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ABSTRACT 
  Diabetes mellitus is a debilitating condition that affects people all over the world. Diabetes 
mellitus can be brought on by a number of different factors, the most common of which include 
being overweight and leading an unhealthy lifestyle. There have been a number of attempts made 
to cure diabetes, however these therapies are not precise and can cause adverse reactions. The quest 
for novel pharmaceuticals derived from plants with therapeutic properties is something that really 
has to be done in order to cut down on the use of synthetic drugs and the negative consequences 
that come along with them. In light of this, the purpose of this research was to investigate the 
potential of the bioactive molecules of Rheum palmatum to serve as an anti-diabetic therapeutic 
candidate by inhibiting Sodium-Glucose Transport Protein 2. Computational prediction consisting 
of protein and ligand optimization, molecular docking, and visualization was applied in this study. 
The generation of therapeutic candidates from the bioactive chemicals in R. palmatum showed 
promise based on computational analysis. In comparison to the control medication, the physcion-
8-glucoside, laccaic acid, chrysophanol, rhein, and aloe emodin showed reduced binding affinity 
scores. When compared to the standard anti-diabetic medicine, the binding location and other 
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physicochemical parameters following molecular docking produced excellent and competitive 
results. 
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1. Introduction  

Diabetes is a lifestyle illness with a 
growing global prevalence, affecting 415 
million worldwide, with an annual incidence 
rate of 2.5 percent, according to the World 
Health Organization, indicating a significant 
risk of life-threatening complications [1, 2]. 
Diabetes mellitus is a condition characterized 
by high blood glucose levels due to insulin 
abnormalities [3]. Factors such as being 
overweight, poor eating habits, and low 
physical activity increase the risk of 
developing type 2 diabetes [4-6]. Treatment 
includes dietary modifications and increased 
physical exercise, with pharmacological 
treatments like blood glucose-lowering 
medicines or insulin therapy for advanced 
cases [7, 8]. Reduced physical activity and 
sedentary behavior contribute to chronic 
systemic inflammation, leading to type 2 
diabetes [9, 10].  

Diabetes treatment costs are 3.2 times 
higher than the average healthcare cost per 
capita, and 9.4 times higher in cases of 
complications [11]. Effective blood glucose 
and blood pressure management is challenging 
for many patients due to insufficient awareness 
about diabetes and health promotion [12-14]. 
A patient-centered strategy is needed for 
managing type 2 diabetes, focusing on lifestyle 
changes, and optimizing glycaemic control 
using available pharmaceutical alternatives. 
This helps maintain patient quality of life and 
reduces risk of complications [15, 16]. 
However, there is a demand for new agents 
that can be safely co-prescribed with existing 
treatment options, despite the high cost [17]. 

Sodium-Glucose Transport Protein 2 
(SGLT-2) proteins, found in the kidney's 
proximal convoluted tubules, play a crucial 
role in reabsorbing filtered glucose. They are 
inhibited by SGLT-2 inhibitors, lowering the 
renal threshold for glucose, and increasing 

urine glucose excretion [18, 19]. This 
decreases SGLT-2-dependent glucose and 
sodium reabsorption, increasing sodium load 
in the distal tubule. This not only inhibits the 
renin-angiotensin-aldosterone system but also 
regulates physiological functions, such as 
lowering pressure within the renal 
intraglomerulus, promoting tubuloglomerular 
feedback, downregulating sympathetic 
activity, and lowering heart preload and 
afterload [20, 21]. 

Currently, numerous anti-diabetic 
medications are available for treating 
hyperglycemia, primarily by increasing insulin 
sensitivity, supplementing insulin, and 
boosting insulin secretion. However, these 
medications often have undesirable side 
effects like diarrhea, lactic acidosis, hepatic 
failure, weight gain, tachycardia, and 
hypothyroidism [7, 22]. Therefore, new safer 
anti-diabetic agents are needed to address 
these issues.  

