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Volkow et al, Am. J. Psychiatry, 2001

Methamphetamine Neurotoxicity in Humans

Callaghan et al., Drug and Alcohol Dependence, 2011

Meth abuse increases risk of Parkinson’s Disease by 76% compared to age-

matched controls and cocaine-abusers



Overarching Hypothesis

Excitotoxicity and oxidation of proteins 
and lipids are mechanisms underlying 
the neurotoxicity of Methamphetaminethe neurotoxicity of Methamphetamine
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But, there are caveats to the 

proposition that the 

neurotoxicity/excitotoxicity of 

METH is a result of its direct action METH is a result of its direct action 

on the brain……..



Local administration of METH does not increase glutamate
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�If it is not the direct effect of METH alone on 

the brain (striatum), what other systems could 

be responsible for the neurotoxicity?

�Another target of METH is the liver

Thinking Outside the Brain……

�Another target of METH is the liver

�Liver damage can produce encephalopathy 

(i.e. hepatic encephalopathy)

� Tremor, movement disorders

� Delirium, stupor, confusion, and coma



METH and Evidence of Hepatotoxicity

Halpin
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Liver Damage and Ammonia

� The liver normally removes excess ammonia from the 

blood via the urea cycle.

� This is important because ammonia is a neurotoxic 

byproduct of protein metabolism and other byproduct of protein metabolism and other 

metabolic reactions.

� If the liver damaged, there is an  accumulation of 

ammonia that is thought to cause hepatic 

encephalopathy



Ammonia Toxicity

� Excitotoxicity (Fan and Szerb, 1993, Hermenegildo et 

al., 1996)

� Oxidative stress (Kosenko et al., 1997 and Kosenko et 

al., 1995) 

� Metabolic compromise (Hawkins et 

al., 1973, McCandless and Schenker, 1981)al., 1973, McCandless and Schenker, 1981)

∴∴∴∴Similar mechanisms that mediate the toxicity to 

ammonia and the neurotoxicity to METH

� Unknown whether peripheral organ (e.g. liver) 

damage is produced by METH and if it contributes to 

METH neurotoxicity



Overarching Hypothesis

Liver Damage 

Methamphetamine

Hyperammonemia 

Neurotoxicity 

LactuloseX
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Lactulose Blocks METH-Induced Increases 

in Striatal Spectrin Proteolysis
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METH-Induced Astroglyosis (GFAP) is Blocked by Lactulose
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aCSF TBOA

NH3 NH3+TBOA
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Are there other targets of ammonia?



Amphetamines

The Blood-Brain Barrier:  A Protective Barrier of the Brain



BBB Function in Cortex After Meth
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Blood-Brain Barrier

Tight Junctions

Occludin

Claudin 3, 5, 12
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Representative Blot for 

Nitrotyrosine

Ammonia as a Pro-Oxidant?

Representative Blot for 

Tight Junction Proteins
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Isolated Brain Capillaries from Cortex



Cyclooxygenase-2

Ammonia as a Pro-Inflammatory Agent?
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Summary and Conclusions

� Increases in extracellular glutamate and evidence of excitotoxicity 

and oxidative degradation of proteins

� Causes hepatotoxicity and increases ammonia concentrations in 

peripheral plasma and brain to mediate excitotoxicity

Effects of METH:

� Damages the BBB via ammonia, oxidative stress, and 

inflammation (COX2-dependent prostaglandin synthesis?)

� Opening of the BBB can render the brain vulnerable to toxins by 

that would otherwise by restricted to the periphery.

� Peripheral organ effects should be considered as possible causes 

of the neurotoxicity associated with psychostimulant drug use
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