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					ABSTRACT  

					ARTICLE INFO  

					Adenomyosis is a benign gynecological disorder characterized by abnormal uterine bleeding,  

					infertility, and dysmenorrhea, affecting approximately 10% of women worldwide during their  

					reproductive years. The high morbidity and postoperative complications associated with surgical  

					treatments have generated interest in conservative therapies. Natural medicine, particularly plant-  

					based compounds, is increasingly recognized in the field of reproductive health. Curcumin, a  

					bioactive component found in Indonesian medicinal plants, demonstrates potential as a therapeutic  

					candidate for adenomyosis. This study aimed to explore the physicochemical characteristics,  

					suitable targets, and pharmacological mechanisms of curcumin’s action as a potential therapeutic  

					alternative for adenomyosis. Pharmacological networks integrated with bioinformatics databases  

					was used to explore curcumin’s potential pharmacological targets and mechanisms as an  

					alternative therapy for adenomyosis. Data integration identified shared therapeutic targets, with  

					protein-protein interaction (PPI) networks constructed via the STRING database. CytoHubba  

					analysis identified key hub genes based on connectivity, highlighting EPHA5, EPHB2, and  

					EPHA4 as the top nodes of interest within the PPI network. Compound-target-disease interactions  

					analysis highlighted the therapeutic relevance of curcumin and its impact on adenomyosis-related  

					molecular pathways. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes  

					(KEGG) pathway enrichment analyses identified axon guidance as a significantly implicated  

					pathway in adenomyosis. Molecular docking confirmed curcumin’s stable binding affinities with  

					target proteins. This study presents theoretical and experimental evidence supporting curcumin’s  

					potential as a therapeutic agent for adenomyosis. Key molecular targets and pathways are  

					highlighted for further exploration, contributing to a broader understanding of curcumin’s  

					pharmacological profile and its potential as a non-surgical therapy in adenomyosis.  
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					This condition affects 5–10% of women of reproductive age,  

					approximately 190 million women worldwide, with an average age of  

					Introduction  

					around 28 years. The primary triad of symptoms associated with  

					adenomyosis includes chronic pelvic pain or dysmenorrhea, heavy  

					menstrual bleeding, and infertility.2,3 Research suggests that  

					adenomyosis is a condition similar to endometriosis. It is estrogen-  

					dependent and associated with chronic inflammation, auto-  

					traumatization, and genetic factors that contribute to immunological  

					dysfunction, inflammatory reactions, disorders of angiogenesis, and  

					patterns of apoptosis.4,5 Understanding of the pathophysiology,  

					biomolecular mechanisms, and gene expression underlying  

					adenomyosis has led to studies on the development of medicines for  

					adenomyosis.6,7 Not much is known about the genomic picture related  

					to adenomyosis. However, recent research shows the role of KRAS  

					mutations in the pathophysiology of this condition. Mutations in KRAS  

					showed a decrease in progesterone (PR) expression, coincidence of  

					endometriosis, and resistance to progestin.7,8  

					Adenomyosis is  

					a

					general gynecological disorder  

					characterized by benign invasion of the endometrium into the  

					myometrium, resulting in an enlarged uterus, which is  

					histopathologically characterized by the presence of stroma and  

					endometrial glands in the myometrium.1  
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					The most common treatment for symptomatic adenomyosis patients is  

					hysterectomy. However, the high morbidity associated with pre- and  

					postoperative complications of hysterectomy, along with the low  

					quality of life outcomes following the procedure encourages  
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					innovations in the management of adenomyosis, especially for women  

					who still want to give birth.9,10  

					compounds exhibit high solubility and absorption, as well as low  

					toxicity.21,22  

					Until now, the pharmacological management of adenomyosis has  

					primarily focused on symptom reduction and control. Further  

					development of supportive management is needed to reduce the  

					socioeconomic impact on individuals with adenomyosis. The high  

					recurrence rate and high cost of pharmacological treatment have  

					increased the demand for alternative therapies, such as herbal  

					remedies.10-12  

					According to a report from the Ministry of Environment and Forestry  

					and the Indonesian Institute of Sciences (2019), Indonesia is home to  

					31,750 plant species, of which 25,000 are flowering plants.  

