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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

This study's objective was to eclucidate the molecular
mechanism of hemp seeds against osteoporosis using a network
pharmacology approach. The methodology entailed the retrieval
ofactive components and targets of hemp seeds from the TCMSP
database, as well as OP-related targets from GeneCards, TTD,
Drugbank, and OMIM databases, followed by identifying their
intersection. Network construction and enrichment analyses
were performed using Cytoscape and Metascape. Finally,
molecular docking was utilized to validate the binding capacity
between the core active ingredients and the key targets. As a
result, six active components and 96 potential targets of hemp
seeds were identified, which intersected with 1,745 OP-related
targets to yield 53 common targets. GO enrichment analysis
revealed that these targets were primarily involved in biological
processes such as inflammatory response, while KEGG analysis
highlighted significant pathways including the AGE-RAGE and
PI3K-Akt signaling pathways. Notably, a subsequent analysis of
the protein-protein interaction (PPI) network topology identified
AKTI1, TNF, and IL6 as pivotal targets within the therapeutic
mechanism. In summary, the present study initially revealed
the potential mechanism of OP treatment with hemp seeds and
provided a reference for conducting experimental studies.

Key words. Hemp seeds, osteoporosis, network pharmacology,
molecular docking, mechanism of action.

Introduction.

Osteoporosis (OP) is a systemic bone disease characterized
by low bone mass, impaired bone microarchitecture, increased
bone fragility, and susceptibility to fractures [1]. Osteoporotic
fractures pose significant hazards, leading to considerable
impairment of the patient's quality of life and elevating the
mortality rate [2]. A global estimate suggests that approximately
one-third of women and one-fifth of men over the age of 50 years
will experience an osteoporotic fracture during their lifetime [3].
While a range of clinical treatments is currently available, issues
persist regarding treatment duration, inadequate compliance,
and the necessity for combinations of medications, along with
severe side effects [4].

Hemp seeds, when utilized as a medicine and food homology
(MFH) herb, has been shown to be abundant in nutrients and
to serve as a substantial source of natural antioxidants and
bioactive compounds [5,6]. Previous studies have reported
that hemp seeds improve bone metabolism in humans and in
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vitro, upregulating osteoblast differentiation markers while
downregulating RANKL [7]. In addition, hemp seed oil has
been shown to effectively alleviate joint inflammation and bone
destruction [8]. Therefore, it can be hypothesized that hemp
seeds may exert therapeutic effects on OP. In this study, we
employed network pharmacology techniques to investigate the
active components and mechanisms of action of hemp seeds in
treating OP, with the aim of providing insights for subsequent in
vivo and in vitro biological experiments.

Materials and Methods.

Identification of Active Components and Related Targets:

Using the TCMSP platform (https://www.tcmsp-e.com/tcmsp.
php, version 2.3, accessed on Oct 2 2025), active ingredients
were screened based on the criteria of oral bioavailability (OB)
> 30% and drug-like properties (DL) > 0.18. After matching
each component's targets via TCMSP. Following this, the target
names were standardized using the Uni-Prot database (https://
www.uniprot.org/, version 2025 03, accessed on Oct 2 2025)
and converted to gene names.

Acquisition of Disease Targets and Intersecting Targets:

Targets of disease were collected by searching databases
including GeneCards (https://www.genecards.org/, version
5.25, accessed on May 22 2025), Therapeutic Target Database
(TTD, https://db.idrblab.net/ttd/, accessed on May 22 2025),
Online Mendelian Inheritance in Man (OMIM, https://www.
omim.org/, accessed on May 22 2025), and DrugBank (https://
go.drugbank.com/drugs, version 5.1.13, accessed on May 22
2025) using "osteoporosis" as the search keyword. To avoid false
positives, from all targets retrieved from GeneCards, the top
25% of targets with the highest relevance scores were selected
as potential OP-related targets. The consolidation, merging,
deduplication and matching to gene names of all targets was
completed. The Jvenn platform (https://jvenn.toulouse.inra.fr/
app/index.html, accessed on Oct 2 2025) was utilized to identify
intersection targets between drugs and diseases, generating a
Venn diagram.

Construction of Drug-Active Ingredient-Target-Disease
Network:

The data pertaining to diseases, drugs, active ingredients,
and genes were meticulously organized into Excel files and
subsequently imported into Cytoscape 3.10.3 software to
construct a visual network diagram.
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GO Function and KEGG Pathway Enrichment Analysis:

The intersecting target points were imported into the Metascape
database (https://metascape.org/, version 3.5, accessed on
Oct 4 2025) for GO and KEGG enrichment analysis. The top
20 signaling pathways were selected and imported into the
Bioinformatics Online Platform (https://www.bioinformatics.
com.cn/, accessed on Oct 4 2025) to generate bubble charts.

