target	
  genes	
   tested	
  revealed	
  that	
  CFB	
  

treatment	
   had	
   no	
   effect	
   on	
   expression.	
   Two	
   of	
   the	
   analyzed	
   target	
   genes,	
   mainly	
   Dio1	
   and	
  

Rbp1,	
  displayed	
  altered	
  basal	
  mRNA	
  expression	
  in	
  Nrf2-­‐null	
  compared	
  to	
  wild	
  type	
  mouse	
  liver.	
  

Basal	
  expression	
  of	
  Dio1	
  was	
   significantly	
  decreased	
   in	
  Nrf2-­‐null	
   compared	
   to	
  wild	
   type	
  mice	
  

and	
  the	
  basal	
  expression	
  of	
  Rbp1	
  was	
  significantly	
  increased	
  in	
  Nrf2-­‐null	
  compared	
  to	
  wild	
  type	
  

mice.	
  Other	
  target	
  genes	
  (i.e	
  Rarα,	
  Cyp2r1),	
  however,	
  displayed	
  no	
  change	
  in	
  basal	
  expression	
  

between	
  genotypes.	
  The	
  cause	
  of	
  the	
  Nrf2-­‐dependent	
  changes	
  in	
  basal	
  expression	
  of	
  Dio1	
  and	
  

Rbp1	
  are	
  not	
  clear,	
  but	
  it	
  seems	
  that	
  the	
  changes	
  are	
  not	
  mediated	
  by	
  Rxrα	
  signaling.	
  	
  	
  

CFB	
  has	
  been	
  previously	
  reported	
  to	
   increase	
  protein	
  and	
  mRNA	
  expression	
  of	
  several	
  

Nrf2	
   target	
   genes,	
   including	
   Mrp3,	
   Mrp4	
   and	
   Bcrp	
   (Moffit,	
   2006).	
   Interestingly,	
   mRNA	
  

expression	
  of	
  Nrf2	
  was	
  increased	
  in	
  wild	
  type	
  mice	
  following	
  CFB	
  treatment.	
  Protein	
  expression	
  

is	
  required	
  to	
  confirm	
  this	
  finding.	
  As	
  previously	
  demonstrated	
  by	
  Moffit	
  et	
  al.	
  (2006,	
  2007)	
  CFB	
  

treatment	
  caused	
  increases	
  in	
  mRNA	
  expression	
  for	
  the	
  Nrf2	
  target	
  genes	
  Gclc,	
  Nqo1	
  and	
  Mrp3	
  

in	
  wild	
  type	
  mouse	
  liver.	
  Protein	
  expression	
  for	
  Nqo1	
  was	
  also	
  increased	
  in	
  wild	
  type	
  following	
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CFB	
  treatment.	
  With	
  the	
  exception	
  of	
  Mrp2	
  and	
  Bcrp,	
  the	
  majority	
  of	
  Nrf2	
  target	
  genes	
  tested,	
  

did	
  not	
  display	
  any	
  CFB-­‐mediated	
  alterations	
   to	
  expression	
   in	
   the	
  absence	
  of	
  Nrf2.	
  Mrp2	
  and	
  

Bcrp,	
   however,	
   displayed	
   significant	
   increases	
   in	
   mRNA	
   expression	
   in	
   CFB-­‐treated	
   Nrf2-­‐null,	
  

compared	
  to	
  vehicle-­‐treated	
  null	
  mice.	
  Furthermore,	
  mRNA	
  expression	
  for	
  Nrf2	
  was	
  elevated	
  in	
  

CFB-­‐treated	
  wild	
  type	
  mice	
  compared	
  to	
  vehicle-­‐treated	
  controls.	
  Peroxisome	
  proliferators	
  are	
  

known	
   to	
   cause	
   oxidative	
   stress	
   in	
   rodents	
   thorough	
   the	
   indirect	
   production	
   of	
   hydrogen	
  

peroxide	
  (Gonzalez	
  and	
  Shah,	
  2008).	
  The	
  observed	
  increases	
  in	
  Nrf2	
  mRNA	
  expression	
  may	
  thus	
  

be	
   a	
   direct	
   result	
   of	
   CFB	
   dosing.	
   Further	
   studies	
   of	
  Nrf2	
   expression	
   in	
   the	
   absence	
   of	
   Pparα	
  

activity	
  are	
  required	
  to	
  confirm	
  this.	
  Altogether,	
  these	
  data	
  suggest	
  Pparα	
  activation	
  may	
  play	
  a	
  

role	
   in	
   the	
   regulation	
   of	
   Nrf2	
   expression	
   and	
   in	
   the	
   transcriptional	
   regulation	
   of	
   some	
   Nrf2	
  

target	
  genes	
  in	
  an	
  Nrf2-­‐independent	
  manner.	
  

