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Abstract: Turmeric (Curcuma longa) and Tamarind (Tamarindus indica) are known for the anti-

inflammatory and antioxidant activity. The major bioactive compound found in turmeric is curcumin, 

and tamarind is procyanidin. Both compounds could reduce prostaglandin concentration, leading to the 

reduction of primary dysmenorrhea by inhibiting COXs. This study aims to identify the interaction of 

tamarind and turmeric bioactive compounds as single isolated compound and complex compounds to 

COXs using in silico as a model study. Proteins and bioactive compounds were obtained from PDB 

database and Pubchem, respectively. Both proteins and ligands will be prepared using Discovery Studio 

Client 3.5 and PyRx 0.8. The interaction will be performed by docking using Autodock Vina in PyRx 

0.8. It showed that turmeric and tamarind bioactive compounds in single isolated form have potency in 

inhibiting COX-1/COX-2, and both ligands bind to the catalytic site of proteins. Binding sites are 

surrounding the binding site of the natural substrate with an efficient binding affinity. In the complex 

form of turmeric-tamarind, the binding affinity is not as efficient as single compounds. However, its 

complex form of both compounds provides strong inhibition. This study suggested that complex forms 

of curcumin and procyanidin can reduce prostaglandin concentration and stabilize protein-ligand 

interaction lead to healing dysmenorrhea. 
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1. Introduction 

Drug treatment and therapy named traditional herbs currently developed from natural 

bioactive compounds. Traditional herbs widely used by the public and reported could treat the 

health-related problem, such as inflammation. Tamarind (Tamarindus indica) and turmeric 

(Curcuma longa) are traditional herbs cultivated in Indonesia and known for the potential. Both 

traditional herbs can treat health problems such as pain, dysenteric, fever, coughs,  rheumatism, 

diarrhea, has anti-bacterial, anti-inflammatory, antioxidant properties, chemopreventive, and 
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chemotherapeutic activity [1–4]. Traditionally, consuming traditional herbs as a crude material 

and combining some herbs assumed has a better effect than an isolated compound. It consists 

of various bioactive compounds, improving physiological activity, and provide better effects 

because of the interaction of each compound in the complex then lead to less side effect [5–9].  

 Primary dysmenorrhea is an occurrence in ovulating women and noticed with intense 

pain menstrual cramps. It related to endometriosis spastic uterine hypercontractility. Pain in 

primary dysmenorrhea is related with a high concentration of PGE2 and PGF2α. Pain could be 

reduced by cyclooxygenases (COX) enzyme inhibitor drugs, such as ibuprofen and mefenamic 

acid [10–13]. COX is a protein that responds to inflammation activity. COX-1 enzyme 

modulates the initial phase of acute inflammation, while COX-2 enzyme is one essential factor 

of inflammation [14,15]. The activity of COXs leads to prostaglandin synthesis and causing 

primary dysmenorrhea. According to that issue, natural compounds are identified to develop 

drugs to inhibit COXs enzyme activity [14,16]. Some study also develops treatment and 

therapy by using bioactive compounds, such as tamarind and turmeric. A combination of those 

herbs was believed to give a significant effect in treatment and therapy (3,17,18).  

 According to the previous research, procyanidins, catechins, taxifolin, apigenin, 

luteolin, and naringenin are specific flavonoids of T. indica that has been isolated and 

identified. Flavonoids could be 5-lipoxygenase enzyme inhibitor, lead to low inflammation. 

Among flavonoids in T. indica, procyanidins build up 60% of the phytochemicals and known 

for the anti-inflammatory and analgesic activity [19–22]. Moreover, C. longa is a well-known 

traditional herb and provides many biological activities, especially anti-inflammatory activity. 

This herb plays a vital role in reducing inflammation. It is able to prevent biosynthesis of 

inflammatory prostaglandin from arachidonic acid. Curcumin, major bioactive compounds of 

turmeric, can interact with LOX, COX, phospholipase, TNF, and other pro-inflammatory 

proteins lead to reducing inflammatory activity [1,23–25].  

