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In silico identification of natural compounds from 
virgin coconut oil as potential ligand peroxisome 

proliferator‑activated receptor‑gamma as preventive 
food leads against colitis: Is it really work?

Abstract

Ulcerative colitis (UC) is an inflammation of the large intestine characterized by 
diarrhea with blood. UC has a more extensive manifestation in children. Current 
therapy has not given satisfactory results. This is the basis for the need for 
preventive therapy to reduce the morbidity and mortality of UC in children. Virgin 
coconut oil (VCO) is a viable dietary supplement option due to its ability to act as 
a peroxisome proliferator‑activated receptor (PPAR) ligand, inhibiting the release 
of pro‑inflammatory cytokines. The aim of this study was to determine natural 
compounds from VCO that have the potential to prevent colitis using a docking‑based 
virtual screening approach. Quantitative structure‑activity relationship analysis was 
used to find out how similar the input compounds and the database were. Docking 
is done using AutoDockTools 1.5.6. The algorithm used is the Lamarckian Genetic 
Algorithm (4.2). PPAR‑gamma (PPAR‑γ) was used as the target protein in a complex 
with rosiglitazone (ID PDB: 7AWC). PyMol 2.5.1 was used to prepare and visualize 
three‑dimensional data, and the amino acid interactions were visualized using 
Discovery Studio 2021 Clients. It was found that linoleic acid and oleic acid in VCO 
have anti‑inflammatory effects with predictive values of 0.73 and 0.614, respectively, 
and that they stop tumor necrosis factor (TNF) expression with predictive values of 
0.751 and 0.724. The result of molecular docking showed that the VCO compound 
was able to interact with the same residue as the control. VCO reduces inflammation 
by acting as a PPAR‑γ and TNF expression inhibitor.
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INTRODUCTION

Ulcerative colitis (UC) is a type of inflammatory bowel 
disease that causes the mucosa of the colon to become 
inflamed. It can cause a wide range of clinical symptoms.[1] 
UC can affect the rectum, part or all of the large intestine, can 
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affect any age, and is most common in the second and third 
decades of life.[2] About 20%–30% of cases are diagnosed in 
childhood or adolescence.[3]

The incidence and prevalence of UC differ in each region. 
UC is found in developed countries and is thought to be 
related to intestinal infections, diet, and lifestyle there.[4] In 
Europe and North America, the prevalence of UC ranges 
from 7.9 to 20.6 per 100,000 people. In Asia and other 
developing countries, it is 15.0 per 100,000 people.[5] UC 
becomes a global problem when there is an increase in its 
incidence at a young age. Most people get it when they are 
teenagers, and a quarter of cases are found before the age 
of 18.[6,7]

The symptoms of UC, as well as the results of endoscopy, 
radiology, and histopathology, are used to make a 
diagnosis.[8] Symptoms of UC in children can be abdominal 
pain, diarrhea, and systemic symptoms in the form of 
weight loss, delayed growth, and depression.[3] Children 
with UC have a wider range of symptoms and a more 
aggressive disease course than adults. Compared to 
the general population, they also have twice the risk of 
cancer.[9,10] No one knows for sure what causes UC, but there 
is evidence that genetic, environmental, infectious, immune, 
and interacting factors all play a role in the disease’s 
development and worsening.[11] UC is most likely caused 
by a mix of genetic and environmental factors that cause the 
intestinal barrier epithelium to break down and the immune 
response to the gut microbiota to be out of whack.[12]

In patients with UC, contemporary therapies like 
corticosteroids have not demonstrated a beneficial response 
and can result in substantial adverse effects. There is a 
demand for plant-based alternative medicines with few 
adverse effects, one of them is virgin coconut oil (VCO). VCO 
is a processed product made from fresh coconut oil which 
is extracted by controlled heating or without heating at all 
and processed without chemicals. VCO has nutritional and 
therapeutic benefits as an antioxidant, anti-inflammatory, 
antipyretic, and analgesic. VCO has bioactive components 
including tocopherols, tocotrienols, and polyphenols, which 
may be responsible for the above effects.[13] Polyunsaturated 
fatty acid (PUFA) VCO in the form of oleic acid, linoleic 
acid, and flavonoids functions as an anti-inflammatory. 
Linoleic acid itself has attracted the attention of the food and 
supplement industry because it is an activator of peroxisome 
proliferator-activated receptor-gamma (PPAR-γ) which is 
widely used as a diabetes therapy and has potential as an 
anti-inflammatory.[14]

