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ABSTRACT 
Interleukin-6 (IL-6) is a type of cytokine that is most often produced when there is inflammation of the respiratory 
system. Andrographolide, a diterpenoid lactone has been shown to inhibit the amount of IL-6 by binding to IL-6 
receptors on human cells. This research was conducted to determine the other potential of diterpenoid lactones from 
Andrographis paniculate in inhibiting IL-6 with a computational chemistry approach method. The hexameric human 
IL-6 complex (1P9M) crystal structure was downloaded from the Protein Data Bank. The test compounds were built 
using MarvinSketch of ChemAxon and were subjected to energy minimization using the MMFF94 force field partial 
charges in the LigandScout software. Molecular Docking and Pharmacophore Modeling was carried out on an 
autodock algorithm that was embedded in Ligand Scout. The result showed that andrographolide has the best 
interaction with the IL-6 receptor with a binding affinity (Ei = -8.05 kcal/mol) and inhibition constant (Ki = 1.26 μM). 
Pharmacophore modeling of andrographolide in the IL-6 active site was validated against the training set of active 
ligands and decoys. The Pharmacophore features show the hydroxyl group on the C-14 atom acts as a hydrogen bond 
donor with Asn136 and hydrogen bond acceptor with Lys66. The hydroxyl group on the C-19 atom acts as a hydrogen 
bond acceptor with Leu57 and Ala58. Hydrophobic functional groups interact with Ala56, Leu62, Leu64, and Leu165. 
From the results of the study, it was concluded that andrographolide interacts well with the active site of IL-6, and has 
the potential to act as an IL-6 inhibitor that can prevent the release of cytokines that may be useful in the treatment of 
COVID-19. 
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INTRODUCTION 
COVID-19 is a disease caused by a viral infection that attacks the respiratory system with complications of 
lung damage that causes high mortality in the elderly or people with serious comorbidities. This lung 
damage is caused by the occurrence of a cytokine storm associated with increased interleukin-6 (IL-6). 
Therapeutic targeting of the IL-6 signaling pathway could attenuate such a cytokine storm and could benefit 
patients with COVID-19 at risk of pulmonary failure.1 IL-6 is a protein that plays an important role in the 
initiation and formation of cytokine storms in COVID-19 patients. The main effect of cytokines is to 
stimulate inflammation, stimulate cell proliferation, wound healing, and cancer, where it promotes 
metastasis.2 The development of an inhibitor that blocks the activation of IL-6 signaling has been used 
successfully in the treatment of autoimmune diseases and anticancer therapy, but its effectiveness is not 
very high when used in monotherapy,3,4 therefore its effectiveness needs to be increased by simultaneous 
targeting of other cytokines.5 The results of a study conducted on patients in the hospital from March 6 to 
May 30, 2020, revealed that anti-IL6 drugs appear to be effective in the treatment of moderate to severe 
forms of COVID-19 pneumonia reducing the risk of death from multi-organ failure, acting at a high level 
of systemic and reduces the level of inflammation and therefore microvascular complications.6 

Andrographis paniculata is a medicinal plant that is widely used in various countries. Its main constituents 
are diterpenoid lactones consisting of andrographolide; 14-deoxyandrographolide; neoandrographolide; 14-
deoxy-11,12-didehydroandrographolide; 14-deoxy-14,15-dehydroandrographolide; andrograpanin; 
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isoandrographolide; 14-acetylandrographolide; 19-O-acetylanhydroandrographolide.7 Methanol extract 
from Andrographis paniculata decreases IL-6 secretion and TNF- expression under inflammatory 
conditions.8 It was reported that the extract of Andrographis paniculata could significantly increase serum 
levels of IL-2 and TIMP-1. Administration of extract in test animals carrying metastatic tumors can reduce 
the level of proinflammatory cytokines such as IL-1β, IL-6, GM-CSF, and TNF-α effectively..9 Expression 
of IL-6 and suppression of IL-6-mediated signaling could be inhibited by Andrographolide. 
Andrographolide inhibits IL-6 release at protein levels and the mRNA in a dose-dependent manner. 
Andrographolide suppresses IL-6 autocrine and paracrine loop-induced cell signaling including 
phosphorylation of Stat3 and Erk.10 This research was conducted to determine the other potential of 
diterpenoid lactones from Andrographis paniculata in IL-6 inhibition. The in-silico method was used as a 
first step to screen the potential compounds which can be developed as new drug candidates for the 
treatment of COVID-19. 