	
   Once	
   the	
   Pparα-­‐Rxrα	
   heterodimer	
   is	
   ligand	
   bound	
   it	
   is	
   able	
   to	
   associate	
   with	
   co-­‐

activator	
  proteins.	
  Co-­‐activator	
  proteins,	
  such	
  as	
  Pgc1α,	
   increase	
  transcription	
  of	
  target	
  genes	
  

by	
   interacting	
   with	
   histone	
   acetyltransferases,	
   which	
   act	
   to	
   remodel	
   chromatin	
   so	
   that	
   the	
  

transcriptional	
  machinery	
  has	
   improved	
  access	
   to	
   the	
  target	
  gene	
   (Finck,	
  2006).	
  Pgc1α	
  mRNA	
  

and	
  protein	
  expression	
  have	
  been	
  demonstrated	
  to	
  increase	
  in	
  livers	
  from	
  24	
  hour	
  fasted	
  rats	
  

and	
  mice	
  (Yoon	
  et	
  al.,	
  2001;	
  Zhang	
  et	
  al.,	
  2013).	
  Fasting	
  is	
  a	
  natural	
  way	
  of	
  indirectly	
  activating	
  

Pparα.	
  Fasting	
  causes	
  increased	
  production	
  of	
  FAs,	
  which	
  act	
  as	
  ligands	
  for	
  activation	
  of	
  Pparα	
  

(Bouwens	
   et	
   al.,	
   2007).	
   CFB,	
   on	
   the	
   other	
   hand,	
   is	
   a	
   synthetic	
   ligand	
   for	
   the	
   Pparα	
   nuclear	
  

receptor	
   and	
   acts	
   to	
   directly	
   activate	
   Pparα,	
   thus	
   inducing	
   transcription	
   of	
   Pparα-­‐dependent	
  

genes	
   involved	
   in	
   FA	
   oxidation.	
   Analysis	
   of	
   Pgc1α	
   mRNA	
   expression	
   following	
   five-­‐day	
   CFB	
  

treatment	
   (250mg/kg)	
   revealed	
   that	
   its	
   basal	
   expression	
   is	
   elevated	
   in	
   Nrf2-­‐null	
   mice,	
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compared	
   to	
   wild	
   type	
   mice.	
   Increased	
   expression	
   could	
   explain	
   the	
   observed	
   sensitivity	
   of	
  

Nrf2-­‐null	
  mice	
  to	
  Pparα	
  activation.	
  Since	
  Pgc1α	
  is	
  also	
  a	
  known	
  co-­‐activator	
  of	
  Pparα	
  (Barberá	
  

et	
  al.,	
  2001),	
  increased	
  expression	
  of	
  Pgc1α	
  in	
  Nrf2-­‐null	
  mice	
  suggests	
  that	
  these	
  mice	
  may	
  have	
  

increased	
   ligand-­‐mediated	
   activation	
   of	
   Pparα.	
   Recruitment	
   of	
   Pgc1α	
   to	
   the	
   Pparα	
  

heterodimer,	
   following	
   ligand	
   binding,	
   would	
   induce	
   transcription	
   of	
   Pparα	
   target	
   genes,	
   as	
  

depicted	
  in	
  Figure	
  2.9.	
  Protein	
  expression	
  of	
  Pgc1α	
  would	
  provide	
  further	
  insight	
  into	
  the	
  effect	
  

of	
   loss	
  of	
  Nrf2	
   function	
  on	
  Pgc1α	
  expression	
  and	
  could	
  provide	
  a	
  possible	
  mechanism	
  for	
  the	
  

apparent	
  interaction	
  between	
  Nrf2	
  and	
  Pparα.	
  	