According to studies on mice given a diet VCO, Lauric acid 
in VCO functions as a ligand for PPAR-α.[15] Other studies 
have also mentioned that VCO inhibits PPAR-β/δ in muscle 
and activates PPAR-a in the liver.[16] Hence, it is likely that 
VCO also influences colonic PPAR-γ, maintains the balance 

of intestinal immunity, and provides anti-inflammatory 
effects. The fact that PUFA contributes to the PPAR signaling 
pathway and makes VCO an anti-inflammatory makes it a 
candidate for preventing UC. This study aims to analyze the 
ability of compounds in VCO to prevent inflammation of the 
colon using an in silico approach. The target protein used 
was PPAR-γ as a result of X-ray diffraction with ID (PDB: 
7AWC), namely PPAR-γ in complex with rosiglitazone. 
This research can also be used as a starting point for more 
studies on how to treat UC.

SUBJECTS AND METHODS

Collection of virgin coconut oil content samples
Bioactive compounds from VCO were obtained from journal 
studies.[13,17,18] After finding the VCO content, information 
is taken from the PubChem database (pubchem.ncbi.
nlm.nih.gov) in the form of an ID code and a simplified 
molecular-input line-entry system as a sample analysis.[19]

Quantitative structure‑activity relationship analysis of 
active compounds with way2drug
Way2Drug/PASS onl ine  (www.way2drug.com/
PASSOnline) was used to do a quantitative structure-activity 
relationship (QSAR) analysis to find out how similar the 
input compounds and the database were. The score shown 
by the webserver varies from 0 to 1, which indicates the 
similarity between the structure of the input compound 
and the compounds that have been studied to have 
inflammatory activity.[20] The potential parameters analyzed 
were related to inflammation.

Target protein analysis
The target protein that can interact with linoleic acid 
and oleic acid is predicted using the similarity ensemble 
approach (SEA) target (https://sea.bkslab.org/). The SEA 
target also uses a similarity approach to predict interactions 
with target proteins by calculating the Tanimoto coefficient. 
The minimum cutoff used is 0.57, as suggested in the 
journal.[21]

Molecular docking
Docking is done using AutoDock in AutoDockTools 
1.5.6. The parameter used is the Lamarckian Genetic 
Algorithm (4.2). The target protein used was PPAR-γ as a 
result of X-ray diffraction with ID (PDB: 7AWC), namely the 
crystal structure of PPAR-γ in complex with rosiglitazone. 
Results of experiments were used for grid box and control. 
Because there was no experimental protein structure 
with 5-ASA, 5-ASA was still used as a comparison with 
rosiglitazone, linoleic acid (PubChem ID: 5280450), oleic 
acid (PubChem ID: 445639), and 5-ASA (PubChem ID: 4075). 
Docking is done on the grid box as follows:

Even number of user-specified grid points = 40 x-points 
40 y-points 40 z-points
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Coordinates of central grid point of maps = (41.391, 3.724, 
82.402)

The three-dimensional data were prepared and visualized 
using PyMol 2.5.1, and the interactions between amino acids 
were displayed using Discovery Studio 2021 Clients.[22,23]

RESULTS AND DISCUSSION

Collection of virgin coconut oil content samples
Obtained references to compounds contained in VCO in 
supporting journals which were then analyzed.

Quantitative structure‑activity relationship analysis of 
active compounds with Way2Drug
QSAR is an analysis that uses the principle of structural 
similarity.[24] The compounds found in the VCO are 
then inputted into the database and compared with the 
compounds curated by the Way2Drug Pass Server, which 
have a certain potential. The more similar the structure, the 
higher the predicted score. If the predicted value is more 
than 0.7, then the similarity of the compound is high and 
the confidence value is also high; more than 0.5 but <0.7, 
then moderate; and if <0.3, then low.[20] Figure 1 illustrates 
the analysis’s findings.

