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Abstract: 

Background: Psoriasis is a chronic immune-mediated inflammatory skin disease with multiple 

phenotypically distinct subtypes. Therapeutic options for psoriasis include topical therapy, phototherapy or 

systemic treatment. Treatment targets include at least 75% or 90% improvement in PASI. Despite its growing 

prevalence, current pharmacological options remain limited. Manjishta (Rubia cordifolia L), described in 

classical Ayurvedic literature under Varnya, Vishaghna and Jwarahara mahakashaya, possesses documented 

hepatoprotective, anti-inflammatory, anti-proliferative and antioxidant properties. This study aimed to 

evaluate the potential molecular mechanisms of Manjishta phytoconstituents against psoriasis associated 

targets using in-silico approaches.  

Methods: Phytoconstituents of Rubia cordifolia L were retrieved from the IMPPAT and PubChem 

databases. ADME properties and drug-likeness were assessed using SwissADME, and bioavailability was 

visualized using the Boiled Egg model. Protein–protein interaction (PPI) networks were constructed via 

STRING. Molecular docking was performed using AutoDock Vina against key psoriasis related proteins. 

Docking interactions were analyzed in Discovery Studio Visualizer. 

Results: Phytoconstituents such as lucidin ethyl ether, xanthopurpurin, 1-hydroxy-2 

methoxyanthraquinone, rubiadin, 1-hydroxy-2-methylanthraquinone and 2-(methoxymethyl)-1,3-

dihydroxyanthraquinone demonstrated strong binding affinities (−7.0 to −8.4 kcal mol-1) toward estrogen 

receptor beta, neutrophil elastase, induced myeloid leukemia cell differentiation protein Mcl-1 and M-phase 

inducer phosphatase. ADME analysis indicated favorable oral bioavailability and compliance with Lipinski’s 

rule of five. The PPI network highlighted ESR1, BCL2, CASP3, DNMT1, TERT, PTPRC, DNMT3A, ESR2, 

MCL1 and ELANE as central nodes associated with psoriasis pathology, suggesting multi-target modulatory 

potential. 

Conclusion: This in-silico analysis predicts potential interactions of Rubia cordifolia phytoconstituents 

with key apoptotic, anti-inflammatory, anti-proliferative and antioxidant pathways implicated in psoriasis. 

These findings warrant further experimental research to validate their biological relevance. 

 

Keywords: Bioinformatics, Drug discovery, In-Silico, Manjishta, Molecular docking, Network 

pharmacology, Psoriasis, Rubia cordifolia. 

______________________________________________________________________________________________ 

Introduction 

Rubia cordifolia L, known as Manjishta (Figure-1) in Ayurveda, is described in Caraka Saṃhitā, under 

Varnya, Vishaghna and Jwarahara mahākāśaya and is traditionally indicated in Visha, Shotha, Akshi ruk, 

Karna Ruk, Kushta, Visarpa, Vrana and Jwara.[1,2]  

Phytochemical investigations have identified alkaloids, tannins, phenols, flavonoids, quinones and terpenes 

as major class of phyto-constituents. Major bioactive compounds in Rubia cordifolia, includes alizarin, 

munjistin, rubiadin, purpurin, anthraxquinone and xanthopurpurin which are responsible for its widely 

reported hepatoprotective, antioxidant, anti-inflammatory, and apoptotic activities.[3,4] Psoriasis is a clinically 
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heterogeneous lifelong skin disease that presents in multiple forms such as plaque, flexural, guttate, pustular 

or erythrodermic psoriasis. 

 

Figure 1 – Rubia cordifolia L (Manjishta). a) Habit. b) Dried stem of Rubia cordifolia L 

 

In 2014, the World Health Organization recognized psoriasis as a significant non-communicable disease and 

emphasized the challenges associated with its misdiagnosis, insufficient treatment, and the social stigma 

experienced by affected individuals. Even psoriasis is an immune-mediated inflammatory disease, it has a 

major genetic component.[5] The pathogenesis of psoriasis is multifactorial, with genetics being a primary 

contributor. Environmental triggers such as obesity, stress, beta-blockers, smoking and lithium also have been 

known to exacerbate psoriasis. Psoriasis manifests in several ways; plaque, flexural, guttate, pustular or 

erythrodermic psoriasis. The plaque psoriasis is the most common form, which presents as well-demarcated 

salmon pink plaques with silvery-white scale, typically in a symmetrical distribution and affecting the extensor 

surfaces (especially elbows and knees), trunk and scalp.[6] Inflammatory cytokines are believed to be the 

initiators for the onset of psoriasis, hyperproliferation and disturbed keratinocyte differentiation are closely 

involved in the development and maintenance of the disease process. The epidermal acanthosis and 

parakeratosis seen in a typical psoriatic lesion are a direct result of hyperproliferation and aberrant 

differentiation of keratinocytes in the skin. For this very reason, compounds that inhibit keratinocyte 

proliferation and induce keratinocyte differentiation are effective in the management of psoriasis due to their 

ability to bring balanced homeostasis to the epidermis. Topical therapy, phototherapy or systemic treatment 

are the current mainstay treatment practicing in psoriasis.[7] However, current evidence remains largely limited 

to isolated experimental models focusing on general hepatoprotection rather than psoriasis specific molecular 

mechanisms. Most available studies explore its anti-inflammatory or antioxidant potential in non-metabolic 

liver injury, leaving a gap in understanding how phytochemicals of interacts with molecular regulators 

uniquely implicated in psoriasis such as estrogen receptor beta, Induced myeloid leukemia cell differentiation 

protein Mcl-1, Neutrophil elastase, Caspase-3, M-phase inducer phosphatase 2, and oxidative stress 

mediators.[8] Computational approaches such as molecular docking, molecular dynamics (MD) and in-silico 

