F 8B 2026F 108 $57% B 198  Chinese Traditional and Herbal Drugs 2026 October Vol. 57 No. 19 « 7751 «

ETHRZBAMEHEFNERREAER MM RREREZRE
THRER ST

A L2 HIRIE L2, a2 B4 dekR?, AF R, T &
l. sEHFEAREFTAER, =8 B 650500
2. TR KA YIEZ R, T 4 J M 510006

 E: BW SO SCEEIRS MR & R AT R, M BRIz IR G- 2 B RRY/ A A g - P R 2 EA U
TR R, R HIBTEERNE . 755k MNEZ T B R A T R SCE IR R & & RE R, i Ek
2 RIECALLRUAE s T2 40 5 SR i S MR IR 24 £ RIVRUR 7, 1) F 0 246 24 3 22 FU VB 7R A A i R (5 S adeg, JRisid 4y 7
MRS TR S0 NG Re T 88RO FF A IRAER e MEIR S TR AE £ i 541 Fh, W Rh 2 154 Bk, H g
AT, RRT . REFAEAUEH T MEkUH . AT, BEZETTO. FE: BN R “ Tk TR
CIRZ TR ERRO s IR DU EER] ). BRI FVEFAEUEE 1~2 KONE, 99.8%M 7= S A b A YT
Ty CRABDIRERRCCE MRS, B IR ) A0SR S TR & B AR DR AEE v T, NEEARF
DI JLE, B RMAIAIE LN F: BHE S S, AT, KRR BARERNH & ML 2 BT, ik 1A R0k
gy 424, ERBES 760 A, RHRVELERE A 189 Ay MR I AERE AT 196 A W E WIS AR S 63 4. FHEEET
P TE MR- SZARAR EAE A . WERRIEVIEE-3-F2 3% (phosphatidylinositol-3-hydroxykinase, PI3K) -ZxF1¥i/# B (protein kinase
B, Akt 15518, WIS S SRR . SR GE ) TR W B R TR A 2 DA O B R s A BB 7 BE P
B S0 RS G RIF. 518 TRt SGR BRIROR B € BB T “ E A - - AR AR-BAR 7, FLOGE MR £ 2 5 308
PRI W AR SR VIO, s MERR S SO i T AR TR R e SR

KRR HUBRIZIE; MIZSZGERAE, BEAR:; fREBES: A7 AaRVE: A6-FREE R - RR- B

FEDHES: R28S NHRFRERE: A NEHRS: 0253 -2670(2026)19 - 7751 - 18

DOI: 10.7501/j.issn.0253-2670.2026.19.020

Construction of new formula system and primary health functions of sleep-
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Abstract: Objective To explore the formulation rules of existing sleep-improving health foods, construct “data mining statistics-
medicine and edible homology/classical formula screening-traditional Chinese medicine theoretical interpretation” new formula system
and investigate its potential mechanisms of action. Methods The publicly available record information of sleep-improving health
foods was collected from the State Administration for Market Regulation, and the raw materials and compatibility rules were analyzed.
Based on the data mining results, a novel sleep-improving formula of medicine and edible homology was constructed. Network
pharmacology was used to predict the potential action targets and signaling pathways, and molecular docking was performed to verify

