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Abstract 
 

Coffee is one of the essential crops commonly cultivated in Indonesia. Coffee contains diverse bioactive 
compounds, which are associated with human health benefits. One of the compounds is Chlorogenic 
acid, which able to decrease the risk of type 2 diabetes mellitus (T2DM). However, the mechanism of 
chlorogenic acid toward anti-diabetes still unclear. This study aimed to analyze and investigate the 
potential role of chlorogenic acid as anti-diabetes through their interaction with Peroxisome 
proliferator-activated receptor gamma (PPAR-γ) as an enzyme to phosphorylate and regulate the 
mechanism of T2DM. The physicochemical properties of chlorogenic acid also performed in this study. 
The PPAR-γ was downloaded from the PDB database, and the chlorogenic acid was retrieved from the 
PubChem database. The protein and ligand were prepared using the PyRx program and were docked 
using Hex 8.0.0 software. Discovery Studio client 4.1 software was used to analyze the interaction 
between chlorogenic acid and PPAR-γ protein. Based on the physicochemical properties, chlorogenic 
acid is highly permeable to the cell and easily absorbed.  Thirteen amino acid residues of PPAR-γ 
(GLN410, SER394, ASP396, GLY395, GLU407, LEUA401, LEU400, VAL403, LYS373, LYS438, LEU377, 
LYS434, and GLY437) were identified on the chlorogenic acid-PPAR-γ interaction. Interestingly, the kind 
of interactions, including hydrophobic interaction, hydrogen bond, and van der Waals, which are 
supported by the tight interaction. Our study indicated that chlorogenic acid might have anti-diabetes 
activity through PPAR-γ interaction. 
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1. Introduction 

The prevalence of Type 2 diabetes mellitus (T2DM) in Indonesia in 2030 will 

increase to 7.8% (International Diabetes Federation, 2015). T2DM is a metabolic 

disease caused by an unhealthy lifestyle characterized by insulin resistance. In T2DM 

showed the diverse proteins which correlated with the healthy patient, Bare et al., 

(2018) found totals of protein in a normal condition more than in T2DM condition and 

lead some of the function of protein interleukin-10. One gene that has a relationship 

with T2DM is Peroxisome proliferator-activated receptor gamma (PPAR-γ). The PPAR-

γ gene has an expression in regulating glucose homeostasis based on certain tissue 

needs. The PPAR-γ gene functions to suppress insulin resistance by suppressing TNF-α 

performance in adiposity. Besides, PPAR-γ also increases the expression of several 

genes that encode proteins involved in glucose and lipid metabolism (Kubota et al., 

2006; Tyagi et al., 2011). The use of synthetic drugs to cure T2DM patients often causes 

several side effects, so patients are suggested to take combinational oral medicine to 
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maximize the healing chance (Chaudhury et al., 2017). Some of the research try to find 

using natural ingredients from the local community to overcome this issue. The use of 

natural properties could reduce toxicity through structural modification (Kesuma et al., 

2018). 

Coffee is one of the most popular cultivation plants in Indonesia, especially in 

East Nusa Tenggara Province. Based on the Indonesian Bureau of Statistics in 2019, 

there is an increase in coffee production in East Nusa Tenggara Province from 2004-

2017 with the 5 largest production districts starting from East Manggarai, Ende, 

Manggarai, Southwest Sumba and West Manggarai (Indonesian Bureau of Statistics, 

2019). The increment of coffee production coffee correlates with the increase in coffee 

consumption in this province. Nowadays, coffee consumption not only to the taste and 

texture of drinks but also related to being a healthy lifestyle. Coffee has benefits for 

human health because coffee contains a variety of biologically active compounds such 

as caffeine and chlorogenic acid (Caprioli et al., 2014; Laukalēja & Krūma, 2018; Nuhu, 

2014).  Chlorogenic acid is a group of phenolic compounds and found in Robusta green 

coffee (Adriana, 2012). Chlorogenic acid has been demonstrated both in vitro and in 

vivo for human health, namely as an antioxidant, anticancer (Farah & Donangelo, 2006; 

Nuhu, 2014), antiviral B hepatitis, antihypertensive (Bare et al., 2019), anti-diabetic, 

hepatoprotective (Farhaty, 2016), anti-inflammation (Bare et al., 2019) and 

antispasmodic (Farah & Donangelo, 2006).  

