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THE EFFECTS OF METHAMPHETAMINE (INCLUDING ICE) ON THE BRAIN

 
1. Dopamine is associated with reward seeking behaviour. The use of methamphetamine causes an initial increase in dopamine in the brain, 
associated with a feeling of Euphoria. However, long-term use is associated with declines in dopamine, which can be responsible for feelings of 
losing control and compulsive drug taking. 
2. Serotonin is responsible for learning and memory. Use of methamphetamine causes an initial increase in serotonin in the brain, related to an 
increased feeling of wellbeing. Long-term use causes serotonin levels in the brain to decline, related to changes in behaviour and mood.
3. Noradrenaline is a chemical messenger responsible for arousal and motivation. Use of methamphetamine causes an initial increase in 
noradrenaline, associated with an increased alertness and attention. However, long-term use can deplete noradrenaline, related to decreased 
alertness and attention. 
Long-term heavy use of methamphetamine, including ice, can change the structure and functions of the brain. Changes can result in abnormal 
brain tissue (grey and white matter), inflammation in the brain, and deficits in chemical messenger systems described above. These abnormalities 

Ice (crystal methamphetamine) triggers the release of chemicals in the brain. These chemicals are also released during pleasant activities - like 
eating and sex – and they are responsible for making us feel alert and excited. But flooding the brain with these chemicals can cause on 
'overload' in the system, which is why some people can’t sleep for days or may experience symptoms of psychosis after taking ice. 
Ice also stops the brain from reabsorbing these chemicals which lowers their supply in the brain. This is why people often feel low or irritable for 
2-3 days after taking ice. 
Over the long term, regular use of ice can damage or destroy certain  receptors in the brain — sometimes to a point where users no longer feel 
normal without having ice in their system. Even after people have stopped using ice it can take a long time before these brain changes return to 
normal.
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have been linked to poor brain functioning particularly in relation to self-control, decision-making and being able to adapt thinking. 
Other effects related to brain changes can include: 
• impaired motor skills  
• cognitive decline 
• increases in anxiety 
• violent behaviors  
It should be noted that the effects outlined above come from a number of studies examining both human and animal brain changes after 
methamphetamine use. While these effects have been observed we need more studies to follow humans over a long time to confirm these effects, 
taking into account the use of other drugs and conditions, such as mental health problems. 
It's also important to note that some studies have found examples of brain functioning recovering in people who stop using ice. More studies are 
needed to confirm this, and how long it takes for brain functioning to recover. 

• hallucinations
• delusions 
• depression

REFERENCES:

Bert B, Fink H, Rothe J, Walstab J, Bönisch H. Learning and memory in 5-HT1A-receptor mutant mice Behav. Brain Res., 195 (2008), pp. 78-85 
D’Arcy C, Luevano JE, Miranda-Arango M, Pipkin JA, Jackson JA, Castaneda E, et al. Extended access to methamphetamine self-administration 
up-regulates dopamine transporter levels 72 hours after withdrawal in rats. Behav Brain Res, 296 (2016), pp. 125-128 
España RA, Schmeichel BE, Berridge CW. Norepinephrine at the nexus of arousal, motivation and relapse, Brain Research, Volume 1641, 2016, 
Pages 207-216, ISSN 0006-8993, http://dx.doi.org/10.1016/j.brainres.2016.01.002. 
Moeller S, Huttner HB, Struffert T, Müller HH. Irreversible brain damage caused by methamphetamine, Alcoholism and Drug Addiction, Volume 
29, Issue 1, 2016, Pages 39-41, ISSN 0867-4361, http://dx.doi.org/10.1016/j.alkona.2016.02.001 
Nordahl TE, Salo R, Leamon M. Neuropsychological effects of chronic methamphetamine use on neurotransmitters and cognition: a review. J 
Neuropsychiatry Clin Neurosci 2003;15(3):317-25.
Proebstl L, Krause D, Kamp F, Hager L, Manz K, Schacht-Jablonowsky M, Straif M, Riebschlager M, Neumann S, Schreiber A, Soyka M, Koller G 
(2019) Methamphetamine withdrawal and the restoration of cognitive functions - a study over a course of 6 months abstinence. Psychiatry Res 
281:112599 
Rusyniak DE. Neurologic manifestations of chronic methamphetamine abuse Neurol. Clin., 29 (3) (2011), pp. 641-655 
Sabrini S., Wang G.Y., Lin J.C., Ian J.K., Curley L.E. (2018). Methamphetamine use and cognitive function: A systematic review of neuroimaging 
research. Drug and Alcohol Dependence 194 (2019) 75–87 
Schultz W. Reward signaling by dopamine neurons. Neuroscientist, 7 (2001), pp. 293-302 
Swant J, Chirwa S, Stanwood G, Khoshbouei H. Methamphetamine reduces LTP and increases baseline synaptic transmission in the CA1 region of 
mouse hippocampus PLoS One, 5 (2010), p. e11382 
Volkow ND, Chang L, Wang GJ, Fowler JS, Leonido-Yee M, Franceschi D, Sedler MJ, Gatley SJ, Hitzemann R, Ding YS, Logan J, Wong C, Miller EN. 
Association of dopamine transporter reduction with psychomotor impairment in methamphetamine abusers. Am J Psychiatry, 158 (2001), pp. 
377–382 
Volkow, N. D., Chang, L., Wang, G., Fowler, J. S., Ding, Y., Sedler, M., Logan, J., Franceshi, D., Gatley, J., Hitzemann, R., Gifford, A., Wong, C., and 
Pappas, N. (2001). Low level of brain dopamine d2 receptors in methamphetamine abusers: Association with metabolism in the orbitofrontal 
cortex. American Journal of Psychiatry, 158, 2015-2021. 
Wang, Y., Chou, J., Jeng, C. H., Morales, M., and Wang, J. Y. (2000). Chronic methamphetamine exposure decreases high affinity uptake function in 
norepinephrine afferents in the cerebellar cortex: An electrophysiological and electrochemical study. Neuropharmacology, 39, 2112-2123.

Last published: March 13, 2018

2