  

	
   A	
   follow-­‐up	
   study	
   was	
   performed	
   that	
   involved	
   challenging	
   CFB-­‐pretreated	
   Nrf2-­‐null	
  

mice	
  with	
   a	
   toxic	
   dose	
  of	
  APAP.	
   This	
  was	
  performed	
   to	
  determine	
   if	
   the	
  protective	
   effect	
   of	
  

Pparα	
  activation	
  against	
  APAP	
  hepatotoxicity	
  is	
  still	
  present	
  in	
  the	
  absence	
  of	
  Nrf2.	
  A	
  challenge	
  

dose	
  of	
  300mg/kg	
  (50%	
  propylene	
  glycol;	
   i.p.)	
  was	
  selected	
  due	
  to	
  the	
  increased	
  sensitivity	
  of	
  

Nrf2-­‐null	
  mice	
  to	
  APAP.	
  Analysis	
  of	
  serum	
  ALT	
  levels	
  revealed	
  that,	
  compared	
  to	
  vehicle-­‐treated	
  

control	
  mice,	
  there	
  was	
  a	
  significant	
  increase	
  in	
  ALT	
  activity	
  in	
  vehicle-­‐treated	
  mice	
  challenged	
  

with	
   APAP.	
   ALT	
   activity	
   was	
   also	
   increased	
   slightly	
   in	
   CFB	
   pretreated	
   mice,	
   however,	
   these	
  

values	
  were	
  not	
  significantly	
  different	
  from	
  either	
  vehicle	
  treated	
  control	
  or	
  vehicle-­‐pretreated	
  

mice.	
  The	
  observed	
  ALT	
  levels	
  at	
  the	
  dose	
  employed,	
  however,	
  do	
  not	
  match	
  our	
  historical	
  data	
  

from	
  previous	
  APAP	
  toxicity	
  studies.	
  This	
  indicates	
  that	
  the	
  APAP	
  dose	
  of	
  300mg/kg	
  used	
  in	
  the	
  

present	
   study	
   was	
   not	
   sufficient	
   to	
   produce	
   enough	
   hepatotoxicity	
   in	
   Nrf2-­‐null	
   mice	
   to	
  

distinguish	
   potential	
   differences	
   in	
   response	
   by	
   treatment.	
   Although	
   this	
   dose	
   should	
   have	
  

produced	
   noticeable	
   toxicity	
   in	
   Nrf2-­‐null	
   mice	
   our	
   historical	
   experience	
   with	
   APAP	
   toxicity	
  

studies	
  has	
  demonstrated	
  that	
  seasonal	
  variations	
  (i.e.	
  time	
  of	
  year)	
  in	
  responsiveness	
  to	
  APAP
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  Figure	
  2.9:	
  Potential	
  mechanism	
  for	
   increased	
  activation	
  of	
  Pparα	
  in	
  Nrf2-­‐null	
  mice.	
  Depicts	
  activation	
  

and	
   nuclear	
   translocation	
   of	
   Nrf2	
   in	
   the	
   presence	
   of	
   oxidative	
   stress,	
   as	
   well	
   as	
   activation	
   of	
   Pparα	
  

through	
   ligand	
  binding,	
   co-­‐repressor	
  dissociation	
  and	
  co-­‐activator	
  association.	
   Increased	
  expression	
  of	
  

Pgc1α	
  observed	
  in	
  the	
  absence	
  of	
  Nrf2	
  may	
  result	
  in	
  increased	
  ligand-­‐dependent	
  recruitment	
  of	
  Pgc1α	
  

to	
  the	
  Pparα	
  heterodimer	
  complex.	
  This	
  may	
  then	
  allow	
  for	
  increased	
  transcriptional	
  regulation	
  of	
  Pparα	
  

target	
  genes.	
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toxication	
  can	
  be	
  prominent.	
  Analysis	
  of	
  hepatic	
  NPSH	
  content	
  revealed	
  a	
  trend	
  for	
   increased	
  

basal	
   levels	
   of	
   GSH	
   in	
   CFB-­‐treated,	
   compared	
   to	
   vehicle-­‐treated	
   Nrf2-­‐null	
   mice.	
   This	
   is	
  

consistent	
  with	
  studies	
  of	
  repeated	
  CFB	
  dosing	
  in	
  wild	
  type	
  mice	
  (Manautou	
  et	
  al.,	
  1994).	
  There	
  

was	
   also	
   a	
   trend	
   for	
   decreased	
   GSH	
   restoration	
   in	
   vehicle-­‐pretreated,	
   compared	
   to	
   CFB-­‐

pretreated,	
  APAP	
  challenge	
  groups.	
  This	
   indirectly	
  suggests	
  that	
  higher	
  GSH	
  content	
  following	
  

CFB	
   pretreatment,	
   even	
   in	
   the	
   absence	
   of	
   Nrf2,	
   may	
   have	
   the	
   potential	
   to	
   partially	
   protect	
  

against	
  oxidative	
  stress,	
  such	
  as	
  that	
  produced	
  by	
  APAP’s	
  reactive	
  intermediate.	
  

