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Meth Inflames and Stimulates Your Brain Through Similar
Pathways—New Research Offers Potential Avenue to

Treat Meth Addiction

By Habibeh Khoshbouei and Marcelo Febo

Methamphetamine doesn’t just spike
levels of the pleasure-inducing hormone
dopamine in the reward pathways of the
brain—it also provokes damaging brain
inflammation (Lin) through similar
mechanisms.

Meth is addictive because it increas-
es dopamine levels in the brain (Hedg-
es). While researchers know that meth
triggers brain inflammation, whether
the immune system also affects the
brain’s reward system during drug use
has been unclear.

Our work focuses on how dopamine
is regulated’ in the body and the reward
pathways of the brain.> Dopamine
shapes motivation, movement, learn-
ing and cognition, and its disruption is
linked to a range of neurological and
neuropsychiatric disorders,’ including
substance use disorders, ADHD, autism
and Parkinson’s disease.

By identifying that meth elevates lev-
els of a key immune molecule that drives
both neuroinflammation and dopamine
release (Lin), our recent findings offer
a potential target to treat meth addiction
and reduce relapse.

Dopamine and Inflammation

To study how meth and the immune
system interact and regulate dopamine
levels, we measured the electrical and
chemical activity of dopamine neu-
rons in mouse brain specimens treated
with either meth or an immune mol-
ecule called TNF-o. This molecule is
known to induce inflammation in the
body (Miller).

! https://khoshboueilab.squarespace.com/
lab-members-2

2 https://translationalimaging.psychiatry.ufl.
edu/

3 https://theconversation.com/dopamine-is-
a-brain-chemical-famously-linked-to-mood-
and-pleasure-but-researchers-have-found-
multiple-types-of-dopamine-neurons-with-
different-functions-211985

We found that meth and TNF-o. con-
verge in a part of the (Shaerzadeh) brain
called the ventral tegmental area (Mill-
er, 2021), a key reward hub that produc-
es dopamine. In this area of the mouse
brain, TNF-a increased dopamine lev-
els and neuronal activity in similar ways
as meth.

These effects depended on two pro-
teins that act as gatekeepers to control
the activity of dopamine neurons and
dopamine levels. Blocking these gate-
keepers disrupted the effects of TNF-a
and meth on dopamine neurons.

Our team’s 2025 review of the
research on this field adds broader
context to our findings: Meth elevates
TNF-o. in the brain and the body,
and TNF-o0 is known to weaken the
blood-brain barrier (Silva) that regu-
lates which substances can access the
brain. If TNF-o loosens the blood-brain
barrier, inflammatory molecules from
the blood—as well as disease-causing
pathogens—may have increased access
to the reward circuitry of the brain,
potentially worsening neuronal damage
and dysfunction over time.

Importantly, we found that blocking
TNF-0. can reduce dopamine release and
blunt meth’s effects on dopamine neurons.

Improving Treatments for Addiction

There is currently no medication for
meth addiction that is approved by the
Food and Drug Administration. Our
findings highlight the role of the immune
system in the brain’s reward circuitry,
pointing to new drug targets that could
potentially lead to better treatments.

This direction of research is espe-
cially compelling because multiple
therapies targeting TNF-ou are already
FDA-approved for use to treat inflam-
matory diseases such as rheumatoid
arthritis and Crohn’s disease. But these
drugs can have serious side effects and
require careful study before they can be
repurposed for addiction.

It’s unclear whether modulat-
ing TNF-a levels can change drug-
seeking, craving and relapse-like behav-
iors. Further research on the molecular
mechanisms behind how TNF-o affects
dopamine and the immune system can
offer new treatment strategies for meth
addiction.
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