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Abstract: Diabetes mellitus (DM) is a chronic metabolic disorder and is associated with impaired 

wound healing. Non-healing leg and foot ulcers are a frequent significant consequence of diabetes 

and are caused by a combination of inadequate tissue perfusion, suppression of re-epithelialization, 

and poor collagen production. Receptor for Advanced Glycation Endproducts (RAGE) is a 

multiligand cell surface molecule that belongs to the immunoglobulin superfamily and is crucial in 

the pathophysiology of poor wound healing in diabetics. By inhibiting RAGE, a chronic non-healing 

wound is more likely to undergo angiogenesis, enhance blood supply to hypoxic areas of the wound 

and decrease the pro-inflammatory reaction and pro-apoptotic signaling. Phenylethanoid 

glycosides (PhGs) are a class of natural glycosides, which possess anti-diabetic, wound healing, 

antimicrobial, anti-inflammatory, and antioxidant properties. Echinacoside, a phenylethanoid 

glycoside has a promising role in wound healing by enhancing angiogenesis, promoting 

keratinocyte migration and proliferation, and enhancing neutrophil and macrophage activity. 

Consequently, molecular docking was performed to assess the interaction between Echinacoside 

and the RAGE receptor (PDB ID: 6VXG). The ligand and receptor had a strong binding interaction, 

as indicated by the lowest binding energy, which was found to be -6.1 kcal/mol. To further assess 

the activity of Echinacoside in diabetic wound healing, in-vitro and in-vivo studies are needed. 
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1. Introduction 

Diabetes is correlated with impaired wound healing, which places considerable 

financial and healthcare problems [1,2]. Non-healing leg and foot ulcers are a frequent 

significant consequence of diabetes and are caused by a combination of inadequate tissue 

perfusion, suppression of re-epithelialization, poor collagen production, peripheral 

neuropathy, changed red blood cell rheology and decreased host immunity, Figure 1A 

[3,4]. Regardless of the specific etiological reason, it is known that diabetes impairs 

effective reparative reactions, which results in the formation of chronic, non-healing 

wounds [1]. 

The phases of wound healing include hemostasis, inflammation, proliferation, and 

remodeling, reflect a dynamic chain of occurrences that turn an open wound into newly 

created, well-vascularized granulation tissue with overlaying skin that is rich in collagen 

and other structural components of the extracellular matrix [5]. There is substantial 

evidence that the stages of wound healing are aberrant in diabetes. However, diminished 

availability of components necessary for efficient wound repair occurs in diabetes due to 

Citation: Baidya, R.; Sarkar, B. An 

In-Silico Approach to Evaluate the 

Diabetic Wound Healing Potential of 

Phenylethanoid Glycoside in 

Inhibiting the Receptor for 

Advanced Glycation Endproducts 

(RAGE). Med. Sci. Forum 2023, 3, x. 

https://doi.org/10.3390/xxxxx 

Published: 8 March 2023 

 

Copyright: ©  2023 by the authors. 

Submitted for possible open access 

publication under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license 

(https://creativecommons.org/license

s/by/4.0/). 



Med. Sci. Forum 2023, 3, x 2 of 6 

 

reduced chemotaxis of inflammatory cells into the wound, accompanied by impaired 

phagocytosis and intracellular death [6]. 

Receptor for Advanced Glycation Endproducts (RAGE) is a multiligand cell surface 

molecule that belongs to the immunoglobulin superfamily and is crucial in the 

pathophysiology of poor wound healing in diabetics. When RAGE binds to its ligands, 

procoagulant initiator tissue factors, including cytokines, such as tumor necrosis factor-α 

(TNF-α), interleukin (IL)-6, IL-1, and cell adhesion molecules are produced. These 

cytokines have an impact on the immune system, extending the amount of time a wound 

is exposed and making the wound more vulnerable to bacterial infection. In diabetes, 

failure of angiogenic response to tissue hypoxia is caused by RAGE, and angiogenesis 

failure is a significant factor in the loss of tissue viability [7]. RAGE activation on 

fibroblasts also causes a decrease in collagen production [8]. 

The blockade of RAGE enhanced angiogenesis, increased the flow of blood to 

hypoxic sites, and decreased proapoptotic signaling [7]. The blockade of RAGE also 

increased neovascularization, granulation tissue formation, and increased functional 

disorders of macrophages as a result enhanced diabetic wound healing [2,9]. Furthermore, 

it enhanced neutrophils phagocytized by macrophages, and decreased the levels of 

cytokines such as, TNF-α, IL-6, and MMPs-2, -3, and -9, Figure 1. (B) [10–12]. These 

findings point to the critical function of RAGE in disrupted wound healing related to 

diabetes and raise the possibility that blocking this receptor could offer a focused 

approach to regaining effective wound repair [1]. 

 

Figure 1. (A) Potential effects of diabetes on wound healing. (B) Role of blockage of RAGE in diabetic 

wound healing. 