Plants have long been considered 
reliable sources of bioactive agents for treating 
cancer, illness, and improving immunity [23-
26}. Antidiabetic agents derived from plants 
have been popular since ancient times due to 
their safety and affordability [7, 27]. Rhubarb, 
a member of the Polygonaceae family and 
genus Rheum, is a well-known medicinal plant 
used in traditional Chinese medicine and other 
countries to treat gastrointestinal problems, 
chronic renal failure inflammation, and liver 
ailments [28]. It has been shown that an 
anthraquinone-glycoside preparation from R. 
palmatum could lower fasting blood glucose 
levels, decrease total cholesterol and 
triglyceride levels, and improve pathological 
changes in liver, kidney, and pancreatic tissues 
in a rat model of type 2 diabetes caused by a 
high-fat diet [29, 30]. However, the 
mechanism of ameliorating T2DM is based on 
limited data. This study employed an in silico 
approach to evaluate R. palmatum 
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phytochemicals, such as physcion-8-
glucoside, laccaic acid, chrysophanol, rhein, 
and aloe emodin [30], which have abundant 
distribution as potential anti-diabetes agents 
via SGLT-2 inhibition. 
 
2. Materials and Methods  
2.1 Ligand and drug control retrieval 
 In this present study, physcion-8-
glucoside (CID. 5319323), laccaic acid (CID. 
5355255), chrysophanol (CID. 10208), rhein 
(CID. 10168), and aloe emodin (CID. 10207) 
were employed as some of the predominant 
components detected in R. palmatum plants. 
This study applied Dapagliflozin (CID: 
9887712) as a control substance. Dapagliflozin 
is a regularly used anti-diabetic medication 
with a mode of action that inhibits SGLT-2 
[31, 32]. The PubChem database 
(https://pubchem.ncbi.nlm.nih.gov/) provided 
the structures of all active substances and 
control medications. Each 2D structure was 
then stored as an sdf. file to ensure 
compatibility with the molecular docking 
program [33, 34]. 
 
2.2 Protein modelling and preparation 
 SGLT-2 was chosen to serve as the 
study's protein of interest. The SWISS-
MODEL (https://swissmodel.expasy.org/) was 
utilized in order to create a model of the three-
dimensional structure of the target protein. 
Protein sequences from SGLT-2 (ID: P31639) 
were taken from the UniProt database 
(https://www.uniprot.org) and used as the 
basis for the construction of the 3D protein 
modeling. In addition, the three-dimensional 
structure of the protein is stored in pdb. format, 
making it compatible with software used for 
protein docking and visualization. After that, 
protein optimization was carried out utilizing 
the PyMOL program (https://pymol.org/2/) 
and BIOVIA Discovery Studio 
(https://www.3ds.com/) [35, 36]. 
 
2.3 Molecular docking and visualization 

Molecular docking is performed once 
the target protein has been optimized to its full 

potential. The target protein has been attached 
to both the active molecule and the control 
medication that has been obtained [37, 38]. 
PyRx is a software application that is used to 
do molecular docking (https://pyrx.source 
forge.io/). Docking coordinates (X: 5.2598, Y: 
-39.6208, and Z: -58.7245), as well as docking 
dimensions, are among the parameters that 
have been modified (X: 49.2452; Y: 30.2361; 
and Z: 70.0173). The results of the molecular 
docking were then visualized using BIOVIA 
Discovery Studio (https://www.3ds. com/) to 
examine the positioning of the ligand and the 
protein binding site, the different types of 
chemical bonds, amino acid residues, and the 
physicochemical properties of the complexes 
that were formed from molecular docking.  
 
2.4 Biological activity prediction 

 Each molecule requires a SMILE to be 
examined for its chemical characteristics, 
protein target, and biological property 
prediction. SMILE representation for each 
molecule was retrieved from 
(https://pubchem.ncbi.nlm.nih.gov/). 
Additionally, the chemical characteristics of 
each active molecule as well as protein target 
predictions were collected from the Swiss 
Institute of Bioinformatics (https://www.sib. 
swiss/). During this time, the PASS online 
webserver (http://www.way2drug.com/passon 
line/) was utilized to predict the biological 
characteristics of each compound. 