Coffee has potential as anti-diabetic through the content of caffeine 

compounds. Ong et al. (2013) reported that consumption of chlorogenic acid could 

reduce the risk of T2DM because it has anti-diabetic properties. The content of 

chlorogenic acid compounds in coffee beans has a pharmacological effect on the part of 

thiazolidinediones (TZDs), which has a treatment benefit that has been used by 

humans (Bermu´dez et al., 2010). The potential possessed by the chlorogenic acid 

further study as an anti-diabetic. This is the basis for new research in assessing the 

function of chlorogenic acid as a PPAR-γ activator. 

2. Material and Method 
2.1. Protein and Ligand Preparation 

The Protein Data Bank (PDB) was used to obtain the 3D structure of PPAR-γ (PDB 

ID: 3cwd) in humans, SDF format acquired from http://www.rcsb.org. Protein 3D 

structure of PPAR-γ from the database was eliminated other binding proteins and 

water molecules using the open babel tool in PyRx virtual screening software. The 

chemical structure of chlorogenic acid was taken from the PubChem.com database 

(CID: 1794427). Chlorogenic acid was minimized energy by an open babel tool in PyRx 

virtual screening software. Chlorogenic acid was converted into PDB format using 

PyRx virtual screening software. The molecular interaction process (Molecular 

Docking) used HEX 8.0.0 molecular docking software. 

http://www.rcsb.org/
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Chlorogenic acid was predicted for its physicochemical properties, such as 

molecular weight (MW), the logarithm of the coefficient of octanol/water (Log P), the 

number of rotating bonds between atoms (Torsion); Hydrogen Bond Acceptors (HBA), 

Hydrogen Bond Donors (HBD), and Polar Surface Activity (PSA) is carried out using the 

pKCSM online tool (Kesuma et al., 2018) 

2.2. Molecular Docking 

PPAR-γ protein was docked with chlorogenic acid. The docking used Hex 8.0.0 

software. Molecular interactions between PPAR-γ Protein and chlorogenic acid were 

visualized and analyzed using Discovery Studio software client 4.1 (Bare et al., 2019). 

The analysis included hydrogen bond, Van der Waals, amino acid residues, and energy 

formed by ligand (Tiring et al., 2019). 

3. Results and Discussion 
3.1. Results 

The physicochemical properties Chlorogenic acid as a natural compound material 

have easy absorption and have high permeability (Table 1).  The properties 

determined based on the World Drugs Index baseline, according to Lipinski et al. 

(1997). 

 

Figure 1. Chemical Structure Chlorogenic Acid (Hall et al., 2015) 

This is confirmed by the molecular weight of chlorogenic acid 354.311 smaller 

than 500. The molecular weight of more than 500 caused the chemical compound is 

difficult to absorb by the amino acid (Lipinski et al., 1997). The value of the log 

coefficient of octanol/water (log P) -0.6459 smaller than 5, the donor H-bond (HBD) 

6>5, and H-receptor (HBA) under 8. Table 1 shows that chlorogenic acid compounds 

required with The Lipinski’s rule of five and can be used for in-sillico analysis.  
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Table 1. The physicochemical properties of chlorogenic acid compounds used the 
pkCSM online tool.  

