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Abstract
Corona virus pandemic outbreak also known as COVID-19 has created an imbalance in 
this world. Scientists have adopted the use of natural or alternative medicines which are 
consumed mostly as dietary supplements to boost the immune system as herbal remedies. 
India is famous for traditional medicinal formulations which includes ‘Trikadu’—a combi-
nation of three acrids, namely Zingiber officinale, Piper nigrum and Piper longum which 
have antioxidant properties that boost our immune system hence acting as a strong preven-
tive measure. In this study, AutoDock 4.0 was used to study interaction between the phy-
tocompounds of Trikadu with RNA-dependent polymerase protein and enveloped protein 
of the SARS-CoV-2 virus. Analysis of the results showed that coumarin, coumaperine and 
bisdemethoxycurcumin showed strong bonding interactions with both the proteins. We can 
conclude that Trikadu has the potential molecules; hence, it can be incorporated in the diet 
to boost the immune system as a preventive measure against the virus.

Keywords  SARS-coV-2 · Immune response · Trikadu · Ginger · Pepper · Long pepper · 
Protein–ligand interactions

Introduction

The coronavirus (COVID-19) is an infectious disease-causing respiratory ailment affect-
ing the lungs caused by a novel strain of virus called severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). Corona viruses are a group of viruses found in many species 
including cattle, camel and bats which are responsible for the outbreak of respiratory ill-
ness [1]. The virus has a main presenting symptom which is pneumonia and is suspected 
of having originated from a local seafood market whose source is an unknown animal most 
likely assumed to be bat for being responsible for the emergence and spread of the novel 
strain of the coronavirus [2].
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The World Health Organization (WHO) along with the scientists have adopted using 
alternative traditional medicine which has benefits and working with institutions in select-
ing the traditional medicines which are showing high level of efficacy in clinical trials and 
using it as a treatment against COVID-19 [3–5].

The immune system provides a strong protection against foreign pathogens and by 
boosting it, we can strengthen the line of defence mechanism. We can avoid the immune 
weakening food and instead adding immune boosting food to our diet helps in provid-
ing strong defence mechanism to our body. This will avoid our body to be in a state of 
inflammation which further weakens our immune system. Avoiding processed, trans fat 
and excessive carbohydrate-rich foods and by increasing daily consumption of plant-based 
food will increase antioxidants in our body and combat oxidative stress which in turn boost 
mitochondrial and cellular functions because spices are highly antioxidant and immune 
protective [6].

We have chosen ‘Trikadu’, for this study which is a mixture of three acrids ginger (Zin-
giber official Roscoe), pepper (Piper nigrum) and long pepper (Piper longum). Trikadu 
have antioxidant and anti-inflammatory properties. The active phytocompounds of Trikadu 
help in boosting the immune system by minimizing the inflammation. Hence, in Trikadu, 
the combination of these effective phytocompounds can be used as potential agents in com-
bating the virus and aiding in faster recovery. Herbs are still found in 40% of the prescribed 
medicines, and the interest in using herbal remedies is preferred over chemical drugs due 
to less side effects in humans as it is in accordance with nature in its raw composition [7].

Ginger (Zingiber official Roscoe) belongs to the family Zingiberaceae is famous for its 
anti-inflammatory properties and is widely used as a medicinal product that is herbal in 
nature and which also shares similarities with anti-inflammatory drugs that are non-steroi-
dal in nature. Extracts of ginger consist of a complex multicomponent mixture of biologi-
cally active components including compounds which are structurally similar like gingerols, 
paradols and shogaols which account majorly for the anti-inflammatory properties [8].

Black pepper (Piper nigrum) is a native plant to the tropical regions of India and is also 
known as the ‘King of Spices’. It is used in Ayurveda, Unani and Siddha for thousands of 
years. According to Ayurveda, the pungency and the heating properties of the pepper help 
in metabolizing food as it helps in digesting it. The heat acts as a stimulant which clears 
congestion in the respiratory system [9].

Long pepper (Piper longum) is used in the traditional system of Ayurvedic medicine. It 
is most commonly used to treat diarrhoea, cholera, stomachache and respiratory infections. 
Long pepper is closely related to P. nigrum and comparatively has a hot flavour. The odour 
is peculiar and produces a very strong pungent taste which leaves the tongue numb. The 
piperine content is around 3–5% in P. longum [10].