the binding affinity between active components and core targets. Results A total of 541 sleep-improving health foods meeting the
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inclusion criteria were included, involving 154 Chinese medicinal materials. The high-frequency materials included Suanzaoren
(Ziziphi Spinosae Semen), Wuweizi (Schisandrae Chinensis Fructus), and Fuling (Poria). Their nature and taste are mainly sweet and
neutral, and its meridians mainly focus on the heart and liver meridians. Association rule analysis revealed core drug pairs such as
“Schisandrae Chinensis Fructus-Ziziphi Spinosae Semen” and “Poria-Ziziphi Spinosae Semen”. Capsules, tablets, and granules were
the main dosage forms. The usage and dosage were mainly 1-2 times daily, and 99.8% of the products did not specify a course of
administration. Besides the core function of sleep improvement, these products often also claimed enhancing immunity and relieving
physical fatigue as combined functions. The suitable population was primarily individuals with poor sleep status, while the unsuitable
population mainly included children, pregnant and lactating women. A novel formula consisting of Baihe (Lilii Bulbus), Dihuang
(Rehmanniae Radix), Ziziphi Spinosae Semen, Tianma (Gastrodiae Rhizoma), Gegen (Puerariae Lobatae Radix) was constructed.
Network pharmacology predicted 42 active components, 760 action targets, among which 189 were associated with sleep, 196 with
immune enhancement, and 63 with gut microbiota regulation. The enrichment analysis indicated that the main pathways involved
neuroactive ligand-receptor interaction, phosphatidylinositol-3-hydroxykinase (PI3K)-protein kinase B (Akt) signaling pathway, and
endocrine resistance, which are closely related to sleep improvement, immune enhancement, and gut microbiota regulation. Molecular
docking showed that the active components of the novel formula bound well with the core targets. Conclusion A new formula of
health food for improving sleep, “Lilii Bulbus-Rehmanniae Radix-Ziziphi Spinosae Semen-Gastrodiae Rhizoma-Puerariae Lobatae
Radix”, is screened out. Its sleep-improving effect is mainly closely related to enhancing immunity and regulating intestinal microbiota,
which provides scientific theoretical support for the subsequent development of health products for sleep improvement..
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Table 1 Statistics on common dosages and frequencies of raw materials in sleep-improving health food formulas

(frequency > 10)
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The dosage range is comprehensively determined with reference to volume I of the 2025 edition of Chinese Pharmacopoeia and the labeling information

of relevant products.
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Table 2 Association analysis of high-frequency traditional Chinese medicinals in sleep-improving health foods based on

Apriori algorithm
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Table 4 Comprehensive summary of usage, dosage, and administration course of sleep-improving health foods
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Fig. 6 Venn diagram of medicinal and edible homologous

substances
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M. FRAEC. KRR EARA RN 44 4, £H
JE13 42 NE RS, RERL 3545 NS, LEH)E
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Table 5 Novel medicinal and edible homologous formula for improving sleep
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Fig.7 Venn diagram of drug and disease targets (A) and PPI visualization plot (B)
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f& STRING 15, IR RHG . 1 58 b % 71 A
W E R PPL S, JRITRIRMZE A 185 4
TR 2 158 2534 HsRA R /I 195 Y
R 3997 5630 AT IERAEA 62 1 R 452
%15, KH Cytoscape 3.9.1 AT AT WAL b7, AR
FE (degree) fHIEHTT AL, 19 RBKEIR degree H
K. il 7-B fras, 2RHR degree {E AT 5 A7 #E &N
fJRE A FEIR ¥ (tumor necrosis factor, TNF). M8
HH p53 (tumor protein p53, TP53). M ZE 21k 1
(estrogen receptor 1, ESR1) . [t K4 -3 (Caspase-
3, CASP3). 15 5 FMHELFWIEH T 3 (signal
transducer and activator of transcription 3, STAT3).

WiEl 7-B B, Hi5m 5% 77 degree {EHT 5 A7 #E fAL
N TNF. STAT3. TP53. # R ¥-«B W3 1 (nuclear
factor kappa B subunit 1, NFKB1). Src F&Z R FE
(proto-oncogene tyrosine-protein kinase Src, SRC).
Kl 7-B fron, T E R RE degree AT 5 7N
TNF. TP53. id % 1k ¥y i4 38 JE Y s s 4k y
(peroxisome proliferator-activated receptor gamma,

PPARG). STAT3. %R KA EMY) & H 2

(prostaglandin-endoperoxide synthase 2, PTGS2),
233 EHES GO e iR, HeRHEERE
B RGO fE G R 7T i, BP R 3AT 247 4
% H, ¥ K RNA B4 E 155 5 1) 1E 1% (positive
regulation of transcription by RNA polymerase 1)+ 15
SH: 5 (signal transduction) %5; CC ZTHIIA 50 4~
% H, WEEBKE (plasma membrane ). 4 i Jii
(cytoplasm) 5; MF JRIHILA 130 Mg H, W&
H i 45 & (protein binding )« #H [F] 8 A i 45 &
(identical protein binding) 5. TEIG 5 S 77,
BP ZiitA 436 NEH, WE5HT (signal
transduction). RNA K& 1T X5 5 (1 1E 4%
( positive regulation of transcription by RNA
polymerase ID); CC JZIIEH 62 Nk H, W RFUK
(plasma membrane). HJfi¥: (cytosol); MF JZ1H
A 160 2% H, W K 82 A B 454 (protein binding)
ATP 454 (ATPbinding ). £ 4 /1738 % # / , BP
EIEA 61 Mk H, WEAESHSF (signal
transduction) #&%ER N (inflammatory response);
CC ZmitH 8 MkH, WA (plasma
membrane ). 4L (cytoplasm); MF JZH A 18
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M H, WEAMEE A% S (identical protein
binding). & HFEEE M (protein kinase activity).
F & Dhae s R4 B H P G IGRT 10 2%, S AR
V&, g R B 8 s

