
 

Understanding the role of octopamine in
neurodegeneration
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Octopamine is a calcineurin-dependent metabolite released under α-syn
proteotoxicity that mediates Ca2+ influx in astrocytes. (A) Metabolite screen
from supernatants of rat primary cortical neuron–astrocyte cocultures transduced
with either control lentivirus or α-synA53T driven by the synapsin promoter and
treated with either vehicle (DMSO) or subsaturating (0.2 µM) doses of FK506 5
to 6 wk posttransduction. Metabolites that were significantly different (P P B)
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Ca2+ imaging of primary rat cortical astrocyte-only cultures treated with a range
of octopamine concentrations (0 to 10 µM). N = 3; 7 to 10 cells/biological
replicate. (C) Representative single-cell Ca2+ imaging traces of primary rat
cortical astrocyte-only cultures treated with 100 nM octopamine (N = 6). (D)
Ca2+ imaging of primary rat cortical astrocyte-only cultures cotreated with
octopamine (100 nM) and the TAAR1 receptor inhibitor, EPPTB (500 nM),
washed, and then rechallenged with octopamine (100 nM). N = 3; 7 to 10
cells/biological replicate. (E) Ca2+ imaging of wild type (WT) or Orai1-KO
(Orai1fl/fl, GFAP-Cre) primary mouse cortical astrocyte-only cultures treated
with octopamine (100 nM). N = 3; 7 to 10 cells/biological replicate. (F) Ca2+

influx rates of WT and Orai1-KO (Orai1fl/fl, GFAP-Cre) transients from E. N =
3; 7 to 10 cells/biological replicate. (G) Ca2+ imaging of WT or Orai1-KO
(Orai1fl/fl, GFAP-Cre) primary mouse hippocampal astrocyte-only cultures
treated with octopamine (100 nM) in the absence of extracellular Ca2+ and in
2mM Ca2+. N = 3; 7 to 10 cells/biological replicate. Credit: Proceedings of the
National Academy of Sciences (2023). DOI: 10.1073/pnas.2217396120

Northwestern Medicine scientists have discovered how octopamine, the
major "fight-or-flight" neurotransmitter in invertebrates, communicates
with other cells in mammalian brains to prevent cell death, according to
a study published in the Proceedings of the National Academy of
Sciences.

Although octopamine is still found in the mammalian brain in trace
amounts, its function has been replaced by epinephrine. Long thought to
have been an evolutionary leftover in mammals, the role of octopamine
in the human brain has not previously been well understood.

In the current study, investigators first set out to understand how 
astrocytes, which make up the majority of cells in the human central
nervous system, contribute to brain dysfunction in neurodegenerative
diseases. In astrocyte cultures from the cerebral cortex of mice, scientists
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found that introducing octopamine at certain levels prompted the
production of lactate in the astrocytes, promoting cell survival.

"Our findings are significant because we found a way in which this trace
amine, octopamine, operates in the mammalian brain," said Gabriela
Caraveo Piso, Ph.D., assistant professor in the Ken and Ruth Davee
Department of Neurology Division of Movement Disorders.

"Think of it like an SOS signal; Neurons that are stressed send out this
signal to astrocytes to send them energy, to send lactate. At the right
level, octopamine allows astrocytes to read this distress signal and start
making energy which will protect the cells from death by lack of ATP. If
there's too much octopamine, it's sort of like smoke getting in the way of
the SOS. It can't be read by the astrocytes."

The findings could help inform future therapies for Alzheimer's disease,
Parkinson's and bipolar disorder, all of which have been associated with
dysregulated levels of octopamine in the brain, Caraveo Piso said.

"Lactate was thought of as a waste product for a long time. But it turns
out that it is not, it is a very important fuel that the neurons need to
convert to higher forms of energy," Caraveo Piso said. "We think this is
important because this can impact other diseases where octopamine
levels are altered, including Alzheimer's disease and psychiatric
disorders."

Moving forward, Piso and her collaborators hope to better understand
how octopamine operates in healthy brains.

"What we want to know now is: Does this only happen under disease-like
conditions? Or does octopamine play a role under physiological
conditions such as learning and memory, where neurons also experience
high energic demands?" Caraveo Piso said. "Given that octopamine can
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harness lactate metabolism in astrocytes, we are also interested in
understanding the role of lactate metabolism in the brain in this context
of memory and learning and aging."

  More information: Andrew Shum et al, Octopamine metabolically
reprograms astrocytes to confer neuroprotection against α-synuclein, 
Proceedings of the National Academy of Sciences (2023). DOI:
10.1073/pnas.2217396120
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