ADME prediction provide a powerful tool to elucidate ligand - protein interactions, prioritize pharmacological 

targets and predict drug-likeness in complex diseases like psoriasis. These tools are particularly valuable in 

bridging the critical research gap by identifying psoriasis specific molecular targets of phytochemicals, 

providing mechanistic insights that experimental studies have not yet fully explored. Therefore, integrating 

classical Ayurvedic knowledge of Manjishta (Rubia cordifolia L) with structure-based in-silico analysis may 
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help delineate the compound’s multi-target apoptotic, anti-hyperproliferative, anti-inflammatory and 

antioxidant potential and guide rational drug development for psoriasis. 

Methods 

The bioactive constituents from of Rubia cordifolia were first retrieved from the IMPPAT phytochemical 

database, and their corresponding canonical SMILES structures were obtained from PubChem. These 

compounds were screened for pharmacokinetic suitability, ADME and drug-likeness using SwissADME 

(v.3.0), which computes descriptors such as molecular weight, hydrogen-bond donors and acceptors, rotatable 

bonds, topological polar surface area (TPSA), lipophilicity indices, solubility predictions, gastrointestinal 

absorption, Blood Brain Barrier permeation, P-gp substrate status, skin permeability coefficient (Log Kp) and 

bioavailability scores. The “BOILED-Egg” model was used to predict passive intestinal absorption, brain 

permeation and efflux likelihood. Compounds satisfying Lipinski rule, skin permeability coefficient and P-gp 

substrate ststus were selected for target identification using Similarity Ensemble Approach (SEA). The target 

with p value < 0.05 and MaxTC value ≥ 0.6 were selected. In parallel, psoriasis associated genes were mined 

from GeneCards (v.5.26.0) using the keyword “Psoriasis”.[9] The intersection of phytoconstituents predicted 

targets with psoriasis related genes was identified using Venny (v.2.1).[10] To further evaluate functional 

associations, overlapping targets were mapped to the STRING database (v.12.5) for Protein - Protein 

Interaction (PPI) analysis, with networks constructed under Homo sapiens restriction and confidence 

thresholds ≥ 0.4.[11] 

The exported Protein - Protein Interaction (PPI) network was visualized in Cytoscape (v.3.10.3), and hub 

genes were identified using the CytoHubba plugin based on topological parameters such as degree, closeness 

and betweenness centralities and clustering coefficient.[12,13] Top 10 hub genes were selected for docking as 

they represent the most biologically influential and highly connected genes in the network, providing a 

manageable, high-confidence subset that reduces noise, supports standard downstream analyses, aligns with 

common literature practice and ensures clear visualization. Protein structures corresponding to these hub 

genes were retrieved from UniProt data base and Protein Data Bank (PDB), selecting high-quality 

crystallographic models with maximum sequence length and minimum resolution (< 2.0 Å). The protein 

structures were pre-processed in BIOVIA Discovery Studio 2025 by removing heteroatoms, water molecules, 

and redundant chains, followed by polar hydrogen addition to optimize geometry and protonation states, 

consistent with best practices for docking accuracy and saved as PDB format.[14] Then it is further prepared 

using Auto Dock Tools (ADT) by adding Kollman charges and Computing Gasteiger charge. It was assigned 

as AD4 type and saved as PDBQT. The Ligand structures were obtained from PubChem Data base and 3 

Dimensional Structure Data File (SDF) format was downloaded. Ligands were energy-minimized using the 

MMFF94 force field (Open Babel GUI v.3.1.1) with steepest descent optimization. Protonation states of both 

receptor and ligands were assigned corresponding to physiological pH 7.4 using AutoDock Tools (ADT and 

assigning Gasteiger charges, defining torsional flexibility and saving in PDBQT format. The grid box was 

selected from the grid and the X, Y and Z coordinates were noted for each protein. Docking was carried out 

in AutoDock Vina (v1.1.2), with grid boxes defined at the active site (10 Å dimensions, exhaustiveness set to 

8), generating nine docking poses per ligand.[15] Binding affinities were reported in kcal mol-1, with thresholds 

of –6.0 kcal mol-1 or lower considered indicative of strong binding. The resulting docked complexes were 

split into individual poses and visualized using BIOVIA Discovery Studio 2025, allowing for detailed analysis 

of binding orientation, hydrogen bonding, hydrophobic contacts, and key amino acid interactions within the 

receptor active site. These procedures were shown as a flow chart in Figure 2. 
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Figure 2 - Flow chart showing the main methodological steps 

 

Results 

Total 34 molecules were listed form the IMPPAT database and ADME analysis done through SwissADME 

provided details of all 34 molecules. The boiled egg diagram of these compounds are given in Figure 3.  

