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Abstract  

Diabetes mellitus is a chronic metabolic disorder characterized by persistent 

hyperglycemia and remains one of the major contributors to global morbidity and 

mortality. The development of safer and more effective antidiabetic agents from 

natural products has gained increasing attention due to the limitations of current 

synthetic drugs. Morinda citrifolia root has been reported to contain various 

anthraquinone derivatives with potential bioactivity. This study aimed to evaluate 

the inhibitory potential of 23 anthraquinone derivatives from Morinda citrifolia 

root against the α-glucosidase enzyme using an in silico molecular docking 

approach. Molecular docking was conducted using AutoDock Vina against α-

glucosidase (PDB ID: 5ZCC) after protein preparation in UCSF Chimera. The 

docking targeted the catalytic site containing key residues (Arg411, Gln256, and 

Asp327) that interact with acarbose, and interaction patterns were analyzed using 

BIOVIA Discovery Studio Visualizer. The results demonstrated that several 

compounds exhibited stronger binding affinities than the standard inhibitor 

acarbose (-8.4 kcal/mol), while maintaining similar interaction patterns. In 

particular, compound 21 (-8.9 kcal/mol, H-bond with Gln256), compound 18 (-8.7 

kcal/mol, H-bond with Arg411 and Gln256), and compound 15 (-8.3 kcal/mol, H-

bond with Gln256 and Asp327) emerged as the most promising candidates. These 

findings suggest that anthraquinone derivatives from Morinda citrifolia root may 

serve as potential α-glucosidase inhibitors and warrant further pharmacokinetic and 

experimental validation. 
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INTRODUCTION  

Diabetes mellitus is a chronic metabolic disorder characterized by hyperglycemia resulting 

from impaired insulin secretion or action, or both (Bakri et al., 2023; Wiyati et al., 2025). 

According to the International Diabetes Federation (IDF, 2021) report, the global prevalence 

of diabetes in 2021 exceeded 537 million people and is projected to rise to 643 million by 2030. 

This growing trend positions diabetes as one of the leading causes of global morbidity and 

mortality and imposes a substantial burden on healthcare systems and economy. The 

therapeutic strategy for managing type 2 diabetes is the inhibition of α-glucosidase, a key 

catalyst in the hydrolysis of complex carbohydrates to glucose, thereby influencing 

postprandial blood glucose levels (Liu et al., 2021). α-Glucosidase inhibitors, such as acarbose, 

miglitol, and voglibose, are effective in lowering postprandial blood glucose (BG) levels. 

However, their use is frequently associated with gastrointestinal side effects, including 

flatulence and diarrhea (Febriyanti et al., 2024), prompting the search for safer alternative 

inhibitors derived from natural products.  

Medicinal plants are defined as plants with therapeutic properties and are generally classified 

into three main categories: traditional, modern, and potential (Rahman, 2023). In addition to 
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providing compounds with potential biological activity, medicinal plants offer advantages such 

as relatively low toxicity, wide availability, and cost-effective production (Humairo et al., 

2024). They have long been recognized as an important source of bioactive compounds with 

antidiabetic properties. One promising species is Morinda citrifolia (Noni). Traditionally, M. 

citrifolia has been used to treat wounds, infections, menstrual cramps, digestive disorders, 

diabetes, hypertension, and as a natural laxative (Nerurkar et al., 2015). Such ethnomedicinal 

practices underscore the pharmacological potential of M. citrifolia and support ongoing 

scientific research aimed at identifying the specific bioactive compounds responsible for its 

therapeutic effects. 

One of the classes of secondary metabolites present in the roots of M. citrifolia is 

anthraquinones. Anthraquinone derivatives are known to possess a broad spectrum of 

pharmacological activities, including laxative, anticancer, anti-inflammatory, anti-arthritic, 

antifungal, antibacterial, and antiviral properties. In addition, they have also been reported to 

exert antiplatelet and neuroprotective activities, as well as potential therapeutic applications in 

malaria and multiple sclerosis (Malik & Müller, 2016), along with insecticidal and antioxidant 

properties (Khan, 2019), anthraquinone compounds derived from M. citrifolia exhibit potential 

antiseptic and antibacterial activities (Abnaz & Levita, 2018). Previous studies have 

demonstrated that anthraquinones can inhibit α-glucosidase activity, thereby contributing to 

the reduction of postprandial blood glucose levels. Among these, alaternin, a specific 

anthraquinone derivative, has been reported to exhibit strong potential as an α-glucosidase 

inhibitor, with an IC₅₀ value of 3.45 µM, while showing no cytotoxic effects on hepatocellular 

(HepG2) cells at concentrations up to 50 µM  (Dirir et al., 2022). These findings highlight the 

promising role of anthraquinones from M. citrifolia roots as safe and effective natural 

candidates for α-glucosidase inhibition. 