KEGG JEH /e R (8 9) R, g
2B RV T IR ST SCEREIR D7 T, R3] 126 5%

OGRS, FEAREMAEIEERCR-Z A BAEH
(neuroactive ligand-receptor interaction) fHZIRAT
PEAR M- 2 7<% (pathways of neurodegeneration-
multiple diseases). #5{5 T i#E (calcium signaling
pathway). FII/RIKIFERT (Alzheimer’s disease)
TR R (5 5 1@ % (cyclic adenosine monophosphate

A B
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255075100 6 80 100950
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A-sleep improvement; B-immunity enhancement; C-intestinal flora regulation.

El8 GO INEENHT
Fig. 8 GO functional analysis
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A-sleep improvement; B-immunity enhancement; C-intestinal flora regulation.
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Fig. 9 KEGG pathway analysis
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(phosphatidylinositol-3-hydroxykinase, PI3K) -2 13
B (protein kinase B, Akt) {5 5l (PI3K-Akt
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¥i% (chemical carcinogenesis-receptor activation )55 .
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Fo6 FEMRO SRR EHE

Table 6 Binding energy of active ingredients to core targets

44 Rkl (keal mol™?)

TEPERRY R FE 1D
TNF ESR1 MMP9 NFKB1 MTOR

3-F IR K A, (3-demethylcolchicine) MOL009458 -58 -83 -7.0 -59 -75
26-0-B-D-glucopyranosyl-3p,26-dihydroxy-5-cholesten-16,22-dioxo-3- MOL009465 -6.2 -7.6 -7.8 -6.5 -7.8
O-a-L-rhamnopyranosyl-(1—2)-p-D-glucopyranoside_qt
26-0-B-D-glucopyranosyl-3p,26-dihydroxy-choleslen-16,22-dioxo-3-O-  MOL009449 -65 -7.7 -85 —6.6 -7.9
a-L-rhamnopyranosyl-(1—2)-B-D-glucopyranoside_qt
26-0-B-D-glucopyranosyl-3p,26-dihydroxy-cholestan-16,22-dioxo-3- MOL009471 66 -74 -7.38 —6.6 -8.4
O-a-L-rhamnopyranosyl-(1—2)-p-D-glucopyranoside_qt
Ji#4F Cadeninenucleoside) HBIN014685 —56 -68 69 5.8 -71
FERE (catalpol) HBIN0O19909 -6.2 -82 -75 —6.9 -7.9
D-H &R (D-mannitol) HBIN024325 -44 51 62 52 -5.0
H# = (manninotriose) HBIN034419 -58 -74 74 —6.3 -7.1
4 FETFF C (purpureaside C) HBIN041323 -70 -83 -85 —7.9 -9.2
Hi#EEF A (ehmannioside A) HBIN042023 -66 -7.8 -8.4 —6.8 -8.3
1% FF B (rehmannioside B) HBIN042024 -6.1 -71 -67 —6.5 -7.9
Hi#EFF C (rehmannioside C) HBIN042025 -59 -6.8 -8.1 —6.2 -7.9
HFEH D (rehmannioside D) HBIN042026 6.0 -6.5 -8.7 —6.6 -8.0
EINZRER (ceanothic acid) MOL001521 —6.2 -7.3 -85 7.1 -8.7
(S)-2 2486, [(S)-coclaurine] MOL001522 —6.6 -9.0 -94 64 -75
#H% N (daucosterol) MOL001525 -7.3 -7.9 -87 -7.2 -8.5
FR A~ BAF A (jujuboside A_qt) MOL001527 -7.6 -87 -89 -80 -10.3
FRA/-IFK (sanjoinenine) MOL001539 -69 -81 —95 -7.2 -9.0
M2 E (swertisin) MOL001542 —6.7 -81 -80 -7.0 -8.3
