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Abstract: Lifestyle disorders like hyperlipidemia and Diabetes mellitus have become a threat to 

survival in the modern technology-based sedentary life generation. These chronic diseases need to be 

managed and cannot be completely cured even with medication. For lifestyle management, the 

consumption of natural products is a focus nowadays. Unripe fruits are rich in different 

phytocomponents, which show different biological activities. This study predicts the efficacy of 

different phytoconstituents of unripe fruits as anti-diabetic and anti-hyperlipidemic agents using in-

silico approaches. Several components of unripe fruits were screened from the existing literature. Drug-

like molecules were docked against proteins: α-amylase (1B2Y), DPP-IV (4A5S), HMG-CoA reductase 

(1DQ9), and PPAR-γ (4YT1) to quantify their binding affinities, RMSD values, and binding interaction, 

comparing against standard drugs. ADMET properties of ligands with satisfactory docking parameters 

were observed for further analysis. Multiple ligands showed a good molecular docking profile against 

different proteins. Based on in silico parameters, Limonin, artocarpin, reticuline, and phyllanthin were 

found to effectively interact with either of the receptors with acceptable ADMET properties. Further 

research can be extended to design the pharmacophore of these moieties and QSAR modelling, followed 

by synthesizing these molecules chemically to check their in vitro and in vivo properties. 
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1. Introduction 

The modern lifestyle is mainly characterized by the availability of high convenience, a 

fast-paced environment, and technology. Unfortunately, this advancement of technology has 

marked the increase of different chronic and metabolic disorders like Cardiovascular diseases 

(CVD) [1]. CVD is hallmarked by hyperlipidemia or increased accumulation of low-density 

lipoproteins and their oxidation on the walls of the artery, narrowing the arterial lumen and 

reducing blood flow. The morbidity and mortality rates are greatly increased in the case of the 

presence of other metabolic diseases, such as Diabetes mellitus (DM). It is diagnosed mainly 

due to impaired or insufficient release of insulin in the body [2]. The inability to produce insulin 
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leads to DM type 1, an insulin-dependent DM. It is termed an autoimmune disorder, which is 

characterized by destruction of the β-cells mediated by the immunogenic T-cells, leading to 

insulin-deficient hyperglycemia [3]. While DM type-2 (T2DM) is a non-insulin-dependent 

DM, it occurs when the peripheral cells of the body offer a high resistance towards the action 

of insulin, and finally, the impaired functioning of the β-cells. These two events are co-related 

as when insulin resistance occurs due to some disruption of cellular pathways in the body, the 

peripheral cells of skeletal muscles, liver, and the adipose tissues become less sensitive towards 

insulin [4]. The pathophysiology of Diabetes Mellitus is closely related to increased 

concentrations of Triglycerides (TG) and Low-density lipoproteins (LDL) in the body. The 

detailed pathophysiology of the diseases is represented in Figure 1. 

 
Figure 1. The basic pathogenesis of Diabetes mellitus and hyperlipidemia. 

Multiple enzymes are involved in the progression of T2DM. Alpha-amylase (EC 

3.2.1.1) is a hydrolase enzyme primarily present in pancreatic juices and also in saliva. It 

promotes the hydrolysis of the α-1,4-glycosidic linkages present in different carbohydrate 

molecules like glucose, sucrose, maltose, starch, cellulose, and amylopectin, which induces the 

postprandial hyperglycemia in the body [5]. Dipeptidyl peptidase-IV or DPP-IV (EC 3.4.14.5) 

is an aminopeptidase protein distributed in numerous tissues, such as the intestine, endothelial 

cells of the liver, lungs, and kidneys. It causes the degradation of incretins like Glucagon-like 

peptide-1 (GLP-1) and Glucose-dependent Insulinotropic peptide (GIP), thus leading to insulin 

resistance and hyperglycemic conditions [6]. Overexpression or improper functioning of these 

two enzymes can cause prolonged high blood glucose in the body, which eventually leads to 

insulin resistance and chronic hyperglycemia. Therefore, inhibiting these two enzymes can be 

used as an inevitable therapeutic target for regulating the symptoms and complications of 

T2DM. 

Hyperlipidemia, or an increase in lipid content, is characterized by increased levels of 

Triglycerides and cholesterol. The synthetic pathway of cholesterol begins with the conversion 

of acetyl-CoA to 3-hydroxy-3-methyl-glutaryl-coA (HMG-CoA), a key intermediate in the 
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synthesis. The HMG-CoA then converts to Mevalonate by the action of the enzyme HMG-

CoA reductase (EC 1.1.1.34), which is considered to be the rate-limiting step. Cholesterol is 

required for maintaining the structural integrity of the cell membranes and production of 

hormones; however, synthesis of excess cholesterol (especially LDL) can lead to 

Atherosclerosis and other cardiovascular complications. Consequently, by inhibiting the action 

of HMG-CoA reductase, the cholesterol production is decreased. In such a situation, the liver 

compensates by expressing more LDL receptors on the hepatocyte surface. As a result, higher 

concentrations of bad LDL are being cleared out by the liver and balancing out the cholesterol 

levels in the blood plasma [7].  