Nevertheless, limited studies have explored the binding mechanism of anthraquinones from M. 

citrifolia with α-glucosidase at the molecular level. In silico molecular docking can be 

employed to elucidate the molecular basis of these interactions by predicting binding affinities, 

identifying key active-site residues, and assessing the inhibitory potential of the compounds 

based on the strength and suitability of the interactions (Vidal-Limon et al., 2022). Thus, 

molecular docking serves as an essential approach to complement experimental data and 

support the development of anthraquinone-based natural antidiabetic agents. Accordingly, this 

study investigates the inhibitory potential of anthraquinone derivatives from M. citrifolia roots 

against α-glucosidase and compares their binding activity with the standard inhibitor, acarbose. 

This work provides new insights into the molecular interaction profiles of M. citrifolia-derived 

anthraquinones, which have not been previously characterized in detail, thereby advancing 

understanding of their inhibitory mechanisms and highlighting their potential as promising lead 

compounds for α-glucosidase inhibition. 

 

METHOD  

Instruments and Material  

This study used hardware in the form of an Asus laptop running Microsoft Windows 11. The 

laptop is equipped with an Intel(R) Core(TM) i3-1005G1 CPU @ 1.20 GHz, with a frequency 

of 1190 MHz, 2 cores, 4 logical processors, and 4.00 GB of RAM. The laptop is also connected 

to an AC/DC adapter and the internet, and is used to support the molecular docking process. 

The software used in this study includes ChemDraw Professional version 16.0.1.4 (77), 

Microsoft Excel 2021, Chimera 1.16, PyRx-Python Prescription 0.8, and Discovery Studio 

Visualizer 2021 v21.1.0.20298. Additionally, the study utilized the Protein Data Bank (RCSB 

PDB).  
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The materials used in this study consisted of 23 anthraquinone derivatives identified in the 

roots of Morinda citrifolia, namely 1,2-dihydroxy-3-methoxy-anthraquinone (1), 1,3,6-

trihydroxy-2-methylanthraquinone (2), 1,3-dihydroxy-2-methoxy-anthraquinone (3), 1,3-

dimethoxy-2-methoxymethylanthraquinone (4), 1-hydroxy-2-methyl-9,10-anthraquinone (5), 

1-hydroxy-2-methylol-anthraquinone (6), 1-methoxy-3-hydroxyanthraquinone (7), 1-methyl-

3-hydroxy-anthraquinone (8), 2-ethoxy-1-hydroxyanthraquinone (9), 2-formyl-1-

hydroxyanthraquinone (10), 2-formylanthraquinone (11), 2-methoxy-1,3,6-

trihydroxyanthraquinone (12), 2-methoxy-3-methyl-anthraquinone (13), 2-methyl-4-hydroxy-

5,7-dimethoxyanthraquinone (14), 3-hydroxy-2-hydroxymethyl-anthraquinone (15), alizarin 

(16), alizarin-1-methyl ether (17), aloe-emodin (18), damnacanthal (19), emodin (20), 

fridamycin E (21), rubiadin (22), and tectoquinone (23) (Hou et al., 2025).  

The three-dimensional structure of the α-glucosidase receptor was retrieved from the Protein 

Data Bank (PDB) (https://www.rcsb.org/) with PDB ID: 5ZCC, while acarbose was used as 

the reference ligand and downloaded in (.pdb) file format. 

