
Methamphetamine	
  and	
  the	
  Brain:	
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  Tales	
  

•  Perry	
  F.	
  Renshaw	
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  Ph.D.,	
  M.B.A.	
  
•  USTAR	
  Professor	
  of	
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  University	
  of	
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  School	
  of	
  Medicine	
  

•  Medical	
  Director,	
  VISN	
  19	
  Mental	
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Research,	
  EducaHon,	
  and	
  Clinical	
  Center	
  
(MIRECC)	
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Conflicts,	
  Real	
  or	
  PotenHal	
  

1.  Consultant,	
  Ridge	
  DiagnosHcs	
  
(Blood	
  Test	
  for	
  Depression)	
  

2.  Consultant,	
  Kyowa	
  Hakko	
  Kirin	
  
(CiHcoline	
  Effects)	
  

3.  ~	
  20	
  patents,	
  assigned	
  to	
  Harvard	
  
or	
  University	
  of	
  Utah	
  	
  



Overview	
  

	
  
•  Of	
  Mice	
  and	
  Men	
  
•  Rocky	
  Mountain	
  High	
  
•  BeWer	
  Living	
  Through	
  Chemistry	
  



Methamphetamine	
  Abuse	
  in	
  
Adolescents:	
  	
  SuscepHbility	
  or	
  

Resilience?	
  
	
  “The	
  abuse	
  of	
  MA	
  is	
  a	
  serious	
  public	
  health	
  
problem	
  because	
  MA	
  can	
  cause	
  persistent	
  
dopaminergic	
  deficits	
  in	
  the	
  brains	
  of	
  both	
  
animal	
  models	
  and	
  humans.	
  	
  Surprisingly,	
  
adolescent	
  PND40	
  rats	
  are	
  resistant	
  to	
  these	
  
MA-­‐induced	
  deficits	
  whereas	
  young	
  adult	
  
PND90	
  rats	
  are	
  not.”	
  	
  Volz	
  et	
  al.,	
  Synapse,	
  
2009.	
  



Effects of Exposure of Methamphetamine on the Adolescent Brain (I) 

Study Subjects 
  
31 Adolescent methamphetamine users vs. 31 healthy adolescents  
40 Adolescent methamphetamine users vs. 40 healthy adults  



Effects of Exposure of Methamphetamine on the Adolescent Brain (II) 

Methamphetamine use history of subjects  

13 early-onset vs. 18 late-onset adolescent users vs. 40 adult users 

In general, adult users have taken higher lifetime 
cumulative dose of methamphetamine.  



Effects of Exposure of Methamphetamine on the Adolescent Brain (III) 

Gray matter alterations in adolescent and adult methamphetamine users 

Statistical maps  



Effects of Exposure of Methamphetamine on the Adolescent Brain (IV) 

Similar regional patterns of  
methamphetamine use-related 

cortical thickness reductions  
between adolescent and adult 

users 



Effects of Exposure of Methamphetamine on the Adolescent Brain (V) 

Larger dose-dependent effects of cumulative methamphetamine doses were  
observed in adolescent users. Gray matter thickness reductions were therefore  
similar between adult and adolescent user groups, despite a greater amount of 

 methamphetamine use in adult users.  



Effects of Exposure of Methamphetamine on the Adolescent Brain (VI) 

White matter alterations in adolescent and adult methamphetamine users 

Statistical maps  



Effects of Exposure of Methamphetamine on the Adolescent Brain (VII) 

The extent of FA reduction in white matter in adolescent users was greater than that 
observed in adult users. The early adolescence-onset group had greater FA reduction 

in whole-brain white matter and the frontostriatal tract ROI than the late  
adolescence-onset group although there were no differences in current age or  

cumulative dosage of methamphetamine between groups   



Effects of Exposure of Methamphetamine on the Adolescent Brain (IIX) 

Our findings highlight that the 
adolescent brain, which undergoes 

active myelination and  
maturation, is much more vulnerable to  

methamphetamine-induced 
neurotoxicity than 

 the adult brain. This may help explain 
why  

adolescent-onset methamphetamine 
users have a more severe and chronic 
clinical course than adult-onset users. 