On the other hand, the pathophysiology of hyperlipidemia has a direct link with etiology 

and the extent of T2DM. Peroxisome proliferator-activated receptor-γ (PPAR-γ) is a master 

regulator of fatty acid metabolism in the body. It converts preadipocytes to mature adipocytes, 

thereby enhancing the storage of excess fats in adipocytes, leading to decreased ectopic fat 

deposition. Furthermore, their activation also leads to the upregulation of proteins involved in 

fatty acid reuptake, like CD36 and Lipoprotein Lipase, resulting in suppressed plasma 

triglyceride levels and higher production of HDL in the body [8]. PPAR-γ also aids in the anti-

hyperglycemic activity in the body. In fact, PPAR-γ agonists have been shown to increase the 

transcription of several genes responsible for glucose uptake, metabolism, and insulin-

dependent glucose distribution in the muscles. Being a major modulator of circulating free fatty 

acids in the body, it helps to lower the lipotoxicity in the body, which is considered to be a 

major risk factor of T2DM [9].  

Modern synthetic drugs are usually used to treat these lifestyle-related chronic diseases. 

Still, they only play a sustaining role in regulating the blood glucose and triglyceride levels in 

the body. These synthetic drugs, therefore, show a wide array of side effects and toxicity. So, 

in modern days, the focus of treatment has now shifted from synthetic sources to natural 

resources like vegetables, fruits, and other medicinal plants. Fresh fruits are quite a good option 

for the daily intake of different bioactive components helpful for the prevention of many 

diseases. Fruits do not need to be cooked, thus most of the phytochemical content remains 

intact [10]. However, as fruits have different stages of ripening, like Unripe, Ripe, and Overripe 

stages, the phytochemical contents also differ based on the morphological changes of the fruit. 

The different bioactive components present have been seen to be in higher concentrations in 

unripe fruits than their ripened counterparts. The presence of these phytoconstituents makes 

unripe fruits a great potential to be added to the daily diet for the prevention and control of 

complications of CVD and Diabetes [11]. 

Thus, in order to scientifically methodize and channelize our biological investigations, 

we aimed to perform in silico screening to evaluate the antidiabetic and anti-hyperlipidemic 

potential of the unique phytocomponents present in commonly consumed unripe fruits—

medicine using bioinformatics tools. As potential therapeutic targets, we considered alpha-

amylase, DPP-IV, HMG-CoA reductase, and PPAR-γ due to their pivotal role in the etiology 

and progression of the diseases. Different computational techniques like Drug likeliness 

analysis, Molecular docking simulations, calculation of binding free energies, assessment of 

binding interactions, pharmacokinetic assessment, and ADMET profiling have been performed 

on different bioactive phytoconstituents against individual proteins. The outcome of the study 

suggests that various phytochemicals obtained can act as agonists/antagonists to these proteins 

and effectively ameliorate the complications of chronic diseases like hyperlipidemia and 

T2DM. To the best of our knowledge, this is the first report to establish the efficacy of different 
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bioactive components present in unripe fruits as potential anti-hyperglycemic and anti-

hyperlipidemic agents. 

2. Materials and Methods 

2.1. Protein selection, validation, and modification. 

The crystal structures of the respective proteins α-amylase (1B2Y), Dipeptidyl 

Peptidase IV (4A5S), HMG-coA reductase (1DQ9), and Peroxisome Proliferator-Associated 

Receptor-gamma (4YT1) were obtained from the Protein Data Bank (www.rcsb.org). The 3D 

structures of the proteins were validated by visualizing the Ramachandran plot using Biovia 

Discovery Studio Visualizer 2025 software. The protein modification was done using USF 

Chimera 1.9. The pre-existing ligands, water, and other heteroatoms were selected and deleted. 

Based on the presence of active sites on the proteins, one of the identical chains of the protein 

was selected for further investigation. Chain A of 1B2Y and 1DQ9 was selected, while Chain 

B of 4A5S and 4YT1 was selected. To the modified protein side chains, Kollman united atom 

charges and Gasteiger charge was added, followed by the addition of polar hydrogen to the 

protein to make it ideal for further docking. 

2.2. Ligand selection. 

Based on a literature review of different unique phytoconstituents present in unripe 

fruits, which are generally grown in Bengal, 50 different ligands, as mentioned in Table 1, were 

selected. Their 3D conformers in .sdf format were downloaded from PubChem 

(https://pubchem.ncbi.nlm.nih.gov/) for further analysis.  

Table 1. Unique phytoconstituents are present in different commonly consumed fruits. 

Sl. 