	
  

2.6	
  Conclusion:	
  

	
   The	
  present	
  study	
  indicates	
  that	
  Nrf2	
  and	
  Pparα	
  interact	
  in	
  a	
  way	
  that	
  most	
  likely	
  does	
  

not	
  require	
  direct	
  binding	
  between	
  the	
  two	
  transcription	
  factors.	
  Further	
  studies	
  are	
  required	
  

to	
  determine	
  the	
  exact	
  mechanism	
  of	
  this	
  interaction,	
  however,	
  it	
  appears	
  that	
  the	
  mechanism	
  

may	
   involve	
   regulation	
   of	
   the	
   co-­‐activator	
   protein	
   Pgc1α.	
   ChIP	
   analysis	
   could	
   be	
   utilized	
   to	
  

determine	
   the	
   level	
   of	
   Pgc1α	
   being	
   recruited	
   to	
   the	
   transcription	
   start	
   site	
   of	
   Pparα	
   target	
  

genes	
   in	
   vehicle-­‐	
   and	
   CFB-­‐treated	
   wild	
   type	
   and	
   Nrf2-­‐null	
   mouse	
   livers.	
   This	
   would	
   provide	
  

insight	
  as	
  to	
  whether	
  or	
  not	
  Pgc1α	
  plays	
  a	
  role	
  for	
  the	
  increased	
  sensitivity	
  of	
  Nrf2-­‐null	
  mice	
  to	
  

Pparα	
  activation.	
  

Further	
   studies	
   on	
   the	
   induction	
   of	
   Nrf2	
   expression	
   following	
   CFB	
   treatment	
   could	
  

provide	
   additional	
   insight	
   into	
   the	
   interaction	
   between	
  Nrf2	
   and	
   Pparα.	
   These	
   studies	
   could	
  

include	
  protein	
  analysis	
  of	
  Nrf2	
  following	
  CFB	
  pretreatment	
  in	
  wild	
  type	
  mice.	
  Also,	
  analysis	
  of	
  

Nrf2	
  mRNA	
  and	
  protein	
  expression	
  could	
  be	
  conducted	
   in	
  vehicle	
  and	
  CFB-­‐treated	
  Pparα-­‐null	
  

mice	
  to	
  determine	
  if	
  the	
  observed	
  increase	
  in	
  Nrf2	
  mRNA	
  expression	
  following	
  CFB	
  treatment	
  is	
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Pparα	
  dependent.	
  This	
  study	
  may	
  also	
  benefit	
  from	
  extending	
  CFB	
  treatment	
  (250mg/kg)	
  from	
  

five	
  days	
  to	
  ten	
  days.	
  It	
  has	
  been	
  established	
  that	
  Nrf2-­‐null	
  mice	
  can	
  tolerate	
  250mg/kg	
  of	
  CFB	
  

for	
  five	
  days.	
  Extending	
  treatment	
  to	
  ten	
  days	
  may	
  further	
  induce	
  the	
  observed	
  CFB-­‐mediated	
  

activation	
  of	
  Pparα	
  in	
  both	
  wild	
  type	
  and	
  Nrf2-­‐null	
  mice.	
  It	
  is	
  also	
  possible	
  that	
  extending	
  CFB	
  

treatment	
  to	
  ten	
  days	
  may	
  be	
  sufficient	
  to	
  produce	
  hepatomegaly,	
  which	
  was	
  observed	
  in	
  the	
  

ten	
  day,	
  500mg/kg	
  model	
  of	
  CFB	
  dosing.	
  It	
  is	
  also	
  possible	
  that	
  protein	
  expression	
  of	
  Vnn1	
  may	
  

better	
  reflect	
  the	
  observed	
  mRNA	
  expression	
  if	
  CFB	
  treatment	
  was	
  extended.	
  	
  

Developing	
  a	
  mechanism	
  for	
  the	
   interaction	
  between	
  Nrf2	
  and	
  Pparα	
  would	
  provide	
  a	
  

better	
  understanding	
  of	
  APAP-­‐induced	
  liver	
  injury	
  and	
  may	
  result	
  in	
  improved	
  understanding	
  of	
  

how	
  Nrf2	
  and	
  Pparα	
  protect	
  against	
  this	
  liver	
  injury.	
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