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ABSTRACT

Objective: The purpose of this study is to explore the anticancer activity of morin compound against human cyclooxygenase-2 (COX-2) and peroxisome-
proliferator-activated receptors (PPARs) isotypes (PPARα and PPARγ) through in silico molecular docking studies.

Methods: The 3D structures of human COX-2 complexed with ibuprofen (PDB ID: 4PH9), PPARα complexed with a synthetic agonist (2S)-2-(4-
methoxy-3-{[(pyren-1-yl carbonyl) amino] methyl} benzyl) butanoic acid (PDB ID: 3VI8) and PPARγ complexed indomethacin (PDB ID: 3ADX) were 
retrieved from protein databank. The cocrystallized sites were considered as binding sites, and the docking with morin compound was performed 
along with their respective cocrystals for each target and compared their interactions and binding affinities.

Results: It is observed that the morin compound exhibited better binding energy of -32.9528 kJ/mol against PPARα followed by COX-2 (binding 
energy: −18.4311 kJ/mol) and PPARγ (binding energy: −17.4228 kJ/mol) when compared to their cocrystallized ligands.

Conclusion: The present study suggests that morin compound might serve as potential alternatives in the prevention of skin cancers by showing 
better activity against PPARα.
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INTRODUCTION

In general, the carcinogenesis is a multistage process as initiation, 
promotion, and progression that depends on various susceptibility 
factors including the exposure of oncogenes and tumor suppressor 
genes to carcinogens [1,2]. Many studies on the mouse skin 
carcinogenesis models have provided the better understanding of 
cellular and molecular events that are involved in the initiation, 
promotion, and progression [3-6]. Furthermore, these studies have 
provided an ample evidence of various chemical and physical agents 
including greater exposure to ultraviolet (UV) radiations from 
sunlight can cause skin cancers. Nowadays, almost 40% of newly 
diagnosed cancers patients across the globe are reported with skin 
cancers [7]. These dramatic increases in the incidence of worldwide 
skin cancer are due to the increased rate of ozone depletion, which 
has significantly resulted in increased earth surface UV radiation 
intensity.

Over the years, the increased UV-B radiations resulted in UV radiation-
induced gene mutations, which have significant effects on skin 
carcinogenesis and on the rate of increased incidence in skin cancer 
cases that have been recognized as a serious public health issue [8]. 
At present, skin cancer is growing as a dreadful human disease as 
compared to other cancers. The two major categories of skin care are 
melanocytic (melanomas) and epithelial (non-melanoma) skin cancers. 
Furthermore, this non-melanoma skin cancer (NMSC) is categorized 
into basal cell carcinomas with slow growth and rare metastasis 
and squamous cell carcinomas with strong invasive and metastasis 
characteristics [9]. Above all, melanomas (melanocytic skin cancer) 
were being the main cause of deaths in skin cancer patients, which 

accounts for only 4% of skin cancers [10]. However, the mainstay of skin 
cancer prevention has focused on advising people to apply sunscreens 
regularly.

Furthermore, many studies on the mechanisms of antitumor initiating 
and antitumor-promoting properties of potent drugs are currently 
being suggested for the prevention of skin cancer and other epithelial 
cancers in humans [11]. In line with this, various natural and dietary 
agents have been identified as potent chemopreventive agents for 
UV-induced skin cancers. However, many of these natural and dietary 
compounds contain polyphenols that have a variety of different 
activities [12]. In this scenario, many recent studies have suggested 
that proanthocyanidins can inhibit the cyclooxygenase-2 (COX-2) and 
peroxisome-proliferator-activated receptors (PPARs) expression and 
put forth that their expression levels are associated with the reduction 
of UV-induced skin tumors in mice.

The PPARs are ligand-activated transcription factors that belong to the 
nuclear-hormone-receptor family. Among the three isotypes (PPARα, 
PPARβ/δ, and PPARγ), PPARα is the therapeutic target of hypolipidemic 
compounds that are used in the treatment of dyslipidemia. While 
PPARβ/δ and PPARγ are targets of the thiazolidinediones and 
Type II diabetes. Furthermore, these PPAR isotypes are associated 
with pathways including lipid metabolism, skin homeostasis, and 
carcinogenesis; they are likely considered as potential therapeutic 
targets of skin cancers [13-15]. On the other hand, COX catalyze the 
formation of prostaglandins from arachidonic acid. The major COX 
isoforms are COX-1 and COX-2. The increased level of prostaglandin-
endoperoxide synthases (PEG2) increase with the UV-induced COX-
2 expression and results in progression of NMSC [16,17]. Thus, the 
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present study was undertaken to explore the anticancer activity of 
morin compounds through revealing its binding efficacy against the 
three selected therapeutic drug targets of skin cancer using in silico 
molecular docking methods.