 
2.5. ADMET properties prediction 

In a manner analogous to the analysis of 
protein targets and the prediction of biological 
characteristics, a SMILE is required for each 
molecule in order to get values for absorption, 
distribution, metabolism, excretion, and 
toxicity (ADMET) qualities. After that, an 
investigation of the pharmacokinetic 
characteristics was carried out on the pkCSM 
website (https://biosig.lab.uq.edu.au/pkcsm/ 
prediction) [39]. Several indicators were 
determined, including water solubility, Caco2 
permeability, intestinal absorption, VDss, 
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BBB permeability, CNS permeability, 
CYP2D6 substrate, CYP3A4 substrate, 
CYP2D6 inhibitor, CYP3A4 inhibitor, total 
clearance, renal OCT2 substrate, maximum 
tolerated dose, oral rat acute toxicity, and 
hepatotoxicity. 
 
3. Results and Discussion  
3.1. SGLT-2 inhibition activity of R. 
palmatum bioactive compounds 

In the kidney’s filtration system, SGLT-
2 is crucial for the reabsorption of glucose. By 
avoiding and dramatically lowering blood 
sugar levels, SGLT-2 inhibitors can be used as 
an anti-diabetic approach in instances of 
diabetes mellitus (Fig. 1). According to the 
computational results, the five active 
substances utilized had a higher binding 
affinity value than the control medications 
(Fig. 2A).  

The computational results revealed the 
active substance with the greatest binding 
affinity value was physcion-8-glucoside, with 
a value of -9.1 kcal/mol. Chrysophanol and 
laccaic acid came in second and third, 
respectively, with binding affinity values of -
8.7 and -8.6 kcal/mol, respectively. Aloe 
emodin and rhein molecules, both of which 
had the same -8.0 kcal/mol value, were 
measured to be in last place. There is a greater 
chance of interaction between ligands and 
protein targets as the binding affinity score 
decreases to be more negative [40-42]. 
Surprisingly, the five active compounds' 
binding sites almost matched those of the 
control medicines (Fig. 2B). This demonstrates 
that the active substance from R. palmatum can 
function as a potential SGLT-2 inhibitor and 
contender to Dapagliflozin.

 
Fig. 1. The SGLT2 plays a pivotal role in the reabsorption of glucose filtered by the glomerulus in the 
kidneys. The presence of inhibitor can decrease glucose reabsorption. 

 
Additionally, a few chemical 

interactions were created during the 
investigation of the protein-ligand complex 
interaction (Fig. 3). Each complex has both 
strong bonds, like hydrogen bonds, and weak 
bonds, like van der Waals bonds, as can be 
observed in common interactions. When it 

comes to the interaction that takes place 
between ligands and proteins, the significance 
of hydrogen bonds simply cannot be 
overstated. Additionally, the hydrogen bonds 
that exist within biomolecules help determine 
both their structure and function. They are also 
crucial for maintaining a ligand's location 
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within a binding pocket throughout the 
catalytic process [43, 44]. Van der Waals 
forces, on the other hand, are a family of 
interactions that arise from the interaction of 
electron clouds surrounding two polar 
systems, either between atoms or inside 
particular molecules. This sequence of 
attractant and repellent interactions are created 
by the polarization fluctuation between nearby 

particles. Van der Waals forces are weaker 
than hydrogen bonds, hydrophobic attraction, 
and ionic contact [45]. However, this contact 
is necessary for molecules to adhere to inert 
surfaces, condense into larger molecules, 
cause friction, and adhere to one another [46]. 
More specifically, Table 1 demonstrates the 
interaction between the protein-ligand 
complex and the relevant amino acid residues. 

 

 
Fig. 2. (A). The binding affinity results of R. palmatum bioactive compounds and control drug towards 
SGLT2, A) Physcion-8-glucoside; B) Laccaic acid; C) Chrysophanol; D) Rhein; E) Aloe emodin; F) 
Dapagliflozin. (B). The 3D structure visualization of R. palmatum bioactive compounds and control drug 
toward SGLT2.  
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Fig. 3. The 2D structure visualization of R. palmatum bioactive compounds and control drug against SGLT2; 
A) Physcion-8-glucoside; B) Laccaic acid; C) Chrysophanol; D) Rhein; E) Aloe emodin; F) Dapagliflozin. 
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Table 1. List of chemical interactions and amino acid residue involvment of R. palmatum bioactive 
compounds and control drug against SGLT2. 