No. 
Common name Scientific name Family Chemical Constituents PMID Ref 

1 Green Banana Musa acuminata Musaceae 

Campesterol (Phytosterols) 

Cyanidin-3-rut 

(Anthocyanins) 

Kaempferol (Flavonoids) 

Pectin (Polysaccharides) 

Stigmasterol (Phytosterols) 

Violaxanthin (Carotenoids) 

173183 

441674 

 

5280863 

3722617 

5280794 

448438 

[12–14] 

2 Fig Ficus carica Moraceae 

Angelicin (Coumarin) 

Kaempferol (Flavonoids) 

Naringenin (Flavonoids) 

Psoralen (Coumarin) 

Zeaxanthin (Carotenoids) 

10658 

5280863 

439246 

6199 

5280899 

[15–17] 

3 Guava Psidium guajava Myrtaceae 

Asiatic acid (Terpenoid) 

Campesterol (Phytosterols) 

Guaijaverin (Glycosides) 

Limonene (Terpenoids) 

Naringenin (Flavonoids) 

Stigmasterol (Phytosterols) 

119034 

173183 

5481224 

22311 

431246 

5280794 

[18–20] 

4 Cucumber Cucumis sativus 
Cucurbita

ceae 

Indole-3-aldehyde (Indole 

alkaloid) 

Kaempferol (Flavonoid) 

Cucurbitacin A (Terpenoids) 

Cucurbitacin B (Terpenoids) 

Cucurbitacin C (Terpenoids) 

 

10256 

5280863 

5281315 

5281316 

5281317 

[21–23] 

5 
Limes, Bengal 

lime 

Citrus 

aurantiifolia 
Rutaceae 

Octopamine (Alkaloids) 

Synephrine (Alkaloids) 

Naringenin (Flavonoids) 

Citral (Terpenoids) 

Limonin (Terpenoids) 

4581 

7172 

439246 

638011 

179651 

[24–26] 
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Sl. 

No. 
Common name Scientific name Family Chemical Constituents PMID Ref 

6 
Ceylon 

olive/Jolpai 

Elaeocarpus 

serratus 

Elaeocarp

aceae 

Esculetin (Coumarin) 

Elaeocarpine (Alkaloid) 

Elaeocarpidine (Alkaloid) 

Zeaxanthin (Carotenoids) 

Kaempferol (Flavonoid) 

α -amyrin (Terpenoids) 

5281416 

280286 

355436 

5280899 

5280863 

73170 

[27–29] 

7 

Indian 

Gooseberry/Aml

a 

Phyllanthus 

emblica 

Phyllantha

ceae 

Phyllanthin (Lignan) 

Harmalol (Alkaloid) 

Kaempferol (Flavonoid) 

Chebulagic acid 

(Polyphenolic) 

Chlorogenic acid 

(Polyphenolic) 

Chebulanin (Polyphenolic) 

358901 

3565 

5280863 

72285 

 

1794427 

 

75034370 

[30–32] 

8 Green Jackfruit 
Artocarpus 

heterophyllus 
Moraceae 

Artocarpin (Flavonoid) 

Moracin A (Benzofuran) 

Jacquilenin (Alkaloid) 

Zeaxanthin (Carotenoids) 

Naringenin (Flavonoids) 

Kaempferol (Flavonoids) 

Punicalagin (Tannins) 

5458461 

441839 

14163574 

5280899 

439246 

5280863 

16129719 

[33–35] 

9 Green peas Pisum sativum Fabaceae 

Diosmin (Glycosides) 

Psidinin C (Peptides) 

Sparteine (Alkaloid) 

Zeaxanthin (Carotenoids) 

Violaxanthin (Carotenoids) 

Naringenin (Flavonoids) 

Kaempferol (Flavonoids) 

5281613 

131752695 

644020 

5280899 

448438 

439246 

5280863 

[36–38] 

10 Green Tomatoes 
Solanum 

lycopersicum 

Solanacea

e 

Solanine (Alkaloids) 

α-Tomatine (Alkaloids) 

Naringenin (Flavonoids) 

Kaempferol (Flavonoids) 

Ascorbic acid (Vitamins) 

9549171 

28523 

439246 

5280863 

54670067 

[39–41] 

11 Capsicum 
Capsicum 

annuum 

Solanacea

e 

Capsaicin (Alkaloids) 

Homocapsaicin (Alkaloids) 

Nonivamide (Methoxy 

phenols) 

Zeaxanthin (Carotenoids) 

Violaxanthin (Carotenoids) 

Kaempferol (Flavonoids) 

Limonene (Terpenoids) 

1548943 

6442566 

2998 

 

5280899 

448438 

5280863 

22311 

[42–44] 

12 
Custard 

Apple/Ata 

Annona 

squamosa 

Annonace

ae 

Anonaine (Alkaloid) 

Bullatacin (Lactone) 

Corydine (Alkaloid) 

Reticuline (Alkaloid) 

160597 

11124994 

10153 

439653 

[45–47] 

13 Mango 
Mangifera 

indica 

Anacardia

ceae 

Theobromine (Alkaloid) 

Mangiferin (Alkaloid) 

5429 

5281647 
[48,49] 

These molecules were analyzed in SwissADME [50], to determine their drug likeliness 

based on their adherence to Lipinski's rule. Molecules that showed more than two violations of 

the Lipinski rule were removed in the initial screening. 