EXPERIMENTAL 
Hardware and Software  
Hardware used was MacBook Pro (13-inch, M1, 2020) embedded with macOS Big Sur Version 11.4, Chip 
Apple M1 processor, the memory of 8 GB. Software used was MarvinSketch 17.11.0 (Academic License), 
LigandScout 4.4.3 build 20200121 (Universitas Padjadjaran License), AutoDock 4.2, MacPyMOL: 
PyMOL 1.7.4.5 Edu. 
 

Interleukin-6 (IL-6) Receptor Preparation 
The 3-dimensional structure of the receptor (Fig.-1) was downloaded from the Protein Data Bank (PDB) 
on the website https://www.rcsb.org/ with PDB ID 1P9M which is a crystal structure of the human IL-6 
hexameric complex formed by X-ray diffraction with a value of 3.65 A° resolution.11 

 

 
Fig.-1: The Complex Crystal Structure of Human IL-6 Complex 

 

Preparation of Test Compounds 
2D structure of all test ligands (Fig.-2), andrographolide, 14-deoxyandrographolide, neoandrographolide, 
14-deoxy-11,12-didehydroandrographolide, 14-deoxy-14,15-didehydroandrographolide, andrograpanin, 
isoandrographolide, 14-acetylandrographolide, and 19-o-acetylanhydro drawn a 2D structure using 
MarvinSketch. The ligands were then converted into 3D structures by an energy minimization process using 
the partial charge of the MMFF94 force field in LigandScout. Geometry optimization was carried out using 
MMFF94, which was intended to produce an accurate geometric structure.12 The physicochemical 
properties were predicted using the LigandScout software. 
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Fig.-2: 2D Structure of Test Compounds 

 

Determination of IL-6 Active Pocket 
The active pocket of the IL-6 receptor (Fig.-3) was searched automatically using LigandScout software 
with Buriedness and Threshold parameter values of 0.36 and 0.58. 

 
Fig.-3: Position IL-6 Active Pocket 

 

Prediction of Physicochemical Properties of Test Compounds 
Prediction of the physicochemical properties of the test compounds was carried out using the LigandScout 
software. The predicted parameter is a parameter that refers to the Lipinski Rule of Five (RO5) rule. 
 

Molecular Docking 
AutoDock 4.2 embedded in LigandScout was used for the molecular docking of all test compounds to the 
IL-6 receptor active pocket. The flexibility of the receptor is regulated by setting the nonpolar atomic scale 
with a value of 0.8. In addition, the default parameters were used in the molecular docking procedure 
performed. 
 

Pharmacophore Modeling and Validation 
The LigandScout program was used in pharmacophore modeling. The selected pharmacophore feature is 
selected from the best interaction of the active compound resulting from molecular docking. 
Pharmacophore was validated by 500 active compounds (actives) and 3664 inactive compounds (decoys). 
The active and inactive compounds were downloaded from the DUD-E database (A Database of Useful 
Decoys). 

RESULTS AND DISCUSSION 
All of the test compounds met the requirements of RO5 so it was predicted that they had potential if they 
were developed into drug preparations with an oral route of administration.13 Of all the tested ligands, 
andrographolide was the most flexible and hydrophilic compound, it was characterized by a large number 
of rotatable bonds and hydroxyl groups in its structure. According to Lexa and Carlson cited from Koshland 
(1958), the flexibility of a ligand was considered important because it affects how the ligand is bound to its 
receptor. The conformation of a ligand would change when the ligand approaches a receptor.14 The result 
in the Table-1 showed that andrographolide has the best interaction with the IL-6 receptor, which is 
characterized by the value of binding affinity and the smallest inhibition constant when compared to other 
test compounds. Andrographolide also interacts with important amino acid residues in the active pocket of 
IL-6, which can be seen in the following Fig.-4. 
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Table-1: Prediction of Physicochemical Properties and Molecular Docking Result 