 

 
Figure 3 - Boiled egg model 

 

After analyzing the results only 18 molecules were passed the criteria of per Lipinsky rule, Bioavailability 

score, skin permeability coefficient and Pgp substrate and are given in Table 1.  
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Table 1 : List of screened molecules with their SMILEs and SwissADME parameter 
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1.  Dihydromoll

ugin 

COC(=O)c1c2C

CC(Oc2c2c(c1O

)cccc2)(C)C C17H18O4 286.32 4 1 

55.

76 

Hi

gh 

Y

es 

N

o 0 

0.

55 

-

5.

06 

2.  

Furomollugin 

COC(=O)c1c(O

)c2ccccc2c2c1c

co2 C14H10O4 242.23 4 1 

59.

67 

Hi

gh 

Y

es 

N

o 0 

0.

55 

-

5.

21 

3.  Lucidin ethyl 

ether 

CCOCc1c(O)cc

2c(c1O)C(=O)c

1c(C2=O)cccc1 C17H14O5 298.29 5 2 

83.

83 

Hi

gh 

N

o 

N

o 0 

0.

55 

-

6.

18 

4.  

1,5-

Dihydroxy-2-

methylanthra

cene-9,10-

dione 

Oc1c(C)ccc2c1

C(=O)c1c(C2=

O)c(O)ccc1 C15H10O4 254.24 4 2 

74.

6 

Hi

gh 

Y

es 

N

o 0 

0.

55 

-

4.

95 

5.  Xanthopurpu

rin 

Oc1cc(O)c2c(c1

)C(=O)c1c(C2=

O)cccc1 C14H8O4 240.21 4 2 

74.

6 

Hi

gh 

Y

es 

N

o 0 

0.

55 

-

5.

52 

6.  

Dehydro-

alpha-

lapachone 

O=C1C2=C(C=

CC(O2)(C)C)C(

=O)c2c1cccc2 C15H12O3 240.25 3 0 

43.

37 

Hi

gh 

Y

es 

N

o 0 

0.

85 

-

5.

93 

7.  

1-Hydroxy-2-

methoxyanthr

aquinone 

COc1ccc2c(c1O

)C(=O)c1c(C2=

O)cccc1 C15H10O4 254.24 4 1 

63.

6 

Hi

gh 

Y

es 

N

o 0 

0.

55 

-

5.

7 

8.  Anthraquinon

e 

O=C1c2ccccc2

C(=O)c2c1cccc

2 C14H8O2 208.21 2 0 

34.

14 

Hi

gh 

Y

es 

N

o 0 

0.

55 

-

5.

16 

9.  

1,4-

Dihydroxy-2-

methylanthra

quinone 

Oc1c(C)cc(c2c1

C(=O)c1ccccc1

C2=O)O C15H10O4 254.24 4 2 

74.

6 

Hi

gh 

Y

es 

N

o 0 

0.

55 

-

5.

28 

10.  
Alizarin 

O=C1c2ccccc2

C(=O)c2c1ccc(c

2O)O C14H8O4 240.21 4 2 

74.

6 

Hi

gh 

Y

es 

N

o 0 

0.

55 

-

5.

52 

11.  
Rubiadin 

O=C1c2ccccc2

C(=O)c2c1c(O)

c(c(c2)O)C C15H10O4 254.24 4 2 

74.

6 

Hi

gh 

Y

es 

N

o 0 

0.

55 

-

5.

67 

12.  
Mollugin 

COC(=O)c1c2C

=CC(Oc2c2c(c1

O)cccc2)(C)C C17H16O4 284.31 4 1 

55.

76 

Hi

gh 

Y

es 

N

o 0 

0.

55 

-

5.

09 
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13.  
Rubilactone 

COC(=O)c1c(O

)c2ccccc2c2c1c

cc(=O)o2 C15H10O5 270.24 5 1 

76.

74 

Hi

gh 

Y

es 

N

o 0 

0.

55 

-

5.

67 

14.  
1-Hydroxy-2-

methylanthra

quinone 

O=C1c2ccccc2

C(=O)c2c1ccc(c

2O)C C15H10O3 238.24 3 1 

54.

37 

Hi

gh 

Y

es 

N

o 0 

0.

55 -5 

15.  

Physcion 

COc1cc(O)c2c(

c1)C(=O)c1c(C

2=O)c(O)cc(c1)

C C16H12O5 284.26 5 2 

83.

83 

Hi

gh 

N

o 

N

o 0 

0.

55 

-

5.

88 

16.  

2-

(Methoxymet

hyl)-1,3-

dihydroxyant

hraquinone 

COCc1c(O)cc2c

(c1O)C(=O)c1c(

C2=O)cccc1 C16H12O5 284.26 5 2 

83.

83 

Hi

gh 

N

o 

N

o 0 

0.

55 

-

6.

36 

17.  

1,4-

Dihydroxy-5-

methoxy-2-

methylanthra

cene-9,10-

dione 

COc1cccc2c1C(

=O)c1c(C2=O)c

(O)c(cc1O)C C16H12O5 284.26 5 2 

83.

83 

Hi

gh 

N

o 

N

o 0 

0.