Ligand Preparation 

A total of 23 anthraquinone derivatives were selected as test ligands in this study. The chemical 

structures of these compounds were drawn using ChemDraw Professional and subsequently 

subjected to geometry optimization (energy minimization) to obtain stable conformations. The 

optimized structures were then saved in Structure Data File (SDF) format. Next, the ligands 

were prepared by adding missing hydrogen atoms using Chimera 1.16, and atomic charges 

were assigned. The prepared ligands were finally saved in PDBQT format for use in the 

molecular docking process. This process ensures that the three-dimensional conformation of 

the compounds is properly optimized to achieve spatial compatibility with the stereochemistry 

of the receptor’s active site, thereby enabling efficient molecular interactions (Buannata et al., 

2024). 

Macromolecule Preparation 

The receptor used in this study was the α-glucosidase protein with PDB ID 5ZCC, obtained 

from the Protein Data Bank (https://www.rcsb.org/). The receptor structure was prepared by 

removing water molecules, the native ligand, and any non-standard residues that could interfere 

with interactions with the test ligands. Hydrogen atoms were then added, and charges were 

assigned to stabilize the receptor structure. The prepared receptor file was saved in PDB format 

for subsequent molecular docking (Pattar et al., 2020; Yohana et al., 2024). 

Native Ligand Preparation 

The native ligand bound to the receptor was also isolated and prepared to serve as a reference 

control in the docking studies. Preparation involved removing solvents, non-standard residues, 

and protein components from the macromolecule, leaving only the ligand. Hydrogen atoms 

were added, and charges were assigned to ensure an optimized ligand structure. The prepared 

native ligand was saved in PDB format for further analysis (Yohana et al., 2024). 

Molecular Docking 

Molecular docking was performed using PyRx 0.8 with AutoDock Vina as the calculation 

engine to predict binding free energies between ligands and the receptor (Sulong et al., 2022). 

The receptor’s active site was defined by setting a grid box, and docking parameters were 

established based on validation results. Docking quality was evaluated using root mean square 

deviation (RMSD), with a success criterion of RMSD ≤ 2 Å (Rasyid et al., 2024; Zheng et al., 

2022). Docking simulations were carried out for each ligand, and the predicted binding affinity 

values were reported in kcal/mol. Ligands exhibiting the lowest binding energies were selected 

for further analysis, and the resulting receptor-ligand complexes were saved in PDB format. 

https://www.rcsb.org/
https://www.rcsb.org/
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Analysis and Visualization 

Docking results were visualized using BIOVIA Discovery Studio Visualizer 2021. Interactions 

between ligands and amino acid residues in the receptor’s active site were analyzed, including 

hydrogen bonds, electrostatic interactions, and hydrophobic contacts, to determine the 

contribution of each residue to ligand binding. The interaction data were exported as tables and 

visualized in both two-dimensional (2D) and three-dimensional (3D) formats for detailed 

interpretation (Kumar et al., 2020; Rasyid et al., 2023). 

 

RESULTS AND DISCUSSION  

With the progression of computational technologies, virtual screening of compounds has 

emerged as a crucial strategy in the discovery of antidiabetic drugs. This approach has 

demonstrated efficacy in rapidly and cost-effectively identifying potential inhibitors that target 

key enzymes involved in glucose metabolism, such as α-glucosidase (Prahayati & Rusdi, 

2023). Virtual screening is particularly advantageous for developing drug candidates aimed at 

alleviating hyperglycemia in diabetes mellitus. In this study, the crystal structure of α-

glucosidase (PDB ID: 5ZCC) was selected as the target protein, with acarbose serving as a 

reference to guide the virtual screening process (Bhaumik et al., 2024). A total of 23 

anthraquinone derivatives (Hou et al., 2025), were assessed using molecular docking to predict 

their binding affinities with the active site of α-glucosidase. The docking results (Table 1), 

which include docking scores, types of interactions (hydrogen bonds and hydrophobic 

interactions), and binding affinities in kcal/mol, revealed varying levels of inhibitory potential. 

Hydrogen bonding and hydrophobic interactions are essential for stabilizing ligand-protein 

complexes. 