Based  on  the  QSAR ana lys i s ,  the  compound 
in VCO is predicted to have high potential as an 
anti-inflammatory (0.555). This role is also supported by the 
potential of VCO as a tumor necrosis factor (TNF) expression 
inhibitor (0.622). TNF is one of the pro-inflammatory 
cytokines that can trigger inflammation.[25] TNF plays a 
crucial role in the regulation of innate immune responses. 
By inducing a signal cascade, TNF can activate several 
molecular mechanisms associated with the pathogenesis of 
chronic intestinal inflammation. TNF triggers the secretion 
of inflammatory mediators and controls the recognition 
and treatment of invading bacteria. TNF is also involved in 
the growth, differentiation, and survival of macrophages, 
as well as in the activation and function of innate immune 
cells.[26] Linoleic acid and oleic acid have anti-inflammatory 
roles with predictive values of 0.73 and 0.614, and their 
roles in TNF expression inhibitors are 0.751 and 0.724, 
respectively.

A study discovered that TNF-α can inhibit the expression of 
the PPAR-γ via the nuclear factor-kappa-light-chain-enhancer 
of activated B-cells (NF-κB) pathway. TNF-α activates both 
the inhibitor of kappa B kinase (IkKb)/NF-κB and the 
mitogen-activated protein kinase pathways. It has been 
demonstrated that the addition of 15dPGJ2 (inhibitor IKK2/
IKKb) has the potential to activate PPAR. Furthermore, 
ssIkBa (IKKb inhibitor) can inhibit NF-κB activation as well 
as TNF-α’s ability to inhibit PPAR-γ. PPAR-γ activity was 
analyzed using a luciferase reporter on 3T3-L1 cells. The 
presence of TNF-α can reduce reporter response by 40%. 

Figure 1: Potential of VCO as treatment of IBD. VCO: Virgin coconut 
oil, IBD: Inflammatory bowel disease
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This reporter’s response describes PPAR-γ activity. Based 
on this study, it seems likely that NF-κB is the link between 
TNF-α and PPAR-γ.[27]

NF-κB is a family of dimeric transcription factors 
consisting of 5 proteins, namely p65 or RelA, RelB, c-Rel, 
p50, and p52.[28] p65/RelA is regulated by ubiquitin- and 
proteasome-dependent signaling degradation that 
terminates NF-κB activation. PPAR-γ can interact with 
p65, which promotes nuclear export in bacterial responses 
while inhibiting NF-κB transcriptional activity. A study 
also discovered that PPAR-γ is an E3 ubiquitin ligase that 
targets NF-κB/65 to inhibit NF-κB activation by inducing 
proteasome-dependent degradation of p65.[29]

Target protein analysis
Based on the similarity analysis using SEA target, it shows 
that linoleic acid and oleic acid found in VCO have a 
Tanimoto coefficient score to target PPAR-γ of 1, where this 
score is the maximum score,[30] so that PPAR-γ can be used 
as a protein target for docking interactions.

This is also supported by several studies, where rosiglitazone, 
an agonist of PPAR-γ, was reported to cause polarization 
of M2 macrophages, which contributed to its therapeutic 
effect on UC.[31] Another study showed that PPAR-γ 
regulates arginase 1 and interleukin-10 and is involved in 
M2 macrophage polarization.[32] Studies in animal models 
and UC patients reveal a role for PPAR in the regulation of 
inflammation and immune responses, especially in colon 
epithelial cells.[33] Based on these results, the PPAR pathway 
can be used to prevent UC by focusing on the M1/M2 
macrophage ratio.