Chemical 
Compound 

MW LogP Torsion HBA HBD PSA (A2) 
Lipinski Legal 
Requirements 

Chlorogenic 
Acid 

354,311 -0.6459 4 8 6 141.587 Yes 

MW= Molecular Weight; LogP= logarithm of octanol/water partition coefficient; Torsion= a bond 
between atoms that can rotate; HBA= Hydrogen Bond Acceptors; HBD= Hydrogen Bond Donors; PSA= 
Polar Surface Activity 

We found an interaction on hydrophobic at amino acid residue VAL403. Other bonds 

formed from ligand and protein interactions are hydrogen bonds between protein 

ligands that interacted with amino acid residues LYS438, ASP396, and LYS343 types 

Conventional Hydrogen Bond (Table 2). The small distance formed by the hydrogen 

bond and amino acid residue from PPAR-γ will be made the hydrogen bond stronger. 

Other function the bond caused interaction between chlorogenic acid and PPAR-γ 

protein bond is more stable. Xu D, Tsai, & Nussinov (1997) reported the smaller 

distance of hydrogen to the acceptor leads the hydrogen bond will be more durable 

(Santoso & Atmajaya, 2016). Besides that, we found Van der Waals in amino acid 

residue LEU401, LYS373, LEU377, GLN437, GLN410, SER394, and GLU407. 

Chlorogenic acid, which docked with Peroxisome proliferator-activated receptor 

gamma protein (PPAR-γ), showed an interaction between ligand-protein (Figure 2). 

Interestingly, interactions ligand-protein formed 13 amino acid residues with a variety 

of chemical bonds (Table 2). Thirteen amino acid residues found were GLN410, 

SER394, ASP396, GLY395, GLU407, LEUA401, LEU400, VAL403, LYS373, LYS438, 

LEU377, LYS434, and GLY437. Insulin resistance characterizes patients with type 2 

diabetes mellitus (T2DM), leads to a buildup of blood sugar (hyperglycemia) in the 

human’s body. Hyperglycemia causes tissue damage (oxidative stress) and the amount 

of protein lost in organ T2DM (Bare et al., 2018). Chlorogenic acid was predicted to 

have pharmacological therapy to suppress insulin resistance to improve insulin 

sensibility in cells.  
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Table 2. Interaction Chlorogenic Acid and Peroxisome proliferator-activated receptor 
gamma (PPAR-γ) protein 

Complexes 
Energy 

(cal/mol) 
Name Distance Category Types 

from 
chemistry 

to 
chemistry 

Chlorogenic 
acid-PPAR-
γ 

-267,6 

B:LYS438: 
HZ1-: LIG1:O 

2,26112 
Hydrogen 
Bond 

Conventional 
Hydrogen 
Bond 

H-Donor 
H-
Acceptor 

B:LYS438: 
HZ3-: LIG1:O 

2,66883 
Hydrogen 
Bond 

Conventional 
Hydrogen 
Bond 

H-Donor 
H-
Acceptor 

:LIG1: H - 
A:ASP396: 
OD2  

2,53273 
Hydrogen 
Bond 

Conventional 
Hydrogen 
Bond 

H-Donor 
H-
Acceptor 

:LIG1: H - B: 
LYS434:O 

2,4837 
Hydrogen 
Bond 

Conventional 
Hydrogen 
Bond 

H-Donor 
H-
Acceptor 

:LIG1: H - A: 
LEU400:O 

2,82748 
Hydrogen 
Bond 

Conventional 
Hydrogen 
Bond 

H-Donor 
H-
Acceptor 

A:VAL403:CG1 
- :LIG1 3,69406 Hydrophobic Pi-Sigma C-H Pi-Orbitals 
A:VAL403:CG2 
- :LIG1 2,91755 Hydrophobic Pi-Sigma C-H Pi-Orbitals 

A:GLY395: HN 
- :LIG1: H 1,82234 Unfavorable 

Unfavorable 
Donor-
Donor H-Donor H-Donor 

 
Figure 2.  Molecular interaction between Chlorogenic Acid and Peroxixme proliferator-activated gamma 

receptor (PPAR-γ). a. Ligand and Protein interactions, b. 3D structure interaction, c. 2D structure 
interaction, d. Hydrophobicity complex. 
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3.2. Discussion  

