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Study on the effects and mechanisms of Lycium ruthenicum Murr. in improving sleep
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ABSTRACT OBJECTIVE To investigate the effects and mechanisms of Lycium ruthenicum Murr. in improving sleep.
METHODS Network pharmacology was employed to identify the active components of L. ruthenicum and their associated disease
targets, followed by enrichment analysis. A caffeine-induced zebrafish model of sleep deprivation was established, and the zebrafish
were treated with L. ruthenicum Murr. extract (LRME) at concentrations of 0.1, 0.2 and 0.4 mg/mL, respectively; 24 h later,
behavioral changes of zebrafish and pathological alterations in brain neurons were subsequently observed. The levels of
inflammatory factors [interleukin-6 (IL-6), IL-1B8, IL-10, tumor necrosis factor-a (TNF-a)], oxidative stress markers [superoxide
dismutase (SOD) , malondialdehyde (MDA) , glutathione peroxidase (GSH-Px) , catalase (CAT)], and neurotransmitters [5-
hydroxytryptamine (5-HT) , y-aminobutyric acid (GABA), glutamic acid (Glu), dopamine (DA), and norepinephrine (NE)]
were measured. The protein expression levels of protein kinase Bl (AKT1), phosphorylated AKT1 (p-AKT1), epidermal growth
factor receptor (EGFR) , B-cell lymphoma 2 (Bcl-2) , sarcoma proto-oncogene, non-receptor tyrosine kinase (SRC), and heat
shock protein 90« family class A member 1 (HSP9OAA1) in the zebrafish were also determined. RESULTS A total of 12 active
components and 176 intersecting disease targets were identified through network pharmacology analysis. Among these, apigenin,
naringenin and others were recognized as core active
compounds, while AKT1, EGFR and others served as key
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were 0.57, 0.83 and 0.95, respectively. Compared with the model group, the number of resting counts, resting time and resting

distance were significantly increased/extended in LRME medium- and high-dose groups (P<<0.05). Neuronal damage in the brain
was alleviated. Additionally, the levels of IL-6, IL-13, TNF-a, MDA, Glu, DA and NE, as well as the protein expression levels
of AKT1, p-AKT1, EGFR, SRC and HSP90AA1, were markedly reduced (P<<0.05), while the levels of IL-10, SOD, GSH-Px,
CAT, 5-HT and GABA, as well as Bcl-2 protein expression, were significantly elevated (P<<0.05). CONCLUSIONS L.
ruthenicum Murr. demonstrates sleep-improving effects, and its specific mechanism may be related to the regulation of inflammatory

responses, oxidative stress, neurotransmitter balance, and the EGFR tyrosine kinase inhibitor resistance signaling pathway.
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LRME (Al 84 1792313.92 5872085 §8.27£898 50.76£5.15
LRME 41 189.20£9.5% 5461072 10252757 5826747
LRME F Al 84 2842+ 13.10° 5271078 115.02£645° 66.54+7.86"

578 U IRAL LU, P<<0.055b: SR LS, P<<0.05,

3.2.5  ABLMAT R EE I iR b 22350 T (4 S )

Loz [0t B4l e g, A AU 41 BE 1 A R N Glu DA,
NE 7K 44 5 2 7 (P<<0.05) , 5-HT . GABA /K -3 i
EREL(P<0.05) . SHIRIL A, LRMEAIL L &7 i
ZH R PR X6 BB 2 B 5 47 R Y Glu . DA NE 7K -4t 2 1%
ik (P<<0.05),5-HT ,GABA /K ¥ g # 175 (P<<0.05)

gERL L4,
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R4 SEWMODHEENDRBZHRFKELLE (x+s,
n=60)

4 SHI/ GABA/ Glo/ DA/ NE/

) (pg/mL) (pmollL) (mglL) (pgL) (ng/mL)

2 HHTRA 2037861505 652£092 25384396 S812£588  4.90£052
R 1010242193 4315052 4485+411° 1040851114 7465086
it 1873624079 637H0TT  3054£374° 52201798 488£065
LRMEMRAIRAL 14544651497 57421000 33.01£499° 68148170 599£079°
LRMEMHIRA 16504041058  590£046"  32.63:883°  5348£778"  5.88£097°
LRMERAIEAL 17556811408 6442054 3030334 5096875  5.54%052°

a: 52 I IRALILEL, P<<0.05;b: SHTARIL LA, P<<0.05.