Molecular docking
Molecular docking is one of the analyses in bioinformatics 
to predict the value of binding affinity between two 

Figure 3: Visualization of ligand‑PPAR‑ɣ docking results using 
PyMol. PPAR‑ɣ: Peroxisome proliferator‑activated receptor‑ɣ

Figure 2: Interactions between PPAR‑γ, NF‑κB, and TNF‑α. PPAR‑γ: Peroxisome proliferator‑activated receptor‑gamma, NF‑κB: Nuclear 
factor‑kappa B, TNF‑α: Tumor necrosis factor‑alpha



Trismayanti, et al.: In silico identification of virgin coconut oil as preventive food leads against colitis

43Journal of  Advanced Pharmaceutical Technology & Research | Volume 14 | Issue 1 | January‑March 2023

molecules. The more negative the binding affinity value, 
the more favorable the bond that occurs.[23] Based on the 
docking results, linoleic acid is the closest ligand to the 
original control [Table 1]. The control inhibitor PPAR-γ, 

rosiglitazone, from X-ray diffraction was re-docked 
to ensure that the docking results were similar to the 
experimental results. The parameter seen is the root mean 
standard deviation (RMSD) value, to see the comparison of 

Table 1: Result of molecular docking
Ligand Estimated free energy 

of binding  (kcal/mol)
Estimated inhibition 
constant, Ki  (uM)

Color

Control rosiglitazone −10.42 23.03 Red
Oleic acid −6.24 26.73 Orange
5-ASA −5.06 194.81 Green
Linoleic acid −6.42 19.64 Yellow
5-ASA: 5-aminosalicylic acid

Table 2: Amino acid interaction
Hydrogen bond Van der Waals Hydrophobic bond

Control Ser289, Tyr473*, 
Cys285, Ile281

His323, Tyr327, Phe363, Gly284, Ile326, Phe282, 
Leu453, His449*, Gln286*, Leu465

Met364, Leu353, Val339, Met348, Ile341, 
Arg288, Leu330

Oleic 
acid

Ser289, His323, 
Tyr473

Gln286, Leu469, Leu453, Lys367, Met364, Ile281 Met348, Leu330, Tyr327, Ile326, Phe363, 
His449, Arg288, Cys285, Leu353, Val339, Ile341

5-ASA Phe282, Ser289, 
Tyr327

Phe363, His449, Ile326, Gln286, Leu453, 
Leu469, Tyr473, His323, Leu465

Cys285

Linoleic 
acid

His323, Lys367, Ile326, Phe363, Met364, Gly284, 
Ile281, Leu453, Leu469, Gln286*, Leu465

His449*, Tyr327, Leu330, Cys285, Arg288, 
Ile341, Met348, Leu353, Val339

*Indicates the same amino acid residue as the control and becomes a binding site. 5-ASA: 5-aminosalicylic acid

Figure 4: Visualization of amino acid interaction
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docking results and experimental results. Docking results 
are said to be good if the value is below 2 angstroms.[34] 
The results of the docking control yield a value of 0.945 
angstroms, so this result is quite good because the 
maximum limit of RMSD is 2. The results of linoleic acid 
are in accordance with the results of QSAR analysis with 
PASS Server, which is higher than oleic acid, which is 
shown to be related as a TNF expression inhibitor. TNF 
ligands can regulate the localization of NF-κB so that it 
will have an impact on the expression of inflammatory 
cytokines [Figure 2]. Besides being seen from the RMSD 
value and binding affinity, the binding pose also affects 
the docking accuracy [Figure 3].[35] As shown in Table 2 
and Figure 4, the VCO compound was able to interact 
with the same residue as the control. Linoleic acid has a 
pose and can bind to both the PPAR-γ binding site and 
control inhibitors.

CONCLUSION

Based on the in silico results, VCO can be used as a 
supplement for the prevention of colitis. VCO, which 
is composed of linoleic acid and oleic acid, reduces 
inflammation by acting as a PPAR-ɣ and TNF expression 
inhibitor.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Song ZM, Liu F, Chen YM, Liu YJ, Wang XD, Du SY. CTGF-mediated 
ERK signaling pathway influences the inflammatory factors 
and intestinal flora in ulcerative colitis. Biomed Pharmacother 
2019;111:1429-37.

2. Tripathi K, Feuerstein JD. New developments in ulcerative colitis: 
Latest evidence on management, treatment, and maintenance. 
Drugs Context 2019;8:212572.

