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ABSTRACT 

Caffeic acid was formed from hydrolyzation chlorogenic acid caused roasting coffee. Caffeic acid has anti-inflammatory properties by in 

vitro and in vivo analysis. Inflammation is the body will be activator COX-2 as mediator inflammation. This study purpose to prediction, 

investigate and analyze caffeic acid as potential theuraphic to inhibit COX-2 by in silico study. The method of this research using in 

silico compound interaction models. COX-2 Protein data was taken from Protein Data Bank, caffeic acid from PubChem. Protein-ligand 

interaction docking using HEX 8.0.0. Although visualization and analysis of the molecular interactions of caffeic acid and COX-2 

conducted by the Discovery Studio software 4.1. Caffeic acid is a potential therapist because easily absorbed and has high permeability. 

The results show that interacted between COX-2 and caffeic acid. The interactions showed by seven amino acid residues, which bind 

with the caffeic acid with hydrogen bond type. Energy binding formed from ligand and protein -210.23cal/mol. Interaction caffeic acid 

and COX-2 has a positive impact which potential as inhibitor COX-2. 
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1. INTRODUCTION 

 Coffee is one of cultivations in Indonesia. Caffeic acid is a 

major phenolic phytochemical in coffee. Coffee become one of the 

highly agricultural product has been consumed, because contains 

many chemicals compound such as chlorogenic acids, caffeic acid, 

kahweol, cafestol and so on compounds. One hand, Caffeic acid 

has the ability to suppress DNA methylation in cancer cells and 

inactivation of several ways participated in tumorigenic process 

such as apoptosis, stress and inflammatory response [1,2]. In 

another hand,d Da Cunha et al., [3] reported caffeic acid has anti-

inflammatory properties by in vitro and in vivo analysis with the 

anti-inflammatory actions of caffeic acid butyl ester.  

Inflammation is the one effected of immune system response by 

infection and injury and occurs when abnormalities condition in 

human body [4,5]. When inflammation humans body will 

response by inducing inflammatory cytokines to be pro-

inflammatory cytokines (IL-1β, IL-6, TNF-α) [6–9]. Another 

enzyme which is responsible during inflammations is 

Cyclooxygenase-2 (COX-2) The role of COX-2 is to activate 

prostacyclin (PGI2) production in humans body [10-11]. In the 

same time, the immune system will be produced anti-

inflammatory cytokine to suppress inflammatory. Bare et al., [12] 

reported IL-10 as anti-inflammatory agent became mutation in 

case of inflammation. These conditions lead to reduce function IL-

10 as an agent of anti-inflammatory. Other research showing that 

some of the protein bands have been losing in case of 

inflammatory disease [13]. Therefore, treatment in inflammation 

case uses drugs. 

Compound of nonsteroidal anti-inflammatory drugs (NSAIDs) are 

one of the most commonly used medicines. NSAIDs are the drugs 

which use to suppress the COX-2 associated PGE2 production 

[14].  

The use of synthetic drugs as agent anti-inflammatory often cause 

several side effects so patients are suggested to take combinational 

oral medicine to maximize the healing chance and also to 

minimized the toxicity of the drugs [15-16].  

The aims of this paper to investigate and analysis of potential 

chemical compound caffeic acid as an anti-inflammatory agent to 

inhibit COX-2 by in silico approach. 

2. MATERIALS AND METHODS 

2.1. Ligand Preparation. 

Structure 3D of caffeic acid (CID 689043) was taken from the 

database of PubChem.com. Ligand structure optimized energy by 

PyRx Virtual screening tool Open Babel tool. Ligand, which 

formed SDF file format converted to pdb format by in PyRx 

Virtual screening software.  

2.2. Protein Preparation. 

Protein data bank (PDB) from http://www.rscb.org. used to take 

the structure of COX-2 (ID= 6cox) [17].  COX-2 receptor 

downloaded in .pdb file. Removing water molecules, which 

incorporated with the receptor, used Discovery Studio Client 4.1. 

