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Synbiotics formulation of Lactobacillus rhamnosus-Lycium barbarum
polysaccharide for the prevention of high-altitude sleep disturbance

NIU Hong'?, WU Yan-ping!~, DU Li-na'*", JIN Yi-guang?



(1. School of Pharmacy, Shandong University of Traditional Chinese Medicine, Jinan
250355, China, 2. Academy of Military Medical Sciences, Academy of Military
Science, Beijing 100850, China)

Abstract: High-altitude sleep disturbance is a common acute high-altitude disease
that can trigger physiological discomfort such as acute high-altitude reactions, with a
lack of safe and effective preventive medications in clinical practice. Based on the gut-
brain axis theory, this study designed and prepared a synbiotics combining
Lactobacillus rhamnosus (LGG)-Lycium barbarum polysaccharide (LBP). First, the
LGG-LBP synbiotics was prepared and evaluated. The mice were randomly divided
into healthy, model, positive control (acetazolamide), LBP, LGG and LGG-LBP
synbiotics group. After 7 days of administration, the mouse model of high-altitude sleep
disturbance was established, the treating effects were evaluated through sleep duration,
behavioral, hemogram test, and the content of tumor necrosis factor-a (TNF-a) and
inducible nitric oxide synthase (iNOS) in blood. 16S rRNA sequencing was used to
analyze the changes of gut microbiota, and the pathological changes of small intestine
were observed. The LGG-LBP synbiotics prolonged sleep duration, improved
exploratory ability and short-term memory, promoted blood cell recovery. Moreover,
LGG-LBP synbiotics enhanced the abundance of probiotics in the gut, and reduced
intestinal inflammation. LGG-LBP synbiotics may be a potential prophylactic drug for
high-altitude sleep disturbance. The animal operation was approved by the Ethics
Committee of the Academy of Military Medical Sciences, Academy of Military Science
(Approval number: IACUC-DWZX-2022-511). All experiments were conducted in
accordance with relevant guidelines and regulations.

Key words: high-altitude sleep disturbance; Lactobacillus rhamnosus; Lycium

barbarum polysaccharide; synbiotics; gut-brain axis
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Figure 1 Preparation and pharmacodynamic evaluation of synbiotics
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Figure 2 The illustration scheme of the pharmacodynamics evaluation. TNF-a: Tumor
necrosis factor-a; iINOS: Inducible nitric oxide synthase; HE: Hematoxylin-eosin

staining
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Figure 3 Characteristics of symbiotics. A: Standard curve of Lactobacillus rhamnosus
(LGG); B: Counting of LGG in different medium; C, D: Gelatinization; E, F:
Injectability; G, H: Plate colony growth and OD values of symbiotics at 600 nm in SGF,
SIF and SCF. n =3, x+ 5. ""P <0.001; #P < 0.001. GLU: Glucose; LBP: Lycium

otk

barbarum polysaccharide; LSG: LGG @ sodium alginate gel; SGF: Simulated gastric



fluid; SIF: Simulated intestine fluids; SCF: Simulated colon fluids; OD: optical density
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Figure 4 Scanning electron microscope images. A: Blank, scale bars, 200 pm; B:

Symbiotics, scale bars, 2 um
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Figure 5 Sleep duration, exploratory behavior and short-term memory of mice were
evaluated. A: The sleep duration; B: The total distance; C: The central area distance; D:

The identification index of novel objects recognition test; E: The tracks of movement.
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Figure 6 Peripheral blood cells and cytokines including TNF-a and iNOS. A-D:
Peripheral blood cells including WBC, RBC, HGB and HCT; E: The content of TNF-
a; F: The content of iNOS. n=15,x+s5. "P<0.05, P <0.01, ™" P<0.001. WBC: White
blood cell; RBC: Red blood cell; HGB: Hemoglobin; HCT: Hematocrit
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Figure 7 Regulation of gut microbiota and colon pathological by symbiotic. A: The
changes of abundance and diversity of gut microbiota at the phylum level; B: The
changes of abundance and diversity of gut microbiota at the genus level; C: Probiotic
abundance; D: Chao index; E: Shannon index; F: Venn diagram; G: Pathological

changes in the small intestine. Scale bars, 200 um. n =3, x+s, "P < 0.05
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