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Improvement of Parkinson’s Sleep Disorders Through Melatonin Receptor
Enhancement by 20-Hydroxyecdysone, an Insect Molting Hormone

Hye-Sun Lim, Gunhyuk Park’

Herbal Medicine Resources Research Center, Korea Institute of Oriental Medicine, Naju 58245, Korea

Abstract

Parkinson’s disease (PD) is a neurodegenerative disorder characterized by motor symptoms such as bradykinesia, rigidity,
tremors, and postural instability, primarily caused by the degeneration of dopaminergic neurons in the substantia nigra. While
current treatments focus on managing motor symptoms, non-motor symptoms, including sleep disturbances, are increasingly
being recognized as significant contributors to reduced quality of life in patients with PD. Melatonin, a key hormone in
regulating circadian rhythms, is often dysregulated in PD, exacerbating insomnia and other sleep disorders. This study
investigated the potential role of 20-hydroxyecdysone, an insect-molting hormone, in alleviating sleep disturbances
associated with PD. Using STRING database analysis , we identified 12 melatonin-related genes, and confirmed significant
downregulation of Mtnrla in the hypothalamus of 1-Methyl-4-(2'-methylphenyl)-1,2,3,6-tetrahydropyridine
hydrochloride-induced PD mouse models. Functional assays demonstrated that 20-hydroxyecdysones enhanced melatonin
receptor binding affinity (ICs: 5.29 #M) and improved sleep onset and duration in alfaxan-induced sleep tests. Furthermore,
the expression of the cellular oncogene fos, a biomarker for neuronal activation, was significantly elevated in the ventrolateral
preoptic nucleus, suggesting 20-hydroxyecdysone’s role in activating sleep-regulating neural circuits. These findings
highlight the therapeutic potential of 20-hydroxyecdysone in improving PD-related sleep disturbances by modulating
melatonin receptor activity, and warrant further investigation into its molecular mechanisms.
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(A) (B)
D Gene symbol MPTP/Control Explanation
6576 Oxgrt 1.645 2- receptor 1
cobre Gms7a1 22653 Gpr50 1.408 Melatonin-related receptor
3 14056 Gng10 1.262 Guanine leotide-binding protein O) subunit 10

17974 Gngd 1.042 Guanine nucleotide-binding protein G(1)/G(S)/G(O) subunit gamma-8
21018 Mtnrtb 1.000 Melatonin receptor type 18
8004 Gabrr3 1.000 i ic acid (GABA) receptor, rho 3
23228 Asmt 1.000 Acetyiserotonin O-methyltransferase
12854 Sucnr1 1.000 Succinate receptor 1
483 G-protein coupled receptor 55
20495 Guanine nucleotide-binding protein subunit gamma
4005 Serotonin N-acetyltransferase
20165 Melatonin receptor type 1A

Fig. 1. Analysis of 12 genes interacting with melatonin receptors using STRING database and gene expression in the brains of
MPTP-induced Parkinson's disease animal model.

(A) Using the STRING database, interactions between melatonin receptors (Mtnrla, Mtnrlb) and associated signaling
pathways were analyzed, resulting in the classification of 10 genes. Nodes represent proteins, and edges indicate
interactions based on experimental data, co-expression, and database annotations. Node colors reflect functional
clusters.

(B) Gene expression analysis of identified genes in the brains of MPTP-induced Parkinson's disease animal models.
Genes with increased expression are shown in red shades, while those with decreased expression are shown in blue
shades. Genes with no significant change in expression (fold change = 1) are displayed in neutral colors. Significant
downregulation was observed in Gpr55, Gnas741, Anat, and Mtnrla, while Oxgrl showed notable upregulation.
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Fig. 2. Dose-response curve for melatonin receptor 1A agonism.
The graph shows the specific binding of a melatonin receptor 1A agonist as a percentage of the control across different
concentrations (0.001-10 zM). The ICs value, representing the concentration at which 50% of the receptor binding is
inhibited, was calculated to be 5.29 #M. The curve indicates a concentration-dependent increase in specific binding,
with the red dashed lines marking the ICs point for reference.
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Fig. 3. Effects of 20-hydroxyecdysone (20E) on sleep onset time and sleep duration in MPTP-induced Parkinson's disease
mouse models.

(A) Sleep onset time (seconds) was measured using the alfaxan-induced sleep test. The MPTP group showed a
significant reduction in sleep onset time compared to the control group (*p € 0.05). Treatment with 20E significantly
improved sleep onset time in MPTP-induced mice.

(B) Sleep duration time (minutes) was assessed in the same test. The MPTP group exhibited a significant decrease in
sleep duration compared to the control group (**p < 0.01). Administration of 20E significantly prolonged sleep
duration in MPTP-induced mice, demonstrating its potential role in improving sleep disturbances.
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Fig. 4. c-Fos expression in the VLPO region of the brain in MPTP-induced Parkinson's disease model.
The left panel shows a coronal section of the mouse brain, highlighting the ventrolateral preoptic nucleus (VLPO)
region. (A) The right panel displays c-Fos immunohistochemistry results under three conditions: control (Cont),
MPTP treatment, and MPTP treatment with 20-hydroxyecdysone (MPTP + 20E). The protein c-fos was measured by
immunostaining in mouse VOPL (B).
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