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Abstract: [Objective] To explore the effect of Moringa oleifera leaves, a characteristic plant resource in Yunnan Province, on the sleep
improvement mechanism. [Methods] The chemical composition of ethanol extract from M. oleifera leaves (MOLEE) is determined by
targeted metabolomics technology. The efficacy of MOLEE in improving sleep is evaluated in vivo through health food standard assays
(mouse autonomous activity monitoring, pentobarbital sodium-induced mouse sleep test, and pentylenetetrazole-induced mouse convulsion
test). Network pharmacology, molecular docking, and molecular dynamics simulation are employed in vitro to preliminarily investigate the

mechanism of MOLEE on sleep-improving efficacy. [Results] MOLEE is rich in some active ingredients such as epicatechin, rutin,
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isoquercitrin, and apigenin, with their relative contents being 11.812, 18.071, 169.948, and 20.152 pg/mL, respectively. Compared with the
blank group, the high-dose MOLEE group significantly reduces the number of autonomic activities of mice from 50.67 to 40.75 (P<0.05),
and the sleep onset rate increases from 16.67% to 58.33%. The sleep latency of mice in the high- and low-dose groups of MOLEE are
shortened to 76.14%, 76.39%, respectively (P<Z0.01). The sleep duration is prolonged from 24.35 to 46.77 and 46.54 min, respectively (P<<
0.01). Additionally, the high- and low-dose groups of MOLEE significantly reduce the mortality rate of pentylenetetrazole-induced
convulsions by 41.67% and 33.33% (P<0.05), respectively. The results of network pharmacology indicate that there are 8 core components
of MOLEE, namely epicatechin, rutin, isoquercitrin, apigenin, kaempferol, quercitrin, isoquercitrin, quercetin, corresponding to 399 targets.
The Venn diagram shows that there are 95 common targets, and topological analysis shows that the 8 core components are closely related to
key insomnia targets such as gamma-aminobutyric acid A (GABA-A), tumor necrosis factor (TNF), interleukin-6 (IL-6), and 5-
hydroxytryptamine-A (5-HT-A) and other receptor proteins, and play a role in improving sleep. The results of GO and KEGG analysis
indicate that the core components of MOLEE acted through regulating biological processes such as GABAergic neurotransmission,
postsynaptic membrane potential regulation, and circadian rhythm, and through TNF, MAPK, 5-HT, and GABA signaling pathways. The
molecular docking and dynamics simulations show that the eight core components are closely bound to the four key insomnia target proteins
with strong stability, verifying the accuracy of the network pharmacology prediction results. [ Conclusion] The material basis for MOLEE
to improve sleep lies in its eight core components, including epicatechin and rutin, which exert their sleep-improving effects through
multiple targets and multiple pathways.

Keywords: Moringa oleifera leaf ethanol extract; sleep-improving; animal ethology; network pharmacology; molecular docking; molecular
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Figure 8 Network of core components in MOLEE - key gene targets-diseases
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SR K, HAE 230 ns i #a T BT R & RAE 7 0.20~
0.25 nm, R th—E &G M, HIILZ T HTR1A-
Epicatechin & & ¥ 75 # /> #5540 2 2 r RMSD 9% 8l fie K,
HE WA Rz 1 Th ka3 4808 1% & W 7 BB ]
KE LB R R ERE A S RE AT, B2
145 5 3 GABAA 5 TNF 2 % LK K Y i B e
i, [F) I 3% W] Apigenin 7E IL6 41 &5 o BELOA B0 0 45 &

w7,

77 # % 2y (RMSF) 7T S It MDSS 2o #2 v 2 11 22 1%
S G E AN LG T R JE W AR R S
e . B 13(b) A 1, GABAA-Epicatechin, HTR1A-
Epicatechin , IL6-Apigenin fil TNF-Epicatechin &2 & ¥ " i
19 RMSF B AR 1%, $7<C0.20 nm , 26 W1 2 (4% 0 25 4 B
RN . B2 R AR RN TR R