ImplicaHons	
  and	
  Next	
  Steps	
  
• 1.	
  Preclinical	
  neurotoxicology	
  research	
  
needs	
  to	
  be	
  informed	
  by	
  clinical	
  studies,	
  
despite	
  their	
  inherent	
  limitaHons	
  and	
  
complexity.	
  

• 2.	
  PrevenHon	
  and	
  early	
  treatment	
  efforts	
  
are	
  likely	
  to	
  be	
  of	
  criHcal	
  importance.	
  

• 3.	
  Efforts	
  aimed	
  at	
  neuroprotecHon/
resiliency	
  may	
  be	
  important	
  for	
  treatment.	
  

	
  



Q"RE',"+)%
*

!! :*)%#G-%0*'-=+G?#*%)+*)G#-(H=)%0*1G''0"&")#*
!! !"?$%)(1&*

!! :?H@%#"1*#$"*Y(=13)#$"1(1*=>*'$=1'$=0('(+1*()*)"G-=)%0*
&"&Y-%)"1*J?=)@"31*)"G-='-=#"?H=)*Y3*1?%@")M()M*#=a(?*
0('(+*Y-"%Q+=7)*'-=+G?#1K*

!! B)?-"%1"1*)=-"'()"'$-()"*%)+*+='%&()"*0"@"01*()*#$"*
?")#-%0*)"-@=G1*131#"&*'-"1G&%Y03*Y3*()?-"%1()M*#$"*
%?H@(#3*=>*#3-=1()"*$3+-=a30%1"*J<"?%+"19*NUUcK**

!! :0-"%+3*$%1*1$=7)*1(M)(\?%)#*"d?%?3*()*#-"%H)M*%*)G&Y"-*=>*
?")#-%0*)"-@=G1*131#"&*+(1=-+"-1*()?0G+()M**

!! 2%-Q()1=)e1*+(1"%1"9*$"%+*()fG-39*?"-"Y-%0*()>%-?H=)*%)+*@%1?G0%-*
+"&")H%*



Q"RE',"+)%
*

!! <(M)(\?%)#03*+"?-"%1"+*G-M"*>=-*?=?%()"*()*%*M-=G'*
=>*?=?%()"*+"'")+")#*1GYf"?#1*>=00=7()M*N*7""Q1*=>*
?(H?=0()"*-"0%H@"*#=*'0%?"Y=5*J6")1$%79*DEEEK!*

!! I%-+(=@%1?G0%-*1%>"#3*=>*?=&Y()"*?(H?=0()"*%)+*
?=?%()"*%+&()(1#-%H=)5*JXGQ%19*NUUDK!*

!! F1#%Y0(1$"+*1%>"#3*()*'"+(%#-(?*'='G0%H=)15*
!! /")+1*#=*+"?-"%1"*!:*G1"*%)+9*(&'=-#%)#039*#=*
()?-"%1"*>-=)#%0*0=Y"*C::*0"@"01*Jg==)9*X3==9*
6")1$%79*NUDU9*)"a#*10(+"K5**



Q"RE',"+)%D()*#&)+#%'/%
B)#$*&.$)#*&"+)%;).)+1)+E)%

S>#610%T%'/%UV%4%W%XTY%



Study	
  2	
  of	
  2:	
  Mood,	
  ConcentraHon,	
  Sleep,	
  and	
  
Anxiety	
  (N	
  =	
  52)	
  



Study	
  2	
  of	
  2:	
  METH	
  (urine,	
  self	
  report)	
  and	
  
cocaine	
  (N	
  =	
  52)	
  



Gray matter volume deficits related METH dependence!

44 METH-dependent subjects vs. 27 healthy subjects!



Less METH-related DLPFC volume deficits predict craving improvement!

Potential treatment targets for craving !

X"j*8X24I*-"M(=)*=>*!F/P*"R"?#1* 

ah^Sk 

29 METH –dependent subjects  
with group therapy either with placebo or citicoline treatment !



Citicoline treatment effects on left DLPFC gray matter volume !

15 citicoline-treated METH-dependent subjects 
14 placebo-treated METH-dependent subjects 

21 healthy control subjects!
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Utah has the highest “Depression Index” of all the 
U.S. States, based on 4 combined criteria 

(Ranking America’s Mental Health, 2007) 



Source:	
  Pat	
  Bagley.	
  The	
  Salt	
  Lake	
  Tribune.	
  