					Approximately 15,000 plant species have the potential to serve as  

					medicinal plants; however, only 7,000 species are utilized as medicinal  

					raw materials. The use of medicinal plants as an alternative treatment  

					aligns with the Ministry of Health's promotion of herbal plants as family  

					medicinal plants (TOGA).13 However, the process of discovering new  

					drugs is time-consuming and expensive. Therefore, there is a need to  

					shorten the search duration and reduce the costs associated with new  

					drug discovery.  

					Prediction of candidate targets  

					The Swiss Target Prediction platform,23 confined to the species “Homo  

					sapiens” was used to predict significant target proteins of curcumin.  

					Simultaneously, the search for genes related to adenomyosis was also  

					carried out using the gene expression omnibus (GEO) database using  

					the term ‘Adenomyosis’, which is also confined to “Homo sapiens”.  

					Thereafter, exclusion criteria were applied to narrow down the number  

					of series, which include using only series that could be analyzed with  

					GEO2R, series that have ‘Non-adenomyosis’ histologies, control  

					groups, sample obtained from the endometrium, and non-cell lines.24  

					Subsequently, a Venn diagram was constructed to determine the shared  

					targets between curcumin-related gene targets and adenomyosis, which  

					was predicted to be the target of curcumin to halt the pathogenesis of  

					adenomyosis.  

					Construction of protein-protein interaction (PPI) networks and Hub  

					Genes  

					Previous research on the use of Indonesian medicinal plants for  

					adenomyosis has been limited. However, bioinformatics data indicate  

					the potential of medicinal plants such as turmeric (Curcuma longa),  

					which contains over 100 active components, including curcumin.  

					Curcumin has been shown to inhibit cyclooxygenase and prostaglandin  

					synthesis, thereby reducing inflammation and alleviating symptoms of  

					To explore the interrelationships between the shared targets of curcumin  

					and adenomyosis, the Search Tool for the Retrieval of Interacting  

					Genes/Proteins (STRING database) was used, integrated with  

					Cytoscape 3.10.2 software. These interactions were visualized as a  

					protein-protein interaction (PPI) network, with the target genes  

					represented as the nodes, while the black lines (edges) represented the  

					interaction among the targets. A p-value less than 0.05 was set as the  

					threshold used to ensure that only the most meaningful pathways and  

					terms were selected for further analysis. A Cytohubba network analyzer  

					was employed to determine the top Hub Genes based on the nodes’ rank  

					significance and importance within the network using three algorithm  

					systems: MNC, degree, and closeness.25,26  

					dysmenorrhea, one of the three primary symptoms of adenomyosis.14  

					A

					systematic study by Sutrisno (2023) demonstrates the potential of  

					herbal plants, including curcumin, as antioxidants and anti-  

					inflammatory agents, as well as their ability to induce apoptosis and  

					modulate migration and adhesion, which are beneficial in the treatment  

					of endometriosis.15 While direct studies on the effects of curcumin on  

					adenomyosis are limited, Wahyuni et al. (2024) investigated the effects  

					of  

					a

					self-nanoemulsifying drug delivery system (SNEDDS)  

					Functional annotation and KEGG pathway analysis of overlapped  

					genes  

					containing Curcuma longa extract on a polycystic ovary syndrome  

					(PCOS) rat model. The study found that the SNEDDS formulation  

					improved insulin sensitivity, highlighting its role in modulating  

					metabolic and inflammatory pathways. Given that adenomyosis  

					involves inflammatory processes, these findings underscore the need  

					for further research on the potential benefit of curcumin for this  

					condition.16  

					One approach to reducing the time required for drug discovery is  

					through a genomics, transcriptomics, and proteomics-based strategy  

					that can elucidate gene expression and the pathways underlying the  

					pathophysiology of disease development.17 This is followed by a cross-  

					over analysis of medicinal plants that target the genes or pathways  

					underlying the pathogenesis of adenomyosis. Subsequently, molecular  

					docking is performed to assess the interactions between the compounds  

					and target proteins, ultimately leading to the identification of a new  

					alternative drug that has the potential to be retested in vivo. The same  

					method used in previous studies has successfully identified potential  

					drug candidates for the treatment of endometrial cancer and  

					malaria.12,17,18  

					The shared target genes obtained in the previous analysis were screened  

					for Gene Ontology (GO) and pathway enrichment analysis using the  

					ShinyGo platform to reveal their essential cellular components (CC),  

					biological processes (BP), molecular function (MF) and also significant  

					Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways by  

					setting the p-value threshold of less than 0.05.27 The overall  

					methodology used in the recent study is shown in Figure 1.  