 Treatment using medicinal plants is treatment using all parts of a plant or plant mixture. 

The mixture of plant extracts has greater activity than isolated constituents [26]. In Indonesia, 

tamarind and turmeric are often consumed together, named kunir asem to reduce menstruation 

pain and provide physiological effects [27]. It has been widely consumed, but the molecular 

interaction of proteins and ligands still not well-studied. This study aims to identify the 

interaction of tamarind and turmeric bioactive compounds as single isolated compound and 

complex compounds to COX-1 and COX-2 by using in silico for model study. 

 

2. Materials and Methods 

2.1. Proteins and Ligands Preparation. 

Protein structure of COX-1 (1EQG) and COX-2 (6COX) were retrieved from PDB 

database and were prepared using Discovery Studio Client 3.5 by removing ligands and water 

molecules. Pubchem databases were used to obtain ligands structure, curcumin (CID 

44559528), and procyanidin (CID 31211). Ligands structures were prepared using PyRx 0.8 

by minimizing the energy and converting it to PDB extension. 
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2.2. Docking. 

Proteins and ligands were docked by Autodock Vina in PyRx 0.8. Docking results were 

analyzed using Discovery Studio Client 3.5 (http://www.3dsbiovia.com). The analysis based 

on two dimensions and three dimensions visualization, also the compilation table.  

3. Results and Discussion 

3.1. Interaction of Single Compounds (Curcumin and Procyanidin) to COXs Protein. 

This study provides a compilation of proteins-ligands interactions (Table 1). In the 

binding energy, the lowest energy suggested the most efficient interaction. As shown in table 

1, both bioactive compounds can interact strongly with COXs isomers. It indicates that 

procyanidin and curcumin could be COX inhibitors. Interaction of COX-1 with curcumin 

(Figure 1a, Table 1) posed a strong binding.  It is shown in the figure that the binding is 

surrounding catalytic sites,  the binding site of arachidonic acid with COX-2 (Tyr-385), and 

dominated by hydrogen bond indicated the strong binding. As for the procyanidin with COX-

1 binding (Figure 1b, Table 1), it also mostly consists of hydrogen and hydrophobic interaction. 

The interaction of ligands with COX-1 is shown for the potential. Interestingly, interactions of 

ligands with COX-2 showed some similarities with COX-1. It forms binding within the 

specified sites, which predicted that tamarind and turmeric could work effectively both in 

COX-1 and COX-2. As shown in figure 1c, interactions formed in the active sites which placed 

for protein synthesis of the enzyme. Although this is curcumin, the interactions are similar to 

COX-1 and procyanidin binding. The interactions are closely formed within Tyr385 and 

supposed could inhibit COX-2 activity effectively. However, COX-2 and procyanidin binding 

are likely the same with COX-2 and curcumin binding. From this result, it suggested that the 

binding of tamarind and turmeric are specific to COX-2. 

The binding of curcumin and procyanidin both occur nearly with Tyr-385 and Ser-530. 

The Tyr-385 and Ser-530 are responsible for prostaglandin synthesis [28]. Binding near those 

amino acid residues might lead to blocking prostaglandin synthesis. Interestingly, the 

interactions of curcumin and procyanidin that occur in COX-1 and COX-2 had bonding that 

can modulate the efficiency of ligand binding [29,30]. It has hydrogen bonds and hydrophobic, 

bonds which make a strong binding and stabilize the protein-ligand binding, respectively [31]. 

The interaction of procyanidin-curcumin to COXs also posed an electrostatic bond, improving 

ligand efficiency [29,32]. 