Gallic acid, kaempferol, demethoxycurcumin, coumarin, coumaperine, bisdemethoxy-
curcumin, gingerol, (10)-gingerol, (8)-gingerol, shogaol and paradol are the major phenolic 
compounds present in the Trikadu. Coumarin (2H-1-Benzopyran-2-one) is a major phe-
nolic substance present in plants. They are commonly present in essential oils, green tea 
and chicory. Coumarin is a constituent of pepper plant and is used in anti-inflammatory 
activity, anticoagulant, antibacterial, antifungal, antiviral and anticancerous. They have 
wide pharmacological uses and can be used as a novel therapeutic target for ailments [11]. 
Demethoxycurcumin and bisdemethoxycurcumin are the ingredients of long pepper. They 
have a potential for curing many diseases affecting the liver, Alzheimer’s disease and Par-
kinson’s. They possess anti-inflammatory, antiviral, antibacterial and antioxidant proper-
ties. Demethoxycurcumin and bisdemethoxycurcumin give the yellow colour to the plant 
[12].
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The spike protein mediates the fusion of the viral and host membrane which contains 
a receptor binding domain (RBD) that attaches itself to the cell during the entry of the 
virus [13]. The receptor of SARS-CoV-2 is an angiotensin converting enzyme (ACE-2). 
The spike proteins involved in the cycle of virus include 6LXT which is an enveloped pro-
tein that plays a role in budding, fusion of envelope and pathogenesis that are involved 
in the life cycle of virus [14]. 6M71 protein is a SARS-CoV-2 and is an RNA-dependent 
RNA polymerase in complex with cofactors. The RNA-dependent RNA polymerase is the 
central component of the viral replication and transcription machinery; it also appeared to 
be the primary target of the antiviral drug remdesivir [15, 16].

Hence, these two proteins were selected to perform in silico analysis using molecular 
docking with the 11 bio-active phenolic components (ligands) of Trikadu, a mixture of 
three spices, and to study their potential therapeutic effectiveness and the scope of using it 
as an immune booster in combating the virus and an effective alternative remedy with no 
side effects in case of immuno-suppressed individuals too.

Materials and Methods

The 3D structures of ligands including gallic acid, kaempferol, demethoxycurcumin, 
coumarin, coumaperine, bisdemethoxycurcumin, gingerol, (10)-gingerol, (8)-gingerol, 
shogaol, paradol were obtained from PubChem in SDF format and converted to PDB 
format by Open Babel disciple to facilitate molecular docking analysis. The two proteins 
6LXT which is a structure of post fusion core of 2019-nCoV S2 subunit whose resolution 
is 2.90 Å by X-ray diffraction and 6M71 which is a SARS-Cov-2 RNA-dependent RNA 
polymerase in complex with cofactors whose resolution is 2.90 Å by electron microscopy 
are docked with the phenolic phytocompounds of ginger, pepper and long pepper using the 
software Marvin view, AutoDock 4.0, BIOVIA Discovery studio and PyMol for simula-
tion and visualization [17]. The best conformational pose was decided based on the RMSD 
table. The best conformations were observed using AutoDock which shows number of 
hydrogen bonds. Interaction poses with more number of hydrogen bonds were considered 
to be more stable interaction [18].

Molecular Docking

Protein and ligand preparation was done using AutoDock after downloading the structures 
from Protein Data Bank (PDB) and PubChem. Free-energy scoring function based on lin-
ear regression analysis and AMBER force field give an RMSD table which gives sum-
mary of the binding energies based on different interactions. This provides good quality of 
conformations of ligands and a strong correlation between the constant of inhibition and 
the experimental ones. The water molecules are removed from the proteins, so it does not 
interfere during the binding using AutoDock. Polar hydrogen was added using AutoDock 
while preparing the protein. The grid was prepared using Blind Docking, and AutoGrid 
was run, which gives the electrostatic potential maps and desolvation maps which are used 
by AutoDock to guide the docking process using the active site as the site of binding. Auto-
Dock was then run which gives the RMSD table that consists of rank, sub-rank, run, bind-
ing energy, cluster RMSD, reference RMSD and Grep pattern for each run. The runs with 
the highest ranking and minimum binding energies were selected. The interaction for the 
run with best binding energy was visualized using BIOVIA Discovery studio. This helps us 
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to identify the number of hydrogen bonds formed between the protein and ligand and gives 
information about the interacting amino acids.

Results and Discussion

The protein structures were obtained from PDB and docked with 11 compounds of ginger, 
pepper and long pepper of the Trikadu mixture. The AutoDock gave the possible confor-
mations of the ligand as well as the RMSD table which gave the binding affinities of the 
protein and the ligand. The conformations for each ligand were further analyzed by analys-
ing the number of hydrogen bonds formed to check the interactions with the target proteins 
and find out the amino acids involved in the interactions. PubChem ID, binding energy, 
root mean square division values and residues of target ligand molecule which interact 
with the proteins are given in the tables (Tables 1 and 2) below. These interactions were 
observed using BIOVIA Discovery studio to visualize the hydrogen bonds and the amino 
acids involved.

Molecular Docking Studies

Molecular docking studies of both the proteins (6LXT and 6M71) were docked with 11 
phenolic phytocompounds of the Trikadu mixture which acts as an immune booster that 
enables the first line of defence to boost the immune system (Supplementary Fig. 1, Sup-
plementary Fig. 2).

Based on the results of molecular docking studies, 6LXT post fusion core of 2019-
nCoV S2 subunit showed the best binding energy with coumarin (Fig. 1) and 6M71SARS-
Cov-2 RNA-dependent RNA polymerase showed the best binding energy with coumaper-
ine (Fig. 2).