55 

-

5.

48 

18.  

1,3-

Dimethoxy-

2-carboxy-

anthraquinon

e 

COc1cc2C(=O)

c3ccccc3C(=O)c

2c(c1C(=O)O)O

C C17H12O6 312.27 6 1 

89.

9 

Hi

gh 

N

o 

N

o 0 

0.

56 

-

6.

54 

 

Related genes of these molecules and the psoriasis related genes were tabulated using SEA search server 

and GeneCards respectively and 18 common genes were identified using Venny 2.0 tools. The Protein-Protein 

Interaction network for the common genes was constructed using String software (figure 4) and the top 10 

genes were plotted using Cytoscape by Maximal Clique Centrality (MCC), Degree Centrality, closeness 

Centrality and Clustering coefficient (figure 5).  

 
Figure 4 - Protein–Protein Interaction (PPI) 
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Figure 5 - Hub genes plotted using Cytoscape 

 

Among these, top 10 genes identified through MCC ranking were considered as 10 HUB genes given in table 

2, as it measures the involvement of a node within highly interconnected maximal cliques, which reflect 

biologically meaningful functional modules. 

Table 2 – Ranking of top 10 Genes using Cytoscape based on Maximal Clique Centrality, Degree 

distribution and Clustering coefficient 

Rank MCC 
Closeness 

centrality  

Clustering 

coefficient 

Betweenness 

centrality  

1 ESR1 ESR1 ELANE ESR1 

2 BCL2 BCL2 DNMT3L BCL2 

3 CASP3 CASP3 MITF PTPRC 

4 DNMT1 PTPRC CDC25B CASP3 

5 TERT DNMT1 MCL1 TERT 

6 PTPRC TERT DNMT3A DNMT1 

7 DNMT3A ESR2 ESR2 IDO1 

8 ESR2 DNMT3A TERT ESR2 

9 MCL1 MCL1 DNMT1 CYP1B1 

10 ELANE ELANE CASP3 DNMT3A 

 

The related phytochemicals were identified for each gene and their canonical smiles, PubChem ID, 

chemical structure, gene symbol and gene name, and RCSB PDB ID are given in table 3. Total 9 among 18 

phytochemicals showed interactions with six target genes; MCL1, ESR2, ELANE, CDC25B, CASP3 and 

MITF, which are the major genes involved in pathways related to psoriasis.  
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Table 3: Details of 10 HUB genes their related proteins and phytochemicals 

Sl 

No 

Phytochemical  Canonical 

SMILES 

PubCh

em ID 

(Comp

ound 

CID) 

Chemical 

structure 

Gene 

Symb

ol 

Gene 

Name 

RC

SB 

PD

B 

ID 

1  Lucidin ethyl ether 

 

CCOCc1c(O)cc2c

(c1O)C(=O)c1c(C

2=O)cccc1 

 

28578 

 

MCL1 Induced 

myeloid 

leukemia 

cell 

differenti

ation 

protein 

Mcl-1 

 

4H

W3 

2 Xanthopurpurin Oc1cc(O)c2c(c1)

C(=O)c1c(C2=O)

cccc1 

 

196978 

 

MCL1 

 

Induced 

myeloid 

leukemia 

cell 

differenti

ation 

protein 

Mcl-1 

 

4H

W3 

3 ESR2 Estrogen 

receptor 

beta 

 

5T

OA 

4 1-Hydroxy-2-

methoxyanthraquino

ne 

 

COc1ccc2c(c1O)

C(=O)c1c(C2=O)

cccc1 

 

80103 

 

ELAN

E 

Neutroph

il 

elastase 

 

5A

8Y 

5 MCL1 

 

Induced 

myeloid 

leukemia 

cell 

differenti

ation 

protein 

Mcl-1 

 

4H

W3 

6 Anthraquinone 

 

O=C1c2ccccc2C(

=O)c2c1cccc2 

 

6780 

 

CDC2

5B 

 

M-phase 

inducer 

phosphat

ase 2 

 

4W

H7 

7 CASP

3 

Caspase-

3 

 

3D

EI 

8 MCL1 Induced 

myeloid 

4H

W3 
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leukemia 

cell 

differenti

ation 

protein 

Mcl-1 

 

9 Alizarin 

 

O=C1c2ccccc2C(

=O)c2c1ccc(c2O)

O 

 

6293 

 

MCL1 Induced 

myeloid 

leukemia 

cell 

differenti

ation 

protein 

Mcl-1 

 

4H

W3 

10 MITF  Micropht

halmia-

associate

d 

transcript

ion factor 

 

9H

5F 

11 Rubiadin 

 

O=C1c2ccccc2C(

=O)c2c1c(O)c(c(c

2)O)C 

 

124062 

 

MCL1 Induced 

myeloid 

leukemia 

cell 

differenti

ation 

protein 

Mcl-1 

 

4H

W3 

12 1-Hydroxy-2-

methylanthraquinone 

 

O=C1c2ccccc2C(

=O)c2c1ccc(c2O)

C 

 

160817 

 

MCL1 Induced 

myeloid 

leukemia 

cell 

differenti

ation 

protein 

Mcl-1 

 