GABAA/Epicatechin

0.5F
I
0oL

. JOT RN PV MO
1000 1500

500 -
HTR1A/Epicatechin g
ﬂﬂé\g 3 ® 88‘3%._,\_/\\/\\__‘&/}_# | E:3.5 — GABAA/Epicatechin
=7 = = 50 100 150 200 250 300 2 IL6/Apigenin
R=9 BH IL6/Apiceni = ‘563'0 HTR1A/Epicatechin
75 " GABAA/Epicatechin & & 0 P, B2 TNF/Epicatechin
S IL6/Apigenin 0 20 40 60 80 100120 140 160 = 250 e
o g HTR1A/Epicatechin . . i
™S Ok, ‘ ‘ TNF/‘Epicatt‘echin N 8(5) TNF/Epicatechin = 150 T 7 T i
0 20 40 60 80 100 0 100 200 300 400 020 40 60 80 100
it a] BRI S ]
Time/ns Residue index Time/ns
(a) B (b)) ki sh (c) [jiErts
5 GABAA/EEicatechim
0 Il Il Il Il L]
200 & O GABAA/Epicatechin 0 20 4060 80 100
T? e m IL6/Apigenin ) = 5fHTR1A/Epicatechin
£ 100 ' HTRIA/Epicatechin = L £ o | | | | i L
i g H= 0 20 40 60 80 100
w2 0 ® 24 -
=T ® = IL6/Apigenin
& 0
£-100 5 & = 20 40 60 80 100
= L = L L L L = | 10 . .
VDWAALS  EGB _ DELTA TOTAL 5PTNF/ B ——
EEL ~ ESURF 0 20 40 60 80 100
ﬁzigﬂ 5[]
Energy item Time/ns

(d) BtsEARVNMIT4EEHE

(e) HirEAMNTSHEH

B 13 MOLEE £ ZE Mmoo T FEMmER

Figure 13 Results of molecular dynamics simulation of main active components in MOLEE

135



136

E % 57& M NUTRITION & ACTIVITY

JE 45 A i Sk

Il JiE 2 42 (Rg) AT 2 e 2% 45— I 1A 2 & ¥ /£ MDS
(100 ns) b 72 Hh 4 fAR 25 K (1 B BOME SR E k. HIE 13 (c)
AL, TR AR S KN 4R E W00 Re B A7 8
WEES HNEEERE ., &L YN RgiT L2
U R R R B S S R TR B A 1 R
GABAA-Epicatechin & & ¥ 1) Rg 4E 4 7£ 24 3.80 nm, I =5
(ISR S NI Ui B s - S W NS o I el o ST O
HTR1A-Epicatechin il TNF-Epicatechin Y Rg 71 31| 2 % 7F
#92.20,2.10 nm, 3% 3 08 BERAR, RBIX AN G W e
i A b R T R A 4 R Btk S IL6-Apigenin Y Rg
fE /N, 2924 1.60 nm, 23 H AR PR R R
GUEMBE I EEARE .. GHKE TAEGWER
TE 100 ns N 34 11 BB 0 A A B 52, R 1T £k 199 °F- A2 Pk
— IR T B R 5 8 A A R R R L S Ry
THAEY S AR R e MR R .

5L T MDS (9 8035 , #) ] MM-GBSA 75 1 i1 8 45 &
RE L T T A G B b B2 e I A 2R RN G 1 45 A A
B K& 13 (d) °l %1 , GABAA-Epicatechin, HTR1A-
Epicatechin , IL6- Aplgenm 1 TNF-Epicatechin & & ¥ i) 45
& 9k (—97.82410.84) , ( —95.86+3.51) ,
(—89.8744.44),( —161.634+11.25) ki/mol, 455 Jy i
BEM/N, HARE A 5% FRA @, 201508/
A D AT e N Ao ot 2 W - £ B P il o

MDS B /NrF HEAZ U ARENS G, &t
BOH B 2 M g5 Gl E 13 (e) L 4FE AW
TE MDS (100 ns) i 7 /7 35 B 1 — 5 Bt 1 A 5, (B7E
B MFa 2 Y i AF7E 2 5+ . TNF-Epicatechin &2 &) %
R A e, SRR U A A TR R KT 3 4 5~
TAS A T 20 AT 3k 8 A DA L d W L R 5 T 2 e B
o H ff A B A B AE H . GABAA-Epicatechin Fl
HTR1A-Epicatechin & & ¥ i) &0 8 B0 i Ak F rh 850K, £
B AR 2o AR T R TR 0~5, U AR AL HUS Wl TR
WoRgE B Wifall . Mz F,IL6-Apigenin & ¥ KA
R R D, B S PR R 2 4 HETE 0~3, Al g S e
R0 A3 2 () T 2 O T g K s AR R MR

3 énllﬁ
K BN IAT Ty 2 B T AR A 2 | £ 2 B AR AR R
BT T A i S IR B 7 400 o 35k et R 7k E 1 4 R AL
SERBEI,RILEE T SMEH 7R (LAl
FE A S R I 2 8 G M B A3 S A Il 2 e R
1B B, o fES 5 5-HT .GABA . TNF 4515 538 %
PHAT M — T R P CE R IR . SR TR R G
Y28 B 30 X 565 3E — A5 R A I B e B AR AL

B 2938 | 2026 F 3 A | RGBS

5% 30k

[1]ZHANG S, ZHAO Y N, QIN Z S, et al. Transcutaneous
auricular vagus nerve stimulation for chronic insomnia disorder:
a randomized clinical trial[J]. JAMA Network Open, 2024, 7
(12): €2451217.