					Molecular docking  

					The 3D structure of the protein, obtained through X-ray  

					crystallography, was accessed from the RCSB Protein Data Bank  

					(PDB) [http://www.rscb.org]. This study analysed the interactions of  

					ligand (i.e., curcumin) with EPHA5, EPHB2, and EPHA4 using the 3D  

					protein structure with PDB IDs 6VGL, 5UGA, and 6PYS, respectively.  

					The protein’s crystal structure was constructed using MOE 2022.0901  

					(Chemical Computing Group) and Discovery Studio Visualizer (DSV,  

					BioVia). The protein was energy minimized using the CHARMM27  

					force field with an RMS gradient of 0.01 kcal/mol, preparing it for use  

					as a receptor.28,29  

					For directed molecular docking, the protein’s active site was identified  

					using the site finder tool, which assigns virtual atoms. Docking was  

					carried out with the parameters set to 50 poses and 10 refinements,  

					employing the triangle placement approach before initiating the  

					docking process.30  

					This study aimed to explore the physicochemical characteristics,  

					appropriate targets, and pharmacological mechanisms of action of  

					curcumin as a potential therapeutic option in adenomyosis through  

					pharmacological networking integrated with bioinformatics techniques.  

					Materials and Methods  

					The ligand (curcumin) chemical structure was sketched using  

					ChemDraw Professional 15.0. The corresponding 3D model was  

					generated using Molecular Operating Environment (MOE) 2022.0902  

					software, utilizing the MMF94x force field and an energy gradient of  

					0.0001. The molecular structure of curcumin is presented in Figure 2.  

					Investigation of physicochemical character and ADMET profiling of  

					curcumin  

					Information on the physicochemical properties of curcumin was  

					collected from the KNApSAcK and PubChem databases.19,20  

					Furthermore, SwissADME and ProTox 3.0 software were used to  

					screen the properties (drug-likeness and oral bioavailability) and  

					analyze the characteristics of the phytochemical, including ADMET  

					(absorption, distribution, metabolism, excretion, and toxicity).  

					Physicochemical properties are considered satisfactory if the drug-  

					likeness (DL) value is greater than 0.18, oral bioavailability (OB) is  

					greater than 0.3, molecular weight is less than 500 g/mol, and the  

					Molecular dynamics simulations  

					Molecular dynamics (MD) simulations were conducted on the protein-  

					ligand (curcumin) complex. The protein, sourced from the Protein Data  

					Bank (PDB) with ID 1t46 and a resolution of 1.6 Å, was used for the  

					analysis. Initial simulations were executed using Nanoscale Molecular  

					Dynamics (NAMD) software version 2.9.  
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					Figure 2: Molecular structure of curcumin  

					Results and Discussion  

					Adenomyosis is a chronic gynecological condition that requires long-  

					term management. The magnitude of the impact of adenomyosis on  

					physical, mental, and sexual health, as well as the productivity of  

					affected individuals, significantly influences socioeconomic conditions  

					due to the costs associated with diagnosis, management, and long-term  

					monitoring. This makes adenomyosis a substantial public health  

					concern.34 The definitive management of adenomyosis is hysterectomy.  

					However, such radical methods of treatment could lead to many  

					significant adverse effects because they do not treat the underlying  

					mechanism of the disease. Conservative management, such as hormonal  

					therapy and non-steroidal anti-inflammatory drugs, is effective in  

					alleviating pelvic pain or dysmenorrhea, but these drugs may not cure  

					the disease progression; instead, they bring about adverse effects, such  

					as peptic ulcer and liver damage.35 There is a need for alternative  

					therapies that are equally effective but less traumatic, with lower  

					toxicity and high efficacy.  