2.3. Molecular Docking.  
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Ligand and receptor were docked. Moleculer docking ligand and 

protein established using the Hex 8.0.0 software. Visualization and 

analysis data from the molecular interactions of caffeic acid and 

COX-2 in the Discovery Studio software V 4.1. In this section, we 

analyzed the free energy of binding (∆G), amino acid residues and 

types of hydrogen bond. The higher ligand affinity towards the 

active site of the used receptor has more negative ∆G [18]. 

3. RESULTS  

 Caffeic acid (3,4-Dihydroconnamic acid) is one of the 

coffee chemicals compounds that have potent antioxidants and 

impart several health benefits like protecting the body from the 

hazardous effects of free radicals. The presence of caffeic acid 

slows inflammation process in human body [19].  

Caffeic acid has phytochemical properties which is easily 

absorbed and very high permeability (Table 1) because of the 

molecular weight of caffeic acid 180.159<500, the log coefficient 

of octanol/air (log P) 1.1956<5; H-bond donor (HBD) 3<5; and H-

receptor bond (HBA) 3<10 based on Lipinski et al., [20] can be 

continued in silico analysis. 

 

Table 1. The physicochemical properties of caffeic acid compounds used the pkCSM online tool. 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. 

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

Caffeic Acid 180.159 1.1956 2 3 3 74.381 Yes 

 

 Interaction between ligand and receptor result in seven 

amino acid residues that bind with caffeic acid. They are LEU224, 

SER146, LEU145, GLU140, ASN144, SER143 (Domain A) and 

LEU 238 (Domain B). Interestingly, we found Pi-AlkYl in 

LUE145 (Figure 1). Hydrogen bonds we found in amino acid 

residues SER146, GLU140, and SER143, besides that Van Der 

Waals interaction in Amino Acid Residues LEU224, LEU238 

AND ASN144. Hydrogen bonds have variety distance interactions 

around 2.2467-5.37782. The small distance formed by the 

hydrogen bond and amino acid residue from COX-2 in amino acid 

residue GLU140 will make the hydrogen bond stronger (table 2). 

Other function the bond caused interaction between caffeic acid 

and COX-2 protein bond is more stable. Xu D, Tsai, & Nussinov 

(1997) analyzed the smaller distance of hydrogen to the acceptor 

lead the hydrogen bond will be stronger [21]. Interaction ligand 

and protein had the energy binding of -210.23cal/mol (Table 2). 

 
Figure 1. Molecular interaction between Caffeic Acid and COX-2. a. 

Ligand and Protein interactions, b. 2D structure interaction, c. 3D 

structure interaction, d. Hydrophobicity complex. 

 

 In our previous study, showed that effect of therapeutic nutrition 

against inflammation has a negative effect on COX-2 activity [22]. 

COX-2 blocking has a serious effect on tissue improvement. In 

another side, COX-2 inhibitor also has the potential function to 

become therapeutic amelioration from damaged tissue. COX-2 has 

function in biosynthesis of prostaglandins. The gene activated 

when the inflammation process occurs in human body. COX-2 

will increase inflammation [23]. 

Interaction between cafeeic acid and COX-2 mediated by blocking 

JNK, p38 and ERK phosphorylation. These interaction indicated 

that ligan (caffeic acid) has a potential role effective to suppress 

the UVB-activated signaling pathway. Caffeic acid one of the 

polyphenols that have small molecules with structures same with 

other pharmacological kinase inhibitors, and these can bind with 

specific kinases to reduce their activities [24]. 

Compare to other research, caffeic acid affects inhibited COX-2 

conducted some metabolic effect. COX-2 pathway metabolites 

also directly linked to the development of tissue damage such as 

neuron tissue. Freshwater et al., [25] reported increased COX-2 

expression and activity, as measured by PGE2 content, in the 

spinal cords of diabetic rats compared to normal rats. Increasing 

COX-2 expression was associated with enhanced pain behavior 

and hyperglycemia. In this research model, selective COX-2 

inhibitor and resulted that COX-2 inhibitor can reduce markers of 

hyperglycemia within affected in a neuropathy. 

When inhibit COX-2 will stop conversion of prostaglandin G2 to 

prostaglandin H2 and decreased in superoxide production and, 

subsequent lipid peroxidation, therefore reduce the inflammation 

in human’s body. 