[2] DOKKEDAL-SILVA V, OLIVEIRA M G M, GALDUROZ J C
F, et al. The effect of sleep medications on prospective and
retrospective memory: a population-based study[J]. Progress in
Neuro-Psychopharmacology and Biological Psychiatry, 2021,
104: 110043.

[3] ASGHARI G, PALIZBAN A, BAKHSHAEI B. Quantitative
analysis of the nutritional components in leaves and seeds of the
Persian Moringa peregrina (Forssk.) Fiori[J]. Pharmacognosy
Research, 2015, 7(3): 242-248.

[4] RAMIAH N, ARAVINDAKSHAN NAIR G. Amino acids and
sugars in the flowers and fruits of Moringa oleifera Lam. [J].
Journal and Proceedings of the Institution of Chemists, 1977, 49
(3): 163-165.

[5] A AR TR A (9] g R TR A 4

2013(2): 16-20.
Announcement of the Ministry of Health of the People's
Republic of China[J]. of the Health
Commission of the People's Republic of China, 2013(2): 16-20.

[6] BAKRE A G, ADERIBIGBE A O, ADEMOWO O G. Studies

Gazette National

on neuropharmacological profile of ethanol extract of Moringa
oleifera leaves in mice[J]. Journal of Ethnopharmacology, 2013,
149(3): 783-789.

[77INGALE S P, GANDHI F P. Effect of aqueous extract of
Moringa oleifera leaves on pharmacological models of epilepsy
and anxiety in mice[J]. International Journal of Epilepsy, 2016, 3
(1): 12-19.

[8] sk A0, XU, B SC %, A5 . B 52 5 B0 /0N B B 2 R 1Y
SCERBEFE[I]. B 2444, 2018, 46(6): 39-43.

ZHANG J X, LIU Y, GU W H, et al. Experimental study of
horseradish tree leaves improving spleep in mice[J]. Acta
Chinese Medicine and Pharmacology, 2018, 46(6): 39-43.

[91 AR HH 2=, BhEE, MI/NAT, 45 . L T 100 £% 24 B 2% F 5 214 J9 45 % 31l
T R MEA A LI [J]. P AZh, 2022, 44(3): 1.000-1 005.
ZHU L Y, ZHONG Y, LIU X L, et al. Research on the
mechanism of action of Angelica sinensis essential oil in the
treatment of insomnia based on network pharmacology[J].
Chinese Traditional Patent Medicine, 2022, 44(3): 1 000-1 005.

[10] 25 K, £ . 5T 43 F 035 00 7 3l J R A 208

HBLAT U5 Wy B TR A B 52 PR 5 2 Tk JIE 6t iR il 1 46 1
HLI[9). FhAE P B 2545 7, 2024, 39(1): 157-162.

LI Z F, WANG P. Discussion on the mechanism of Shenghui
Granule acting on GABAaR and AChE based on molecular
docking and molecular dynamics simulation[J]. China Journal

of Traditional Chinese Medicine and Pharmacy, 2024, 39(1):



F&M | Vol.42, No.3

157-162.

[11]LEI Z T, SUMNER B W, BHATIA A, et al. UHPLC-MS
analyses of plant flavonoids[J]. Current Protocols in Plant
Biology, 2019, 4(1): e20085.

[12] AL . A ARAROK AR 2 2 8 9% 00 B o o 3 b v F 5T
[D]. FEAK: EEAKEE 2B, 2023: 32-39.

YU H T. Study on metabonomics, nutritional components and
quality grading standards of Sophora japonica Jinhuai[D].
Guilin: Guilin Medical University, 2023: 32-39.

[13] 305, SR, XA M, 45 . L T 100 £ 24 B2 I Zl ) S 9 1R 7

FRAKE Il — K bR 2% 5 G 0 o B R T B ALk (0] o Ik
JI§, 2025, 50(9): 114-123.
GAO W R, CAI J, ZHAO D M, et al. Sleep improving effect
and its mechanism with Moringao oleifera seed oil-gastrodin
compound based on network pharmacology and animal
experiment[J]. China Oils and Fats, 2025, 50(9): 114-123.

[14] W, 9077, BE 0 A, A5 . 5 07 i ol I VR R AR

Fo gz A PR 7], b AR K2 2 4 (B SR B 2 WD, 2024, 25(6):
776-779.
PEI S S, SUN N, JIA L F, et al. On sedative-hypnotic effects
and safty of compound Cordyceps militaris oral liquid[J].
Journal of Beihua University (Natural Science Edition), 2024,
25(6): 776-779.