3. Fuller MK. Pediatric inflammatory bowel disease: Special 
considerations. Surg Clin North Am 2019;99:1177-83.

4. Chu XQ, Wang J, Chen GX, Zhang GQ, Zhang DY, Cai YY. 
Overexpression of microRNA-495 improves the intestinal mucosal 
barrier function by targeting STAT3 via inhibition of the JAK/STAT3 
signaling pathway in a mouse model of ulcerative colitis. Pathol 
Res Pract 2018;214:151-62.

5. Kuenzig ME, Fung SG, Marderfeld L, Mak JW, Kaplan GG, Ng SC, 
et al. Twenty-first century trends in the global epidemiology of 
pediatric-onset inflammatory bowel disease: Systematic review. 
Gastroenterology 2022;162:1147-59.e4.

6. Roberts SE, Thorne K, Thapar N, Broekaert I, Benninga MA, 
Dolinsek J, et al. A systematic review and meta-analysis of 
paediatric inflammatory bowel disease incidence and prevalence 
across Europe. J Crohns Colitis 2020;14:1119-48.

7. Shentova-Eneva R,  Yankov I.  Pediatric ulcerative  colitis.  In: 
Ulcerative Colitis. London: IntechOpen; 2022.

8. Osterman MT, Scott FI, Fogt FF, Gilroy ED, Parrott S, Galanko J, 

et al. Endoscopic and histological assessment, correlation, and 
relapse in clinically quiescent ulcerative colitis (MARQUEE). 
Inflamm Bowel Dis 2021;27:207-14.

9. Soriano RA, Ramos-Soriano AG. Clinical and pathologic remission 
of pediatric ulcerative colitis with serum-derived bovine 
immunoglobulin added to the standard treatment regimen. Case 
Rep Gastroenterol 2017;11:335-43.

10. Olén O, Askling J, Sachs MC, Frumento P, Neovius M, Smedby KE, 
et al. Childhood onset inflammatory bowel disease and risk of 
cancer: A Swedish nationwide cohort study 1964-2014. BMJ 
2017;358:j3951.

11. Zhou YJ, Zhao BL, Qian Z, Xu Y, Ding YQ. Association of 
glutathione S-transferase M1 null genotype with inflammatory 
bowel diseases: A systematic review and meta-analysis. 
Medicine (Baltimore) 2019;98:e17722.

12. Hoffmann M, Schwertassek U, Seydel A, Weber K, Falk W, 
Hauschildt S, et al. A refined and translationally relevant 
model of chronic DSS colitis in BALB/c mice. Lab Anim 
2018;52:240-52.

13. Hima L,  Pratap UP,  Karrunanithi S, Ravichandran KA, 
Vasantharekha  R, ThyagaRajan  S.  Virgin  coconut  oil 
supplementation in diet modulates immunity mediated through 
survival Signaling pathways in rats. J Complement Integr Med 
2019;17(1).

14. Martin H. Role of PPAR-gamma in inflammation. Prospects 
for therapeutic intervention by food components. Mutat Res 
2010;690:57-63.

15. Arunima S, Rajamohan T. Lauric acid beneficially modulates 
apolipoprotein secretion and enhances fatty acid oxidation via 
PPARα-dependent pathways in cultured rat hepatocytes. J Explor 
Res Pharmacol 2018;3:1-11.

16. Manio MC, Matsumura S, Inoue K. Low-fat diet, and medium-fat 
diets containing coconut oil and soybean oil exert different 
metabolic effects in untrained and treadmill-trained mice. J Int 
Soc Sports Nutr 2018;15:29.

17. Kuniyasu H. The roles of dietary PPAR gamma ligands for 
metastasis in colorectal cancer. PPAR Res 2008;2008:529720.

18. Ribeiro GT. The scientific truth about a super functional food 
denominated coconut oil. Braz J Surg Clin Res 2017;18:109-17.

19. Ma’arif B, Aminullah M, Saidah NL, Muslikh FA, Rahmawati A, 
Indrawijaya YY, et al. Prediction of antiosteoporosis activity 
of thirty-nine phytoestrogen compounds in Estrogen 
receptor-dependent manner through in silico approach. Trop J 
Nat Prod Res 2021;5:1727-34.

