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The brain on cocaine: a closer look at the
cellular changes to blame

New research gives insight into the cellular changes that occur during cocaine addiction, a
meaningful step towards treating the disorder.

Jonathan Anguiano

Cocaine is a highly addictive drug and has the potential to ruin the lives of those who fall victim to
its grasp. In 2017, roughly 966,000 individuals of age 12 or older suffered from a cocaine use
disorderi. Of this population, many will relapse after a period of abstinence. Those who undergo
standard treatment programs for cocaine addiction are similarly prone to relapse. The root of
cocaine’s evil lies in its power over the brain. If better treatments for cocaine addiction are to be
developed, one must look to the brain and how cocaine influences its function. In a recent study
published in eNeuro, Slaker et al.2 elucidate the mechanisms underlying cocaine addiction by
investigating the cocaine-induced cellular changes that occur in a brain region known as the
medial prefrontal cortex (mMPFC). Slaker and her research team were interested in this brain
region because of past research showing that the mPFC controls behaviors related to cocaine
addiction, at least, in rodentss. Additionally, Slaker et al. had conducted a previous study showing
that removal of a structure known as the perineuronal net (PNN) in the mPFC could decrease
relapse in a rodent model of cocaine addictions. Many studies have revealed PNNs to be involved
in learning and memoryse. In light of this, Slaker et al. concluded from the study that removing
PNNs disrupts a rodent’s memory of the rewards associated with cocaine, eliminating the drive
for cocaine and decreasing relapse. The study described here builds on this research by
characterizing the cellular changes in PNN-surrounded neurons. Interestingly, more than 90% of
PNNs in the mPFC surround a specialized neuron known as the fast-spiking interneuron (FSI)2.
FSls contribute greatly to the function of the mPFC and are themselves involved in learning and
memoryzs. FSIs accomplish this via communication with principal neurons, which project to
various brain regions to influence behavior. Important to the development of treatments for
cocaine addiction, Slaker et al. reveal significant changes in FSIs and PNNs that may contribute
to cocaine addiction and relapse.

To replicate cocaine addiction in humans, the researchers administered cocaine to rats over the
course of five days. The researchers then assessed how cocaine impacted levels of excitatory
and inhibitory input onto FSls. In general, excitatory input activates a neuron, like stepping on the
gas pedal to ramp up the speed of a car. On the other hand, inhibitory input suppresses a neuron,
like slamming on the brakes to come to a halt. After five days of cocaine administration, FSls
display signs of increased inhibitory input and an increased responsiveness to inhibitory input.
Slaker et al. also measured cocaine-induced changes in FSI electrical properties. FSls are
themselves inhibitory, and measuring such changes in electrical properties gives insight into how
cocaine affects the inhibitory control of principal neurons and, therefore, behavior. Slaker et al.
found that the FSIs were overall less excitable after cocaine administration, meaning their ability
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to inhibit would be greatly reduced. Additionally, the level of PNNs surrounding FSIs was
decreased after one day of cocaine administration.

The study conducted by Slaker et al. represents an important advancement in the realm of
understanding cocaine addiction. The results described above demonstrate that cocaine alters
the excitatory/inhibitory balance. The excitatory/inhibitory balance describes an appropriate level
of excitatory and inhibitory responses to a given events. When this balance is disrupted, disease
states, such as that of addiction, can ensue. In the mPFC, cocaine appears to decrease the ability
of FSils to inhibit principal neurons. This decrease frees principal neurons from inhibitory control,
increasing excitation elicited by principal neurons and possibly leading to relapse (Fig 1). Indeed,
previous research has shown that principal neurons display increased excitability in response to
repeated cocaine administrationioa.
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Figure 1. Cocaine administration induces changes in PNN (green) surrounded FSI (red) function, increasing
excitatory output by principal neurons (grey) and promoting relapse.

Slaker et al. further suggest that the changes in FSIs may contribute to the chronic nature of drug
addiction by altering their function in communication networksz. The impact of cocaine on FSI
function may be in part mediated by the observed decrease in PNN levels. This is consistent with
research showing that a specific component of PNNs, known as brevican, controls FSI functioni.
While the research by Slaker et al. does not test treatments for cocaine addiction, it is a necessary
first step in preventing and treating the disorder. The FSI and PNN system may one day be
targeted in order to reverse or attenuate characteristics of cocaine addiction. For example,
transcranial magnetic stimulation (TMS) is already used to alter excitation and inhibition in
disorders such as major depressive disorder. If the precise mechanism of cocaine addiction in
the mPFC are identified, TMS may be able to target and manipulate activity of said brain region
and thereby reverse characteristics of the disorder. Accordingly, future research should attempt
to determine how FSIs might be taken advantage of in treating cocaine addiction.
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