[15]WU C L, HUANG Y H, LAI X F, et al. Study on quality
components and sleep-promoting effect of GABA Maoyecha
tea[J]. Journal of Functional Foods, 2014, 7: 180-190.

[16] X g R, 5 3EHE . 5T i K A P X /) BRI B A IR A D).

HI A K254, 2020, 55(5): 39-46.
LIU W L, HUANG A Y. Experimental study on sedative,
hypnotic and anti-convulsant effect of the water extract of
Dregea sinensis Hemsl[J]. Journal of Gansu Agricultural
University, 2020, 55(5): 39-46.

[17] GONZALEZ-TRUJANO M E, MARTINEZ-GONZALEZ C
L, FLORES-CARRILLO M, et al

Behavioral and

electroencephalographic evaluation of the anticonvulsive
activity of Moringa oleifera leaf non-polar extracts and one
metabolite in PTZ-induced seizures[J]. Phytomedicine, 2018,
39:1-9.

[18] %8 T, |, AR, 45 . 3 T 1 25 24 B2 R0 NS
AT R i A T B A BORL R (0], P 24 25 B 5 I R, 2021,
37(1): 49-58.

WU Z Q, QIAN S Y, SONG C C, et al. Effective mechanism
of Xiaoxuming decoction in the treatment of ischemic stroke
based on network pharmacology[J]. Pharmacology and Clinics

of Chinese Materia Medica, 2021, 37(1): 49-58.

B XSRS BRI ERR 4 2 E R AR A AL BB R

[19] 3% 5 I, W B O, w) B, 45 B 1 40 7 0 4 R 00 5% 24 2

T R M 4 e 2 W 1 A PN R ) R R P LR (D). I AR e
7k, 2021, 16(10): 1 050-1 058.
NIE Y T, WEN L L, SI T, et al. Mechanism of Xiaoshuan
enteric-coated capsule in improvement of vascular endothelial
function based on molecular docking and network pharmacology
[J]. Chinese Journal of Stroke, 2021, 16(10): 1 050-1 058.

[20] X1 B . N Z0H5 52018 BURE T B0 0 R /) BRUBR 5 R AR 1y
BLHIBEE[D]. KA & AR, 2023: 54-65.

LIU J Y. Study on the mechanism of arginyl-fructosyl-glucose
improving insulin resistance in diabetic mice[D]. Changchun:
Jilin University, 2023: 54-65.

[21] SUHAYB Mahamed Farah, JE 200, %6 0F &, %5 . db To0R T 4R

I 22 I /D BB R FHAE 5 (0], b AR R 2 24l (A AR B
2 R), 2022, 23(3): 315-319.
SUHAYB M F, CHEN H X, YUAN L W, et al. Sedative and
hypnotic effects of polysaccharides from roots and leaves of
Schisandra chinensis in mice[J]. Journal of Beihua University
(Natural Science), 2022, 23(3): 315-319.

[22] HE X, DU X, CHEN J. Study on the molecular mechanism of
Guipi decoction against sleep deprivation based on integrated
pharmacology analysis and gene expression profiling[J]. Acta
Neurobiologiae Experimentalis, 2022, 82(4): 409-423.

[23] ZRBEE, SR, sk =8, 45 M 45 & o F o R R 4

715 i SEORF 0 XUB T A 2 T AL (0], A S LA, 2024,
40(3): 44-51.
LI M J, ZHANG J, ZHANG Y S, et al. Potential molecular
mechanism of celery seed in gout treatment of network
pharmacology with molecular docking[J]. Food & Machinery,
2024, 40(3): 44-51.

[24] CHEN Y, ZHENG Y X, FONG P, et al. The application of the
MM/GBSA method in the binding pose prediction of FGFR
inhibitors[J]. Physical Chemistry Chemical Physics, 2020, 22
(17): 9 656-9 663.

[25] @ BH, 55K, Sk, 45 BE T Tl o E R R R E R S
o PR R 4R i 3% 1T TLR4 52 K (% A0 57 FIAF 5T (7). & a5 4L
B, 2025, 41(4): 8-18.

TANG Y, JIANG F, ZHANG B, et al. Interaction between
casein and TLR4 on neutrophil surface based on molecular
dynamics[J]. Food & Machinery, 2025, 41(4): 8-18.

[26] He i, SCIF R, Jo W A, 45 L 40 TREAME R TE A U Y
Bz A5 2E e [J]. B it 5 ALK, 2024, 40(5): 1-10, 95.

BI X J, WEN S Y, QU T M, et al. Research and application
status of molecular simulation technology in food field[J].

Food & Machinery, 2024, 40(5): 1-10, 95.

137