Table 1. Docking Results of Anthraquinone Derivatives from M.citrifolia  Roots and Standard 

Compound with α-Glucosidase 

Compound 

Code 

 

kcal/mol 

 

Amino Acid Residues 

Involved In Hydrogen 

Bonds 

Hydrophobic Amino Acid Residues 

0 

(Acarbose)  

-7.7 Arg411, Gln256, Asp327 His326, Arg197, Asp199, Phe163, Ala200, 

His203, Phe225, Thr409, Ile143, Phe144, Met385, 

Gly410, Ser145, Tyr388, Asn387, Gly384, 

Trp288, Gln328, Phe282, Asn258 

1 -8.3 Asn258, Gln256, Asp199 Phe225, Phe282, His203, Phe163, His326, 

Arg197, Tyr63, Ala200, Asp327, Arg411, Phe144, 

Ile143 

2 -7.9 Arg411 Phe144, Tyr63, His326, Arg197, Phe163, Asp199, 

Gln256, Ala200, Asp327, His203, Ile143, Asn258, 

Phe282, Phe225 

3 -7.7 - Ile143, Phe144, Asp327, Ala200, Arg411, Phe163, 

His103, Asp199, Gln256, Phe282, Asn258 

4 -7.3 Arg411 Phe144, Asp382, Gly384, Met385, Thr409, 

Phe225, Phe282, Ile143, Ala200, Asn258, His203, 

Gln256, Phe163, Asp327 

5 -8.5 Asp60 Tyr63, Gln167, Ala200, His103, Asp199, Phe163, 

Gln256, Asp327, Asn258, Phe282, Ile143, 

Phe144, Arg411 
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Compound 

Code 

 

kcal/mol 

 