Sunday,	
  July	
  14,	
  2010.	
  

Established	
  Theory	
  #1	
  



Source:	
  www.images.com	
  

Off	
  the	
  Deep	
  End?	
  



Age-­‐Adjusted	
  Suicide	
  Rate	
  vs.	
  
	
  Mean	
  ElevaRon	
  of	
  Each	
  U.S.	
  County	
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Source:	
  	
  Kim	
  et	
  al.,	
  American	
  Journal	
  of	
  Psychiatry	
  (2011)	
  January;168(1):49-­‐54	
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Loosely	
  speaking….	
  

•  Serotonin	
  goes	
  down	
  and	
  
•  Dopamine	
  goes	
  up….	
  

•  But	
  results	
  depend	
  on	
  species,	
  strain,	
  sex,	
  
alHtude,	
  length	
  of	
  exposure,	
  etc…	
  



Monoamine	
  content	
  in	
  striatum	
  of	
  female	
  rats	
  amer	
  hypoxia	
  exposure	
  
(Mass	
  Spec	
  Analysis)	
  	
  

Serotonin	
  (ng/mg)	
   Dopamine	
  (ng/mg)	
  
1	
  week	
  exposure	
  

4.5K	
  (local	
  condiHons)	
   0.066±0.020	
   0.970±0.195	
  

10K	
   0.088±0.017	
   1.519±0.197#	
  

20K	
   0.047±0.006*	
   0.882±0.237*	
  
2	
  week	
  exposure	
  

4.5K	
  (local	
  condiHons)	
   0.075±0.018	
   1.152±0.323	
  

10K	
   0.087±0.023	
   2.010±0.247#	
  
#-­‐	
  p≤0.1	
  comparaHvely	
  to	
  4.5K	
  group	
  
*-­‐	
  p≤0.1	
  comparaHvely	
  to	
  10K	
  group	
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SomeHmes	
  More	
  Dopamine	
  is	
  
Helpful:	
  	
  ADHD	
  



Why We Take Risks – It’s 
the Dopamine 

TIME Health Tuesday, 12/30/08 
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This	
  remains	
  true…..	
  
Only	
  for	
  MA	
  abuse/dependence.	
  

	
  
Even	
  ajer	
  correcHng	
  for:	
  age,	
  ethnicity,	
  

educaHon,	
  socioeconomic	
  status,	
  
employment,	
  MA	
  laboratory	
  seizures,	
  
subpopulaHons,	
  and	
  other	
  substance	
  

abuse.	
  



Methamphetamine	
  in	
  Suicide	
  
Decedents	
  

•  Utah,	
  1996-­‐2002,	
  N	
  =	
  442,	
  9%	
  
•  New	
  South	
  Wales,	
  1997-­‐2006,	
  N	
  =	
  1415,	
  4%	
  
(M	
  >	
  F)	
  

•  NVDRS,	
  2006,	
  N=15,396,	
  4.7%	
  
•  Kentucky,	
  1993-­‐2002,	
  N	
  =	
  2,864,	
  1.2%	
  
•  Mobile,	
  AL,	
  1990-­‐1998,	
  N	
  =	
  333,	
  1%	
  
•  San	
  Diego,	
  CA,	
  1981-­‐82,	
  N	
  =	
  179,	
  2%	
  



ImplicaHons?	
  

1.  SHmulant	
  abuse	
  is	
  more	
  prevalent	
  at	
  
higher	
  alHtudes.	
  

2.  This	
  is	
  likely	
  related,	
  at	
  least	
  in	
  part,	
  to	
  
hypoxia	
  related	
  changes	
  in	
  dopamine	
  

release.	
  
3.  Treatment	
  strategies	
  in	
  mountainous	
  
areas	
  may	
  need	
  to	
  take	
  this	
  into	
  account.	
  



Depression	
  and	
  
Methamphetamine	
  

•  Commonly	
  co-­‐morbid	
  
•  Difficult	
  to	
  treat;	
  anHdepressant	
  rx	
  linked	
  to	
  
relapse	
  and	
  manic	
  switch	
  

•  May	
  be	
  associated	
  with	
  craving	
  and	
  relapse	
  
•  May	
  be	
  differenHated	
  from	
  
methamphetamine	
  withdrawal	
  symptoms	
  

•  More	
  common	
  in	
  women	
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"! Pyruvate 
"! Creatine 
"! L-Carnitine 

Oxygen 
Pyruvate Pyruvate 
Creatine 
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CreaHne	
  and	
  the	
  brain…?	
  