Test Compounds 
Formula 
(MW) 

Aromatic 
atom 

(rotatable 
bonds) 

cLogP 

Hydrogen 
Bond 

Acceptor 
(HBA) 

Hydrogen 
Bond 
Donor 
(HBD) 

Binding 
affinity 

(Kcal/mol) 

 Inhibition 
constants 

(uM) 

Andrographolide C20H30O5 

(350.455) 
0 (8) 1.963 4 3 -8.05  1.26 

14-Deoxyandrographolide C20H30O4 
(334.456) 

5 (8) 3.079 1 0 -6.26  25.89 

Neoandrographolide C27H34O6 

(454.563) 

6 (7) 3.856 5 2 -7.48  3.30 

14-Deoxy-11,12-
didehydroandrographolide 

C20H28O4 
(332.440) 

5 (7) 3.160 1 0 -6.70  12.32 

14-Deoxy-14,15-
didehydroandrographolide 

C20H28O4 
(332.440) 

5 (7) 2.271 1 0 -7.10  6.27 

Andrograpanin C20H30O3 
(318.457) 

5 (7) 2.271 1 0 -6.34  22.62 

Isoandrographolide C20H30O5 
(350.455) 

0 (8) 1.963 1 1 -7.53  3.03 

14-Acetylandrographolide C22H32O6 
(392.492) 

0 (10) 2.533 1 2 -7.29  4.55 

19-O-
acetylanhydroandrographolide 

C22H30O5 
(374.477) 

5 (9) 2.842 1 0 -6.71  12.12 

 

 
Fig.-4: Interaction of the Test Compound with the IL-6 Receptor 

 

Figure-5 is a visualization of the pharmacophore features constructed from the complex 3D structure of the 
target protein with andrographolide assay compounds. The pharmacophore features of the complex are 1 
hydrogen bond donor, 3 hydrogen bond acceptors, and 3 hydrophobic interactions. From these results, it 
can also be seen that the pharmacophore features are in 1 molecule that is recognized at a receptor site and 
is responsible for the occurrence of the biological activity of the compound. Another definition is the 
essential feature that is responsible for the occurrence of the biological activity of the drug. The 
pharmacophore model is useful for finding hit compounds in a database containing a collection of test 
compounds. 
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Fig.-5: Visualization of Interleukin-6 (IL-6) Receptor Pharmacophore Features. Yellow Dot (Hydrophobic 
Interaction), Green Arrow (Hydrogen Bond Donor), Red Arrow (Hydrogen Bond Acceptor) 

 

The pharmacophore validation aims to test the pharmacophore that has been built whether can distinguish 
between active compounds and inactive compounds in a compound database. Some of the parameters 
needed during the validation test are the ROC (Receiver Operating Characteristic) curve and the Goodness 
of Hit List (GH Score) value. The 100% AUC ROC value obtained was 0.73 and the GH score obtained 
was 0.75. A good validation of a pharmacophore model is to have an AUC value of a minimum ROC curve 
of 0.7.  In addition, a pharmacophore validation fulfills the requirements if it has a minimum GH score of 
0.7. The GH score plays a role in evaluating the ability of the pharmacophore model to distinguish active 
compounds from inactive compounds. Another parameter in validation is ROC. ROC is a curve that plots 
the true positive rate versus the false positive rate.15 
From the parameters of the validation test of the pharmacophore model in Fig.-6, it was found that all of 
them met the requirements so it could be seen that the pharmacophore model that had been built was valid 
and could be used for the hit compound screening stage. The andrographolide pharmacophores in the IL-6 
active pocket can be seen in the Fig.-7. 
 

 
Fig.-6: Pharmacophore Feature Validation Curve 

 
Fig.-7: Andrographolide Pharmacophore Features (Green: Hydrogen Bond Donor), (Red: Hydrogen Bond 

Acceptor), (Yellow: Hydrophobic Interaction) 
Andrographolide pharmacophores consist of a hydroxyl group at the C-14 atom, a hydroxyl group at the C-
19 atom, a methyl group at the C-17 atom, and a methyl group at the C-18 atom, and a methyl group at the 
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C-20 atom. This pharmacophore is very important in interacting with amino acid residues in the active 
pocket of IL-6 and has the potential to exert a pharmacological effect by reducing the release of cytokines 
that are beneficial for the treatment of patients infected with COVID-19. 
 