No. Compound Chemical Interaction Amino Acid Residues 
1. Physcion-8-glucoside 

 
 

Van der Waals PRO A:66, SER A:70, SER A:78, GLY A:77, HIS A:80, MET 
A:198, THR A:202, GLN A:204, ILE A:208, SER A:393 

Conventional Hydrogen 
Bond 

SER A:74 

2. Laccaic acid 
 
 

Van der Waals SER A:74, ILE A:76, SER A:78, GLY A:79, HIS A:80, ASP 
A:158, GLN A:204, THR A:205, ILE A:208, TYR A:290, SER 
A:392, SER A:393, ILE A:397 

Conventional Hydrogen 
Bond 

ASP A:201, ALA A:389 

Carbon Hydrogen Bond GLY A:77 
3. Chrysophanol 

 
 

Van der Waals SER A:78, GLY A:77, VAL A:157, SER A:396, ILE A:456 
Conventional Hydrogen 
Bond 

LYS A:154, SER A:393 

4. Rhein 
 
 

Van der Waals GLY A:77, SER A:78, GLY A:79, TYR A:150, VAL A:157, 
ILE A:456 

Conventional Hydrogen 
Bond 

LYS A:154, SER A:393 

5. Aloe emodin 
 
 

Van der Waals GLY A:77, SER A:78, GLY A:79, TYR A:150, VAL A:157, 
SER A:400, ILE A:456 

Conventional Hydrogen 
Bond 

LYS A:154, SER A:396 

Carbon Hydrogen Bond HIS A:80 
6. Dapagliflozin 

 
 

Van der Waals ILE A:456, PHE A:453, ILA A:397, SER A:393, SER A:392, 
TYR A:290, ILE A:208, THR A:205, GLN A:204, ASP A:201, 
VAL A:157, LYS A:154,  GLY A:83, GLY A:79, GLY A:77, 
ASN A:75, SER A:74. 

Conventional Hydrogen 
Bond 

ALA A:73 

 
In this study, we demonstrated several 

physicochemical properties of the protein – 
ligand complex surface after molecular 
docking including the aromatic, H-bond, 
charge (Fig. 4), hydrophobic, ionizability, and 
solvent accessible surface (SAS) properties 
(Fig. 5). Amino acid residues involved in the 
protein – ligand complex hints towards the 
ligand position in relation to the target protein. 
Furthermore, due to their characteristics, such 
as being hydrophobic, polar, aromatic, or 
aliphatic, the inclusion of amino acids in the 
complex may influence the effectiveness of the 
interaction between the protein and the ligand. 
Different numbers and intensities of covalent 
and non-covalent interactions are present in 
proteins with thermophilic, mesophilic, and 
psychrophilic origins. These interactions are 
essential for producing the observable 
properties of these proteins, such as their 
structure, stability, and dynamic nature, as well 
as their function. On the other hand, one cell 
can communicate with another through a 

different class of non-covalent interactions 
known as carbohydrate-protein interactions. A 
sizable amount of evidence suggests that 
proteins' carbohydrate-binding domains 
include aromatic amino acids [47].  
 
3.2. Possible bioactive activity of R. 
palmatum bioactive compounds 

To a greater extent, we examined the top 
three bioactive compounds with the greatest 
binding affinity score for its target protein and 
the biological properties prediction (Fig. 6). 
Interestingly, the data revealed that physcion-
8-glucoside is the dominant target for enzymes 
and proteases, with a value of approximately 
33.3% and 26.7%, respectively. Moreover, 
laccaic acid mostly targets kinases and 
phosphatases with similar percentages for 
both, at about 20%. Lastly, chrysophanol 
showed a tendency to target kinases, with a 
percentage around 33.3%. 
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Fig. 4. The physicochemical properties of R. palmatum bioactive compounds and control drug toward 
SGLT2. Upper panel indicates aromatic properties; middle panel indicates H-bond properties, and lower 
panel indicates charge properties. A,G,M) Physcion-8-glucoside; B,H,N) Laccaic acid; C,I,O) Chrysophanol; 
D,J,P) Rhein; E,K,Q) Aloe emodin; F,L,R) Dapagliflozin. 
 