Based on the Literature review, the compounds that act as standard agonists or 

antagonists against the particular protein to ameliorate the progression of diabetes or 

hyperlipidemia were selected as standard or reference compounds. 

2.3. Molecular docking simulation. 

Molecular docking of the ligand that passed the initial screening was conducted against 

the modified proteins using AutoDock software (v4.2.6). The docking model used was semi-

flexible, keeping the protein as a rigid molecule and docking various poses of the same ligand 

in a minimized energy conformer. The results were analyzed to determine the binding affinity 

of the ligands to the proteins (kcal/mol), keeping in consideration that the Root Mean Square 
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Deviation (RMSD) value is within the standard limit of 1-3Å. The 3D image of the docked 

ligand-protein complex was taken for further analysis. The interaction of amino acid residues 

in the ligand-protein complex at different ligand poses was observed, followed by estimation 

of their individual binding bond lengths. The ligands showing unfavorable molecular 

interaction with the protein were discarded at this stage. 

2.4. Pharmacokinetic analysis. 

The pharmacokinetic parameters (ADME) were analyzed. The absorption (GI 

absorption), distribution (bioavailability score and blood-brain barrier penetration), and 

metabolism profile (inhibition of liver CYP enzymes) were determined using SwissADME 

software [50]. Molecules with low GI absorption were removed from the screening process in 

this stage of analysis. The elimination profile of the ligands (biological half-life in hours and 

clearance mL/min/kg) was tested using ADMETlab 3.0 [51].  

2.6. Toxicity analysis. 

The toxicity of the ligands based on their Lethal Dose (LD50) values was analyzed using 

ProTox-3.0 [52], where toxicity like hepatotoxicity, nephrotoxicity, and neurotoxicity was 

analyzed, followed by analysis of long-term toxicity like carcinogenicity and mutagenicity. 

The toxicity scale value was also observed. Ligands with a toxicity score above 3, with higher 

LD50 values, and no long-term toxicity were selected as best ligands for further analysis. 

3. Results and Discussion 

Chronic diseases like T2DM, CVD, and hyperlipidemia have spread at an alarming rate 

by the end of the 21st century. Due to the severe mortality and morbidity rates of these diseases, 

there is an urgent need to regulate the blood glucose and lipid profiles in our bodies. Existing 

synthetic drug molecules for the treatment of T2DM and HL, like Atorvastatin and Sitagliptin, 

show severe hepatotoxicity, neurotoxicity, and respiratory toxicities. On the other hand, 

rosiglitazone shows high neurotoxicity and respiratory toxicity. Thus, the need to develop 

semi-synthetic drug molecules derived from natural sources has emerged. Unripe fruits, which 

are consumed in our daily diet, due to their lower carbohydrate content and extremely high 

content of phytoconstituents, show a plethora of biological activities. Compared to the ripened 

counterparts, unripe fruits show a lesser glucose spike when consumed with a greater 

enrichment of bioactive compounds.  

3.1. Protein selection and modification 

Multiple proteins and enzymes are associated with the progression of T2DM and HL. 

α-amylase (EC 3.2.1.1) is an important carbohydrate-digesting enzyme secreted by the 

pancreas and salivary glands. The core active site consists of Asp 197, Glu 233, and Asp 300 

at domains A and B of the protein [53]. DPP-4 (EC 3.4.14.5) is another important enzyme that 

breaks down complex carbohydrates into simpler forms. The active site amino acid residues 

include Ser 630, Asp 708, and His 740 in domains A and B of the protein structure [54]. HMG 

coA reductase (EC 1.1.1.34), which is a key enzyme in cholesterol synthesis, has Lys691, 

Glu559, Asp767, and His866 amino acid residues in its active site [55]. PPAR-γ, a nuclear 

factor receptor, is associated with the etiology of both T2DM and HL, has Cys285, Ser289, 

His323, Tyr327, Lys367, His449, and Tyr473 amino acid residues in its active site [56]. The 
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four selected proteins with PDB IDs 1B2Y, 4A5S, 1DQ9, and 4YT1 are shown in Figure 2 

with their 3D structure and Ramachandran plot. Each protein shows 60-90% amino acid in 

favorable zones (shown as green dots), confirming that the proteins are biologically feasible 

for ligand binding. 