CONCLUSION 
It was concluded that andrographolide interacts well with the active pocket of IL-6, and has the potential to 
act as an IL-6 inhibitor that can prevent the release of cytokines that may be useful in the treatment of 
COVID-19 patients. 

ACKNOWLEDGEMENT 
This research was funded by the Ministry of Research and Technology/National Research and Innovation 
Agency of The Republic of Indonesia (RISTEK-BRIN) through the "Hibah Penelitian Dasar Unggulan 
Perguruan Tinggi" research grant 2020-2021.  

REFERENCES 
1. K. Smetana, K. Smetana, J. Brábek, and J. Brábek, In Vivo, 34, 1589(2020), 

https://doi.org/10.21873/invivo.11947 
2. J. P. White, Translational Cancer Research, 6, S280(2017), https://doi.org/10.21037/tcr.2017.03.52 
3. D. E. Johnson, R. A. O’Keefe, and J. R. Grandis, Nature Reviews Clinical Oncology, 15(4), 234(2018), 

https://doi.org/10.1038/nrclinonc.2018.8 
4. D. A. Pappas, C. J. Etzel, M. Crabtree, T. Blachley, J. Best, S. Zlotnick, and J. M. Kremer, Journal of 

Rheumatology, 47(10), 1464(2020), https://doi.org/10.3899/jrheum.190282 
5. J. Plzák, J. Bouček, V. Bandúrová, M. Kolář, M. Hradilová, P. Szabo, L. Lacina, M. Chovanec, and K. 

Smetana, Cancers, 11(4), 1(2019), https://doi.org/10.3390/cancers11040440 
6. L. Castelnovo, A. Tamburello, A. Lurati, E. Zaccara, M. G. Marrazza, M. Olivetti, N. Mumoli, D. 

Mastroiacovo, D. Colombo, E. Ricchiuti, P. Vigano’, F. Paola, and A. Mazzone, Medicine, 100(1), 
e23582(2021), https://doi.org/10.1097/MD.0000000000023582 

7. W. W. Chao, and B. F. Lin, Chinese Medicine, 5, 1(2010), https://doi.org/10.1186/1749-8546-5-17 
8. E. Mussard, S. Jousselin, A. Cesaro, B. Legrain, E. Lespessailles, E. Esteve, S. Berteina-Raboin, and 

H. Toumi, Antioxidants, 9(5), 1(2020), https://doi.org/10.3390/antiox9050432 
9. K. Sheeja, and G. Kuttan, Asian Pacific Journal of Cancer Prevention, 11(3), 723(2010). 
10. J. Y. Chun, R. Tummala, N. Nadiminty, W. Lou, C. Liu, J. Yang, C. P. Evans, Q. Zhou, and A. C. Gao, 

Genes and Cancer, 1(8), 868(2010), https://doi.org/10.1177/1947601910383416 
11. M. J. Boulanger, D. chone Chow, E. E. Brevnova, and K. C. Garcia, Science, 300(5628), 2101(2003), 

https://doi.org/10.1126/science.1083901 
12. P. Tosco, N. Stiefl, and G. Landrum, Journal of Cheminformatics, 6(1), 1(2014), 

https://doi.org/10.1186/s13321-014-0037-3 
13. C. A. Lipinski, F. Lombardo, B. W. Dominy, and P. J. Feeney, Advanced Drug Delivery Reviews, 23(1–

3), 3(1997), https://doi.org/10.1016/S0169-409X(96)00423-1 
14. K. W. Lexa, and H. A. Carlson, Journal of the American Chemical Society, 133(2), 200(2011), 

https://doi.org/10.1021/ja1079332 
15. T. Seidel, G. Ibis, F. Bendix, and G. Wolber, Drug Discovery Today: Technologies, 7(4), 221(2010), 

https://doi.org/10.1016/j.ddtec.2010.11.004 
[RJC-6999/2022] 