METHODS

Target selection
The cocrystallized X-ray structure of human COX-2 complexed 
with Ibuprofen (PDB ID: 4PH9), PPARα complexed with a synthetic 
agonist (2S)-2-(4-methoxy-3-{[(pyren-1-yl carbonyl) amino] 
methyl} benzyl) butanoic acid (PDB ID: 3VI8) and PPARγ complexed 
indomethacin, and nitro-233 (PDB ID: 3ADX) were retrieved from 
protein databank [18].

Ligand selection
The 3D structures of Ibuprofen (PubChem ID: 3672), Indomethacin 
(PubChem ID: 3715) and morin (PubChem ID: 5281670) were retrieved 
as SDF format from PubChem database [19]. While the 2D structure of 
(2S)-2-(4-methoxy-3-{[(pyren-1-ylcarbonyl) amino] methyl} benzyl) 
butanoic acid (APHM13) compound was drawn in ACD Chemsketch 
[20] and obtained its SMILES notation and the 3D was generated 
and converted into SDF format using “Online SMILES convertor and 
Structure file generator” server [21].

Binding site prediction
The amino acid residues in binding sites of Human COX-2, PPARα, and 
PPARγ are defined using the reference Ligands such as ibuprofen, (2S)-
2-(4-methoxy-3-{[(pyren-1-ylcarbonyl)amino]methyl}benzyl)butanoic 
acid and indomethacin, respectively. The amino acid residues within 6 
Å radius of these reference Ligand were included while selecting the 
binding site from all the three receptors for docking studies with morin 
using LeadIT (Version 2.1.9) [22].

Molecular docking studies
The 3D structures ibuprofen, (2S)-2-(4-methoxy-3-{[(pyren-1-
ylcarbonyl) amino] methyl} benzyl) butanoic acid and indomethacin 
were docked within the binding pockets of Human COX-2, PPARα 
and PPARγ, respectively, using FlexX module of LeadIT. While the 3D 
structure of morin was used to virtually screen against the selected 
three targets. The docking was performed with the default parameters 
such as triangle matching base placements, zero full score and no score 
contributions and threshold for full score and no score contributions 
of 30 and 70, respectively, clash handling values of 2.9 Åand 0.6 for 
protein-ligand clashes and intraligand clash factors and maximum 
number of solutions per iteration being 200 as the default docking 
values and also per fragmentations [23].

Docking interactions
The docking interactions revealing the formation of H-bond and 
Non-bonded contacts among the ligand compounds and the binding 
site amino acid residues of selected targets were analyzed using 
poseview [24] module of LeadIT.

RESULTS AND DISCUSSION

The majority of skin cancers are caused by overexposure to ultraviolet 
radiation from the sun and artificial light sources including tanning 
bed usages. However, the mainstays for the prevention of skin cancer 
are focused on avoidance of exposure to excessive sun UV radiations 
and recommendations for the usage of protective hats and long-
sleeved clothing [25,26]. However, there is no effect of sunscreens 
on prior UV damage to the skin. In this scenario, the needs for 
additional measures are required to retard the rising incidence 
of NMSC. Thus, the identification of more and adequate potential 
drug agents targeting against novel therapeutic drug targets of skin 
cancer might serve as potential alternatives in the prevention of 
skin cancers. In this context, many pharmaceutical industries are 
trying hard to put forth the potential drug compounds through the 
available computational strategies such as structure-based drug 

designing in particular molecular docking studies. A huge number 
of reports available on the significance of molecular docking studies 
in the screening of potential novel compounds and development of 
drugs against various diseases [27-29]. Thus, in the present study, 
we have explored the anticancer activity of morin compound and its 
binding efficiency through docking studies against three potential 
drug targets of NMSC.

Target selection
Considering that the increased level of PEG2 synthases with the 
increase in UV-induced COX-2 expression and its association in 
progression of NMSC was considered as one of the three selected 
therapeutic targets in this study, while the PPAR isotypes such as 
PPARα and PPARγ were considered as other two therapeutic targets 
as they are associated with pathways including lipid metabolism, skin 
homeostasis, and carcinogenesis. The 3D structures of these targets 
such as human COX-2 complexed with ibuprofen (PDB ID: 4PH9), 
PPARα complexed with a synthetic agonist (2S)-2-(4-methoxy-3-
{[(pyren-1-ylcarbonyl) amino]methyl} benzyl) butanoic acid (PDB ID: 
3VI8) and PPARγ complexed indomethacin, and Nitro-233 (PDB ID: 
3ADX) (Fig. 1a-c) were retrieved from Protein Databank and used as 
receptor for further docking studies.

