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Synbiotics formulation of Lactobacillus rhamnosus-Lycium
barbarum polysaccharide for the prevention of high-altitude
sleep disturbance
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(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
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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 eval-
uation. TNF-a: Tumor necrosis factor- a; iNOS: Inducible nitric

oxide synthase; HE: Hematoxylin-eosin staining

G, A0 24 W v ST R T AR R R AR A TR 5 e R 4 6
[, Eb A 4% 2H BRI K ) 22 57

ITAFEZE LR IEN DR A EHRERRE
77, KN E T S A RO AL E, /N E
T3NS min P HUZE, XN RIS B R ER AR I Bl K A5 TE
AT, Gl IR AT 3 M o B A A U0 3 T AR N
W AZ B8 7, A LU AR A TBCE AN AH F A4, /N B R
530 10 min, {3 RPNV, [IBG 1 h )5, & Hd—
ANV SR AR, b/ B BRYE 3 S mine A AR
SR HT Z Gu e 33 /N BRI P AR R A 1 B, IR
SRR e A

W 3 = 0T A R IR/ GR T AR 1
&L NI EE7/EENII R/ €4

iNOS .\ TNF-a 7K 460 /)N 5545 HR Bk B, ifn B
4 °CHEMR, T3 500 xg 7 3# K 550> 15 min 5 B L
TH, TR & U B A I INOS \TNF-a % & .

FERASYKNES 16S IRNASESNFE  iEi
SEWE, IEH B A A A A B3 N RN
O BPE NG 78 N A B, TN TS B R A BT
BHRATE, AR A4 W 5 7 7 2 -80 *CUKFA IR A7, 1
17 M8 A 16S rRNA =y 2 5 52 56

MEERREBYI R EH B EE B N5 S om
AR FE N 1 em B/ LR, AR B Eh K b e, 1 A i
R Ty MR T [ 5, AT K A A HE ) A
IR ARG - 41 (hematoxylin-eosin staining, HE) 44 J5
1ERAEE P SRALUREES, .

BB DL BB DA+ AR (x £ s)
FoR, K FH SPSS 19.0 H i i 51 K 31 07 22 73 A i AT 4
T, AP < 0.05 BaRF G E Lo

ZFER
1 LBPE#HLGGHEK
PLLGG % (CFU-mL™") X} OD,,, . fE1F K, £l b5



- 1256 - 242 %4} Acta Pharmaceutica Sinica 2025, 60(5): 12521261

HERIZE (13A). LGGTEOD,,, 18 0.25~1.25 Ji [l N 2k
PEJTRE Ay = 178 692 637 x + 35 235 207 (r = 0.995 6),
AR R RAF, ATH T .

W

=3
-

I

(=3

== Normal it

10.0

5.0

Count /108 CFU-mL" »
g g
Count /108 CFU-mL"

=
=3

0.2 0.6 1.0 1.4 12 24 36

Blank LGG

!‘ N

G
PBS SGF/SIF

LGG LSG LGG

00 051.01.520253.0 354045
Time/h

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 SCE. n =3,% +s. P <0.001;"P < 0.001. GLU: Glucose;
LBP: Lycium barbarum polysaccharide; LSG: LGG @ sodium
alginate gel; SGF: Simulated gastric fluids; 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 pm
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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. n =5, X £ .
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