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Introduction: Noradrenaline is a stress-response neuromodulator released throughout 

the brain on demand from noradrenergic neuronal projections originating in the nucleus 

locus coeruleus of the brainstem. It triggers intracellular Ca2+ and cAMP changes in brain 

cells by binding to G-protein-coupled -/-adrenoceptors. Noradrenergic system plays a 

crucial role in various brain functions, including the activation of brain metabolism, 

memory formation, and learning, contributing to brain homeostasis. Astrocytes, a 

subtype of neuroglial cells, provide homeostatic support to neurons. In astrocytes, 

noradrenaline promotes gliotransmitter release, which can modulate synaptic 

transmission and neuronal function, and activates cell metabolism. It triggers glucose 

uptake from blood stream, glycogen degradation and subsequent lactate production in a 

process known as aerobic glycolysis [1, 2]. Lactate can be transported from astrocytes to 

neurons to serve as fuel during increased brain activity, which has been shown to enhance 

cognition [3]. During aging glucose utilization in the brain is reduced, which likely 

contributes to the progression of cognitive decline. This may be due to dysfunction of the 

noradrenergic system, which controls brain metabolism as well as learning and memory 

formation (noradrenergic hypothesis). Here, using an established animal model of aging 

brain, Drosophila melanogaster, we aimed to investigate the potential dysfunction of 

noradrenaline signalling and its association with age-related hypometabolic profiles and 

behaviour deficits in the aging brain. 

 

Methods: Using the Gal4/UAS binary expression system, we have generated Drosophila 

melanogaster flies that selectively expresses genetically encoded fluorescent sensors for 



Ca2+, cAMP, free glucose and lactate in neurons or glial cells. We performed ex vivo whole 

brain imaging by confocal microscopy and measured changes in intracellular second 

messengers and metabolites upon octopamine stimulation and increased extracellular 

glucose and lactate levels.  

 

Results: In Drosophila the biogenic amine octopamine and tyramine serve as invertebrate 

counterparts of vertebrate (nor)adrenaline. Octopamine elicited Ca2+ signalling in neurons 

and astrocytes in young but not aged brains. Neurons but not astrocytes responded to 

octopamine with an increase in intracellular cAMP and lactate. Neuronal cAMP signalling 

and aerobic glycolysis were not impaired in aged brains. Despite the lack of octopamine-

induced aerobic glycolysis in glial cells, these cells responded to octopamine with an 

increase in cytosolic glucose, most likely due to the uptake of extracellular free glucose, 

which was reduced in aged brains. Both neurons and glial cells were able to take up 

extracellular glucose and lactate to a similar extent. However, in neurons, glucose uptake 

was reduced in aged brains. All these changes associated with neurodegenerative lesions 

in the brain and locomotion behaviour deficits in aged animals. 

 

Discussion and conclusion: Our results suggest that neurons, but not glial cells, are the 

primary site of octopamine-triggered aerobic glycolysis and lactate production, that 

occurs most likely via -adrenoceptor-like activation of cAMP-signalling pathway. We have 

observed an age-related reduction of octopamine-triggered intracellular Ca2+ signalling in 

brain cells, both in neurons and glia, consistent with dysregulation of brain Ca2+ signalling 

observed in various neurodegenerative diseases [4]. The absence of Ca2+ signalling may 

be due to dysregulation of 1-adrenoceptor-like receptor expression in Drosophila brain 

cells or proteins involved in downstream Ca2+ signalling pathway. Consistent with 

hypometabolic profile of aging brain [5], reduced glucose delivery to neurons was 

observed in aged Drosophila brains. This may be due to changes in expression level of 

glucose transporters, what needs to be addressed in the future.  

 

Taken together, dysregulation of octopamine-mediated Ca2+ signalling and neuronal 

glucose uptake was observed in aged brains, potentially contributing to 



neurodegeneration and locomotor deficits. These changes in brain cell function could 

present a novel target for therapeutic interventions aimed at treating age-related 

neurodegeneration. 
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