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Old Habit-Controlling Neurons May Also Help the Brain Learn
New Tricks

Mount Sinai study of rodents may help researchers understand the circuitry
underlying Parkinson’s disease, schizophrenia, addiction, and other brain
disorders

New York, NY (August 25, 2021) — Imagine working on
your computer and typing the same long password you
have used for years to access your email. By habit, you
perform this sequence almost unconsciously. But then, one
day, you stumble upon a shortcut. It’s faster but involves
learning and remembering a new set of keystrokes.

In a study of rodents, scientists at the Icahn School of
Medicine at Mount Sinai discovered that a part of the brain
traditionally thought to control typing the old sequence
may also play a critical role in learning the new one. The
results, published on August 25" in Nature
Communications, suggest that this process involves a
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“For years scientists thought that habits and learning new,
rewarding actions were most likely controlled by different parts of the brain. Surprisingly, we
found that a brain area traditionally thought to specialize in the expression of old habits may also
help the brain learn new actions,” said Paul J. Kenny, PhD, the Ward-Coleman Professor and
Chair of the Nash Family Department of Neuroscience at Mount Sinai and the senior author of
the paper. “Ultimately, we hope that these results provide new insights into the brain cells and
circuits which underlie a variety of disorders that involve abnormalities in how our actions are
controlled, including Parkinson’s disease and drug addiction.”

The study was led by Alexander C. W. Smith, PhD, an instructor in the Kenny lab, and Sietse
Jonkman, PhD, a former postdoctoral fellow at Mount Sinai.



Action learning happens when doing something, like moving an object, produces a benefit, such
as finding food or avoiding a foe. In this study, the researchers examined the role that the
striatum plays in this type of learning. Located deep inside the brain, the striatum is known to be
involved with controlling movements and actions.

“Although scientists have hypothesized that the striatum is involved in action learning, few have
actually tested this idea,” said Dr. Jonkman. “We wanted to take an in-depth look at the striatal
circuits that may be involved with action learning.”

To do this, the researchers tested the ability of hungry
rodents to find food. On day one of the experiments, the
rodents were put into a special cage and trained to earn
food by pressing a dispenser lever. Each time an
experimental rodent pressed the lever it received a food
pellet whereas control rodents received none. Two days
later, the researchers tested learning by putting the rodents
back into the special cage. Once in the cage, the
experimental rodents vigorously pressed the lever even
though it no longer delivered food, indicating they had
successfully learned the new action, whereas the control
rodents would search all around and only press the lever a
few times.
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experimental rodents than those in the control group. This was a period when the memory of the
newly learned action is known to be stored, or encoded, in the brain for later use. Most notably,
this was seen in the dorsolateral striatum, the posterior dorsomedial striatum, and the nucleus
accumbens, suggesting these areas played a role in learning.

To test this further, the researchers injected into each area a drug, anisomycin, which prevents
cells from manufacturing the proteins required for long-term memory storage. The drug was
injected either immediately after a training session or six hours later, a time when the new
proteins required for memory storage should already have been produced. Unexpectedly, the
researchers found that the drug only disrupted the ability of the animals to remember the new
action when it was injected into the dorsolateral striatum immediately after the training session.
Injections into any other areas had no effect on learning.

“We were surprised by these results. Traditionally, it is thought that action learning is encoded
by the posterior dorsomedial striatum while the dorsolateral striatum only takes care of habits.
But that is not what we saw,” said Dr. Smith. “Instead our results suggested that in addition to
regulating habits, the dorsolateral striatum also consolidates action learning immediately after the
new action has been learned.”



Further experiments supported this idea. For instance, chemically blocking the activity of
neurons in the dorsolateral striatum soon after a training session also prevented the rodents from
remembering to use the lever to retrieve food.

Finally, when the researchers took a closer look at this area, they found that learning may be
controlled by two neighboring and counteracting neural circuits known to respond to the
neurotransmitter dopamine. In one circuit, the activity of cells called D1 receptor medium spiny
neurons rose immediately after training, and inhibiting these cells hindered learning. In contrast,
the activity of the other cells, called D2 receptor medium spiny neurons, quieted after training
and blocking their activity enhanced the ability of the animals to remember the new action. In a
separate set of experiments the researchers found that blocking D2 neuron activity prevented the
rodents from displaying previously learned habits.

“Our results suggest that there is a delicate balance between new action learning and the
expression of old habits, which is controlled by the yin-yang activity of two different populations
of neurons in the dorsolateral striatum,” said Dr. Kenny. “In the future, we plan to study how
disruption of this balance contributes to maladaptive actions in brain disorders.”

This study was supported by the National Institutes of Health (DA043315, DA007135,
DA025983), the Brain and Behavior Research Foundation, and a Pfizer Postdoctoral Fellowship.
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About the Mount Sinai Health System

The Mount Sinai Health System is New York City's largest academic medical system,
encompassing eight hospitals, a leading medical school, and a vast network of ambulatory
practices throughout the greater New York region. Mount Sinai advances medicine and health
through unrivaled education and translational research and discovery to deliver care that is the
safest, highest-quality, most accessible and equitable, and the best value of any health system in
the nation. The Health System includes approximately 7,300 primary and specialty care
physicians; 13 joint-venture ambulatory surgery centers; more than 415 ambulatory practices
throughout the five boroughs of New York City, Westchester, Long Island, and Florida; and
more than 30 affiliated community health centers. The Mount Sinai Hospital is ranked on U.S.
News & World Report's "Honor Roll" of the top 20 U.S. hospitals and is top in the nation by
specialty: No. 1 in Geriatrics and top 20 in Cardiology/Heart Surgery, Diabetes/Endocrinology,
Gastroenterology/GI Surgery, Neurology/Neurosurgery, Orthopedics, Pulmonology/Lung
Surgery, Rehabilitation, and Urology. New York Eye and Ear Infirmary of Mount Sinai is ranked
No. 12 in Ophthalmology. Mount Sinai Kravis Children's Hospital is ranked in U.S. News &
World Report’s “Best Children’s Hospitals” among the country’s best in four out of 10 pediatric
specialties. The Icahn School of Medicine is one of three medical schools that have earned
distinction by multiple indicators: ranked in the top 20 by U.S. News & World Report's "Best
Medical Schools," aligned with a U.S. News & World Report "Honor Roll" Hospital, and No. 14
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in the nation for National Institutes of Health funding. Newsweek’s “The World’s Best Smart
Hospitals” ranks The Mount Sinai Hospital as No. 1 in New York and in the top five globally,
and Mount Sinai Morningside in the top 20 globally.

For more information, visit https://www.mountsinai.org or find Mount Sinai
on Facebook, Twitter and YouTube.
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