20. Filimonov DA, Lagunin AA, Gloriozova TA, Rudik AV, 
Druzhilovskii DS, Pogodin PV, et al. Prediction of the biological 
activity spectra of organic compounds using the PASS online web 
resource. Chem Heterocycl Compd 2014;50:444-57.

21. Keiser MJ, Roth BL, Armbruster BN, Ernsberger P, Irwin JJ, 
Shoichet BK. Relating protein pharmacology by ligand chemistry. 
Nat Biotechnol 2007;25:197-206.

22. Agil M, Laswati H, Kuncoro H, Ma’arif B. In silico analysis 
of phytochemical compounds in ethyl acetate fraction of 
semanggi (Marsilea Crenata Presl.) leaves as neuroprotective agent. 
Res J Pharm Technol 2020;13:3745-52.

23. Ma’arif B, Fitri H, Saidah NL, Najib LA, Yuwafi AH, Atmaja RR, 
et al. Prediction of compounds with antiosteoporosis activity in 
Chrysophyllum cainito L. leaves through in silico approach. J Basic 
Clin Physiol Pharmacol 2021;32:803-8.

24. Muhammad U, Uzairu A, Ebuka AD. Review on: Quantitative 
structure activity relationship (QSAR) modeling. J Anal Pharm 
Res 2018;7:240-2.

25. Jang DI, Lee AH, Shin HY, Song HR, Park JH, Kang TB, et al. The role 
of tumor necrosis factor alpha (TNF-α) in autoimmune disease and 
current TNF-α inhibitors in therapeutics. Int J Mol Sci 2021;22:2719.



Trismayanti, et al.: In silico identification of virgin coconut oil as preventive food leads against colitis

45Journal of  Advanced Pharmaceutical Technology & Research | Volume 14 | Issue 1 | January‑March 2023

26. Parameswaran N, Patial S. Tumor necrosis factor-α signaling in 
macrophages. Crit Rev Eukaryot Gene Expr 2010;20:87-103.

27. Wang Y, Wang H, Hegde V, Dubuisson O, Gao Z, Dhurandhar NV, 
et al. Interplay of pro- and anti-inflammatory cytokines to determine 
lipid accretion in adipocytes. Int J Obes (Lond) 2013;37:1490-8.

28. Oeckinghaus A, Ghosh S. The NF-kappaB family of transcription 
factors and its regulation. Cold Spring Harb Perspect Biol 
2009;1:a000034.

29. Hou Y, Gao J, Xu H, Xu Y, Zhang Z, Xu Q, et al. PPARγ E3 
ubiquitin ligase regulates MUC1-C oncoprotein stability. Oncogene 
2014;33:5619-25.

30. Bajusz D, Rácz A, Héberger K. Why is tanimoto index an 
appropriate choice for fingerprint-based similarity calculations? 
J Cheminform 2015;7:20.

31. Sun T, Kwong CH, Gao C, Wei J, Yue L, Zhang J, et al. 

Amelioration of ulcerative colitis via inflammatory regulation 
by macrophage-biomimetic nanomedicine. Theranostics 
2020;10:10106-19.

32. Yao Q, Liu J, Zhang Z, Li F, Zhang C, Lai B, et al. Peroxisome 
proliferator-activated receptor γ (PPARγ) induces the gene 
expression of integrin αVβ5 to promote macrophage M2 
polarization. J Biol Chem 2018;293:16572-82.

33. Mirza AZ, Althagafi II, Shamshad H. Role of PPAR receptor in 
different diseases and their ligands: Physiological importance and 
clinical implications. Eur J Med Chem 2019;166:502-13.

34. Pinto VS, Araújo JS, Silva RC, da Costa GV, Cruz JN, De A Neto MF, 
et al. In silico study to identify new antituberculosis molecules from 
natural sources by hierarchical virtual screening and molecular 
dynamics simulations. Pharmaceuticals (Basel) 2019;12:36.

35. Pantsar T, Poso A. Binding affinity via docking: Fact and fiction. 
Molecules 2018;23:1899.