Ligands
The 3D structure of four ligands such as Ibuprofen, (2S)-2-(4-methoxy-3-
{[(pyren-1-ylcarbonyl)amino]methyl}benzyl) butanoic acid (APHM13), 
indomethacin and morin compounds along with their 2D structures, IUPAC 
names, molecular formulae and molecular weight were given in Table 1.

Fig. 1: The 3D structures of selected potential therapeutic drug 
targets for skin cancer represented in ribbons from with group 

colors using rasmol (a) human cyclooxygenase-2 complexed with 
ibuprofen (PDB ID: 4PH9), (b) peroxisome-proliferator-activated 
receptors alpha (PPARα) complexed with a synthetic agonist (2S)-

2-(4-methoxy-3-{[(pyren-1-yl carbonyl) amino] methyl} benzyl) 
butanoic acid (PDB ID: 3VI8)’ (c) peroxisome-proliferator-

activated receptors gamma (PPARγ) complexed indomethacin 
(PDB ID: 3ADX)

a

b

c
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Among these ligands, ibuprofen, (2S)-2-(4-methoxy-3-{[(pyren-1-
ylcarbony l) amino] methyl} benzyl) butanoic acid and indomethacin 
were used as reference ligands for human COX-2, PPARα, and PPARγ, 
respectively. While the morin structure was used to dock within all 
the three receptors to reveal its anticancer activity against these novel 
therapeutic targets of skin cancer.

Virtual screening
It is observed that morin exhibited theoretically encouraging docking 
scores. However, the docking scores of morin in comparison with the 
reference ligand binding energy of respective selected drug targets 
were found to be low. It is observed that the better binding energy 
of -32.9528 kJ/mol was exhibited against the therapeutic target, 
PPARα followed by COX-2 (binding energy: −18.4311 kJ/mol) and 
PPARγ (binding energy: −17.4228 kJ/mol). Thus, suggesting that morin 
compound might possess better anticancer activity against PPARα.

Docking interactions of COX-2
The docking interactions of cocrystallized ligand, Ibuprofen with 
human COX-2 exhibited the better docking interactions with a binding 
energy of −20.5529 kJ/mol. This interaction is favored by the formation 
of H-bond with Arg121 and hydrophobic interactions with Val117, 
Val350, Leu353, Ser354, Tyr356, Phe519, Leu532, Val524, and Als528. 
Whereas, the docking interactions of morin are observed with a 
binding energy of −18.4311 kJ/mol. This interaction is supported by 
the formation of Hbonds with Leu353, Ser354, Met523, and Ser531 and 
non-bonded interactions with Leu353, Ser354, Tyr356, Tyr386, Trp388, 
Phe519, Val524, and Gly527. The docking complex and interaction plots 
of binding interactions of cocrystallized ligand, Ibuprofen and morin 
with Human COX-2 shown in Fig. 2. It is observed that the amino acid 
Arg121 in Human COX-2 is crucial in favoring the interactions with 
cocrystallized ligand, Ibuprofen. While the amino acid Met523 and 
Ser531 are vital for interactions with morin, which has significantly 
reflected the different binding energies.

Docking interactions of PPARα
The docking interactions of cocrystallized ligand, (2S)-2-(4-methoxy-
3-{[(pyren-1-ylcarbony l) amino] methyl} benzyl) butanoic acid with 

PPARα showed the binding energy of −41.209 kJ/mol. This interaction 
is favored by the formation of H-bond with Cys276, Ser280, Tyr314, 
Tyr464, and His440 along with Hoh1060 and hydrophobic interactions 
with Cys275, Ile339, Val332, Val255, Met330, Ile272, Ile241, Ala333, 
Thr279, Leu247, Gln277, Ile354, Tyr314, Ser280, Met355, Leu321, 
Phe318, His440, and Cys276 whereas, the docking interactions of morin 
exhibited the binding energy of -32.9528 kJ/mol. This interaction is 
supported by the formation of Hbonds with Met330, Ile354, Tyr314, 
and Hoh1026 and non-bonded interactions with Met325, Lys358, 
Ile354, Cys276, Met355, Phe318, Leu321, Gly277, Tyr314, Val444, 
Ser280, and His440. The docking complex and interaction plots of 
binding interactions of cocrystallized ligand, (2S)-2-(4-methoxy-3-
{[(pyren-1-ylcarbony l) amino] methyl} benzyl) butanoic acid and 
morin with PPARα shown in Fig. 3.

It is observed that amino acid Tyr314 and sulfur containing amino acids 
such as cys276 and met325 in the binding sites of PPARα were crucial 
for the interactions with cocrystallized ligand, (2S)-2-(4-methoxy-
3-{[(pyren-1-ylcarbony l) amino] methyl} benzyl) butanoic acid and 
morin, respectively. Furthermore, the difference in amino acids favoring 
H-bond and non-bonded interaction with cocrystallized ligand, (2S)-2-
(4-methoxy-3-{[(pyren-1-ylcarbony l) amino] methyl} benzyl) butanoic 
acid and morin have significantly affected the binding energies.