3.2.6  PRILAARC X BE T A A A0 B S R A KO
AL

5523 (IR IR LB, ISR 21 B 1) £ AR Py AKTL . p-
AKT1.EGFR . SRC .HSP90AA1 %K [11 335 7K 44 1 2 7
17 (P<<0.05) , Bel-2 8 1 32 18 7K I 35 B I (P<<0.05)
SRR H A, LRMEIG | v s 791 2 4 R BE P o) B 2 B
Dt fK P AKT1,p-AKT1 EGFR .SRC .HSP90AA1 &
kK B AR (P<<0.05) , Bel-2 8 11 2235 /K
WETHE(P<0.05), 45K 3. %5,

w TR
Pkt e N S A S 0
EGFR - -“ . ‘ 175 kDa

85 kDa

HSP90AATL

1 I I} v Vv A\l
I 25 Xt I s I B2 5 T« PR PR X PR 2 5 IV - LRMEAR 71 &
25 V:LRMEHFI54 ; VI: LRME &5 54l .

3 REAWDEFENIZOERERREKE

x5 SHENMSEROESEAREKELRRK (x+s,
n=30)
i AKTI/  p-AKTI/  EGFR/ SRC/ HSP9OAAL/  Bel-Y
- PB-actin P-actin PBactin P-actin P-actin PBactin
75 FIRHERA 0974000 029£003  043+002 0894009  071+007  1.06+008
fRRI 412009 0943006 0914006 159£0.10° 18320100  047£0.04
ilaopied] L0SE01° 043£0.08  059£008° 103+007  139+008 088005
LRMEMEAIEA  LISE011 0524007 061+006 108007 123£009  075£005°
LRMEAFAIRA 1102009 0561000 048+009° L16+008 1214016  1.02+008°
LRMESAIRA 1042008 038£008° 0441008 0954009 1204012 1162012
a: 5725 PO IRA LR, P<<0.05;b: SHATIL i, P<<0.05,
4 iFig
A 38 o ) 245 24 B 2F F5 4 T R SR M AT A e

WY 5 A0 i OFF SR 38 Rl i 28 B 1 oT LR iy
Wik Bz ) A1 5 4~ A% 0 #8 5 (AKT1, EGFR | Bel-2, SRC
HSP90AAL) . HiH, EGFR1E hy— Fh 32 1 i 2 R 1 g
MG IR, 232 SRC, 7F 1 188 i i i o ALSE 3 8 g/
AKT {553 % ) PG (555 il B i) AKTL GRS
E— 2B R IR F B, e 2 BR S R 1 1A 5 R

hEZ R 2026 4E55 37 445 11



T, T A 0. HSP9OAAT J& F HSP9Oa WA, 32

AR B SE NSRRIk I 5 RIE MR SRR K

AR JREEYIFSE, Bel-2 2 — P+, BA

MR IIRE , REGEAT M I T2 B0 s

EZPIVCiTL TR

UEAERBIE T K IR, N A A 35 2 S5t I e DI - o B2 ) 34

KA AR AL, P JE R 7 R AR S B 2 B

MR BN , 5 BRI - 9 R — 300, X IE S 1 RAE N

AR A VTR 7 B B 9 5 b A AR ™ B A

MU BERE 3 i€ 45 IL-18 . IL-6 . IL-10 Fll TNF-o 75 N AU £ Fh

20 i K7, Ho TL-18 \TL-6 Al TNF-ou 2 56 5 1 42 R A

JoT, T XL-10 W A 44T 5 Sl Pl A T o ik 22 40 i A

TR IR H WA PPN 2516 PR B BT R Y E

Fe R, SOD.GSH-Px il CAT & AL Bt & 40 b &

K Z NPT AL ; MDA S5 i AR 2™, %]

AR RIS/ T 7/ R A (EZ2% g e vl NS |

v A A LR A 7S AR AT RE XS B B 7 £

HORMFM . EREIR T, 5-HT Hl GABA T2 4 4%

DI R RFRR AR ) £ T, Glu DA HINE D) = ZE42 1k 5 i

53X S 35 o 5 A2 2% A AH B A G R 4k 5 o B

H- P S AR ™ B SR 2 SRR W, SRR A

RENL B 0 i {2 4 H 7 (IL-6 . IL-18 . TNF-o) O B , fi2

HEHTAE P (IL-10) B9 A2 B, ] IR B3 AR MDA K-, 32755

P4 AL (SOD .GSH-Px ,CAT) it ; il v pfr 22 188

J5i (5-HT \GABA) /K-, FEAR 4 Ay PE M 2238 57 (Glu DA

NE)/KF; 1§ AKT1,p-AKT1.EGFR .SRC fIIHSP90AA1

BEEIK, FBel-2 8 1RA . X REIRMAL AT 8

TR T SAE SN AR AN B A 2836 T ) S EGFR

i 2 RIS TR TR 2455 S i B A SR I

25 Bk PR AAC BAT D R AV D AL

A RE 5 IR JAE K2 N AR U 2 5T A LA R

EGFR it 2 ¥R 410 ) 700 Tk 2451 53 A G o AR, A

DR AT A T FL 3 S g it , HRRATAC e bk

I P9 P 18 T A P A A et Rt AT Tt — 2D 58

S 3k

[1] RIEMANN D,DRESSLE R J,BENZ F, et al. Chronic in-
somnia, REM sleep instability and emotional dysregula-
tion: a pathway to anxiety and depression?[J]. J Sleep Res,
2025,34(2) :e14252.

