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A reward circuit is activated by illicit drugs

• Illicit drugs or psychostimulants can induce excitation, elevate moods, eg. 
“feeling high”.

• However, the short-term pleasure may lead to long-term catastrophic 
consequences.

Source: National Institute on Drug Abuse, National Institute of Health, USA



Learning and memory impairment

• 24 hours after a single dose of 
methamphetamine in mice, severe 
neuroinflammation can be observed 
in the hippocampus.

• Hippocampus is important for 
intellectual learning and memory 
storage.

• Prolonged neuroinflammation at 
neurons will lead to brain damage, 
thus impairing learning and 
memory capabilities.

Goncalves et al (2014) Neuropharmacology;87:135-49.
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Cognitive impairment 

• Chronic cocaine exposure in 
mice causes reduced blood flow 
and vasoconstriction in blood 
vessels supplying the prefrontal 
cortex

• Prefrontal cortex is crucial for 
executive functions eg.
attention, critical thinking, etc.

• This phenomenon would 
ultimately lead to impairment in 
cognitive function.

Du et al (2020) Mol Psychiatry; 25(8):1759-1776



Prolonged brain injury caused by drug abuse

Hatzidimitrou et al (1999) J Neurosci ;19(12):5096-107
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• In non-human primates, studies 

show that ecstasy dependence 

causes significant reduction in 

serotonin innervation density in 

the brain.

• Serotonin innervation is crucial 

for mood regulation.

• The innervation loss DID NOT 

recover even after 7 years of 

abstinence.



Negative emotions during withdrawal

Carmack et al (2019) J Clin Invest ; 129(6): 2480–2484.

• In rats that are induced with heroin 

dependence, conditioned withdrawal 

treatment will cause abnormal activation 

of the amygdala and hypothalamus. 

• This leads to negative emotional states.

• Withdrawal from drug addiction is an 

emotionally, mentally and physically 

challenging process, thus it is better to 

avoid getting addicted in the first 

place.



Illicit drugs are also toxins to other organs

• In rats, repeated injection of 
methamphetamines caused 
severe damage in the liver 
tissue.

• Liver damage would cause 
severe health implications 
such as fatty liver change, 
liver fibrosis, etc.

Halpin & Yamamoto (2012) J Neurosci. 32(38):13155-63.

Repeated saline

Repeated METH





Take home message

Source: National Anti-Drugs Agency

Ministry of Home Affairs, Malaysia

Source: Narcotics Division, 

Security Bureau, Hong Kong