4H

W3 

13 MITF Micropht

halmia-

associate

d 

transcript

ion factor 

 

9H

5F 
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14 Physcion 

 

COc1cc(O)c2c(c1

)C(=O)c1c(C2=O

)c(O)cc(c1)C 

 

10639 

 

ELAN

E 

Neutroph

il 

elastase 

 

5A

8Y 

15 2-(Methoxymethyl)-

1,3-

dihydroxyanthraquin

one 

 

COCc1c(O)cc2c(

c1O)C(=O)c1c(C

2=O)cccc1 

 

149782  MCL1 Induced 

myeloid 

leukemia 

cell 

differenti

ation 

protein 

Mcl-1 

 

4H

W3 

 

The genes that regulate apoptosis and keratinocyte survival, MCL1 and CASP3; genes such as ELANE 

which regulate immune-mediated inflammatory responses; genes like ESR2 which regulates hormonal 

signaling especially cytokine signaling and skin homeostasis form the major cluster, with their proteins. These 

genes were showed overlap with protein targets like lucidin ethyl ether, xanthopurpurin, 1-hydroxy-2-

methoxyanthraquinone, anthraquinone, alizarin, rubiadin, 1-hydroxy-2-methylanthraquinone, physcion and 

2-(methoxymethyl)-1,3-dihydroxyanthraquinone. Among these genes, MCL1 demonstrated affinity for 

majority of compounds; lucidin ethyl ether, xanthopurpurin, 1-hydroxy-2-methoxyanthraquinone, alizarin, 

rubiadin, 1-hydroxy-2-methylanthraquinone and anthraquinone. ELANE showed affinity with 1-hydroxy-2-

methoxyanthraquinone and physcion, where MITF demonstrated affinity with alizarin and 1-hydroxy-2-

methylanthraquinone. ESR2 showed affinity with Xanthopurpurin, CDC25B and CASP3 demonstrated 

connection with anthraquinone. The docking results given in table 4 indicate that several constituents of Rubia 

cordifolia display predicted binding with variety of genes involved in apoptosis regulation, immune and 

inflammatory regulation, and hormonal and signaling regulation implicated in psoriasis. Notably, 

xanthopurpurin showed relatively strong predicted binding to ESR2 (−8.4 kcal mol-1) and anthraquinone with 

MCL1 ( −8.3 kcal mol-1). MCL1 also showed high affinity with 1-hydroxy-2-methylanthraquinone (-7.6 3 

kcal mol-1); xanthopurpurin (-7.5 kcal mol-1); lucidin ethyl ether, alizarin and rubiadin (-7.4 kcal mol-1); 1-

hydroxy-2-methoxyanthraquinone (-7.3 kcal mol-1) and a binding affinity of -7.1 kcal mol-1 with 2-

(methoxymethyl)-1,3-dihydroxyanthraquinone. ELANE exhibited meaningful affinities against 1-hydroxy-2-

methoxyanthraquinone (-6.8 kcal mol-1) and physcion (-6.1 kcal mol-1). The compound anthraquinone showed 

a good affinity with CASP3 and CDC25B with a binding affinity -6.9 kcal mol-1and -6.8 kcal mol-1 

respectively. The gene MITF shows the least affinity with alizarin (-4.1 kcal mol-1) and 1-hydroxy-2-

methylanthraquinone (-4.2 kcal mol-1). 
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Table 4: Table showing the Binding affinity of selected ligands with respective targets and their interactions 
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1 MCL1 Lucidin 

ethyl 

ether 

 

-7.4 5 A:AR

G263 

A:VA

L253 

A:VA

L253 

A:TH

R266 

A:TH

R266 

Hydrog

en 

bond 

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

 

Conventi

onal 

Pi sigma 

Pi sigma 

Pi sigma 

Pi sigma 

3.037

63 

3.289

26 

3.628

74 

3.812

26 

3.448

53 

 

2 MCL1 Xantho

purpuri

n 

 

-7.5 5 A:VA

L253 

A:TH

R266 

A:ME

T231 

 

A:VA

L253 

A:VA

L253 

Hydrop

hobic  

Hydrop

hobic  

Other  

Hydrop

hobic  

Hydrop

hobic  

Pi sigma 

Pi sigma 

Pi-Sulfur 

Pi-Alkyl 

Pi-Alkyl 

3.314

81 

3.467

66 

5.613

15 

5.418

24 

4.217

66 

 

3 MCL1 1-

Hydrox

y-2-

methox

yanthra

quinone 

 

-7.3 4 A:VA

L253 

A:VA

L253 

A:TH

R266 

A:LE

U267 

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Pi-Sigma 

Pi-Sigma 

Pi-Sigma 

Pi-Alkyl 

 

3.446

78 

3.972

1 

3.468

94 

5.401

11 
 

4 MCL1 Anthra

quinone 

 

