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Mitochondria	  as	  a	  Mediator	  of	  	  
Cellular	  Physiology	  

Electron	  Transport	  Chain	  
	  
	  

ATP	  

From	  La	  Monaca	  (2012)	  



Mitochondria	  as	  a	  Mediator	  of	  	  
Cellular	  Physiology	  

Cellular	  Stress	  Response:	  
•  Autophagy/mitophagy	  
•  Apoptosis	  
•  Necroptosis	  
•  Mitochondrial	  dynamics	  (fusion/fission)	  
•  ER	  interactions	  (Ca++,	  MAM,	  UPR)	  
Aging/chronic	  neurodegenerative	  disease:	  
•  Alteration	  of	  metabolic	  pathways	  (non-‐ETC)	  
•  mtDNA	  damage/depletion	  
•  Mitochondrial	  dynamics	  (fusion/fission)	  
•  Mitochondrial	  mobility	  (neuronal	  function)	  
ROS	  as	  a	  signaling	  Mechanism	  
•  Non-‐pathologic	  	  
•  Alters	  nuclear	  transcription	  (i.e.	  TGFb)	  
	  

	  	  
	  



Mitochondrial	  Stress	  Responses	  



Anesthesia	  and	  Mitochondrial	  Function	  

•  Wound	  healing	  

•  Infection/Immunity/Inflammation/SIRS/Sepsis	  

•  Post-‐op	  cardiac	  function/recovery	  

•  Short-‐	  and	  Long-‐term	  pain,	  pain	  modulation	  pathways	  

•  Long-‐term	  patient	  recovery/tissue	  repair	  

•  Neurocognition	  



Mitochondrial	  Morphology	  
	  	  

300	  uM	  Isoflurane	  	  4	  hour	  
	  	  

Control	  
	  	  







Changes	  in	  Mitochondrial	  Mass	  
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Mitochondrial	  Function	  (Polarization)	  Alterations	  Observed	  at	  
One	  and	  Four	  Exposures	  of	  Anesthetic	  Agents	  
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MtDNA	  Lesions	  Induced	  	  
by	  Anesthetic	  Agents	  
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Measurements	  in	  Patients	  Receiving	  Ketamine	  
•  39	  patients	  recruited	  
•  24%	  reduction	  in	  mitochondrial	  mass	  (p	  =	  0.004)	  
•  16%	  increase	  in	  mitochondrial	  function	  
•  5%	  increase	  in	  mean	  polarization	  

-0.5

0.0

0.5

1.0

Patient Number

Le
si

on
s 

(p
er

 1
0 

kb
)



Anesthesia	  Neurotoxicity	  Model	  

•  Stratmann	  et.	  al.	  (2009)	  
•  Rats	  exposed	  to	  sevoflurane	  at	  P6,	  grown	  to	  
10	  months,	  undergo	  cognitive	  testing	  

•  Six	  controls,	  Six	  sevo	  exposed	  



Alternations	  in	  Mitochondrial	  Transcription	  
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Mitochondrial	  Fusion/Quality	  Control	  
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Mitochondrial	  UPR	  
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Anesthesia-‐induced	  protein	  misfolding	  	  
and	  effects	  on	  the	  ER-‐UPR	  

See	  presentation	  by	  E.	  Richards	  



MitoNuclear	  Protein	  Balance	  
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Citric	  Acid	  Cycle	  

Dioxygenases	  
Jumanji	  DeMe	  

	  
DNA	  

Demethylation	  
	  

Isocitrate	  	  
Dehydrogenase	  

	  



Agent	   IDH1	  
(cytoplasmic)	  

IDH2	  
(mitochondrial)	  

Isoflurane	  	   No	  inhibition	   No	  inhibition	  

Midazolam	   No	  inhibition	   No	  inhibition	  

Ketamine	   No	  inhibition	   No	  inhibition	  

Propofol	   No	  inhibition	   No	  inhibition	  

Lidocaine	   No	  inhibition	   No	  inhibition	  

Morphine	   Ki	  =	  36.5	  uM	   No	  inhibition	  

Fentanyl	   No	  inhibition	   No	  inhibition	  

Hydromorphone	   No	  inhibition	   No	  inhibition	  
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http://www.autism.com/	  



Autism	  Spectrum	  Disorder	  at	  SickKids:	  
	  



Autism	  as	  a	  Metabolic	  Phenotype	  	  
	  

•  Mitochondrial	  genes	  directly	  <	  0.5%	  
•  “Atypical”	  mitochondrial	  deficiency	  ~40%	  
(Oliveira	  2005)	  

•  Evidence	  that	  the	  serum	  level	  of	  mito	  
markers	  correlates	  to	  autism	  clinical	  
severity	  	  

•  Reduced	  brain	  ATP	  on	  MRI	  
•  Decrease	  in	  protective	  glutathione/
increase	  ROS/RNS	  



Autism	  and	  Anesthesia	  

•  Basic:	  
– Lymphoblastoid	  and	  iPSC-‐neurons	  from	  50	  
autistic	  patients	  

– Testing	  metrics	  of	  mitochondrial	  function,	  
response	  to	  anesthetics	  

•  Prospective:	  
– Pre-‐cognitive	  testing	  
– Post-‐cognitive	  testing:	  immediate,	  3,	  6	  months	  
– Mitochondrial	  markers	  

	  



Conclusions	  
•  Anesthetic	  Agents	  cause:	  
–  Adverse	  changes	  in	  mito	  morphology	  and	  function	  

–  Induction	  of	  mtDNA	  damage	  

–  Real-‐time	  damage	  after	  a	  single	  dose	  in	  vivo	  

–  Alterations	  in	  cellular	  energy	  balance,	  transcription	  and	  
stress	  responses	  

–  Aging	  phenotype	  

•  Morphine	  is	  an	  inhibitor	  of	  IDH1,	  affecting	  DNA	  

methylation,	  cancer	  cell	  growth	  
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