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Food for thought: Early nutrition shapes the
brain and influences what we like to eat

January 12 2023
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Taste experience modulated inhibitory synaptic transmission in GC. (A) Left:
Diagram of recording configuration and location of GC. Right: Example of
recorded neuron lacking GAD67 immunostaining. Red, biocytin-filled neuron
soma imaged through a single z plane; cyan, GAD67 immunostaining. White
arrowhead, recorded neuron; yellow arrows, GAD67-expressing neurons. Scale
bars, 50 um. (B) Sample traces of SEPSCs in mice from naive (black) and EE
(gray) groups. Neurons were held at —50 mV, the reversal potential for CI,
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during recordings. (C) Left: Cumulative distribution of SEPSC instantaneous
frequency (P = 0.232, K-S test). Right: Cumulative distribution of sEPSC
amplitude (P = 0.455, K-S test). (D) Sample traces of sIPSCs in mice from naive
(black) and EE (gray) groups. Neurons were held at +10 mV, the reversal
potential for cations, during recordings. (E) Left: Cumulative distribution of
sIPSC instantaneous frequency (P =9.24 x 107'%, K-S test). Right: Cumulative
distribution of sIPSC amplitude (P = 0.137, K-S test). Asterisk indicates

P < 0.01. Credit: Science Advances (2023). DOI: 10.1126/sciadv.ade6561

Have you ever thought about how your food preferences came to be?
Food preferences arise as a consequence of experience with food and
shape eating habits and cultural identity, as Jean- Anthelme Brillat-
Savarin nicely summarized in this quote from his work "The Physiology
of Taste" published in 1825: "Tell me what you eat: I will tell you what
you are."

A new study by Stony Brook University researchers brought this concept
to the scientific level and showed there is indeed a strong relationship
between what we eat early in life, as babies or young children, and food
preferences in adults. This relationship depends the effects of our early
experience with food has on the brain.

The research, published in Science Advances, highlights the importance
of early exposure to a variety of tastes and identifies the neural basis
regulating preferences for favorite foods, providing important new
information about the relationship between nutrition and brain function.

Previous investigations of human infants hinted at the effect of early
taste experience on food preference later in life. However, no previous
study examined the neural bases of this phenomenon. This study looks at
the neural bases of taste preference and provides findings that could
form a basis to understanding the neural processes involved in taste
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preference.

The biology of the gustatory system is similar across all mammals. By
using a murine model, the research team from the Department of
Neurobiology and Behavior in the Renaissance School of Medicine
exposed groups of mice to a variety of taste solutions for one week.
They exposed groups as either weanlings (early exposure) or as adults
(late exposure). After the one week experiencing a variety of tastes, they
returned the groups to their regular diet, which is contains balanced
nutrients but with is not rich in taste. For comparison, a control group of
mice was raised only on the regular, blander diet.

"Our research is directed at assessing whether and how the gustatory
experience and diet influence brain development. This study shows that
the gustatory experience has fundamental effects on the brain. The next
steps will be to determine how different diets such as a high fat, or a
high sugar or high salt, may influence taste preferences and neural
activity, " explains Arianna Maffei, Ph.D., Senior Author and Professor
in the Department of Neurobiology and Behavior.

Maffei, lead author Hillary Schiff, and colleagues increased taste variety
in the healthy diets of mice and found that the development of neural
circuits and taste preference are influenced by all aspects of the
gustatory experience: sensations in the mouth, smell, and gut-brain
relations.

Several weeks after exposing the groups to the one-week taste variety,
the investigators measured preference for a sweet solution compared to
water. Mice who experienced taste variety early in life had a stronger
preference for sweet tastes in adulthood compared to the control group.
This change preference depended on a combination of taste, smell, and
gut-to-brain signals, and was specific to early exposure taste. Mice
exposed to taste variety as adults did not show different sweet
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preferences from their age-matched control group. These results
indicated that taste experience influences preference, but only if given
within a restricted time window.

The researchers also recorded the activity of neurons in the gustatory
cortex of all the subjects. This part of the brain is involved in taste
perception and decisions about ingesting or rejecting foods. The
recorded activity showed that the shift in sweet preference was
associated with differences in the activity of inhibitory neurons of adult
mice.

This led to the question of whether manipulating these inhibitory
neurons in adulthood can re-open the window of sensitivity to the taste
experience.

To answer this question the research team injected a substance into the
gustatory cortex that breaks down perineuronal nets, which are webs of
proteins that accumulate around inhibitory neurons early in life. Once
established, these nets play a key role in limiting plasticity—the ability to
change in response to stimuli at inhibitory synapses.

When adult mice without perineuronal nets in the gustatory cortex were
exposed to the taste variety, they showed a similar change in sweet
preference as the group exposed earlier in life. This manipulation
"rejuvenated" inhibitory synapses in the gustatory cortex and restored
plasticity in response to taste experience, which confirmed the
importance of maturation and plasticity in inhibitory circuits for the
development of taste preference in the experimental model.

"It was striking to discover how long-lasting the effects of early
experience with taste were in the young groups," says Schiff. "The
presence of a 'critical period' of the life cycle for the development of
taste preference was a unique and exciting discovery. The prevailing
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view from other studies prior to this finding was that taste does not have
a defined window of heightened sensitivity to experience like other
sensory systems such as vision, hearing, and touch."

The authors maintain that while the study was done in mice, the results
inform scientists on the fundamental biological aspects of experiences
with taste that extends beyond animal models and to humans.

"The development of taste preference requires a full gustatory
experience," adds Maffei. "This includes the detection of taste in the
mouth, its association with smell and the activation of gastrointestinal
sensations. All these aspects influence the activity of brain circuits,
promoting their healthy development."

Regarding humans, Maffei points out that we often favor food from our
childhood, highlighting important cultural aspects of our taste
experience. Additionally, in the public health realm several
neurodevelopmental and neurodegenerative disorders are often
associated with hyper- or hyposensitivity to gustatory stimuli, suggesting
links between taste and brain function in health and disease.

"Expanding our knowledge of the developmental neural circuits for
tastes—as studies like this do—will contribute to our understanding of
food choices, eating disorders, and diseases associated with brain
disorders," says Maffei.

Schiff, Maffei, and collaborators conclude that their overall
experimental results establish a fundamental link between the gustatory
experience, sweet preference, inhibitory plasticity, circuit function, and
the importance of early life nutrition in setting taste preferences.

More information: Hillary C. Schiff et al, Experience-dependent
plasticity of gustatory insular cortex circuits and taste preferences,
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