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Yueju volatile oil treats high altitude sleep disturbance by
modulating neurotransmitters and alleviating neuroinflammation
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Abstract: To investigate the effect and underlying mechanism of action of Yueju volatile oil (YJVO) in the
treatment of high altitude sleep disturbance (HASD) mice, gas chromatography-mass spectrometry (GC-MS) was
used to identify the components of YJVO, while network pharmacology was applied to predict the mechanism of
action. KM mice were selected and randomly assigned to several groups: the control group (control), the model
group (model), and the YIVO treatment groups at low (YJVO-L, 200 uL-m?), medium (YJVO-M, 400 uL-m™),
and high (YJVO-H, 800 uL-m”) doses, as well as the diazepam group (DZP, 2 mg-kg"'). Except for the control
group, all mice were subjected to a hypobaric oxygen chamber to establish the HASD model. Animal experiments
were approved by the Animal Ethics Committee of Jiangxi University of Traditional Chinese Medicine (ethics No.:
TEMPOR20230088). Co-sleeping and weight-bearing swimming experiments were conducted to assess the sleep-
regulating effects of YJVO. Hematoxylin and eosin (H&E) staining was employed to observe damage in
hypothalamic and hippocampal brain tissues. Enzyme-linked immunosorbent assay (ELISA) was utilized to
measure levels of melatonin (MT), y-aminobutyric acid (GABA), interleukin-6 (IL-6), interleukin-1beta (IL-15),
5-hydroxytryptamine (5-HT), orexin-A, and tumor necrosis factor-a (TNF-a) in both plasma and brain tissues.
Concurrently, malondialdehyde (MDA), superoxide dismutase (SOD), and glutathione peroxidase (GSH-PX) were
detected to evaluate oxidative stress. Western blot was used to determine the expression of key proteins in the NF-
xB/NLRP3 pathway, and immunohistochemistry (IHC) was used to detect the expression of 5-hydroxytryptamine
1A receptor (5-HT,,) in hippocampal and hypothalamic tissues. The GC-MS results revealed that YJVO was
identified to contain 68 components. Network pharmacology results indicated that the mechanism of YJVO in
treating HASD involves multiple signaling pathways such as AGE-RAGE, TNF, serotonin, and NF-xB. Behavioral
experiments indicated that YJVO significantly prolonged the sleep duration, reduced the sleep latency, and
bolstered the physical endurance and anti-fatigue capabilities of mice (P < 0.01). H&E staining results showed
significant improvement in the pathological damage of the hippocampus and hypothalamus tissues in HASD mice.
ELISA results indicated that YJVO increased the concentrations of sleep-inducing neurotransmitters MT and
GABA within brain tissues, decreased the levels of wakefulness-inducing neurotransmitters orexin-A and 5-HT in
plasma, and attenuated the secretion of pro-inflammatory cytokines IL-6, IL-15, and TNF- a (P < 0.01).
Biochemical results indicated that YJVO could inhibit the production of MDA in the brain tissue of HASD mice
and enhance the activity of SOD and GSH-PX (P < 0.01). Western blot results showed that YJVO downregulated
the protein expression of phosphorylate nuclear factor-kappa B (p-NF-xB p65)/nuclear factor-kappa B (NF-xB p65),
Nod-like receptor protein 3 (NLRP3), cysteinyl aspartate specific proteinase 1 (Caspase-1), and IL-14 in the brain
tissue of HASD mice (P < 0.01). THC results demonstrated that YJVO downregulated the protein expression of
5-HT,, in the hippocampus and hypothalamus tissues of HASD mice (P < 0.01). The study findings indicate that
YJVO demonstrates potent therapeutic effects in HASD mice, potentially through the modulation of
neurotransmitters and the attenuation of neuroinflammation.

Key words: Yueju volatile oil; hypobaric hypoxia; high altitude sleep disturbance; neuroinflammation;

neurotransmitters system; network pharmacology; GC-MS analysis
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Figure 1

Experimental process. YJVO: Yueju volatile oil; WB: Western blot; ICH: Immunohistochemistry
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Table 1 GC-MS analysis of the chemical composition of YJVO
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Figure 2 Total ion flow diagram of YJVO

t/min Name Chemical formula CAS Relative content/%

39.89  (E)-Ligustilide C,H,,0, 81944-08-3 13.98
36.604 Atractylon C;H,,0 6989-21-5 9.11
41.021  Atractylodin C,H,,0 55290-63-6 6.69
31.828 Germacrene B CH,, 15423-57-1 6.45
38.243  Cyperenone C,H,,0 3466-15-7 4.6