 
Figure 2. Visualization and validation of protein structure (A) 3D-structure of selected chains of four different 

proteins; (B) Protein validation by Ramachandran plot 

3.2. Drug-likeness analysis. 

This study includes 50 different unique phytocompounds, which are found in several 

commonly consumed unripe fruits and are screened based on their effective interactions with 

the respective proteins. The phytocompounds were further compared with the standard drugs 

based on their binding interactions, docking score with the protein, and their toxicity. The 

standard compounds were found from the initial structure downloaded from the Protein Data 

Bank. Since the phytocompounds showed binding interaction in the same active site as the 

standard compound, this indicates their similar activity (agonism/antagonism). Screening of 

ligands from Table 1 based on their drug likeliness as per Lipinski rule shows 35 out of 50 

ligands can be processed for further study since they show less than 2 violations from the 

Lipinski rule. The omitted ligands include Cyanidin-3-rutinoside, Chebulagic acid, 

Chebulanin, Diosmin, Guaijaverin, Mangiferin, Pectin, Psidinin A, Punicalagin, Solanine, 

Violaxanthin, and Zeaxanthin. Hence, these ligands were not further studied. 

Initial screening of the molecules based on their Lipinski rule led to the elimination of 

15 compounds since they violated the criteria of drug likeliness. The criteria include molecular 

weight less than 500 Dalton for effective binding to active site without electrostatic repulsion; 

log P less than 5 for effective penetration through plasma membrane; Hydrogen bond donor 

and acceptor less than 5 and 10 respectively for effective bonded and non-bonded interactions 

with amino acid residues; rotatable bonds less than 5 ensuring a smaller number of pose 

conformers for binding to protein, hence increasing ligand specificity for the protein. 
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3.3. Molecular docking analysis. 

The docking score of the ligands showing the best binding affinity to the selected 

proteins was determined. Some of the ligands were suitable for further analysis. The remaining 

ligands were discarded based on the following parameters exhibited by them: Ligand showing 

higher RMSD values (>3Å) as they are not energetically favourable; The ligands that did not 

satisfy Easson-Stedman hypothetical three-point binding interaction; Presence of unfavorable 

binding interactions (bumps) in ligand-protein binding complex.  

An example of unfavourable binding of a ligand in the receptor cavity is illustrated in 

Figure 3. 

 
Figure 3. Unfavourable amino acid binding of the ligands (A) Asiatic acid; (B) Citral to the protein DPP-IV at 

RMSD values 1-3Å, which leads to rejection of these molecules in the final molecule list, as in the human body, 

due to unfavourable donor-donor and acceptor-acceptor interaction, causing electrostatic repulsion, leading to 

failure in successful protein-ligand binding 

Table 2 shows the ligands that were found suitable for further analysis by molecular 

docking studies. 

Table 2. Molecular docking analysis of different ligands. 

Sl. 

No. 
Ligand 

Minimized 

energy 

(kcal/mol) 

Binding 

affinity 

(kcal/mol) 

RMSD 

(Å) 
Interacted with amico acid residues 

Protein: 𝜶-amylase (1B2Y); 

Chain A 
Grid dimension: 81.6146Å (X-axis); 89.3511Å (Y-axis); 71.5813Å (Z-axis) 

0. Acarbose 852.13 -7.9 1.73 LYS278; GLU282; PRO332; SER289; ASP402; HIS331 

1. 𝛼-Amyrin 681.31 -9.8 1.34 
LEU165; LEU162; ALA198; GLU233; ARG195; HIS299; 

ASP300; TRP58; TYR62; TRP59 

2. Limonin 2490.2 -9.3 1.66 TRP59; TRP58; HIS299; TYR62; HIS101; LEU165 

3. Stigmasterol 546.19 -9.1 1.82 
TYR62; HIS101; LEU165; ILE51; PRO54; TRP59; 

TRP58 

4. Anonaine 424.87 -8.6 1.89 ASP300; TRP58; TYR62; LEU165; GLN63; TRP59; 

5. 
Cucurbitacin 

A 
887.49 -8.5 2.06 

ARG10; THR6; GLY334; ARG252; PHE335; TYR333; 

SER289; PRO4 

6. 
Cucurbitacin 

C 
883.66 -8.3 2.34 

LEU165; GLY104; THR163; VAL107; VAL49; ALA198; 

HIS101; LEU162; TYR62 
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Sl. 

