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Autophagy as mechanism of action of psychoactive
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Autophagy, literally “self-eating”, is the regulated process of cellular self-cleaning in which poorly
functioning organelles, such as mitochondria, and misfolded proteins, are targeted for destruction.
Autophagy declines with age¹ and its decline is prominent in diverse disease states such as heart
disease, cancer, and neurodegenerative disorders.²
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Autophagy is tightly regulated by a number of physiological sensors and hormones, such as mTOR,
AMPK, and the growth hormone/IGF-1 axis. Processes and chemical compounds that increase the
activity of AMPK increase the level of autophagy in a cell, and in turn, the Nrf2 transcription factor is
upregulated, causing an increase in transcription of antioxidant enzymes and a decrease in
transcription of pro-inflammatory cytokines.³ Activity of AMPK also declines with age, and this is
related to an increase in pro-inflammatory cytokines and therefore inflammation.
Autophagy itself causes a decline in levels of inflammation by reducing the numbers of defective
mitochondria, which are important generators of inflammatory signaling.4 Increased levels of
autophagy result in decreased levels of inflammatory cytokines and inflammation.
Many psychoactive drugs used in the treatment of several mental illnesses activate autophagy, some
of them quite strongly. A number of anti-psychotic drugs, including trifluoperazine and chlorpromazine,
increased autophagy in an in vitro neuronal cell culture model four-fold, as did the antihistamine and
sedative promethazine.5 Other psychoactive drugs in this model also increased autophagy, although
not as strongly, and a few showed no increase.
Lithium has been used for decades in the treatment of bipolar disorder and in depression. Recently, it’s
been found that lithium increases lifespan in the nematode C. elegans, and lithium in drinking water is
associated with increased lifespan in humans.6 Lithium promotes autophagy in an mTOR-independent
manner7, and this is likely to be its mechanism of action in extending lifespan in C. elegans.
Selective serotonin reuptake inhibitors (SSRIs) are used in the treatment of depression. At least one
SSRI, citalopram, has been found to increase autophagy in neurons.8
We have evidence that representatives of four classes of psychoactive drugs, anti-psychotics, tricyclic
antidepressants, lithium, and SSRIs, promote autophagy. Could this be, at least in part, their
mechanism of action?
It’s now well-established that inflammatory processes play a substantial, perhaps even pivotal, role in
depression.9 Inflammation is thought to lead to neurodegeneration, which is also seen in depression. In
schizophrenia, inflammatory genes are upregulated.10 Inflammation also appears to be crucial in the
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pathogenesis of bipolar disorder.11
Psychoactive drugs used to treat depression, psychosis, and bipolar disorder may owe some of their
efficacy to their ability to increase levels of autophagy. At the least, it’s a striking fact that
representative drugs from different classes of psychoactive compounds do this. Rapamycin, an
immunosuppressant of an entirely different class that inhibits mTOR, increases autophagy, and
increases lifespan in mice, also has antidepressant effects.12 Yet in a recent study that screened 1,120
FDA-approved compounds for inducing autophagy, only 38 compounds were found to be potential
autophagy activators.13
Autophagy activators can be expected to reduce inflammation and oxidative stress, and increase
energy generation in neurons, and this could be their mechanism of action in mental illness.
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