-8.3 11 A:PH

E270  

A:PH

E270  

A:VA

L249 

A:ME

T231 

A:ME

T250 

A:VA

L253 

Hydrop

hobic 

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Pi-Pi T 

shaped 

Pi-Pi T 

shaped 

Amide-Pi 

Stacked 

Pi-Alkyl 

Pi-Alkyl 

Pi-Alkyl 

Pi-Alkyl 

Pi-Alkyl 

Pi-Alkyl 

5.031

44 

4.616

41 

4.287

2 

5.217

58 

5.178

23 

4.793

65 
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A:VA

L253 

A:LE

U235 

A:LE

U246 

A:VA

L249 

A:ME

T250 

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Pi-Alkyl 

Pi-Alkyl 

4.900

11 

5.229

83 

5.117

9 

5.035

89 

4.376

03 

5 MCL1 Alizari

n 

 

-7.4 6 A:VA

L253 

A:VA

L253 

A:TH

R266 

A:TH

R266 

A:AL

A227 

A:LE

U267 

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Pi-Sigma 

Pi-Sigma 

Pi-Sigma 

Pi-Sigma 

Pi-Alkyl 

Pi-Alkyl 

3.869

64 

3.802

45 

3.979

88 

3.753

96 

4.854

38 

5.231

46 

 

6 MCL1 Rubiadi

n 

 

-7.4 6 A:VA

L253 

A:VA

L253 

A:TH

R266 

A:ME

T231 

A:HIS

224 

A:VA

L253 

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Other 

Hydrop

hobic  

Hydrop

hobic  

Pi-Sigma 

Pi-Sigma 

Pi-Sigma 

Pi-Sulfur 

Pi-Alkyl 

Pi-Alkyl 

3.926

63 

3.305

68 

3.564

92 

5.430

88 

4.819

69 

4.301

66 

 

7 MCL1 1-

Hydrox

y-2-

methyla

nthraqu

inone 

 

-7.6 8 A:AR

G263 

A:VA

L253 

A:VA

L253 

A:TH

R266 

A:ME

T250 

A:LE

U267 

A:PH

E270 

A:LE

U267 

Hydrog

en 

Bond   

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Conventi

onal 

Pi-Sigma 

Pi-Sigma 

Pi-Sigma 

Alkyl 

Alkyl 

Pi-Alkyl 

Pi-Alkyl 

2.255

76 

3.631

52 

3.858

44 

3.676

67 

5.022

69 

4.640

81 

5.306

62 

5.392

88 
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8 MCL1 2-

(Metho

xymeth

yl)-1,3-

dihydro

xyanthr

aquinon

e 

 

-7.1 5 A:AR

G263 

A:VA

L253 

A:VA

L253 

A:TH

R266 

A:TH

R266 

Hydrog

en 

Bond   

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Conventi

onal 

Pi-Sigma 

Pi-Sigma 

Pi-Sigma 

Pi-Sigma 

3.055

71 

3.293

15 

3.610

06 

3.830

89 

3.441

32 

 

9 ELAN

E 

1-

Hydrox

y-2-

methox

yanthra

quinone 

 

-6.8 5 A:CY

S220 

A:PH

E192  

A:PH

E192  

A:VA

L216 

A:VA

L216 

Other  

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic 

Hydrop

hobic  

Pi-Sulfur 

Pi-Pi 

Stacked 

Pi-Pi 

Stacked 

Pi-Alkyl 

Pi-Alkyl 

5.899 

5.257

39 

4.343

09 

5.071

09 

4.169

25 

 

10 ELAN

E 

Physcio

n 

 

-6.1 7 A:VA

L216 

A:HIS

57  

A:PH

E192  

A:HIS

57  

A:VA

L216 

A:PH

E192  

A:VA

L216 

Hydrog

en 

Bond   

Hydrog

en 

Bond  

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Conventi

onal  

Carbon 

Hydrogen 

Bond 

Pi-Pi 

Stacked 

Pi-Pi T-

shaped 

Alkyl 

Pi-Alkyl 

Pi-Alkyl 

2.328

93 

3.378

39 

4.555

79 

5.291

83 

3.799

62 

4.194

3 

5.313

99 

 

11 MITF Alizari

n 

 

-4.1 3 B:AR

G284 

B:AR

G284 

C:LE

U282 

Hydrog

en 

Bond  

Hydrog

en 

Bond 

Hydrop

hobic  

Conventi

onal 

Carbon 

Hydrogen 

Bond 

Pi-Alkyl 

2.074

49 

3.411

45 

4.493

14 

 

12 MITF 1-

Hydrox

y-2-

methyla

nthraqu

inone 

 

-4.2 4 B:AR

G284 

B:AR

G284 

B:HIS

280 

Hydrog

en 

Bond   

Hydrog

en 

Bond  

Conventi

onal  

Carbon 

Hydrogen 

Bond 

Pi-Alkyl 

Pi-Alkyl 

2.111

65 

3.463

87 

4.722

8 

 



Kottakkal Journal of Ayurvedic Medicine and Research 

Volume 2, Issue 3 (July-September) 2026 |Page No: 01-18 | ISSN: 3107-4057 

Kottakkal Journal of Ayurvedic Medicine and Research 

Volume 2, Issue 3 (July-September) 2026 |Page No: 01-18 | ISSN: 3107-4057 

14 
 

C:LE

U282 

Hydrop

hobic  

Hydrop

hobic  

4.497

11 

13 ESR2 Xantho

purpuri

n 

 