Chlorogenic acid has isomer with a few subgroups that are caffeoylquinic acid 

(CQA), caffeoylquinic acid (CQA), feruloyl quinic acid (FQA), and p-coma-roylquinic 

acid (p-CQA) with the smaller totals. Chlorogenic acid also has three from 9 main 

isomers are CQA (3-,4- and 5-CQAs), three isomers from CQAs (3,4-,3,5-, and 4,5-

diCQAs) and three isomers in FQAs (3-,4-, and 5-FQA) (Farah & Donangelo, 2006; 

Farhaty, 2016; Kreicbergs, 2011; Zanin et al., 2016). Roasted coffee of Coffee arabica 

contains 1.7to3.5g/100g chlorogenic acid content (Farah & dePaula Lima, 2019).  

Chlorogenic acid has a function as anti-diabetic by in vivo and in vitro analysis 

(Farhaty, 2016).  

The interaction between chlorogenic acid with the PPAR-γ confirms that this 

compound potential as anti-diabetic role by the finding of thirteen amino acid residues 

that bind chlorogenic acid (figure 2 and table 2). Ligand interaction between 

Chlorogenic Acid and Peroxisome proliferator-activated receptor gamma protein 

(PPAR-γ) has an energy of -267.6cal/mol (Table 2).  Chlorogenic acid will decrease 

T2DM by regulates the gene phosphorylation cascade as stimulating PPAR-γ. The 

protein encoded by the PPAR-γ gene is found to be involved in lipid and glucose 

metabolism and is part of cell differentiation (Greenfield & Chisholm, 2004). 

Chlorogenic acid also reported to works on PPAR-γ to increase insulin tissue sensibility 

in muscle peripheral tissues (Aleshin et al., 2013; Bermu´dez et al., 2010; Geetha et al., 

2018).  Insulin sensitivity in muscle tissue influence on glucose transport in the blood 

and reduce excess sugar inside and outside the cell. Insulin has responsible the 

circulation at the level of the microvasculature in muscle and fat cells. To keep glucose 

homeostasis, insulin stimulates GLUT4 translocation and glucose uptake. GLUT4 

translocation takes place of insulin binding to its receptors at the surface of myocytes 

and adipocytes (Tokarz et al., 2018).  PPAR-γ stimulation in the pancreas increases 

insulin secretion in the liver and reduces hepatic glucose production by inhibiting 

gluconeogenesis due to repression of phosphoenolpyruvate carboxykinase, which is 

the main enzyme for regulation (Geetha et al., 2018; Lee et al., 2003). Interestingly 

other studies,  Ong et al. (2013) showed chlorogenic acid has other functions as anti-

diabetic. Chlorogenic acid regulates glucose and lipid metabolism via the activation of 

AMPK and inhibited hepatic G6Pase expression and activity, which controlled glucose 

production.  The potential of chlorogenic acid functions as a PPAR-γ gene activator 

because it has functions to increase insulin sensitivity as a glucose controller in the 

blood, thereby reducing the risk of type 2 diabetes mellitus (T2DM). 

Conclusion 

Chlorogenic acid is one of the bioactive compounds found in coffee that are 
easily absorbed and has high permeability. This compound also has the potential as 
natural properties in anti-diabetes therapy by modulating the PPAR-γ gene. This is 
concluded based on the results of protein-ligand interactions by producing 13 amino 
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acid residues (GLN410, SER394, ASP396, GLY395, GLU407, LEUA401, LEU400, VAL403, 
LYS373, LYS438, LEU377, LYS434, and GLY437) which interacted with chlorogenic acid. 
We found hydrogen bond and Van der Waals bond to connect chlorogenic acid and 
amino acid residues. 
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