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Fig.1 Mechanisms of microgravity—induced central nervous system plasticity and behavioral function alterations
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Fig. 2 The biosynthesis process and neural pathways of dopamine
E2 ZBERNERKEISERMELER
(a) ZEIERERARGERE; (b) ZEMEAMZER. Tyr: L-BZIR (L-tyrosine); TH: MZR¥21LE (tyrosine hydroxylase); L-DOPA:
3,4- TR FIRN AR (3,4-dihydroxyphenyl L-alanine) ; AADC: L-F5#F Z MR RE (aromatic L-amino acid decarboxylase); DA: Z[M#%
(dopamine) ; VMAT: FAJFHEHIFEIZ{R (vesicular monoamine transporter) ; MAO: HulF% (L (monoamine oxidase); DOPAC: XA Z
72 (dihydroxy-phenyl-acetic acid) ; DAT: £ M Jl¢#:ia/4& (dopamine transporter) ; COMT: JLZ% i A Y Fe 55 #21f  (catechol-O-methyl
transferase) ; 3-MT: 3-F (&M (3-methoxy-tyramine); HVA: =7 %R (homovanillic acid) ; DAR: Z 32K (dopamine receptor) ;
SNc: MFiE% %8 (substantia nigra pars compacta) ; VTA: JEMll#E 35 X (ventral tegmental area) ; Str: ZUIR{E (striatum) NAc: {RF#Z%
(nucleus accumbens) HT: FFefili (hypothalamic); ME: fEMKIEHFER (median eminence); PFC: R4 }2)Z (prefrontal cortex); HIP:

M55 (hippocampus) .
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Fig.3 The regulatory effect of dopamine on behavioral function in microgravity environment
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Abstract As China accelerates its efforts in deep space exploration and long-duration space missions, including
the operationalization of the Tiangong Space Station and the development of manned lunar missions, safeguarding
astronauts’ physiological and cognitive functions under extreme space conditions becomes a pressing scientific
imperative. Among the multifactorial stressors of spaceflight, microgravity emerges as a particularly potent

disruptor of neurobehavioral homeostasis. Dopamine (DA) plays a central role in regulating behavior under space
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microgravity by influencing reward processing, motivation, executive function and sensorimotor integration.
Changes in gravity disrupt dopaminergic signaling at multiple levels, leading to impairments in motor
coordination, cognitive flexibility, and emotional stability. Microgravity exposure induces a cascade of
neurobiological changes that challenge dopaminergic stability at multiple levels: from the transcriptional
regulation of DA synthesis enzymes and the excitability of DA neurons, to receptor distribution dynamics and the
efficiency of downstream signaling pathways. These changes involve downregulation of tyrosine hydroxylase in
the substantia nigra, reduced phosphorylation of DA receptors, and alterations in vesicular monoamine transporter
expression, all of which compromise synaptic DA availability. Experimental findings from space analog studies
and simulated microgravity models suggest that gravitational unloading alters striatal and mesocorticolimbic DA
circuitry, resulting in diminished motor coordination, impaired vestibular compensation, and decreased cognitive
flexibility. These alterations not only compromise astronauts’ operational performance but also elevate the risk of
mood disturbances and motivational deficits during prolonged missions. The review systematically synthesizes
current findings across multiple domains: molecular neurobiology, behavioral neuroscience, and gravitational
physiology. It highlights that maintaining DA homeostasis is pivotal in preserving neuroplasticity, particularly
within brain regions critical to adaptation, such as the basal ganglia, prefrontal cortex, and cerebellum. The paper
also discusses the dual-edged nature of DA plasticity: while adaptive remodeling of synapses and receptor
sensitivity can serve as compensatory mechanisms under stress, chronic dopaminergic imbalance may lead to
maladaptive outcomes, such as cognitive rigidity and motor dysregulation. Furthermore, we propose a conceptual
framework that integrates homeostatic neuroregulation with the demands of space environmental adaptation. By
drawing from interdisciplinary research, the review underscores the potential of multiple intervention strategies
including pharmacological treatment, nutritional support, neural stimulation techniques, and most importantly,
structured physical exercise. Recent rodent studies demonstrate that treadmill exercise upregulates DA transporter
expression in the dorsal striatum, enhances tyrosine hydroxylase activity, and increases DA release during
cognitive tasks, indicating both protective and restorative effects on dopaminergic networks. Thus, exercise is
highlighted as a key approach because of its sustained effects on DA production, receptor function, and brain
plasticity, making it a strong candidate for developing effective measures to support astronauts in maintaining
cognitive and emotional stability during space missions. In conclusion, the paper not only underscores the
centrality of DA homeostasis in space neuroscience but also reflects the authors’ broader academic viewpoint:
understanding the neurochemical substrates of behavior under microgravity is fundamental to both space health
and terrestrial neuroscience. By bridging basic neurobiology with applied space medicine, this work contributes to
the emerging field of gravitational neurobiology and provides a foundation for future research into individualized

performance optimization in extreme environments.
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