-8.4 6 B:PH

E356  

B:PH

E356  

B:LE

U298 

B:AL

A302 

B:LE

U339 

B:LE

U298 

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic  

Pi-Pi T-

shaped 

Pi-Pi T-

shaped 

Pi-Alkyl 

Pi-Alkyl 

Pi-Alkyl 

Pi-Alkyl 

5.454

69 

5.106

97 

5.076

21 

4.832

24 

4.509

72 

5.110

88 

 

14 CDC25

B 

Anthra

quinone 

 

-6.8 11 A:CY

S484 

A:AR

G485 

A:AR

G488 

A:AR

G488 

A:AS

P397 

A:LE

U398 

A:AR

G488 

A:AR

G488 

A:ME

T505 

A:AR

G485 

A:AR

G488 

Hydrog

en 

Bond  

Hydrog

en 

Bond 

Electro

static  

Electro

static  

Electro

static 

Hydrop

hobic  

Hydrop

hobic  

Hydrop

hobic 

Hydrop

hobic 

Hydrop

hobic  

Hydrop

hobic  

Conventi

onal 

Electrosta

tic 

Pi-Cation 

Pi-Cation 

Pi-Cation 

Pi-Anion 

Pi-Alkyl  

Pi-Alkyl 

Pi-Alkyl 

Pi-Alkyl 

Pi-Alkyl 

2.253

56 

3.845

27 

3.465

84 

3.874

12 

4.354

41 

5.133

64 

5.460

51 

4.334

23 

5.430

26 

4.787

35 

4.482

21 

 

15 CASP3 Anthra

quinone 

 

-6.9 4 A:GL

Y122 

A:OC

S163 

A:SE

R205 

A:OC

S163 

A:HIS

121 

A:OC

S163 

Hydrog

en 

Bond   

Hydrog

en 

Bond   

Hydrog

en 

Bond  

Hydrog

en 

Bond  

Conventi

onal 

Conventi

onal 

Carbon 

Hydrogen 

Bond 

Carbon 

Hydrogen 

Bond 

 

2.766

45 

2.536

6 

3.737

29 

3.428

65 
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A:SE

R205 

A:OC

S163 

 

Discussion  

Inflammatory cytokines are believed to be the initiators for the onset of psoriasis, and hyperproliferation 

and disturbed keratinocyte differentiation are closely involved in the development and maintenance of the 

disease process.[7] The epidermal acanthosis and parakeratosis seen in a typical psoriatic lesion are a direct 

result of hyperproliferation and aberrant differentiation of keratinocytes in the skin. For this very reason, 

compounds that inhibit keratinocyte proliferation and induce keratinocyte differentiation and apoptosis are 

effective in the management of psoriasis due to their ability to bring balanced homeostasis to the epidermis. 

Today, discovery of more effective and safer anti-proliferative and keratinocyte differentiation-modulating 

agents remains a worthy scientific pursuit in psoriasis research. Rubia cordifolia, a commonly indicated drug 

in dermatological conditions in Ayurveda, as this drug mentioned in classics under Varnya, Vishaghna and 

Jwara Hara Maha Kashaya in Charaka Samhitha.[2] It is also indicated in various other conditions such as 

Kushta, Visarpa, Shotha and Vrana where hyper proliferation of cells and inflammatory dysregulations are 

prominent.[1] To establish the role of Rubia cordifolia in multiple disease pathologies, computational methods 

like molecular docking and network analysis are more useful than conventional time consuming experimental 

methods. In the present study, docking analysis indicated that selected phytochemicals of Rubia cordifolia 

interact with several genes such as MCL1, ESR2, ELANE, CDC25B, CASP3, and MITF associated with 

pathways involving immune regulation, apoptosis, inflammation, and keratinocyte proliferation relevant to 

psoriasis. The phytochemical, xanthopurpurin showed relatively strong predicted binding to ESR2 (Estrogen 

receptor beta) with a binding affinity of −8.4 kcal mol-1, which regulates skin inflammation and immune 

response. MCL1 (Induced myeloid leukemia cell differentiation protein Mcl-1), is an anti-apoptotic BCL2 

family protein, which resist programmed cell death by maintaining mitochondrial membrane integrity. In 

psoriasis, increased MCL1 expression may prolong the survival of keratinocytes, which contributes to the 

accumulation of epidermal cells in psoriatic plaques. Overexpression of MCL1 may therefore enhance 

epidermal hyperplasia and also influence immune cell survival within inflamed skin tissue. Through these 

mechanisms, MCL1 contributes to sustained inflammation and abnormal skin thickening in psoriasis.[16] 

Molecular docking demonstrated that, the phytochemical, anthraquinone strongly bound with MCL1with a 

notable binding energy -8.3 kcal mol-1, implies that anthraquinone might be inducing apoptosis results in 

reduction in epidermal thickness in psoriasis. It also binds with Lucidin ethyl ether, xanthopurpurin, 1-

Hydroxy-2-methoxyanthraquinone, alizarin, rubiadin, 1-hydroxy-2-methylanthraquinone and 2-

(methoxymethyl)-1,3-dihydroxyanthraquinone with high binding energy less than -6 kcal mol-1, suggestive of 

probable inhibition of abnormal epidermal hyperplasia observed in psoriasis. The gene ELANE which 

encodes neutrophil elastase, released by activated neutrophils which are prominent immune cells found in 

psoriatic lesions. Increased neutrophil elastase activity can intensify inflammatory responses in the skin. 