Currently	
  being	
  evaluated	
  for	
  

potenHal	
  neuroprotecHve	
  efficacy	
  
(many	
  posiHve	
  preclinical	
  studies).	
  

	
  
NIH-­‐sponsored	
  clinical	
  trials	
  in	
  

HunHngton’s	
  Disease,	
  Parkinson’s	
  
Disease,	
  and	
  Alzheimer’s	
  Disease.	
  



Does	
  creaHne	
  have	
  anything	
  to	
  do	
  
with	
  depression?	
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Happy Sad Grumpy Hopeless 

Carlezon et al!

Rats are not humans with affective illness !



Chronic Creatine Supplementation Alters Depression-
Like Behavior in Rodents in a Sex-Dependent Manner 

MALES 

FEMALES 

(Allen et al., 2010) 
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Gray Matter

Age of Onset
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Age	
  Effects	
  on	
  Depression	
  with	
  
AlHtude	
  

Age Range Beta p-value 

12-17 .466 .001 

17-25 .409 .004 

25+ .338 .018 



How	
  does	
  this	
  relate	
  to	
  
methamphetamine?	
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Comparison	
  of	
  frontal	
  lobe	
  phosphorus	
  metabolites	
  levels	
  in	
  methamphetamine	
  (METH,	
  n=51)	
  
dependent	
  subjects	
  compared	
  to	
  healthy	
  controls	
  (HC,	
  n=23).	
  PhosphocreaHne	
  levels	
  were	
  
significantly	
  reduced	
  in	
  METH	
  users	
  compared	
  to	
  HC	
  (p<0.001).	
  There	
  were	
  no	
  significant	
  differences	
  
in	
  β-­‐NTP	
  levels	
  between	
  the	
  HC	
  and	
  METH	
  groups.	
  Error	
  bars	
  represent	
  95%	
  confidence	
  intervals.	
  
TPP,	
  total	
  exchangeable	
  phosphate	
  pool	
  (pi+PCr+α,	
  β,	
  γ-­‐ATP).	
  



Comparison of gender difference in PCr levels.	
  

•  (A) In METH-dependent subjects, female METH users (n=23) had 
significantly lower PCr levels compared to male METH users (n=28).  

•  (B) Healthy subjects did not show significant gender difference.  



MagneHzaHon	
  Transfer:	
  	
  Beyond	
  
StaHc	
  Measurements	
  	
  



•  CreaHne	
  kinase	
  (CK)	
  
–  PCr2+	
  +	
  ADP-­‐	
  ↔	
  Cr	
  +	
  ATP2-­‐	
  
–  Enzyme	
  that	
  replenishes	
  adenosine	
  triphosphate	
  (ATP)	
  levels	
  in	
  

phosphocreaHne-­‐creaHne	
  (PCr-­‐Cr)	
  circuit	
  for	
  temporal	
  and	
  spaHal	
  
energy	
  buffering.	
  

•  Two	
  cytosolic	
  CK	
  subunits	
  including	
  "B"	
  (brain	
  type)	
  and	
  
"M"	
  (muscle	
  type)	
  
–  Brain	
  type-­‐CK	
  (CK-­‐BB)	
  is	
  the	
  major	
  isoenzyme	
  in	
  brain.	
  

•  CreaHne	
  	
  
–  Involved	
  in	
  bioenergeHc	
  homeostasis	
  in	
  human	
  brain	
  
–  CreaHne	
  supplementaHon	
  may	
  acHvate	
  CK	
  to	
  augment	
  the	
  energy	
  

state	
  of	
  neurons	
  and	
  to	
  increase	
  mitochondrial	
  energy	
  producHon	
  
(Saks,	
  2000).	
  

–  Should	
  abnormal	
  CK	
  acHvity	
  or	
  flux	
  is	
  observed	
  in	
  METH	
  users,	
  
creaHne	
  supplementaHon	
  may	
  recover	
  compromised	
  CK	
  system.	
  

CreaHne	
  Kinase	
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