No. 
Ligand 

Minimized 

energy 

(kcal/mol) 

Binding 

affinity 

(kcal/mol) 

RMSD 

(Å) 
Interacted with amico acid residues 

7. 
Chlorogenic 

Acid 
863.05 -8.2 1.56 

PRO332; ARG421; ASP402; GLY403; ARG398; THR11; 

PHE335; GLY334; ARG252; ALA292; SER289; 

TYR333; GLU282 TRP280 

8. 
Cucurbitacin 

B 
863.05 -8.2 1.52 

LEU165; TYR162; ALA198; GLU233; ARG195; 

ASP197; TRP56; TRP59 

9. Elaeocarpidine 634.8 -8.1 2.01 
GLN63; LEU165; LEU162; ASP197; HIS299; TYR62; 

ASP300; TRP58; TRP59 

10. Kaempferol 362.5 -8.1 1.96 

GLU233; ASP197; ALA198; LEU162; TRP59; GLN63; 

LEU165; HIS101; TYR62; TRP58; ASP300; HIS299; 

ARG195 

11. Naringenin 195.81 -8.1 2.33 
ASP197; HIS299; TRP58; TYR62; ASP300; LEU165; 

GLN63; TRP59; ASN298; ILE235; GLU233ARG195 

Protein: DPP-4 (4A5S); Chain B Grid Dimension: 87.9162Å (X-axis); 68.0964Å (Y-axis) and 61.2561 (Z-axis) 

0. Sitagliptin 526.94 -9 2.1 

ARG125; ASP545; VAL546; TYR547; LYS554; TRP627; 

TRP629; GLY639; TRP659; TYR662; TYR666; ASN710; 

HIS740 

1. Artocarpin 617.78 -9.8 1.53 

ARG125; GLU205; GLU206; TYR547; TRP629; SER630; 

TYR631; GLY632; VAL656; TRP659; TYR662; 

TYR666; ASN710; VAL711 

2. Limonin 2490.2 -9.7 1.94 
TYR381; THR401; TRP402; ASN420; GLY424; PRO426; 

GLN586 

3. 
Cucurbitacin 

A 
887.49 -9.4 2.27 

ARG125; GLU205; GLU206; ARG358; ARG669; 

TYR662; TYR666; TRP659; SER630; ASN710; VAL711; 

HIS740 

4. α-Amyrin 681.31 -9.3 1.12 TYR238; PHE240; LYS250; ALA707; ASP737 

5. Anonaine 424.87 -8.9 1.64 GLU205; GLU206; PHE357; TYR666; ARG669 

6. Kaempferol 362.5 -8.3 1.03 
PRO475; PRO510; LYS512; ILE529; VAL558; PHE559; 

ARG560; ASN562; ALA564; THR565 

7. Naringenin 195.81 -8.3 1.58 
ARG125; GLU205; VAL656; TRP659; TYR662; 

TYR666; SER630; TYR631; ASN710; VAL711; HIS740 

8. Elaeocarpidine 634.8 -8.1 1.24 
ARG125; ASP545; VAL656; LYS554; TRP563; ASN562; 

SER630; ASN710; HIS740 

9. Moracin A 449.11 -8.1 2.23 TYR547; ARG358; TYR662; TYR666; ARG669 

10. Elaeocarpine 399.47 -8 1.27 LYS122; TRP124; TRP201; PHE240; LYS250; VAL254 

Protein: HMG-coA reductase 

(1DQ9); Chain A 
Grid Dimension: 81.3693Å (X-axis); 65.7755Å (Y-axis); 75.684Å (Z-axis) 

0. Atorvastatin 1011.8 -7.8 1.93 
ALA556; ALA763; ALA768; GLN766; GLN814; ILE536; 

ILE762; MET534; PRO535; TYR517; TYR533; VAL538 

1. Limonin 2490.2 -9.8 1.29 
ALA556; ALA763; ALA768; GLN814; ILE536; ILE762; 

MET534; VAL538 

2. Elaeocarpidine 634.8 -9.8 1.91 
ALA556; ALA763; CYS527; GLN814ILE536; ILE762; 

TYR517; VAL522; VAL530; VAL538 

3. Phyllanthin 394.58 -9.6 0.24 
ALA816; GLN814; ILE536; ILE762; PRO535; PRO813; 

TYR517; TYR533; VAL538 

4. Moracin A 449.11 -9.1 2.1 
ALA525; ASP767; ASN658; GLN766; GLY803; 

GLY806; ILE802; MET655; MET657; THR809; TYR761 

5. Stigmasterol 546.19 -8.8 1.73 
CYS527; GLY532; LEU811; TYR517; TYR519; 

VAL522; VAL530 

6. Anonaine 424.87 -8.7 2.07 
ALA556; ALA763; ILE536; ILE762; PRO535; TYR517; 

TYR533; VAL538 

7. Artocarpin 617.78 -8.7 1.83 

ALA768; ASP767; GLN766; GLN814; GLY765; ILE536; 

ILE762; LEU811; PRO535; PRO813; TYR517; TYR533; 

VAL538 

8. Kaempferol 362.5 -8.7 2.31 

ALA556; CYS526; CYS527; GLN814; GLY532; ILE536; 

ILE762; LEU814; TYR517; TYR519; TYR533; VAL522; 

VAL530; VAL538 
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Sl. 