PPI Network Construction:

The intersecting targets were imported into the STRING
database (https://cn.string-db.org/, version 12.0, accessed on Oct
4 2025) to generate a PPI network, which was then visualized
using Cytoscape 3.10.3 software. Topological parameter
analysis was performed to identify key targets.

Molecular Docking:

Key targets and core compounds were screened by PPI and
drug-active ingredient-target-disease network diagram analysis.
The PDB database (https://www.rcsb.org, accessed on Nov
28 2025) provided the crystal structures of the key targets.
The PubChem database (https: //pubchem.ncbi.nlm.nih.gov,
accessed on Nov 282025) to download component SDF files. The
processed protein receptors and corresponding small molecule
ligands were imported into AutodockTools 1.5.7 software, and
the necessary pre-processing such as hydrogenation was carried
out, and molecular docking was carried out by using Autodock
Vina to obtain the binding energies of each combination, and
the combinations with strong binding ability were visualized by
using PyMOL software.

Results.

Active Components of Hemp Seeds and Corresponding
Targets:

Hemp seeds contain six active components, including
arachidonic acid, sitosterol, stigmasterol, (Z)-3-(4-hydroxy-3-
methoxyphenyl)-N-[2-(4-hydroxyphenyl)ethyl]  acrylamide,
gondoic acid, and luteolin. A total of 96 target proteins were
identified for these active components.

OP Targets and Intersecting Targets:

A comprehensive search through GeneCards, TTD, OMIM,
and DrugBank databases yielded 7355, 33, 113, and 188
OP-related targets, respectively. The number of targets in
GeneCards with relevance scores above the first quartile was
1,834. Subsequent to the processing stage, a total of 1,745 OP
disease target genes were definitively identified. Among these,
53 targets intersected with both drugs and diseases (Figure 1).

Construction of the Drug-Active Ingredient-Target-Disease
Network:

The drug-active ingredient-target-disease network consists
of 104 nodes and 178 edges, primarily comprising 6 active
ingredients and 96 target genes, which are distinguished by blue
and purple logos, respectively, with green nodes representing
hemp seeds (HS) and orange nodes indicating osteoporosis
(Figure 2). Analysis based on degree values indicates that the
top three active ingredients are luteolin, arachidonic acid, and
stigmasterol.
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Figure 1. Venn diagram of the intersection of hemp seeds active
ingredient targets with OP disease targets. HS: hemp seeds, OP:
osteoporosis.

GO Functional and KEGG Pathway Enrichment Analysis:

GO enrichment analysis revealed that the intersecting genes
were involved in 872 biological processes (BP), including
gland development and regulation of inflammatory response
etc., 44 cellular components (CC), including membrane rafts
and receptor complexes etc., and 78 molecular functions (MF),
such as kinase regulator activity and transcription factor binding
(Figure 3). KEGG pathway enrichment analysis identified 161
pathways, primarily involving signaling pathways such as
cancer, Lipid and atherosclerosis, AGE-RAGE, PI3K-Akt and
TNF (Figure 4).

PPI Network Analysis and Key Target Identification:

The PPI network diagram comprises 51 nodes and 549 edges,
with an average degree value of 20.7. Topological analysis
revealed the top ten targets by degree value: AKT1, TNF, IL6,
TP53, PTGS2, EGFR, MMP9, PPARG, CASP3, and IFNG
(Figure 5). The interactions of these targets with other proteins
have been determined to play a critical role in the treatment of
osteoporosis.

Validation of Molecular Docking:

Molecular docking analysis was performed on the top five
key targets (AKT1, TNF, IL6, TP53, PTGS2) and three active
components (luteolin, arachidonic acid, stigmasterol), and a
heatmap was plotted based on the results (Figure 6). A lower
binding energy is widely considered to indicate a more stable
interaction [9]. The docking results showed that most active
compounds have strong binding affinities to the specified
nuclear targets. We selected two combinations with better
binding capacities for visualization using PyMOL, and the
results showed that stable hydrogen bonds were formed between
the receptor and ligand (Figure 7).

Discussion.

The pathogenesis of OP is multifaceted, involving estrogen
deficiency, cellular aging, gut microbiota dysbiosis, and
inflammation, which collectively contribute to imbalanced bone
remodelling and resultant bone loss [10-12]. Consequently, the
efficacy of monotherapy frequently falls short of expectations.



=4

@P909e00400
ELIRTEETRY
Tpdtedeadae
L IEEREETE
LEEREEERES )
(EREEEEREY

1
1

ERRRRREEER]

spbprebige

Figure 2. Drug-active ingredient-target-disease network. HS1: sitosterol; HS2: stigmasterol; HS3: (Z)-3-(4-hydroxy-3-methoxyphenyl)-N-[2-(4-
hydroxyphenyl)ethyl] acrylamide; HS4: gondoic acid; HSS: arachidonic acid; HS6: luteolin.
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Figure 3. GO enrichment analysis of hemp seeds in the treatment of osteoporosis.
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Figure 5. PPI network diagram of the intersection target of hemp seeds prescription and osteoporosis.
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Figure 6. Heat map of the binding energy of molecular docking.