					Figure 1: Flow chart of the overall methods used in the current  

					study  

					The CHARMM27 (Chemistry at Harvard Macromolecular Mechanics)  

					force field was employed for its suitability, and MD simulations were  

					performed on each compound using this force field. The simulation  

					environment was modelled with a TIP3P water box, incorporating a 2.5  

					Å water layer in all directions.30,31  

					Curcumin is widely recognized as a promising herbal compound that  

					can serve as a medicinal agent due to its ability to regulate various  

					molecular signaling pathways, including those related to antioxidant  

					properties, apoptosis, and inflammation.36  

					The system was progressively heated from 0 to 300 K over 300 ps using  

					an NVT ensemble. Subsequently, molecular dynamics (MD)  

					simulations were performed for each system in an isothermal (NPT)  

					ensemble with periodic boundary conditions for 50 ns. Temperature and  

					pressure were coupled with a relaxation time of 1 ps. During sampling,  

					the coordinates were logged every 0.1 ps. The conformations obtained  

					from these simulations were used for subsequent binding free energy  

					calculations and decomposition analysis.28,31  

					After the heating and equilibration phases, the systems were subjected  

					to a 50 ns production MD simulation under an NPT ensemble.30–33 The  

					software created a 2D plot to illustrate the estimated intrinsic dynamical  

					stability, assessed using the Root mean square deviation (RMSD) and  

					root mean square fluctuation (RMSF).  

					Identification of curcumin database, characterization, and ADMET  

					profile  

					To ensure the suitability of curcumin for further study, characterization  

					and ADMET profiling were conducted using KNapSAcK and  

					PubChem databases. The results indicated that curcumin is suitable,  

					with a Weighted Quantitative Estimate of Drug-likeness (QEDw) score  

					of 0.55, an oral bioavailability score of 0.55, a molecular weight of  

					368.4 g/mol, and high gastrointestinal absorption. Protox III analysis  

					also showed that this compound has non-active toxicity,  

					carcinogenicity, and mutagenicity (Table 1).  

					Table 1: Physicochemical characteristics and ADMET profile of curcumin  

					Drug  

					Oral  

					Molecular  

					Weight  

					GI  

					Hepatotoxicity Carcinogenicity Mutagenicity Cytotoxicity  

					Likeness Bioavailability  

					Absorption  

					Curcumin  

					0.55  

					0.55  

					368.4  

					High  

					Non-active  

					Non-active  

					Non-active  

					Non-active  

					and low toxicity, indicating that curcumin meets the criteria for  

					systemic circulation as an oral drug and is considered safe.  

					In a recent study, curcumin demonstrated a QEDw drug-likeness (DL)  

					score greater than 0.18 and a molecular weight of less than 500 g/mol.  

					This indicates that curcumin possesses favorable physicochemical  

					properties early in the discovery of new drug candidates, irrespective of  

					its ADMET properties. However, this finding cannot replace the  

					assessment of ADMET properties. Both screening methods should be  

					considered, as the ADMET profile evaluates the ability of drugs to be  

					metabolized (efficacy) in the body and is also related to their toxicity  

					(safety), aspects that are not captured by QEDw drug-likeness (DL)  

					scores.37 Based on this study, curcumin also demonstrates an oral  

					bioavailability (OB) greater than 0.5, high gastrointestinal absorption,  

					Prediction of candidate targets  

					After confirming that curcumin was a suitable candidate for further  

					evaluation, the Swiss Target Prediction database was used to retrieve  

					100 potential target genes. Additionally, a study using the GEO  

					database identified 213 datasets and 21 data series corresponding to  

					'Adenomyosis' and Homo sapiens. After filtering, two data series that  

					met the inclusion and exclusion criteria were identified: GSE7307,  

					which contained 3,438 available genes, and GSE157718, which  

					contained 842 available genes. All genes from the two data series were  

					entered into a Venn diagram, which revealed an intersection of 317  
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					genes. These genes were classified as adenomyosis-related genes or  

					therapeutic targets and were used for further analysis to elucidate the  

					common compound-target network. Using a Venn diagram, the  

					common target genes between curcumin and adenomyosis were  

					determined. This analysis identified six potential anti-adenomyosis  

					genes that are also targeted by curcumin, referred to as Common Key  

					targets. These include EPHA4, EPHB2, EPHAA4, SERPIN1, DPP4,  

					and HSD11B1 (Figure 3).  

					the formation of synaptic connections between neurons, as well as  

					cellular proliferation, migration, and differentiation.38,39 This finding  

					aligns with the pathogenesis of adenomyosis and cancer cells, where  

					these receptors appear to both promote and suppress tumorigenicity, as  

					observed in breast cancer.  