25.339 Cyperene CH,, 2387-78-2 4.34
36.291  p-Eudesmol CH,0 473-15-4 3.72
32.947 Caryophyllene oxide CH,,0 1139-30-6 2.5

39.304 Senkyunolide C,H,0, 63038-10-8 2.24
28.975 p-Selinene CH,, 17066-67-0 1.93
24.788 Berkheyaradulene CH,, 65372-78-3 1.78
26.842  y-Elemene CH,, 29873-99-2 1.41
34.745 (-)-Isolongifolen-9-one CH,,0 26839-52-1 1.36
24.487 Modhephene CH,, 68269-87-4 1.27
30.659  Cyperen-epoxid CH,,0 25570-94-9 1.27
26.192 Caryophyllene CH,, 87-44-5 1.25
34.19  Humulene epoxide II C, H,O 19888-34-7 1.25
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Continued
t/min Name Chemical formula CAS Relative content/%
40.358 a-Cyperone CH,,0 473-08-5 1.21
37.341 3-Butylidenephthalide C]szO 551-08-6 1.11
30.952  (-)-Isoledene CH,, 95910-36-4 0.99
30.572  p-Sesquiphellandrene CH,, 20307-83-9 0.97
3791  a-Bisabolol CH,O0 515-69-5 0.96
3538  y-Eudesmol CH,,0 1209-71-8 0.92
28.777  1-Methyl-4-(6-methylhept-5-en-2-yl)cyclohexa-1,3-diene CH,, 451-55-8 0.88
27.821 1,2,3,3a,4,7,8,8a-Octahydro-1,4,6-trimethyl-4,7-ethanoazulene CH,, 65128-08-7 0.75
39.5 Sedanolide Cquusz 6415-59-4 0.73
31.569 a-Elemol CH,O0 639-99-6 0.69
28.562 2-Isopropenyl-4a,8-dimethyl-1,2,3,4,4a,5,6,7-octahydronaphthalene CH,, 103827-22-1 0.65
15.554  Terpinine-4-ol CH,O 562-74-3 0.59
27.617 a-Caryophyllene CH,, 6753-98-6 0.56
35.766  Agarospirol CH,0 23811-08-7 0.52
14.698 5-Pentyl-cyclohexa-1,3-diene - 56318-84-4 0.47
13.804 Laevo-pinocarveol C,H,0 547-61-5 0.44
38.902 3.,4,5,6,7,8-Hexahydro-3a,8a-dimethyl-5a-(1-methylethenyl)azulene-1(2H)-one C;H,,0 18374-76-0 0.43
11.657 Terpinolene C H, 586-62-9 0.4
5.923  a-Pinene C H, 80-56-8 0.34
24203 (1R,8a8)-1,2,6,7,8,8a-Hexahydro-1,8a-dimethyl-7-isopropylidenenaphthalene CH,, 27840-40-0 0.34
29.355 p-Guaiene CH,, 88-84-6 0.33
25.086 p-Elemene CH,, 515-13-9 0.31
10.425  y-Terpinene CmHm 99-85-4 0.3
30.142  (R)-y-Cadinene C.H, 39029-41-9 0.3
29.879 (+)-Delta-cadinene CH,, 483-76-1 0.23
30.357 Aromadendrene CH,, 489-39-4 0.23
32.718  Spathulenol CH,,0 6750-60-3 0.23
41.777  Z-Ligustilide C,H,0, 81944-09-4 0.23
7.188  p-Phellandrene CH, 555-10-2 0.22
8.273  o-Phellandrene CH 99-83-2 0.21
17.414  3,5,5-Trimethyl-4-methylen-2-cyclohexen-1-on C,H,0 20548-00-9 0.21
24357 a-Copaene C.H, 3856-25-5 0.19
9.045  O-Cymene CH, 527-84-4 0.17
8.737  a-Terpinene CHy 99-86-5 0.15
31.096 2-Epi-trans-f-caryophyllene CH,, 68832-35-9 0.15
31.207 Selina-3,7(11)-diene CH,, 6813-21-4 0.15
32.529 (4S,7R,7aR)-3,7-Dimethyl-4-(2-methylprop-1-enyl)-2,4,5,6,7,7a-hexahydro-1H- C|5Hz4 351222-66-7 0.15
indene

14.886  Pinocarvone C,H,0 30460-92-5 0.14
8.486  3-Carene C H, 13466-78-9 0.12
7.29 p-Pinene C H, 127-91-3 0.1
17.004  (-)-Verbenone C,H,0 1196-01-6 0.08
31.287 p-Calacorene CH,, 50277-34-4 0.08
9.306  Cineole CH,O0 470-82-6 0.07
7.809  Myrcene CH, 123-35-3 0.06
20.465 Bornyl acetate C,H,,0, 76-49-3 0.06
10.02  (2)-p-Ocimene CH, 13877-91-3 0.05
16.564  Safranal C,H,O 116-26-7 0.03
15.41  Pinocamphone C,H,0 547-60-4 0.02
23.972  Aromadendrene CH,, 72747-25-2 0.02
27.447 y-Gurjunene CH,, 22567-17-5 0.02
4.267  m-Xylene CH, 108-38-3 0.01
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Figure 4 Mouse body weight, food intake, and behavior. A: Changes in body weight of mice; B: Changes in food intake of mice; C: Effect
of YJIVO on sleep duration; D: Effect of YIVO on sleep latency; E: Effect of YIVO on swimming time. n = 10, X + 5. "P < 0.05, P < 0.01 vs
control; "P < 0.05, “P < 0.01 vs model
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Figure 5 YJVO ELISA and biochemical kit results. A: Melatonin (MT); B: y-Aminobutyric acid (GABA); C: Orexin-A; D: 5-

Hydroxytryptamine (5-HT); E: Tumor necrosis factor-o (TNF-a); F: Interleukin-6 (IL-6); G: Interleukin-1beta (IL-15); H: Malondialdehyde
(MDA); I: Superoxide dismutase (SOD); J: Glutathione peroxidase (GSH-PX). n = 6, X + 5. "P < 0.05, P < 0.01 vs control; P < 0.05, P <

0.01 vs model
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Figure 6 YJVO on attenuating brain injury. A: Effect of YJVO on hippocampal injury; B: Effect

Magnification: 200%. Scale bar: 50 um
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Figure 7 YJVO inhibits NF-xB/NLRP3 expression. A: Phosphorylate nuclear factor-kappa B (p-NF-xB p65), nuclear factor-kappa B
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Figure 8 Effect of YJVO on the expression of 5-HT,, in brain. A: ICH of hippocampal tissue; B: Average optical density (AOD) of 5-HT,
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neurotransmitter modulation
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