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If you’ve ever felt nauseous before an important presentation, or foggy after a big meal, then you know the
power of the gut-brain connection.

Scientists now believe that a surprising array of conditions, from appetite disorders and obesity to arthritis
and depression, may get their start in the gut. But it hasn’t been clear how messages in this so-called “second
brain” spread from our stomachs to our cerebrum. For decades, researchers believed that hormones in the
bloodstream were the indirect channel between the gut and the brain.

Recent research suggests the lines of communication behind that “gut feeling” is more direct and speedy than
a diffusion of hormones. Using a rabies virus jacked up with green fluorescence, Duke researchers traced a
signal as it traveled from the intestines to the brainstem of mice. They were shocked to see the signal cross a
single synapse in under 100 milliseconds -- that’s faster than the blink of an eye.

“Scientists talk about appetite in terms of minutes to hours. Here we are talking about seconds," said Diego
Bohórquez, Ph.D., senior author of the study and assistant professor of medicine at Duke University School of
Medicine. “That has profound implications for our understanding of appetite. Many of the appetite
suppressants that have been developed target slow-acting hormones, not fast-acting synapses. And that’s
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probably why most of them have failed.”

The Gut-Brain Connection

The research appears Sept. 21 in the journal Science.

Your brain takes in information from all five senses - touch, sight, hearing, smell and taste - through electrical
signals, which travel along long nerve fibers that lie beneath your skin and muscle like fiber optic cables. These
signals move fast, which is why the scent of freshly baked cookies seems to hit you the moment you open a
door.  

Though the gut is just as important a sensory organ as your eyes and ears - after all, knowing when your
stomach is in need of a fill-up is key to survival - scientists thought it delivered its messages by a multi-step,
somewhat indirect process. Nutrients in your gut, the thinking went, stimulated the release of hormones,
which entered the bloodstream minutes to hours after eating, eventually exerting their effects on the brain.

They were partly right. That tryptophan in your turkey dinner is notorious for its transformation into
serotonin, the brain chemical that makes you feel sleepy.

But Bohórquez suspected the brain had a way of perceiving cues from the gut more quickly. He noticed that
the sensory cells lining the gut shared many of the same characteristics as their cousins on the tongue and in
the nose. In 2015, he published a landmark study in the Journal of Clinical Investigation showing that these gut
cells contained nerve endings or synapses, suggesting that they might tap into some kind of neural circuitry.

In this study, Bohórquez and his team set out to map that circuitry. First, postdoctoral fellow Maya Kaelberer
pumped a rabies virus carrying a green fluorescent tag into the stomachs of mice. She saw that the virus had
labeled the vagus nerve before landing in the brainstem, showing her there was a direct circuit.

https://www.youtube.com/watch?v=oym87kVhqm4
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Next, Kaelberer recreated the gut-brain neural circuit by growing sensory gut cells of mice in the same dish
with vagal neurons. She saw the neurons crawl along the surface of the dish to connect to the gut cells and
begin to fire signals. When the research team added sugar to the mix, the firing rate sped up. Kaelberer
measured how fast the information from sugar in the gut was communicated and was shocked to find it was
on the order of milliseconds.

That finding suggested that a neurotransmitter like glutamate - which is involved in conveying other senses
like smell and taste - might act as the messenger. Sure enough, when the researchers blocked the release of
glutamate in the sensory gut cells, the messages were silenced.

Bohórquez has data that suggests the structure and function of this circuit will be the same in humans.

“We think these findings are going to be the biological basis of a new sense,” Bohórquez said. “One that serves
as the entry point for how the brain knows when the stomach is full of food and calories. It brings legitimacy
to idea of the ‘gut feeling’ as a sixth sense.”

In the future, Bohórquez and his team are interested in figuring out how this new sense can discern the type
of nutrients and caloric value of the foods we eat.

This article has been republished from materials  (https://today.duke.edu/2018/09/%E2%80%9Cgut-
sense%E2%80%9D-hardwired-not-hormonal)provided by Duke University (https://today.duke.edu). Note:
material may have been edited for length and content. For further information, please contact the cited
source.

Reference:
Melanie Maya Kaelberer, Kelly L. Buchanan, Marguerita E. Klein, Bradley B. Barth, Marcia M. Montoya, Xiling
Shen, and Diego V. Bohórquez. "A Gut-Brain Neural Circuit for Nutrient Sensory Transduction," Science, Sept.
21, 2018. DOI: 10.1126/science.aat5236
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A breakthrough has been made in the fight against Alzheimer's disease - researchers have found a new
way to target the toxic particles that destroy healthy brain cells. Academics have devised the first strategy
to 'go after' the cause of the devastating disease, leading to hope that new drugs could be developed to
treat dementia.
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