Amino Acid Residues 

Involved In Hydrogen 

Bonds 

Hydrophobic Amino Acid Residues 

6 -8.4 Arg411, Gln167 Phe282, Asn258, Gln256, Asp327, Ala200, 

Phe163, Tyr63, Asp199, Asp60, His103, Phe144, 

Ile143 

7 -7.8 - Ala200, Phe163, Phe144, Asp327, Arg411, Ile143, 

Phe225, Asn258, Phe282, Gln256, Asp199, 

His103 

8 -8.5 - Asp327, Phe144, Arg411, Asp60, Gln167, His103, 

Asp199, Phe163, Tyr63, Ala200, Gln256, His203, 

Asn258, Phe282, Ile143 

9 -8.1 Arg411, Asp327, Asn258 Phe144, Asp60, Tyr63, Gln167, Asp199, Phe163, 

His103, Ala200, Gln256, Phe282 

10 -8.4 Asp60, Gln167, His103 Ile143, Phe144, Arg411, Tyr63, Asp199, Ala200, 

Phe163, Gln256, Asp327, Asn258, Phe282 

11 -8.3 Arg411, His326 Phe144, Arg197, Tyr63, Asp327, Asp199, Gln256, 

Ala200, Phe163, His203, Ile143, Asn258, Phe225 

12 -7.9 Asp60 Phe282, Phe225, Asn258, Gln256, Phe163, 

Asp199, His103, Ala200, Gln167, Tyr63, Arg411, 

Asp327, Phe144, Ile143 

13 -7.9 - Phe144, Arg411, Ile143, Asp199, Phe163, Ala200, 

Asp327, Gln256, Asn258, Phe282 

14 -7.8 Asn258, Arg411 Asp327, Phe144, Ala200, His103, Asp199, 

Gln256, Phe163, His203, Phe282, Gln328, Trp288 

15 -8.3 Gln256, Asp327, Arg197 Phe225, Asn258, His203, Ala200, Asp199, Tyr63, 

His327, Phe163, Arg411, Phe144, Ile143 

16 -8.0 - Phe225, Phe282, His203, Asn258, Gln256, 

Phe163, Asp199, His103, Asp60, Arg411, Ala200, 

Asp327, Phe144, Ile143 

17 -7.8 Asn258, Asp199, Gln256 Phe144, Ile143, Arg411, Phe163, Asp60, Asp327, 

Arg197, Ala200, His203, Phe282, Phe225 

18 -8.7 His203, Asn258, Gln256, 

Asp199, Arg411 

Ile143, Phe225, Phe282, Arg197, Ala200, Tyr63, 

Arg415, His326, Asp60, Phe163, Asp327, Phe144 

19 -7.8 Asn258 Phe282, Asp327, Gln256, Phe163, Ala200, 

His103, Asp199, Arg411, Ile143, Phe144 

20 -8.7 Asn258, His203, Asp199, 

Asp60 

Phe225, Ile143, Phe282, Phe163, Gln256, Arg197, 

Tyr63, Ala200, Arg415, Arg411, Asp327, Phe144 

21 -8.9 Gln328, His326, Gln256, Ile143, Arg411, Phe163, Phe144, Asp199, 

Arg197, Tyr63, Asp60, Asp327, Phe282, Met285, 

Tyr288, Thr409 

22 -7.9 Arg411, Asn258 Phe282, His203, Ala200, Phe163, Asp199, 

Gln256, Phe144, Asp327 

23 -8.1 - Phe282, Asn258, Asp327, Gln256, Ala200, 

Phe163, Asp199, His203, Tyr63, Gln167, Asp60, 

Arg411, Phe144, Ile143 

Docking analyses have demonstrated that anthraquinone derivatives from M. citrifolia exhibit 
a spectrum of binding affinities toward α-glucosidase, with docking scores ranging from -8.9 
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to -7.3 kcal/mol. This variation signifies the differential potential of these compounds to occupy 

and stabilize the enzyme's active site. A more negative binding affinity value indicates a more 

stable complex between the receptor protein and the compound, reflecting stronger binding 

interactions (Nur et al., 2023). In comparison, the reference ligand acarbose exhibited a binding 

affinity of -7.7 kcal/mol, suggesting that several of the tested compounds may possess a 

stronger binding potential than the control ligand.  

 
Figure 1. Comparison of binding affinity values of the tested compounds against α-glucosidase. 
Beyond binding affinity, the nature of ligand-protein interactions is another critical aspect to 

consider. In this context, hydrogen bonding and electrostatic interactions with key active-site 

residues play vital roles in determining the inhibitory potential of the tested compounds against 

the α-glucosidase enzyme. Generally, a higher number of hydrogen bonds is associated with 

increased binding stability and lower (more negative) binding affinity values, indicating 

stronger interactions within the catalytic pocket. However, some compounds with high binding 

affinity formed only one hydrogen bond, suggesting that other noncovalent forces particularly 

hydrophobic and π-π stacking interactions also contribute significantly to the stabilization of 

the ligand-enzyme complex (Abuelizz et al., 2019; Bumulo et al., 2025). The combination of 

these various interactions collectively contributes to the effectiveness of ligand binding at the 

active site, ultimately influencing the binding affinity and inhibitory activity. 

 

  
(0) 
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Figure 2. Visualization of 2D and 3D ligand-receptor interactions. (0) acarbose, (21) 

fridamycin E, (18) aloe-emodin, (6) 1-hydroxy-2-methylol-anthraquinone, (15) 3-

hydroxy-2-hydroxymethyl-anthraquinone, (1) 1,2-dihydroxy-3-methoxy-

anthraquinone, (9) 2-ethoxy-1-hydroxyanthraquinone, (17) alizarin-1-methyl ether. 

Docking simulations revealed that acarbose interacts with several key residues within the active 

pocket of α-glucosidase, namely Arg411, Gln256, and Asp327. These residues function as 

critical anchoring points that stabilize the ligand enzyme complex, and their interactions serve 

as a benchmark for evaluating the biological relevance of the tested compounds (Puspita et al., 

2022). In other words, the greater the similarity in hydrogen-bonding patterns between the test 

compounds and acarbose at these residues, the higher the likelihood that the compounds mimic 

the inhibitory mechanism of acarbose. Accordingly, interactions with Arg411, Gln256, and 

Asp327 constitute the primary basis for selecting the most promising candidates from the 

docking results. 

Among the 23 anthraquinone derivatives evaluated, several compounds exhibited strong 

potential as α-glucosidase inhibitors. Compound 21 stood out with a binding affinity of -8.9 

kcal/mol, surpassing acarbose, while simultaneously forming a hydrogen bond with Gln256. 

This interaction indicates that compound 21 may stabilize the enzyme-ligand complex more 

efficiently, a highly desirable property for a candidate inhibitor. Likewise, compound 18 (-8.7 

kcal/mol) displayed an even more favorable pattern by simultaneously forming hydrogen bonds 

with Arg411 and Gln256, the primary anchoring residues of acarbose. Such multiple 

interactions are expected to enhance binding energy contributions and prolong ligand retention 

within the active pocket, thereby yielding stronger inhibitory activity than acarbose (Nur et al., 

2023). Similarly, compound 15 (-8.3 kcal/mol) emerged as another promising candidate, 

engaging two key residues, Gln256 and Asp327, which may facilitate a broader hydrogen-

bonding network within the active site. This dual interaction provides a mechanistic advantage 

compared to compounds forming only a single hydrogen bond. A distinctive interaction pattern 

was observed for compound 9 (-8.1 kcal/mol), which bound to Arg411 and Asp327 a less 

common but potentially synergistic residue combination. 