[2] ZOLFAGHARI S, KEIL A, PELLETIER A, et al. Sleep
disorders and mortality: a prospective study in the Canadian
longitudinal study on aging[J]. Sleep Med, 2024, 114:
128-136.

[3] ROSENBERG R P, BENCA R, DOGHRAMII P, et al. A
2023 update on managing insomnia in primary care: in-
sights from an expert consensus group[J]. Prim Care Com-
panion CNS Disord, 2023,25(1) : 22nr03385.

(4] sRubEE, S ORHE &0, 55 2GR0F 455 25 25 B2 F Y
PR A1 %58 AN TRl R o A AL 1 T P B AR AL (],
AR AR - B2 BN, 2023, 25(7) - 2465-24T8.

[5] FANK,YANGJJ,GONG W Y,et al. NLRP3 inflamma-

TEZD; 2026 455 37 5 1Y

[6]

[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

some activation mediates sleep deprivation-induced pyrop-
tosis in mice[J]. Peer J,2021,9:e11609.
JEW SHIBEE SR 22, 45 RIKER AT RN 282 (PCPA)
AR MR/ B BRI AR PRI SE (D). Th 25 25 B 5 1 K
2021,37(5):33-38.
YAO R Y, HEINRICH M, WECKERLE C S. The genus
Lycium as food and medicine: a botanical, ethnobotanical
and historical review[J]. J Ethnopharmacol, 2018, 212
50-66.
MA L J,HUO P C,SUN M R, et al. Research progress on
chemical constituents and pharmacological activities of
Lycium ruthenicum[J]. Chin Tradit Herb Drugs, 2020, 51:
5884-5893.
LU L,MI J, JIN B, et al. Inhibitory effects of the antho-
cyanins from Lycium ruthenicum Murray on angiotensin-
I -converting enzyme: in vitro and molecular docking
studies[J]. J Sci Food Agric,2023,103(14):7164-7175.
W2 . R AR S R 1 1 2 K CH B A D). b
50 ERR B R (b R B FE T AR ST AT )
2018.
ALTENHOFEN S, BONAN C D. Zebrafish as a tool in
the study of sleep and memory-related disorders[J]. Curr
Neuropharmacol, 2022,20(3) : 540-549.
RUJL,LI P, WANG J N, et al. TCMSP: a database of
systems pharmacology for drug discovery from herbal
medicines[J]. J Cheminform,2014,6:13.
B, 5KIE , FHE . HET EGFR A S H(5 538 IR 24
R I R AR T R (D). I SRR T R A A A
2023,29(6) :246-253.
WANG J H, CUI S Z, ZHANG X L, et al. High expres-
sion of heat shock protein 90 is associated with tumor
aggressiveness and poor prognosis in patients with ad-
vanced gastric cancer[J]. PLoS One,2013,8(4) :€62876.
IR, EAEAR , B0, 55 | BTG S22 ) PR IR
4% PISK/AKt 8 235 AR 2 2 HROK B~ ~T i 12 i
AR T BILAR (0], o [ S2 56 07 ) 24 4% &, 2025, 31 (16)
114-125.
IRWIN M R, OPP M R. Sleep health: reciprocal regula-
tion of sleep and innate immunity[J]. Neuropsychopharma-
cology,2017,42(1):129-155.
YANG D W, SUN X L, WANG H, et al. TREM2 deple-
tion in pancreatic cancer elicits pathogenic inflammation
and accelerates tumor progression via enriching IL-13"
macrophages[J]. Gastroenterology, 2025, 168 (6) : 1153-
1169.
ZHENG Y D,ZHANG L Y, BONFILI L, et al. Probiotics
supplementation attenuates inflammation and oxidative
stress induced by chronic sleep restriction[J]. Nutrients,
2023,15(6):1518.
WANG W F,WANG Y C,GUO Q T, et al. Valerian essen-
tial oil for treating insomnia via the serotonergic synapse
pathway([J]. Front Nutr,2022,9:927434.

(ISR H 189:2025-08-19 {181 H $8: 2025-11-25)

(€3 )

China Pharmacy 2026 Vol. 37 No. 1 ©29 -