A (zizyphusine) MOL001546 —6.4 -84 -81 —6.4 -7.3
ToWTE 2 (formononetin) MOL000392 -65 -72 -82  —6.1 -7.3
3-FHEI KT I (3-methoxydaidzein) MOL002959 -65 -7.0 -82 —64 -71
KEHJC-4,7- i & HELF (daidzein-4,7-diglucoside) MOL003629 -7.4 -89 9.1  -80 -8.9
4.4 3R F T ARFERE (4,4'-dihydroxy dibenzyl ether) HBINO09937 -6.3 6.7 -86 —6.7 7.7
4.4-TFHE T RF S (4,4'-dihydroxy diphenyl methane) HBIN009938 -58 -7.7 -86 57 6.7
A-(4-F2 T E )RR FiF  [4-(4-hydroxybenzyloxy)benzyl methyl HBIN009959 -59 -80 -80 5.7 -6.3
ether]
4- 2 A O PR A -4 52 R B iF ( 4-ethoxymethylphenyl-4- HBIN010380 -5.9 6.4 -79 58 -6.7
hydroxybenzylether)
A-FHAE[E (4-hydroxybenzylamine) HBIN010513 -43 57 61  —4.1 -4.9
4-32FEHCIEHEE (4-hydroxybenzyl methyl ether) HBIN010519 —-4.4 57 —6.2  —45 -4.7
X (4-F2FEFEFE)EE [bis(4-hydroxybenzyl)ether] HBIN018559 —6.3 69 -81 58 —6.8
LEFEMARGE, (ethoxysanguinarine) HBIN025849 -7.3 -72 87 -715 -8.2
+755i8: (hexadecanoic acid) HBIN029268 —-40 62 -58 —47 4.7
YR FER R (p-hydroxybenzyl alcohol) HBINO39681 -48 57 -61  —45 -5.0
FH 5 EL 20 (p-hydroxy benzyl ethylether) HBIN039682 -45 —60 —65 —45 -5.0
p-hydroxy methylphenyl-B-D-glucopyranoside HBIN039692 -6.3 -7.4 -85 -6.7 -7.8
#5557 Mg (suchilactone) HBIN045071 -6.4 -75 -9.0 6.8 -7.9

1 kcal'mol™'=4.2 kJ-mol ',
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Fig. 10 Molecular docking of active components to core targets
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] SRS E. B 2 #4207 I,
ik HAZ DA WA T H S . A AaMEBERN
g T, BRI AR 7T tiE s2 H 7 B3 ok
W PUHPAD. PreE RS 7 B AT 252, st 3
WA ST (R R BE
B TR G4 RIE EH S & 042 7 i
i, G R S 2 O AR A TE A H R A
BRAIHT . B e e, . AT, K.
B 5 W24 B [FIRA T L -

“HRARIZIR Givt -2 & [RUR /4 3 44 T T i - R
ZGFIRULE” BT R RIR R, I T RSP ERY
e 5IAEIE T AR RIR RS . 14k R DAL
P2 AR LA, RAEG /0 A (R & 1)
W Hisd; DL BRIV H /4 4 T T R,
B OR SR} ) 22 A 1 5 A AR DL KA i R 25 1 2
J7 R E, iE M E AL IS S B Z BT S0
5 HEAT VLB AANT ABAE LA HE . By R AR
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5150 a0 JIAH OB TERE 2 196 A 5 imiE
FEAH I AEAE 25 63 o DB FRHIR A% O A5 B35
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R RANMIEE 7, FEREAR T s N A IE RS
rh Y R SR 146481 STAT3 & 4 i A 15 A4
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LR, WK, EHRPT @IS A STAT3 5
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AR, TPS3 /& EBEHERE, =540 A
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EGFR %55 5 18 B 4G AR IR K B 1 2 S e A2 /g 100,

GO BHEANTKIL, £ BP 2 3 MR R
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¥, SRR LIRS R B T R IE LR AR
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