No. 
Ligand 

Minimized 

energy 

(kcal/mol) 

Binding 

affinity 

(kcal/mol) 

RMSD 

(Å) 
Interacted with amico acid residues 

9. Esculetin 104.17 -8.6 1.09 
ARG496; GLN497; GLN510; LEU509; PRO506; 

SER493; SER500; TYR514; 

10. Naringenin 195.81 -8.2 2.13 

ALA654; ASN658; ASP767; GLN766; GLN770; 

GLY656; GLY765; GLY803; GLY806; GLY807; 

MET655; MET; 657; MET659; THR809 

Protein name: PPAR-𝜸 (4YT1); 

Chain B 
Grid Dimension: 30.8375Å (X-axis); 38.8050Å (Y-axis); 32.8412 (Z-axis) 

0. Rosiglitazone 222.36 -7.6 2.04 LEU228; CYS285; ARG288; GLU295; MET329; LEU333 

1. Reticuline 417.03 -8.1 1.52 
PRO227; LEU228; ILE281; CYS285; ARG288; ALA292; 

ILE341; SER342; GLU343; MET348 

2. Stigmasterol 546.19 -10 2.22 
HIS266; CYS285; ARG288; ALA 292; ILE326; MET 329; 

ILE 341 

3. Limonin 490.24 -8.1 1.69 GLN286; LEU 469; TYR473 

4. Jacquilenin 398.43 -8.4 1.23 ARG288; GLU291; ALA292; SER342; GLU343 

5. Kaempferol 362.5 -8.2 2.38 
PRO227; LEU228; ARG288; SER289; ALA292; 

GLU295; LEU330 

6. Elaeocarpidine 634.8 -9.1 1.74 CYS285; ARG288; ALA292; ILE326; MET329 

7. Elaeocarpine 399.47 -8.4 1.78 CYS285; ARG288; ALA292; ILE326; MET329 

8. Anonaine 424.87 -9.3 2.06 
ARG288; ALA292; GLU295; ILE326; MET329; LEU330; 

LEU333; SER342 

9. 
Chlorogenic 

acid 
254.42 -8.4 1.64 LEU228; CYS285; ARG288; SER289; LEU330 

10. Corydine 596.79 -8.6 1.81 
PRO227; ARG288; ALA292; ILE296; ILE325; ILE326; 

MET329; LEU340 

The 0-serial number of the ligand against each protein represents the docking result of the standard ligand. This 

standard ligand was pre-present in the protein binding site when downloaded from the Protein Data Bank. 

Molecular docking interaction of these 35 ligands individually to four different 

proteins, ensuring RMSD value 1-3Å and no unfavourable bumps in amino acid interaction, 

satisfying three-point interaction, resulted in 10-11 ligands that perfectly bound to individual 

proteins, satisfying all criteria. All the bound phytocompound ligands showed better binding 

affinity and binding score to the protein when compared with the standard ligand. 

3.4. ADMET profiling of selected ligands. 

Based on the ligands that qualified molecular docking analysis in Table 2, the ligands 

selected based on their satisfactory ADMET profile are Artocarpin, Limonin, Phyllanthin, and 

Reticuline. Tables 3 and 4 show the drug likeliness based on Lipinski's rule and the detailed 

ADMET profiling of these ligands. 

Table 3. Lipinski rule of 5 and physicochemical properties of ligands passing ADMET profile. 

Physicochemical Parameters 
Ligands 

Artocarpin Limonin Phyllanthin Reticuline 

Molecular Weight 436.5 470.51 418.52 329.39 

No. of Rotatable bonds 6 1 13 4 

Hydrogen Bond Acceptor 6 8 6 5 

Hydrogen Bond Donor 3 0 0 2 

Lipophilicity (iLogp) 4.14 2.82 4.24 3.32 

Table 4. ADMET profiling of different ligands. 

ADMET profile Artocarpin Limonin Phyllanthin Reticuline 

Suitable protein against which the ligand acts 

as an agonist/ antagonist 
4A5S, 1DQ9 

1B2Y, 4A5S, 

1DQ9, 4YT1 
1DQ9 4YT1 

Absorption GI Absorption High High High High 
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Distribution 
BBB penetration No No Yes Yes 

Bioavailability score 0.55 0.55 0.55 0.55 

Metabolism 

(Enzyme 

inhibition) 

CYP1A2 No No No Yes 

CYP2C19 Yes No No No 

CYP2C9 No No No No 

CYP2D6 No No Yes Yes 

CYP3A4 No No Yes No 

Excretion 
Biological Half-life (hr) 1.574 1.581 1.301 2.451 

Clearance (ml/min/kg) 2.28 6.674 8.733 5.274 

Toxicity 

Toxicity scale (Based on 

ProTox 3.0) 
5 3 4 4 

LD50 (mg/kg) 4000 244 1300 700 

Hepatotoxicity 
Inactive 

(p=0.65) 
Inactive (p=0.84) Inactive (p=0.78) 

