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Diabetes and obesity: the disappearance of a glucose detector in
the abdomen

The continuous detection of blood glucose is vital for anticipating hypoglycaemia and limiting
hyperglycaemia, both of which are harmful, particularly in diabetes. Two sensors exist in mammals;
one in the brain and the other in the abdomen. Thanks to an innovative imaging methodology, INRAE
and the University of Adelaide (Australia) have, for the first time, succeeded in quantifying the activity
of the abdominal glucose sensor in animals and humans. Their results, published in a series of three
articles, demonstrate the disappearance of this sensor in obese patients, and open new therapeutic
perspectives to prevent the harmful consequences of obesity eliciting this sensor’s restoration.

The detection of blood glucose is crucial. The first sensor is found in the hypothalamus in the brain, and mainly detects
hypoglycaemia, while the second is in the abdomen at the level of the portal vein which drains blood from the
digestive tract. Its principal role is to detect hyperglycaemia. However, the characteristics and variations of this sensor,
particularly in obese or diabetic patients, were hitherto unknown.

To enable direct study of this sensor, the scientists synthesised a radio-labelled probe binding to it. They monitored the
level of probe binding to the sensor using an innovative molecular imaging methodology (PET-CT - see insert). This
was able to localise, quantify and measure the activity of the glucose detection sensor in the portal veins of miniature
pigs before and after weight gain, up to the stage of pre-diabetes. In animals that were not overweight, the
researchers were able to determine that the sensor mechanism extended over a short distance at entrance to the liver
but not throughout the portal vein. In obese animals, the sensor had disappeared, thus preventing the detection of
glucose in the abdomen. These findings were confirmed by recording the nervous signal arising from the same sensor
and finding that the signal sent to the brain was indeed suppressed.

Disappearance of the portal sensor during weight gain removes crucial information for the brain which can no longer
correctly evaluate blood glucose levels. This disappearance is probably implicated in the events that transform obesity
into type Il diabetes. However, its restoration appears to be possible insofar as the imaging methodology developed
here enables the rapid and non-invasive monitoring of this sensor, which is a significant advance in personalised
medicine. These findings offer new prospects for the prevention and treatment of obesity and diabetes.
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PET-CT imaging

To detect glucose, the portal vein sensor uses receptors that detect a
hormone (glucagon-like peptide 1). These receptors are also sensitive to
other molecules, some of which are notably used to treat diabetes. It was
by using a labelled probe (i.e. detectable using imaging technologies)
binding to these receptors that the scientists were able to localise and
measure the activity of the glucose sensor. During the same examination,
hybrid PET-CT imaging was able to monitor the binding of this labelled
probe proportionally to the density of receptors (PET image) in the
patient’s body (CT image).

Figure: PET-CT image of the activity of portal vein sensors (in colour) in an
animal model. Lower right: three-dimensional representation of the
portal vein in the same animal. © INRAE / Charles-Henri Malbert
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Created on January 1, 2020, the French National Research Institute for Agriculture, Food, and Environment (INRAE) is a major
player in research and innovation. INRAE carries out targeted research and resulted from the merger of INRAand IRSTEA. It is a
community of 12,000 people with 268 research, experimental research, and support units located in 18 regional centres
throughout France. Internationally, INRAE is among the top research organisations in the agricultural and food sciences as well as
in the plant and animal sciences. It also ranks 11th globally in ecology and environmental science. It is the world's leading
research organisation specialising in agriculture, food, and the environment. INRAE's main goal is to be a key player in the
transitions necessary to address major global challenges. Faced with a growing world population, climate change, resource
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scarcity, and declining biodiversity, the institute is developing solutions that involve multiperformance agriculture, high-quality
food, and the sustainable management of resources and ecosystems.
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