 

Table 1. Interaction of Curcumin and Procyanidin to COX-1 and COX-2 

Protein Ligand Name Category 
From 

chemistry 

To 

chemistry 

Binding 

affinity 

(kcal/mol) 

COX-1 

Curcumin 

A:GLY225:N - :LIG1:O 
Hydrogen 

Bond 
H-Donor H-Acceptor 

-7,6 

A:ARG374:NH2 - 

:LIG1:O 

Hydrogen 

Bond 
H-Donor H-Acceptor 

B:ARG374:NH2 - 

:LIG1:O 

Hydrogen 

Bond 
H-Donor H-Acceptor 

:LIG1:C - A:PHE142:O 
Hydrogen 

Bond 
H-Donor H-Acceptor 

B:VAL145:CG2 - :LIG1 Hydrophobic C-H Pi-Orbitals 

-10 
Procyanidin 

:LIG1:H - :LIG1:O 
Hydrogen 

Bond 
H-Donor H-Acceptor 

:LIG1:H - B:ASN375:O 
Hydrogen 

Bond 
H-Donor H-Acceptor 
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Protein Ligand Name Category 
From 

chemistry 

To 

chemistry 

Binding 

affinity 

(kcal/mol) 

:LIG1:H - A:GLY225:O 
Hydrogen 

Bond 
H-Donor H-Acceptor 

:LIG1:C - A:SER143:O 
Hydrogen 

Bond 
H-Donor H-Acceptor 

B:ARG374:NH2 - :LIG1 Electrostatic Positive Pi-Orbitals 

B:ARG374:NH2 - :LIG1 Electrostatic Positive Pi-Orbitals 

:LIG1 - :LIG1 Hydrophobic Pi-Orbitals Pi-Orbitals 

A:VAL145 - :LIG1 Hydrophobic Alkyl Alkyl 

B:VAL145 - :LIG1 Hydrophobic Alkyl Alkyl 

:LIG1 - B:VAL145 Hydrophobic Pi-Orbitals Alkyl 

:LIG1 - B:VAL145 Hydrophobic Pi-Orbitals Alkyl 

:LIG1:H - 

A:ARG374:NH2 
Unfavorable H-Donor H-Donor 

:LIG1:H - 

A:ARG376:NH1 
Unfavorable H-Donor H-Donor 

-7,7 

 

COX-2 

  

Curcumin 

A:ASN375:N - :LIG1:O 
Hydrogen 

Bond 
H-Donor H-Acceptor 

B:ASN375:N - :LIG1:O 
Hydrogen 

Bond 
H-Donor H-Acceptor 

:LIG1:C - A:SER143:O 
Hydrogen 

Bond 
H-Donor H-Acceptor 

A:ARG376:CD - 

:LIG1:O 

Hydrogen 

Bond 
H-Donor H-Acceptor 

:LIG1:C - :LIG1 Hydrophobic C-H Pi-Orbitals 

:LIG1 - :LIG1 Hydrophobic Pi-Orbitals Pi-Orbitals 

:LIG1 - A:LEU145 Hydrophobic Pi-Orbitals Alkyl 

:LIG1 - B:LEU145 Hydrophobic Pi-Orbitals Alkyl 

Procyanidin 

:LIG1:H - B:GLY225:O 
Hydrogen 

Bond 
H-Donor H-Acceptor 

-9,7 

:LIG1:H - B:GLY536:O 
Hydrogen 

Bond 
H-Donor H-Acceptor 

:LIG1:H - B:SER143:O 
Hydrogen 

Bond 
H-Donor H-Acceptor 

B:ASN375:N - :LIG1:O 
Hydrogen 

Bond 
H-Donor H-Acceptor 

B:ARG376:CD - 

:LIG1:O 

Hydrogen 

Bond 
H-Donor H-Acceptor 

B:ARG376:NH1 - :LIG1 Electrostatic Positive Pi-Orbitals 

:LIG1 - A:PHE142 Hydrophobic Pi-Orbitals Pi-Orbitals 

A:LEU145 - :LIG1 Hydrophobic Alkyl Alkyl 

:LIG1 - A:LEU145 Hydrophobic Pi-Orbitals Alkyl 

:LIG1 - B:LEU145 Hydrophobic Pi-Orbitals Alkyl 

:LIG1 - A:LEU145 Hydrophobic Pi-Orbitals Alkyl 

:LIG1 - B:PRO538 Hydrophobic Pi-Orbitals Alkyl 

Note: Bold is an acceptor 

 
Figure 1. Interaction of Cyclooxygenases (COX-1 and COX-2) to Curcumin and Procyanidin: (a) COX-1 with 