 

Table 2. Interaction Caffeic Acid and Cyclooxygenase-2 (COX-2). 
Complexes Energy (cal/mol) Name Distance Category Types from chemistry to chemistry 

 

 

 

Caffeic Acid-COX-2 
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4. CONCLUSIONS 

 Caffeic acid has easily absorbed and has high permeability 

interaction with protein based on Lipinski Rules. The interactions 

between COX-2 and caffeic acid by hydrogen bond type. Seven 

amino acid residues which interacted with the caffeic acid. This 

interaction with energy binding -210.23cal/mol. Based on the 

result, Caffeic acid has therapy potential to inhibit mediator 

inflammation COX-2 and will be blocked peroxidase dependent 

that will the conversion of prostaglandin G2 to prostaglandin H2 

and caused decreased in superoxide production and, subsequent 

lipid peroxidation. 

5. REFERENCES 

1. Dong, J. Coffee Drinking and Pancreatic Cancer Risk: A 

Meta-Analysis of Cohort Studies. World J. Gastroenterol. 2011, 

17, 1204, https://doi.org/10.3748/wjg.v17.i9.1204. 

2. Gökcen, B.B.; Şanlier, N. Coffee Consumption and Disease 

Correlations. Crit. Rev. Food Sci. Nutr. 2019, 59, 336–348, 

https://doi.org/10.1080/10408398.2017.1369391. 

3. Da Cunha, F.M.; Duma, D.; Assreuy, J.; Buzzi, F.C.; Niero, 

R.; Campos, M.M.; Calixto, J.B. Caffeic Acid Derivatives: In 

Vitro and In Vivo Anti-Inflammatory Properties.                          

Free Radic. Res. 2004, 38, 1241–1253, 

https://doi.org/10.1080/10715760400016139. 

4. Abdulkhaleq, L.A.; Assi, M.A.; Abdullah, R.; Zamri-Saad, 

M.; Taufiq-Yap, Y.H.; Hezmee, M.N.M. The Crucial Roles of 

Inflammatory Mediators in Inflammation: A Review. Vet. World 

2018, 11, 627–635, https://doi.org/10.14202/vetworld.2018.627-

635. 

5. Phalitakul, S.; Okada, M.; Hara, Y.; Yamawaki, H. Vaspin 

Prevents TNF-α-Induced Intracellular Adhesion Molecule-1 via 

Inhibiting Reactive Oxygen Species-Dependent NF-ΚB and 

PKCθ Activation in Cultured Rat Vascular Smooth Muscle 

Cells. Pharmacol. Res. 2011, 64, 493–500, 

https://doi.org/10.1016/j.phrs.2011.06.001. 

6. Blair, P.A.; Noreña, L.Y.; Flores-Borja, F.; Rawlings, D.J.; 

Isenberg, D.A.; Ehrenstein, M.R.; Mauri, C. 

CD19+CD24hiCD38hi B Cells Exhibit Regulatory Capacity in 

Healthy Individuals but Are Functionally Impaired in Systemic 

Lupus Erythematosus Patients. Immunity 2010, 32, 129–140, 

https://doi.org/10.1016/j.immuni.2009.11.009. 

7. Heine, G.; Niesner, U.; Chang, H.D.; Steinmeyer, A.; Zügel, 

U.; Zuberbier, T.; Radbruch, A.; Worm, M. 1,25-

Dihydroxyvitamin D 3 Promotes IL-10 Production in Human B 

Cells. Eur. J. Immunol. 2008, 38, 2210–2218, 

https://doi.org/10.1002/eji.200838216. 

8. Iwata, Y.; Matsushita, T.; Horikawa, M.; DiLillo, D.J.; 

Yanaba, K.; Venturi, G.M.; Szabolcs, P.M.; Bernstein, S.H.; 

Magro, C.M.; Williams, A.D.; Hall, R.P.; Clair, W.S.; Tedder, 

T.F. Characterization of a Rare IL-10–Competent B-Cell Subset 

in Humans That Parallels Mouse Regulatory B10 Cells. Blood 

2011, 117, 530–541, https://doi.org/10.1182/blood-2010-07-

294249. 