					In the female reproductive system, these genes play a crucial role in the  

					uterus, fallopian tubes, and ovaries, as well as in the embryo  

					implantation process. Ephrins and Eph receptors are generally  

					expressed in the endometrial stromal cells and perivascular spiral  

					arterioles. They enhance angiogenesis and vascular remodeling during  

					the menstrual cycle, and their expression is facilitated by hypoxia  

					through hypoxia-inducible factor-1 alpha (HIF-1α) signaling, thereby  

					mediating endometrial repair following menstruation.39 Related to  

					adenomyosis, one of the two key mechanisms underlying its  

					pathogenesis is chronic cyclic hypoxia, which induces increased  

					production of HIF-1α.40 This aligns with the findings of a previous  

					study by Adu-Gyamfi et al.39, which indicated that hypoxia could  

					induce the release of HIF-1α, leading to the upregulation of Eph  

					receptors. Consequently, Eph receptors may play a significant role in  

					influencing the proliferation, migration, adhesion, and angiogenesis  

					associated with adenomyosis. However, the specific classes of Eph  

					receptors and ephrin systems related to adenomyosis require further  

					investigation. Based on the current study, the EPHA5, EPHB2, and  

					EPHA4 genes are identified as potential biomarkers that could serve as  

					therapeutic targets in the treatment of adenomyosis with curcumin.  

					In another study by Rajuddin et al.41, curcumin administration for ten  

					days was found to reduce hypoxia-related damage that could exacerbate  

					angiogenesis, as evidenced by a significant decrease in VEGF and  

					COX-2 expression compared to normal endometrium.41 This research  

					helps identify therapeutic targets for adenomyosis, as one of its  

					pathogenesis mechanisms is characterized by increased angiogenesis.  

					Consistent with the current findings, a common shared target between  

					curcumin and adenomyosis is Eph, which is upregulated by hypoxia,  

					thereby increasing the rate of angiogenesis. By downregulating the Eph  

					receptor, curcumin is expected to reduce angiogenesis and cell  

					proliferation associated with adenomyosis, thus disrupting the  

					progression of this disease.  

					317  

					100  

					(a)  

					(b)  

					Figure 3: Venn Diagrams showing (a) Common adenomyosis-  

					related genes; (b) Common target genes between curcumin and  

					adenomyosis-related genes  

					Construction of PPI networks and Hub Genes  

					The common target gene data were imported into the STRING database  

					to analyze the interactions within the common target gene network and  

					to illustrate the molecular interactions of curcumin in the treatment of  

					adenomyosis. This analysis revealed a protein-protein interaction (PPI)  

					network among the target genes, resulting in six nodes and four  

					interaction edges, with a p-value of 9.36 × 10-5 (Figure 4).  

					The obtained data were then exported into Cytoscape, and Cytohubba  

					was used to identify the top hub genes based on three algorithmic  

					systems: degree, closeness, and maximum neighborhood component  

					(MNC). These algorithms rank the nodes by their significance within  

					the network, revealing that EPHA5, EPHB2, and EPHA4 were the three  

					most prominent genes based on their consistency across the three  

					algorithms (Table 2). These genes are known as Erythropoietin-  

					producing human hepatocellular carcinoma cell (Eph) receptors, which  

					are protein-coding genes that play essential roles in regulating  

					developmental processes and maintaining tissue homeostasis in adults.  

					These receptors bind to their ligands, known as Eph receptor-interacting  

					proteins (ephrins).  