Figure 7. Molecular docking between representative components and
core targets. (A) Molecular docking between AKTI and luteolin; (B)
molecular docking between AKTI and stigmasterol.

Traditional Chinese medicinal materials are distinguished by
their multi-component composition, multi-target effects, and
systemic regulation, which renders them frequently employed
in OP treatment research [13]. As a MFH, hemp seeds possess
a diverse pharmacological potential [14]. In addition, research
findings suggest that their derivatives may have a beneficial
impact on osteoarthritis [7,8]. Nevertheless, the impact of
hemp seeds on OP and its underlying mechanisms remain to be
fully elucidated. This study employs network pharmacology to
demonstrate that hemp seeds may exert effects through active
components such as luteolin and stigmasterol to target signaling
pathways such as AGE-RAGE and PI3K/Akt. By modulating
critical downstream targets such as AKT1, these agents promote
bone homeostasis, thus preventing and treating OP.

The present study identified luteolin, arachidonic acid, and
stigmasterol as the top three ranked bioactive components
in hemp seeds. Luteolin, a flavonoid compound, has been
demonstrated to possess anti-inflammatory, antioxidant,
antitumor, and metabolic regulatory properties [15]. Zhou et al.
discovered that luteolin can inhibit inflammation and oxidative
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stress through the AMPK/Nrf2 pathway, thereby protecting
osteocyte function [16]. In addition, stigmasterol is a phytosterol
that has been demonstrated to possess pharmacological effects,
including anticancer, anti-osteoarthritis, anti-inflammatory, anti-
diabetic, immunomodulatory, antioxidant, and neuroprotective
properties [17]. Xiao et al. shown that stigmasterol has been
shown to play a role in preventing OP through regulating the gut
microbiota [18]. Arachidonic acid is a polyunsaturated fatty acid,
which has been reported to promote osteoclast differentiation
through the RANKL pathway and its metabolites, increasing
the risk of bone resorption [19]. This appears to contradict
our predicted results. However, sitosterol in hemp seed has
been demonstrated to modulates osteogenic and adipogenic
balance in BMSCs to suppress osteoporosis [20]. Besides, rich
cannabinoids in hemp seed, such as A9-Tetrahydrocannabinol
(THC) and Cannabidiol (CBD), have been shown to promote
fracture healing and reduce bone resorption by inhibiting
RANK/RANKL expression and pro-inflammatory cytokines
[21,22]. These ingredients, which have been widely confirmed
to have anti-osteoporotic effects, can counteract or balance the
potential negative effects of arachidonic acid, thereby providing
overall bone protection. Furthermore, network pharmacology is
characterized by “multi-component-multi-target”, which needs to
be combined with subsequent in vitro and in vivo experiments to
validate this holistic effect. In summary, we speculate that hemp
seeds may influence bone metabolism through anti-inflammatory,
antioxidant, gut microbiota-modulating, and metabolic regulatory
mechanisms, exerting efficacy in preventing and treating OP.

This study indicates that the key target molecules for hemp
seed in preventing and treating OP are AKT1, TNF, and IL6. As
is widely recognized, Aktl functions as a downstream effector
molecule of the PI3K/AKT signaling pathway, and it also plays
an indispensable role in various cellular processes, including
cell death, autophagy, oxidative stress, inflammatory response,
and iron death [23]. It has been reported that adipogenic gene
expression can be promoted in bone marrow mesenchymal stem
cells by activating the PI3K/AKT/Hippo pathway [24]. TNF
and IL6 are able to regulate bone metabolism by inducing the
recruitment, differentiation and activation of osteoclasts through
inflammatory pathways [25]. It is noteworthy that pathways in
cancer topped the list in KEGG enrichment analysis, which may
stem from the shared nature of inflammatory and metabolic
signaling pathways, cancer often involve inflammatory signaling
pathways (e.g., TNF, IL-17, NF-xB, and MAPK signaling
pathways), which are prone to be activated under metabolic
stress conditions [26,27]. In contrast, in osteoporosis models,
shared inflammatory signaling pathways are often activated and
directly contribute to increased bone resorption and imbalanced
bone reconstitution [28]. These analyses suggest that hemp
seeds may influence bone remodelling via pathways including
inflammatory signaling cascades, lipid metabolism and the
PI3K/Akt signaling pathway.

Conclusion.

In summary, the present study found that hemp seeds may exert
anti-OP effects through a combination of mechanisms involving
multiple components, targets, and pathways. This study is not
without its limitations. Firstly, the data in public databases is



limited and dynamic, so the data collected is incomplete and
subject to change. Furthermore, the study did not implement
relevant experimental validation. In the future, further in vivo
and in vitro experiments will be carried out to provide a more
theoretical foundation for the treatment of OP with hemp seeds.
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