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Introduction: The kinase mechanistic target of rapamycin (mTOR) is critically involved in mediating long-term
memory formation through its role in local, activity-dependent protein translation, and while research on mTOR and
drugs of abuse is in its nascent period, it is evident that mTOR plays a central role in the development of pathological
behaviors associated with escalated drug use. This section will give details on how mTOR mediates the cellular and
behavioral changes that drugs exert on brain circuits.

Psychostimulants: This class includes drugs such as cocaine, amphetamine, methamphetamine, and MDMA.
Cocaine is the most commonly studied drug of abuse in preclinical research and as such there are more studies on
cocaine and mTOR compared to other drugs, from acute effects of cocaine on mTORC1 signaling to the effects of
disrupting mTORC1 on cocaine-induced behavioral phenotypes. While the effects of cocaine on the nervous system
may not be so similar to how other drugs affect brain circuits, cocaine is a good model for other psychostimulants,
such as amphetamine, methamphetamine, methylphenidate, and MDMA. mTORC1 signaling is also important for the
motivational drive to receive a cocaine reward. Rapamycin reduces the breakpoint for responding to cocaine on a
progressive ratio schedule of reinforcement.

Opioids: The members of this drug class, such as morphine, codeine, hydrocodone, and heroin, all similarly act as
agonists at opioid receptors, and their positively reinforcing property is mediated primarily by stimulating mu opioid
receptors (MORS). In contrast to psychostimulants that directly increase dopamine availability in synapses, opioids
modulate dopaminergic activity through opioid receptors, and it is also likely that opioids activate mTORCL1 through
dopamine-independent mechanisms. In fact, activation of either MORs or delta opioid receptors increases mTORC1
activation through the activation of Akt. Also, brain regions that show mTORCL signaling following opioid use may
differ from psychostimulants.

Cannabis: The effects of the psychoactive chemicals from the cannabis plant, namely THC, on the addiction
neurocircuitry have been less elucidated compared to other drugs of abuse. However, it has been shown that THC or
other cannabinoids agonists activate mTORC1 in the hippocampus, an effect that is blocked by the CB1 antagonist
Rimonabant. THC impairs performance on a novel object-recognition task, a behavioral test that assesses recognition
memory. The impairment due to THC is reversed by rapamycin, suggesting that the amnesic effect of THC is due to
mTORCI1 activation. CB1 receptors are localized presynaptically, and THC’s ability to impair performance on the
novel object task depends on CB1 localized on GABA neurons and also NMDA receptors, suggesting that the
mechanism of action is that THC inhibits GABA release from presynaptic terminals, thereby disinhibiting glutamate
inputs and leading to aberrant mMTORC1 activation.

Conclusion: Targeting mTORC1 for the treatment of substance-use disorders is a promising direction because,
unlike other molecules that have been targeted, mTOR signaling may be a more general phenomenon for all drugs of
abuse. Inhibition of mMTORC1 does not affect consumption of natural rewards like sucrose, is not anxiogenic, aversive,
or rewarding, and does not alter locomotion in animal models.
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