					Functional annotation and KEGG pathway analysis  

					After obtaining the hub genes of the compound-targets network,  

					functional annotation was conducted using ShinyGo to identify the  

					biological characteristics of the proteins. This process revealed 19  

					significant biological process (BP) terms, 20 cellular component (CC)  

					terms, and 19 molecular function (MF) terms, all with p-values less than  

					0.05. This indicates that the common compound-target hub genes  

					primarily involve the ephrin receptor signaling pathway, axon guidance,  

					protein phosphorylation, and cellular response to amyloid-beta. The  

					analysis also revealed only one significantly enriched KEGG pathway,  

					the axon guidance pathway (Figure 5). These results enhanced the  

					understanding of curcumin’s potential mechanism of action and its  

					therapeutic significance in adenomyosis.42 Axonal guidance is an  

					important stage in neuronal network development, mediated by various  

					guidance factors such as netrin, ephrin, slits, and semaphorin, which are  

					recognized by growth cone receptors. This binding activates signal  

					transduction pathways and induces changes in cytoskeletal organization  

					that determine the direction of growth cone repulsion.42 In the context  

					of adenomyosis pathogenesis, vascular and nerve fiber growth play a  

					crucial role in generating pain and disease progression, with common  

					pathways and molecules closely integrating both processes. Given that  

					dysmenorrhea is the primary symptom of adenomyosis, multiple studies  

					have reported an increased presence of nerve fibers in adenomyosis,  

					particularly in women with symptomatic adenomyosis. However, these  

					findings did not achieve statistical significance. In contrast, another  

					study demonstrated different results when comparing nerve fiber  

					density between adenomyosis and endometriosis, revealing a depletion  

					of nerve fibers in adenomyosis but an improved remodeling quality of  

					noradrenergic fibers through an increased ratio of Erα/ERβ-dependent  

					mechanisms.43,44  

					Figure 4: Protein-protein interaction (PPI) Network of common  

					compound-adenomyosis-related genes  

					The two main Eph receptors are well characterized: Eph receptor A and  

					Eph receptor B. Each type comprises several classes: EphA includes ten  

					classes (EphA1-10), while EphB consists of six classes (EphB1-6).  

					These genes are often upregulated in injured tissue, which inhibits the  

					regenerative process but promotes angiogenesis, vascular remodeling,  

					In relation to axonal guidance and neuroangiogenesis in adenomyosis,  

					vascular endothelial growth factor (VEGF) and nerve growth factor  

					(NGF) are known to play crucial roles.  
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					(b)  

					(a)  

					Figure 5: Bar plots representing the functional annotation of the Hub Genes, mainly enriched (a) Gene Ontology (GO) enrichment  

					analysis; (b) KEGG Pathway  

					Molecular docking and molecular dynamics analyses  

					While VEGF is primarily recognized for its function in promoting  

					angiogenesis, it also serves as a molecular cue for the growth and  

					guidance of nerve fibers, contributing to the generation and modulation  

					of pain in women with adenomyosis.43 Therefore, by targeting this  

					axonal guidance pathway, curcumin is expected to suppress the axonal  

					guidance pathway by directly downregulating Eph receptor expression,  

					improving hypoxia-related tissue damage, or inhibiting the expression  

					of VEGF and NGF.  

					Molecular docking analysis determined the binding affinities between  

					curcumin and the three principal hub genes; EPHA5, EPHB2, and  

					EPHA4. In this context, evaluating the estimated binding free energy is  

					essential for elucidating the strength and stability of the interactions  

					between the compound and the target proteins.  

					The docking results, presented in Table 3, show that curcumin has a  

					binding free energy of -7.16, -6.37, -6.26 kcal/mol and an RMSD of  

					1.25, 1.35, 1.44 (less than 2) with EPHA5 (PDB ID: 5ZRZ), EPHB2  

					(PDB ID: 2HEN), and EPHA4 (PDB ID: 7OFV), respectively. It  

					indicates that curcumin has the highest binding free energy for these  

					three potential targets.  