9. Milovanovic, M.; Heine, G.; Zuberbier, T.; Worm, M. 

Allergen Extract-Induced Interleukin-10 in Human Memory B 

Cells Inhibits Immunoglobulin E Production. Clin. Exp. Allergy 

2009, 39, 671–678, https://doi.org/10.1111/j.1365-

2222.2009.03233.x. 

10. Al-Saeed, A. Gastrointestinal and Cardiovascular Risk of 

NonsteroidalAnti-Inflammatory Drugs. Oman Med. J. 2011, 26, 

385–391, https://doi.org/10.5001/omj.2011.101. 

11. Knights, K.M.; Mangoni, A.A.; Miners, J.O. Defining the 

COX Inhibitor Selectivity of NSAIDs: Implications for 

Understanding Toxicity. Expert Rev. Clin. Pharmacol. 2010, 3, 

769–776, https://doi.org/10.1586/ecp.10.120. 

12. Bare, Y.; Marhendra, A.; Sasase, T.; Fatchiyah, F. 

Differential Expression of IL-10 Gene and Protein in Target 

Tissues of Rattus Norvegicus Strain Wistar Model Type 2 

Diabetes Mellitus (T2DM). Acta Inform. Medica 2018, 26, 87, 

https://doi.org/10.5455/aim.2018.26.87-92. 

13. Bare, Y.; Fatchiyah, F. Profil Protein pada Organ Tikus 

(Rattus norvegicus) Model Diabetes Melitus Tipe 2 (DMT2). 

Biota 2018, 11, 1–12, https://doi.org/10.20414/jb.v11i1.95. 

14. Ullah, A.; Ashraf, M.; Javeed, A.; Anjum, A.A.; Attiq, A.; 

Ali, S. Enhancement of Anti-Proliferative Activities of 

Metformin, When Combined with Celecoxib, without Increasing 

DNA Damage. Environ. Toxicol. Pharmacol. 2016, 45, 227–

234, https://doi.org/10.1016/j.etap.2016.05.017. 

15. Chaudhury, A.; Duvoor, C.; Reddy Dendi, V.S.; Kraleti, S.; 

Chada, A.; Ravilla, R.; Marco, A.; Shekhawat, N. S.; Montales, 

M. T.; Kuriakose, K.; Susapu, A.; Beebe, A.; Patil, N.; Musham, 

C.K.; Lohani, G.P.; Mirza, W. Clinical Review of Antidiabetic 

Drugs: Implications for Type 2 Diabetes Mellitus               

Management. Front. Endocrinol. 2017, 8, 

https://doi.org/10.3389/fendo.2017.00006. 

16. Kesuma, D.; Siswandono, S.; Purwanto, B.T.; Hardjono, S. 

Uji in silico Aktivitas Sitotoksik dan Toksisitas Senyawa 

Turunan N-(Benzoil)-N’- feniltiourea Sebagai Calon Obat 

Antikanker. JPSCR J. Pharm. Sci. Clin. Res. 2018, 3, 1, 

https://doi.org/10.20961/jpscr.v3i1.16266. 

17. Kurumbail, R.G.; Stevens, A.M.; Gierse, J.K.; McDonald, 

J.J.; Stegeman, R.A.; Pak, J.Y.; Gildehaus, D.; Iyashiro, J.M.; 

Penning, T.D.; Seibert, K.; Isakson, P.C.; Stallings, W.C. 

Structural Basis for Selective Inhibition of Cyclooxygenase-2 by 

Anti-Inflammatory Agents. Nature 1996, 384, 644–648, 

https://doi.org/10.1038/384644a0. 

18. Pratama, M.R.F.; Gusdinar, T. Docking Study of Secondary 

Metabolites from Glycyrrhiza Glabra as PPAR-γ Agonist. 

Biointerface Res. Appl. Chem. 2019, 9, 4006–4010, 

https://doi.org/10.33263/BRIAC94.006010. 

19. Butt, M.S.; Sultan, M.T. Coffee and Its Consumption: 

Benefits and Risks. Crit. Rev. Food Sci. Nutr. 2011, 51, 363–

373, https://doi.org/10.1080/10408390903586412. 