 
Fig. 5. The physicochemical properties of R. palmatum bioactive compounds and control drug toward 
SGLT2. Upper panel indicates hydrophobic properties; middle panel indicates ionizability properties, and 
lower panel indicates SAS properties. A,G,M) Physcion-8-glucoside; B,H,N) Laccaic acid; C,I,O) 
Chrysophanol; D,J,P) Rhein; E,K,Q) Aloe emodin; F,L,R) Dapagliflozin.
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Fig. 6. The predicted target protein (A) and predicted biological properties (B) of R. palmatum’s top three 
bioactive compounds. The predicted biological properties of physcion-8-glucosidase including A) Laxative; 
B) Caspase 3 stimulant; C) Vasoprotector; D) Membrane permeability inhibitor; E) CDP-glycerol 
glycerophosphotransferase inhibitor; F) Anti-infective; G) Membrane integrity agonist; H) Monophenol 
monooxygenase inhibitor; I) Anticarcinogenic; J) NAD(P)+-arginine ADP-ribosyltransferase inhibitor. The 
predicted biological properties of laccaic acid including A) Histidine kinase inhibitor; B) Testosterone 
17beta-dehydrogenase (NADP+) inhibitor; C) Chlordecone reductase inhibitor; D) Ubiquinol-cytochrome-c 
reductase inhibitor; E) Anti-inflammatory. The predicted biological properties of chrysophanol including A) 
CYP2C12 substrate; B) Alkane 1-monooxygenase inhibitor; C) Antiseborrheic; D) Aspulvinone 
dimethylallyltransferase inhibitor; E) Ubiquinol-cytochrome-c reductase inhibitor; F) Aldehyde oxidase 
inhibitor; G) Membrane integrity agonist; H) Histidine kinase inhibitor; I) NAD(P)+-arginine ADP-
ribosyltransferase inhibitor; J) Antiseptic. 
 

Interestingly, according to the 
biological property predictions, we 
demonstrated that physcion-8-glucosidase has 
several biological activities, including acting 

as a laxative, caspase 3 stimulant, 
vasoprotector, membrane permeability 
inhibitor, CDP-glycerol 
glycerophosphotransferase inhibitor, anti-
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infective, membrane integrity agonist, 
monophenol monooxygenase inhibitor, 
anticarcinogenic, and NAD(P)+-arginine 
ADP-ribosyltransferase inhibitor. 
Furthermore, laccaic acid acts as a histidine 
kinase inhibitor, testosterone 17beta-
dehydrogenase (NADP+) inhibitor, 
chlordecone reductase inhibitor, ubiquinol-
cytochrome-c reductase inhibitor, and anti-
inflammatory agent. Additionally, 
chrysophanol has biological activities 
including acting as a CYP2C12 substrate, 
alkane 1-monooxygenase inhibitor, 
antiseborrheic, aspulvinone 
dimethylallyltransferase inhibitor, ubiquinol-

cytochrome-c reductase inhibitor, aldehyde 
oxidase inhibitor, membrane integrity agonist, 
histidine kinase inhibitor, NAD(P)+-arginine 
ADP-ribosyltransferase inhibitor, and 
antiseptic. In addition, we investigated a 
number of ADMET indications for the three 
drugs that had the highest binding affinity 
values (Fig. 7). It is crucial to note that none of 
the three chemicals discussed above are 
hazardous to the liver. This demonstrates that 
these compounds do not create any adverse 
effects on the function of the liver; hence, the 
development of these compounds as anti-
diabetic medications is something that has a 
very promising future ahead of it. 

 

 
Fig. 7. ADMET properties of R. palmatum’s top three bioactive compounds. 

 
4. Conclusion 

This computational study showed 
promising drug candidates from the bioactive 
compounds found in R. palmatum. The 
physcion-8-glucoside, laccaic acid, 
chrysophanol, rhein, and aloe emodin 

demonstrated lower binding affinity scores to 
the control drug. The binding position and 
other physicochemical properties after 
molecular docking showed great and 
competitive result as compared to the control 
drug for anti-diabetes.  
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