					Table 3: Molecular docking results  

					van der  

					Walls  

					Protein  

					S (kcal/mol)  

					RMSD  

					H bond  

					Hydrophobic  

					Amino acid residues  

					Gln838, Ala837  

					Leu862, Val839  

					Gln863, Thr840  

					Leu841, Gln855  

					Val852, Val32  

					Lys866,  

					Lys856  

					EPHA5  

					-7.16  

					1.25  

					-

					-

					Gln35, Met859  

					Ser860  

					Asp723,  

					Glu832,  

					Asp747  

					Phe811, Ser813, Val751, Ala814  

					Thr812, Phe881  

					EPHB2  

					EPHA4  

					-6.37  

					-6.26  

					1.35  

					1.44  

					Ala746  

					Gln95,  

					Glu92,  

					Arg96  

					Ala94, Tyr201  

					Gly93, Tyr98  

					Arg96, Lys202  

					Glu92  

					S = Predicted binding affinity  

					RMSD = Root mean square deviation  

					Figure 6 presents the spatial arrangement of curcumin with the protein  

					target EPHA5. Based on these docking results, no hydrogen bonds or  

					van der Waals interactions were observed between curcumin and this  

					protein. The complex exhibits only hydrophobic interactions between  

					curcumin as a ligand and the target protein through the amino acid  

					residues Lys866 and Lys856.  

					PDB ID 2HEN was used to dock curcumin to the protein target EPHB2.  

					The visualization indicated that curcumin formed hydrogen bonds with  

					the amino acid residue Ala746. Additionally, it established hydrophobic  

					interactions with the amino acid residues Lys810, Lys809, Arg753, and  

					Lys880. Furthermore, curcumin interacted with Asp723, Glu832, and  

					Asp747 via van der Waals forces. The docking and its visualizations,  

					presented in Figure 7, corroborate these observations.  

					Based on docking results, the binding mode of curcumin and EPHA4  

					showed the formation of one hydrogen bond with Gln95, Glu92, and  

					Arg96. Moreover, the ligand also formed hydrophobic and van der  

					Waals interactions with amino acid residues Arg96, Lys202, and Glu92,  

					respectively. The binding interaction of curcumin and the protein target  

					is depicted in Figure 8.  
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					attributed to the strong hydrophobic interactions observed during  

					docking. Higher RMSD values for EPHB2 and EPHA4 indicate minor  

					structural fluctuations, which may arise due to weaker or transient  

					interactions.29,46  

					Figure 6: The spatial arrangement of the protein with PDB ID  

					5ZRZ and curcumin  

					Figure 8: The binding mode of curcumin with the protein target  

					EPHA4  

					Figure 7: Spatial arrangement of protein with PDB ID 2HEN  

					and curcumin  

					Based on the molecular docking results, curcumin binds most  

					effectively to EPHA5, followed by EPHB2 and EPHA4. This suggests  

					that EPHA5 is the most promising target for curcumin, with strong  

					hydrophobic interactions playing a critical role in stabilizing the  

					complex.  

					Molecular dynamics (MD) simulations were performed on curcumin to  

					investigate its interactions with the receptor.33. The stability of the  

					simulations was analyzed to confirm the ligand’s binding characteristics  

					and estimate its activity. The simulation ran for 300 ps, ensuring  

					sustained interactions between the protein and active compounds; the  

					simulation was started under stable conditions, beginning at an energy  

					minimum of 300 K.29,45,46  

					Root Mean Square Deviation (RMSD) is an important metric in MD  

					simulations. It is frequently employed to analyse spatial variations in  

					protein atomic chains and compare structural differences throughout the  

					simulation. Higher RMSD values indicate greater structural divergence,  

					whereas zero indicates identical conformations. The RMSD profiles of  

					curcumin with each receptor are shown in Figure 9.  

					Figure 9: RMSD curcumin with protein target EPHA5  

					(yellow), EPHB2 (green) and EPHA5 (blue)  

					Conclusion  

					This study provides fundamental knowledge for further investigation of  

					the potential effects of curcumin on adenomyosis through the axonal  

					guidance pathway and the Eph receptor approach. By targeting these  

					genes, curcumin inhibits the axon guidance pathway activated in a  

					hypoxic environment in adenomyosis patients, resulting in reduced  

					neuroangiogenesis and decreased pain. This action also inhibits disease  

					progression. Additional pharmacological network and bioinformatic  

					studies are necessary to identify more bioactive compounds and expand  

					databases of traditional plants and target genes, thereby uncovering  

					additional genes with potential as therapeutic targets for adenomyosis.  
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