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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
This study's objective was to elucidate the molecular 

mechanism of hemp seeds against osteoporosis using a network 
pharmacology approach. The methodology entailed the retrieval 
of active 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 
AKT1, 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 

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. 



39

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 28 2025) 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.

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. 

Figure 1. Venn diagram of the intersection of hemp seeds active 
ingredient targets with OP disease targets. HS: hemp seeds, OP: 
osteoporosis.
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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; HS5: arachidonic acid; HS6: luteolin.

Figure 3. GO enrichment analysis of hemp seeds in the treatment of osteoporosis.
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Figure 4. Enrichment analysis of KEGG pathway of hemp seeds in the treatment of osteoporosis.

Figure 5. PPI network diagram of the intersection target of hemp seeds prescription and osteoporosis.
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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 

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 Δ9-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, Akt1 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-κB, 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 

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 AKT1 and luteolin; (B) 
molecular docking between AKT1 and stigmasterol.
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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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