Docking interactions of PPARγ
The docking interactions of cocrystallized ligand, Indomethacin with 
PPARγ showed the binding energy of −25.3056 kJ/mol. This interaction 
is favored by the formation of H-bond with Tyr473, His449, and His323 
and hydrophobic interactions with Phe282, Phe363, Phe360, Ile281, 
Leu469, Gln286, Met364, Cys285, Lys367, and His449 whereas, 
the docking interaction of morin exhibited the binding energy of 
−17.4228 kJ/mol. This interaction is supported by the formation of 
Hbonds with Ser289, Met364, Ala278, and Gln286 and non-bonded 
interactions with Ile281, Phe282, Phe363, Phe360, Cys285, Leu465, 
Gln286, and His449. The docking complex and interaction plots of 
binding interactions of cocrystallized ligand, Indomethacin and morin 
with PPARγ were shown in Fig. 4. It is observed that completely 

Table 1: Selected phytochemical compounds and their plant sources

Compound name and PubChem ID 2D structure and IUPAC name Molecular formula
and Molecular weight 

Ibuprofen
CID 3672

2-[4-(2-methylpropyl) phenyl] propanoic acid

C13H18O2
206.285 g/mol

APHM13

(2S)-2-[(4-methoxy-3-{[(pyren-1-yl) formamido]
methyl} phenyl) methyl] butanoic acid

C30H27NO4
465.549 g/mol

Indomethacin
CID 3715

2-[1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl] acetic acid

C19H16ClNO4
357.79 g/mol

Morin
CID 5281670

2-(2,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-
chromen-4-one

C15H10O7
302.238 g/mol
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different amino acid in the binding sites of PPARγ was crucial for the 
H-bond interactions with cocrystallized ligand Indomethacin and 

morin which significantly revealed the difference in their binding 
energies.

Fig. 2: Docking complex and interactions of cyclooxygenase-2, (a) cocrystallized ligand, Ibuprofen docking interactions with a binding 
energy of −20.5529 kJ/mol, (b) docking interactions of morin with a binding energy of −18.4311 kJ/mol

Fig. 3: Docking complex and interactions of peroxisome-proliferator-activated receptors alpha, (a) cocrystallized ligand, (2S)-2-(4-
methoxy-3-{[(pyren-1-ylcarbony l) amino] methyl} benzyl) butanoic acid docking interactions with binding energy of −41.209 kJ/mol, 

(b) docking interactions of morin with binding energy of −32.9528 kJ/mol

a

b

b

a
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However, considering the binding energies of morin when compared 
to the cocrystallized ligands and the vast difference in the amino acids 
within the binding sites of selected targets such as human COX-2, PPARα, 
and PPARγ favoring the H-bond interactions, suggests that morin might 
possess different activities against the targets when compared to their 
respective cocrystals. Thus, we emphasize that morin compound might 
possess better anticancer activity against these selected skin cancer 
therapeutic targets, while it possesses better activity against PPARα 
based on its binding energies.

Furthermore, these docking studies of cocrystallized ligands with 
chosen protein targets implies that the presence of keto groups (=O) 
and amide groups (-N=H) as electronegative elements on the compound 
were crucial for interactions with binding site residues. While it is 
observed that presence of keto groups (=O) on morin compounds 
plays a significant role for its activity against these three selected 
targets. Interestingly it is observed that OH group on morin has showed 
bonding interactions with sulfur-containing amino acid methionine 
in all the three targets. Therefore, these prioritized drug targets and 
drug compounds interactions might play a fundamental role in the 
expansion of new and urgently-needed drugs for the prevention of UV-
induced progression of NMSC.

CONCLUSION

As the expression levels of COX-2 and PPARs are associated with the 
reduction of UV-induced skin carcinogenesis, in the present study, the 
anticancer activity of morin compound was put forth as a potential 
drug agent by targeting these COX-2 and PPARα and PPARγ isotypes 
through structure-based drug designing. Furthermore, the study has 
emphasizes that morin compound might possess better anticancer 
activity against these selected skin cancer therapeutic targets based 
on its binding energies. The morin compound has shown better 
activity against PPARα followed by COX-2 PPARγ, and furthermore, the 
understanding of docking interactions has revealed the importance of 

electronegative elements on the compounds and their interactions with 
sulfur-containing amino acid methionine in all the three targets. Thus, 
the study has significantly revealed the anticancer activity of morin and 
the role of COX-2 and PPARα and PPARγ isotypes as prioritized drug 
targets of skin cancer.
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