Inactive 

0.94 

Neurotoxicity 
Inactive 

(p=0.71) 
Inactive (p=0.86) Inactive (p=0.66) 

Inactive 

0.52 

Nephrotoxicity 
Active 

(p=0.60) 
Inactive (p=0.57) Inactive (p=0.56) 

Inactive 

0.52 

Carcinogenicity 
Inactive 

(p=0.66) 
Inactive (p=0.52) Inactive (p=0.51) 

Inactive 

0.63 

Mutagenicity 
Inactive 

(p=0.72) 
Inactive (p=0.78) Inactive (p=0.75) 

Inactive 

0.50 

Molecules that showed less GI penetration/ absorption were eliminated at the initial 

stage of screening because they lead to poor bioavailability when consumed orally. Secondly, 

molecules that were shown to inhibit more than two liver metabolizing CYP enzymes were 

eliminated from the list since they showed more hepatotoxicity. Ligands with biological half-

lives of more than 2.5 hours and a lower clearance rate were also discarded since long-term use 

causes bioaccumulation of these ligands in the body. After the initial pharmacokinetic 

screening, toxicity profiling was analyzed. Ligands with active hepatotoxicity, neurotoxicity, 

and nephrotoxicity with a probability >60% were discarded. Any ligand that showed traces of 

carcinogenicity and mutagenicity was expelled from the study. 

Figures 4A to 4D represent the 2D structure, binding interaction, 3D binding image, 

and toxicity radar profile of Artocarpin, Limonin, Phyllanthin, and Reticuline against their 

respective binding protein, as mentioned in Table 4. The bond length in Armstrong for each 

individual amino acid interaction is represented in Figures 4A to 4D. 

Pharmacokinetic studies and toxicity profile of the ligands individually showed 

Artocarpin (present in Jackfruit), Limonin (present in Bengal lemon), Reticuline (present in 

Custard apple), and Phyllanthin (present in Indian Gooseberry) to be the most appropriate 

ligands with the least toxicity. This, in turn, ensures that different active secondary metabolites 

have the potential to treat Hyperlipidemia and Diabetes Mellitus.  

Nevertheless, these excluded compounds can be proved to be effective with further 

extensive QSAR modelling and appropriate drug designing to suit our biological systems 

better. More software can be used to predict the biological efficacy of the predicted compounds 

by QSAR before actual synthesis to maximize cost efficiency and minimize loss. 
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Figure 4. (A) 2D structure, binding interaction of Artocarpin to DPP-IV and HMG coA reductase; (B) 2D 

structure, binding interaction of Limonin to DPP-IV, HMG coA reductase, 𝛼-amylase, and PPAR-𝛾; (C) 2D 

structure, binding interaction of Phyllanthin to 𝛼-amylase; (D) 2D structure, binding interaction of Reticuline 

to PPAR-𝛾. 

4. Conclusions 

This study explores the effect of different unique phytoconstituents found in commonly 

consumed unripe fruits, which are effective in binding with other proteins associated with the 

progression of Diabetes Mellitus and hyperlipidemia. Out of the 50 compounds screened, two 

unique phytocompounds, Limonin and Artocarpin, showed effective interaction with a safe 

toxicity profile against HMG coA reductase and Dipeptidyl Peptidase-IV. Limonin was proven 

to be a less selective compound effective against all four proteins. Phyllanthin and reticuline 

had higher binding affinity with α-amylase and PPAR-γ, respectively. Therefore, from these 

outcomes, we conclude that Limonin, Artocarpin, Reticuline, and Phyllanthin could become 

potential molecules in ameliorating the symptoms and complications of Diabetes Mellitus and 

hyperlipidemia. Future research can be extended to design a pharmacophore suitable for the 
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inhibition of the progression of these chronic diseases and QSAR modelling to make these 

molecules more specific and potent. Synthetically designing these molecules for in vitro and 

in vivo studies can establish the foundation for formulating modern medicine. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

Abbreviation Definition 

ADMET Absorption, Distribution, Metabolism, Excretion, and Toxicity 

CVD Cardiovascular Disease 

DM Diabetes Mellitus 

DPP-IV Dipeptidyl Peptidase-IV 

EC Enzyme Commission 

GIP Glucose-dependent Insulinotropic Peptide 

GLP-1 Glucagon-like Peptide-1 

HDL High-Density Lipoprotein 

HMG-coA 3-hydroxy-3-methyl-glutaryl-coenzyme A 
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Abbreviation Definition 

HMG-coA reductase 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase 

LDL Low-Density Lipoprotein 

LD50 Lethal Dose 50 (dose required to kill 50% of a test population) 

PPAR-γ Peroxisome Proliferator-Activated Receptor-gamma 

TG Triglycerides 

T2DM Type-2 Diabetes Mellitus 
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