Interestingly, several other compounds with moderately strong affinities, such as compound 6 

(-8.4 kcal/mol), compound 1 (-8.3 kcal/mol), and compound 17 (-7.8 kcal/mol), remain 

relevant despite engaging only a single key residue. Their shared hydrogen-bonding 

interactions with acarbose suggest the possibility of biological activity, albeit with relatively 
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lower stability. Taken together, these findings highlight that inhibitory effectiveness is not 

solely dictated by more negative binding affinities but also by the extent of multiple anchoring 

interactions that closely mimic the binding mechanism of acarbose. Compounds that exhibit 

broader or stronger interactions than acarbose at these key residues are therefore expected to 

demonstrate enhanced inhibitory activity, as stronger and more extensive hydrogen-bonding 

networks generally contribute to greater enzyme-ligand complex stability and inhibitory 

potency (Shahzad et al., 2025). 

When compared to the control ligand (acarbose), the advantages of certain anthraquinone 

derivatives-particularly compounds 21, 18, and 15 lie in their combination of stronger binding 

affinities and multiple key residue engagements. This suggests that these compounds may not 

only replicate but potentially surpass the inhibitory mechanism of acarbose, either by 

enhancing complex stability or by exploiting a broader hydrogen-bonding network within the 

active site. Pharmacologically, this is highly significant, as ligand stability within the α-

glucosidase pocket directly correlates with the duration and potency of inhibitory effects in the 

context of antidiabetic therapy (Abuelizz et al., 2019). 

Nevertheless, it must be emphasized that docking outcomes remain predictive in nature. While 

high binding affinities and acarbose-like interaction patterns provide strong preliminary 

indicators, the actual inhibitory efficacy of these compounds must be validated through 

pharmacokinetic (ADMET) profiling, including absorption, distribution, metabolism, 

elimination, and toxicity assessments. Subsequent in vitro and in vivo experiments will also be 

essential to confirm whether high-affinity ligands not only exhibit robust binding but also 

possess adequate bioavailability and acceptable safety profiles for therapeutic application. 

Thus, the integration of in silico predictions with experimental validation is crucial for refining 

the selection of the most promising α-glucosidase inhibitor candidates. 

 

CONCLUSION  

This study demonstrated that several anthraquinone derivatives from Morinda citrifolia root 

exhibited strong inhibitory potential against α-glucosidase, with binding affinities comparable 

to or exceeding that of the standard inhibitor, acarbose. The ability of key compounds 

particularly compounds (21) fridamycin E, (18) aloe-emodin, (15) 3-hydroxy-2-

hydroxymethyl-anthraquinone to form hydrogen bonds with critical residues (Arg411, Gln256, 

and Asp327) highlights their mechanistic resemblance to acarbose, suggesting a promising 

inhibitory effect on the enzyme’s catalytic activity. The novelty of this study lies in the first 

comprehensive molecular docking evaluation of 23 anthraquinone derivatives from M. 

citrifolia roots, providing new molecular insights into their α-glucosidase inhibitory 

mechanisms. These findings not only expand current understanding of the bioactive potential 

of M. citrifolia but also offer valuable leads for the development of safer, plant-based 

antidiabetic agents. Further pharmacokinetic and experimental validation is warranted to 

confirm their therapeutic applicability. 

 

RECOMMENDATIONS  

Future research should focus on validating the inhibitory activity of the most promising 

anthraquinone derivatives particularly compounds (21) fridamycin E, (18) aloe-emodin, (15) 

3-hydroxy-2-hydroxymethyl-anthraquinone hrough in vitro enzymatic assays and in vivo 

models to confirm their biological efficacy against α-glucosidase. In addition, pharmacokinetic 

and toxicity evaluations are essential to determine their safety profile and drug-likeness 

properties. 
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