Phenylethanoid glycosides (PhGs) are a class of naturally occurring glycosides with 

phenylethyl alcohol and glycosyl components, Figure 2A. PhGs are obtained from a 

variety of sources and exhibit enhance biological and pharmacological activities, such as 

anti-diabetic, wound healing, antimicrobial, anti-inflammatory, and antioxidant 

properties. Polyphenols inhibit advanced glycation endproducts formation in 

hyperglycemic conditions Many phenolic hydroxyl groups that are weakly acidic are 

present in PhG molecules. These substances are easily extracted and separated using 

conventional techniques since the core structure contains at least one glycosyl moiety and 

is water soluble. In addition, the presence of a phenolic hydroxyl group increases the 

compounds’ antioxidant activity [13,14]. 

Echinacoside, a phenylethanoid glycoside has a promising role in wound healing by 

enhancing angiogenesis, promoting keratinocyte migration and proliferation, and 

enhancing neutrophil and macrophage activity [15]. The molecular structure of ECH is 

shown in Figure 2B. Echinacoside decreases the elevated levels of inflammatory cytokines, 

and shows good antioxidant, and free radical scavenging properties [16]. Additionally, 
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ECH inhibits the elevation in postprandial blood glucose levels, and considerably reduces 

the reactive oxygen species levels [17,18]. 

 

 
 

Figure 2. (A) Structure of PhG. (B) Structure of ECH. The structure was generated using ChemDraw 

Software. 

2. Materials and Methods 

2.1. Protein and Ligand Preparation 

Molecular docking is an in-silico method for determining the binding free energy of 

a structure to a protein’s active site. AutoDock Vina, a web-based server for docking, was 

used for the docking study of Echinacoside into the binding site of the PDB protein [19]. 

The three-dimensional structure of RAGE (PDB ID: 6VXG) and Echinacoside were 

obtained from RCSB Protein Data Bank in PDB format and PubChem database in MOL 

SDF format respectively [20–22]. Ligand and water molecules were removed while polar 

hydrogen and Gasteiger charge were added to RAGE to convert it into PDBQT format. 

2.2. Active Binding Site Selection 

The polyphenol binding site was examined using PyMOL software to determine the 

active binding site [20]. 

2.3. Assessment of Binding Affinities and Interactions 

The interaction between Echinacoside (ligand) and RAGE (protein) was examined 

using the computational ligand-protein docking method. On the protein’s chosen active 

binding site, a grid point was assigned and then by using AutoDock Vina, molecular 

docking of the compounds was done to assess the binding energy. PyMOL software is 

used to visualize the docking data to show the binding interactions more clearly between 

the ligand and protein. Additionally, this software aids in determining the separation 

between the ligand and the interfacing amino acids. Analysis of the ligand’s various poses 

in the protein’s binding pocket was done. 

3. Results and Discussion 

The molecular docking results of echinacoside (ECH) as ligand and RAGE as protein 

were presented in Table 1. The ligand-protein interaction complex was arranged in 

ascending order of the binding energies. The docking pose 1 of the ligand has the most 

negative binding affinity with binding energy −6.1 kcal/mol followed by docking pose 2 

and 3 with binding energy −6.0 kcal/mol and −5.9 kcal/mol respectively. The higher the 

negative binding affinity, the stronger the anticipated binding to that target protein [23]. 

Using PyMOL software, the ligand binding pocket for echinacoside in RAGE protein was 

visualized, Figure 3. The interacting amino acids of the binding site with the ECH 

molecule were visualized by AutoDock software, Figure 4A. Using PyMOL software, the 

polar interactions between ECH and the amino acids of the binding site were obtained. 

Close interaction (2.1–2.8 Å) was observed between the ligand and the protein, Figure 4. 

(B). 
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Table 1. The binding energies obtained after molecular docking analysis of echinacoside (ECH) as 

ligand and RAGE as protein. ECH, echinacoside; RAGE, receptor for advanced glycation 

endproducts; RMSD, root mean square deviation; L.B., lower bound; U.B., upper bound. 

Docking Poses Complex 
Binding Energy 

(kcal/mol) 
RMSD L.B. RMSD U.B. 

1 ECH_RAGE −6.1 0.000 0.000 

2 ECH_RAGE −6.0 2.979 6.833 

3 ECH_RAGE −5.9 2.298 4.816 

 

Figure 3. The ligand binding pocket for echinacoside in RAGE protein. RAGE is represented in the 

form of a surface diagram and Echinacoside as sticks. 

 

Figure 4. (A) The interacting amino acids of the binding site (represented as hollow spheres) with 

the ECH molecule. (B) The polar interactions between ECH and the amino acids of the binding site. 

4. Conclusions 

A strong binding relationship between the protein and the ligand is demonstrated by 

molecular docking studies of echinacoside (ECH) with RAGE. ECH’s potential for diabetic 

wound healing has not yet been investigated. Therefore, using innovative topical 

formulations of phenylethanoid glycosides like, ECH can aid in the efficient delivery of 

drugs. The effectiveness and toxicity of diabetic wound care must be determined by 

extensive in-vitro and in-vivo investigations. 
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