Curcumin; (b) COX-1 with Procyanidin; (c) COX-2 with Curcumin; (d) COX-2 with Procyanidin. 
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3.2. Complex Compound (Curcumin-Procyanidin) Interaction to COXs Protein. 

In the complex form, procyanidin-curcumin form a complex that interact in the specific 

binding site and predicted able to inhibit COXs. Based on the result, the curcumin-procyanidin 

complex had specificity in binding with COXs. Both compounds bind to the specific site in the 

COXs, suggested that those sites are specific of curcumin-procyanidin binding. The complex 

also consists of two compounds, which suggested improve the binding stabilization. In contrast, 

the binding affinity of two complex compounds is lower than a single compound (Figure 2). 

The binding affinity of COX-1 to curcumin and procyanidin are -7.6 kcal/mol and -10.0 

kcal/mol, respectively. While binding of the curcumin-procyanidin complex to COX-1 is -3.5 

kcal/mol, it also shows the same case in COX-2 binding. The binding affinity of COX-2 with 

curcumin and procyanidin is -7.7 kcal/mol and -9.7 kcal/mol, respectively. However, it needs 

-3.8 kcal/mol for the curcumin-procyanidin complex to bind with COX-2. The smaller number 

of binding affinity indicates stronger interaction [33]. The binding affinity does not show a big 

difference, but the curcumin-procyanidin complex is more likely to bind to COX-2. The 

complex compound may restrain to each other and lead to reduced binding affinity. 

From the visualization of complex binding, it suggested that complex compounds 

binding to COXs provide efficient inhibition. It blocks various sites and prevents the binding 

of natural arachidonic acid as the original substrate, leads to the reduction of prostaglandin 

synthesis. It proved that various binding sites showed by the analysis proved that crude material 

could be more effective than consuming individually. Strong and effective binding provided 

by each isolated compound interact with each other and posed a strong binding in complex 

compounds. Herbal plant complex compounds are a constituent that works synergistically with 

each other, thus improve the potential and safety than a single isolated compound [34–37]. A 

combination of phytochemical components performs a synergic mechanism resulting in the 

improvement of its biological activities in the body system [38–40]. This study indicates that 

menstrual pain could effectively reduce by tamarind-turmeric treatment. 

 
Figure 2. Complex binding of Curcumin with Procyanidin to COXs: (a) Curcumin-Procyanidin to COX-1; (b) 

Curcumin-Procyanidin to COX-2 

The clinical study of the turmeric-tamarind product showed the effectiveness of the 

product in reducing knee pain. It is able to improve the musculoskeletal function by reducing 
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inflammation. The product work by inhibit TNFα production and downregulate key 

inflammatory pain modulators; one of them is PGE2. It also showed the antioxidant activity by 

inhibiting NADPH oxidase activities [3,41]. Assessment of turmeric and tamarind drink effect 

on postpartum mothers showed a significant effect on the duration of perineal wound healing. 

The study suggested that anti-inflammatory, antioxidant, and anti-infectious activity of 

turmeric and tamarind contribute to wound healing [18]. Thus, the administration as a mixture 

will improve biological activity. 

4. Conclusions 

 In conclusion, tamarind and turmeric bioactive compounds have potency as a natural 

therapy for primary dysmenorrhea. In silico study proved that complex form of bioactive 

compounds could stabilize protein-ligand binding and have high binding affinity in inhibiting 

COXs. This study needs further investigation through toxicology and/or pre-clinical study of 

complex ginger bioactive compounds. 
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