From the comparative analysis (Fig.  3), we can observe that the binding energy of 
the “coumarin” (323) compound was the lowest with the 6LXT (enveloped protein) that 
is − 6.44 kcal/mol and the highest binding energy was of the interaction between (10)-gin-
gerol (168,115-6LXT) and 6LXT (enveloped protein) which was − 3.10 kcal/mol. Hence, 
coumarin has the most stable interaction followed by coumaperine (10,131,321), demeth-
oxycurcumin (5,469,424) and bisdemethoxycurcumin (5,315,472) showing that they were 
more effective in blocking the active site of the protein by interacting with them, indirectly 
leading to boosting the immune system and making it immune towards the virus.

These spices have been placed in the category of functional foods which are known for 
their health benefits in boosting the immune system [19, 20]. These phytocompounds have 
antioxidant properties needed and also prevent food rancidity hence making the consump-
tion safe [21]. Previous research also concludes that ginger is a good source as an antioxi-
dant and can be used as a supplement to boost the immune system [19].

From the comparative analysis done in Fig. 4, we can see that the binding energy of 
the coumaperine (10,131,321) and bisdemethoxycurcumin (5,315,472) was the lowest 
being − 7.50  kcal/mol and − 7.48  kcal/mol, respectively. This shows that the two ligands 
were highly stable and require the least binding energy to interact with the 6M71 (RNA-
dependent RNA polymerase protein). Following them are demethoxycurcumin (5,469,424) 
and coumarin (323).ww
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Fig. 1   Interaction of post fusion 
core of 2019-nCoV S2 subunit 
with coumarin

Fig. 2   Interaction of RNA-
dependent RNA polymerase 
protein with coumaperine
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From the analysis of results, we can see that the compounds coumarin, coumaperine 
and bisdemethoxycurcumin show good binding activity and are an active component of 
pepper and ginger, respectively. The highest binding energy is again of (10)-gingerol 
which means it has the least number of hydrogen bonds formed with both the proteins 
of 6LXT and 6M71 but it is unstable. The best binding molecule, coumarin, showed 
interaction with amino acid residues such as ASN955 with 6LXT protein and PRO627, 
ASN628, ARG349, PRO461, PRO677, ASN459, MET629, GLU350, THR462 and 
VAL315 with 6M71 protein which is shown in Tables 1 and 2.

These docking studies give the information of binding potential of phenolic com-
pounds with both the target protein. All the compounds were more effective in blocking 

Fig. 3   Binding energies of post fusion core of 2019-nCoV S2 subunit protein with the compounds

Fig. 4   Binding energies of RNA-dependent RNA polymerase protein with the compounds
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the protein and can be effective as a preventive measure against COVID-19 and can be 
consumed on regular levels to boost the immune system. The phytocompounds present 
in pepper is an excellent source for harnessing therapeutic effects using bioavailability 
of the drug metabolism. The oxidative damage is protected by quenching of free radicals 
which in turn increases the antioxidants and prevents oxidative stress. It also activates 
the delay of procarcinogens growth by using drug metabolizing systems hence being a 
potential antitumor agent [22]. The phytocompounds of long pepper (Piper longum) are 
used extensively in Ayurveda, Unani and Siddha for disease related to respiratory tracts 
[23].

This study is performed to demonstrate the efficacy of phytocompounds of Trikadu. 
Hence, consumption of Trikadu can reduce the severity of the symptoms of COVID-19 
virus. Trikadu functions as a natural immune booster using natural spices of ginger (Zin-
giber officinale), pepper (Piper nigrum) and long pepper (Piper longum) in equal ratio. 
These spices are responsible and mainly involved in boosting the immune system by pos-
sessing strong anti-inflammatory and antioxidant properties which increases the immune 
response and acts as a second line of defence by keeping the body enriched with the 
required antioxidants. COVID-19 is linked to the diet, and maintaining a healthy diet dur-
ing a pandemic increases the survival of the host and keeps the body healthy and not in 
an inflamed state. The future scope of the study includes formulating an antioxidant drink 
which consists of the spices ginger, pepper and long pepper and the combination of all 
the three spices. This formulated powerful drink can be used in adequate dosage and con-
sumed on a regular basis to boost the immune system and keep the body enriched with 
antioxidants and in an anti-inflammatory which will promote faster healing and increase 
the production of antibodies in blood. The future work also includes using different spices 
and performing an in silico analysis to find the scope of the natural spices whose bioavail-
ability is high and to provide second line of defence in avoiding many health issues and 
increasing the lifespan simultaneously. Hence, this in silico analysis showed the scope of 
therapeutic effectiveness of Trikadu combination of three acrids ginger, pepper and long 
pepper in battling COVID-19 and controlling the pandemic.

Conclusion

This docking study using the phytocompounds of Trikadu shows that they are more effec-
tive in blocking the protein of COVID19. Thus, Trikadu can be an effective preventive 
measure against COVID-19 and can be consumed on regular levels to boost the immune 
system by possessing strong anti-inflammatory and antioxidant and also acts as a second 
line of defence by keeping the body enriched with the required antioxidants. COVID-19 is 
linked to the diet, and maintaining a healthy diet during pandemic keeps the body healthy.
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