20. Lipinski, C.A.; Lombardo, F.; Dominy, B.W.; Feeney, F. J. 

Experimental and Computational Approaches to Estimate 

Solubility and Permeability in Drug Discovery and Development 

Settings. Adv. Drug Deliv. Rev. 1997, 23, 3–25, 

https://doi.org/10.1016/S0169-409X(96)00423-1. 

21. Santoso, B.; Atmajaya, T.E.; Tirtodiharjo, M.K. Kajian 

Docking Senyawa 4-[(Z)-N-(4-hidroksifenil) carboksimidoil]-2- 

metoksifenol Sebagai Inhibitor Cox-2 Menggunakan Plants. 

2016, 8. 

22. Rachmad, Y.T.; Wihastuti, T.A.; Miyajima, K.; Fatchiyah, F. 

Activity of Caprine CSN1S2 Protein Reducing the COX-2 and 

IL-17 Expression of Aorta Tissue in Type 2 Diabetes Mellitus 

Rat. J. Math. Fundam. Sci. 2018, 50, 332–345, 

https://doi.org/10.5614/j.math.fund.sci.2018.50.3.8. 

23. Shi, H.; Dong, L.; Jiang, J.; Zhao, J.; Zhao, G.; Dang, X.; Lu, 

X.; Jia, M. Chlorogenic Acid Reduces Liver Inflammation and 

Fibrosis through Inhibition of Toll-like Receptor 4 Signaling 

Pathway. Toxicology 2013, 303, 107–114, 

https://doi.org/10.1016/j.tox.2012.10.025. 

https://doi.org/10.3748/wjg.v17.i9.1204
https://doi.org/10.1080/10408398.2017.1369391
https://doi.org/10.1080/10715760400016139
https://doi.org/10.14202/vetworld.2018.627-635
https://doi.org/10.14202/vetworld.2018.627-635
https://doi.org/10.1016/j.phrs.2011.06.001
https://doi.org/10.1016/j.immuni.2009.11.009
https://doi.org/10.1002/eji.200838216
https://doi.org/10.1182/blood-2010-07-294249
https://doi.org/10.1182/blood-2010-07-294249
https://doi.org/10.1111/j.1365-2222.2009.03233.x
https://doi.org/10.1111/j.1365-2222.2009.03233.x
https://doi.org/10.5001/omj.2011.101
https://doi.org/10.1586/ecp.10.120
https://doi.org/10.5455/aim.2018.26.87-92
https://doi.org/10.20414/jb.v11i1.95
https://doi.org/10.1016/j.etap.2016.05.017
https://doi.org/10.3389/fendo.2017.00006
https://doi.org/10.20961/jpscr.v3i1.16266
https://doi.org/10.1038/384644a0
https://doi.org/10.33263/BRIAC94.006010
https://doi.org/10.1080/10408390903586412
https://doi.org/10.1016/S0169-409X(96)00423-1
https://doi.org/10.5614/j.math.fund.sci.2018.50.3.8
https://doi.org/10.1016/j.tox.2012.10.025


The potential role of caffeic acid in coffee as cyclooxygenase-2 (COX-2) inhibitor: in silico study 

Page | 4427  

24. Kang, N.J.; Lee, K.W.; Shin, B.J.; Jung, S.K.; Hwang, M.K.; 

Bode, A.M.; Heo, Y.S.; Lee, H.J.; Dong, Z. Caffeic Acid, a 

Phenolic Phytochemical in Coffee, Directly Inhibits Fyn Kinase 

Activity and UVB-Induced COX-2 Expression. Carcinogenesis 

2008, 30, 321–330, https://doi.org/10.1093/carcin/bgn282. 

25. Freshwater, J.D.; Svensson, C.I.; Malmberg, A.B.; Calcutt, 

N.A. Elevated Spinal Cyclooxygenase and Prostaglandin 

Release During Hyperalgesia in Diabetic Rats. Diabetes 2002, 

51, 2249–2255, https://doi.org/10.2337/diabetes.51.7.2249. 

 

 

 

© 2019 by the authors. This article is an open access article distributed under the terms and conditions of the 

Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

 

 

 

 

https://doi.org/10.1093/carcin/bgn282
https://doi.org/10.2337/diabetes.51.7.2249