ELANE plays an important role in the formation of these neutrophil aggregates within the epidermis and form 

Munro micro abscesses. This enzyme may also activate inflammatory cytokines and signaling molecules by 

which ELANE amplifies inflammation and tissue damage in psoriatic skin.[17,18] Phytochemicals 1-hydroxy-

2-methoxyanthraquinone and physcion binds to this gene with an affinity of -6.8 kcal mol-1 and -6.1 kcal mol-

1 respectively, explains the probable anti -inflammatory action of Rubia cordifolia in psoriasis. ESR2 encodes 

estrogen receptor beta, a nuclear hormone receptor involved in gene regulation. It plays a role in modulating 

inflammatory and immune responses in skin tissues. Estrogen signaling through ESR2 can influence cytokine 

production and immune cell activity. An Altered ESR2 signaling has been suggested to affect the balance of 

pro-inflammatory mediators, thereby potentially contributing to the chronic inflammatory state of psoriasis, 

which could partly explain variations in psoriasis severity. It may also affect oxidative stress responses in skin 

cells which contribute to immune imbalance in psoriasis.[19] Xanthopurpurin, a major phytochemical in Rubia 

cordifolia bound with ESR2 with a binding energy of -8.4 kcal mol-1 indicating its predictive anti-

inflammatory, antioxidant activity and inhibition of keratinocyte proliferation, a key pathological event 

involved in psoriasis. CASP3 encodes caspase-3, a key executioner enzyme in the apoptosis pathway, 
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regulates programmed cell death, and participate in inflammatory signalling cascades. Its altered activity may 

disturb the balance between keratinocyte proliferation and apoptosis in psoriasis. Balanced apoptosis is 

necessary for maintaining normal epidermal homeostasis. In psoriasis, keratinocytes often show resistance to 

apoptosis. Altered CASP3 activity disrupt the normal removal of damaged or excess cells contributes to 

excessive epidermal cell accumulation.[20] Anthraquinone present in the Rubia cordifolia strongly bound with 

CASP3 with a binding energy of -6.9 kcal mol-1 suggestive of its probable role to induce apoptosis which may 

prevent excessive epidermal cell accumulation. CDC25B is a cell cycle regulatory phosphatase that controls 

the transition of cells from the G2 phase to mitosis, and its dysregulation may enhance keratinocyte 

proliferation, a hallmark feature of psoriasis. Overexpression or dysregulation of CDC25B can accelerate 

epidermal cell cycle progression, thereby contributing to the rapid turnover leading to the formation of thick 

scaly plaques in psoriasis.[21,22] Molecular docking showed that, Anthraquinone binds with CDC25B gene 

with a binding affinity of -6.8 kcal mol-1, which refers that anthraquinone inhibits CDC25B may potentially 

reduce abnormal cell proliferation, which is relevant in psoriasis. MITF (Microphthalmia-associated 

transcription factor) is involved in melanocyte differentiation and immune regulation, and its altered 

expression may influence inflammatory signaling and pigmentation changes observed in some psoriatic 

lesions.[23] The phytochemicals alizarin and 1-hydroxy-2-methylanthraquinone bound with MITF with a 

binding affinity of -4.1 kcal mol-1 and -4.2 kcal mol-1 showing a weak interaction implies less influence of 

these compounds in melanocyte differentiation and immune regulation in psoriasis. On an overall analysis of 

the molecular docking of phytochemicals from Rubia cordifolia, it shows its activity on multiple drug targets 

related to psoriasis, both established and weakly established ones. 

Docking generates hypotheses about probable binding modes and relative affinities under simplified 

conditions; it does not prove biological efficacy. Specific limitations in our study include use of static protein 

conformations (single PDB snapshots), neglect of full solvation and entropic effects, and no explicit inclusion 

of protein flexibility or induced fit. These factors can change binding free energy substantially. In addition, in 

vitro and in vivo effective concentrations depend on ADME (absorption, distribution, metabolism, and 

excretion), protein expression levels, bio availability of the phytoconstituents in plant extracts, and metabolite 

formation, none of which are captured by docking alone.  

The study recommends a structured validation pathway to support the predictive docking results. First, the 

actual levels and bioavailable forms of lucidin ethyl ether, xanthopurpurin, 1-Hydroxy-2-

methoxyanthraquinone, anthraquinone, alizarin, rubiadin, 1-hydroxy-2-methylanthraquinone, physcion and 

2-(methoxymethyl)-1,3-dihydroxyanthraquinone in Rubia cordifolia extracts should be quantified using LC-

MS/MS. Molecular dynamics simulations (100–200 ns) should then be conducted to evaluate the stability and 

solvation behaviour of key ligand–protein complexes. Advanced computational techniques like KEGG 

pathway analysis and gene ontology analysis can also be performed for predicting the possible action of these 

molecules in each pathway. Finally, anti-inflammatory and antioxidant effects must be tested in relevant 

cellular models, with in vivo studies undertaken only after confirming in vitro safety and bioavailability. 

 

Conclusion  

The docking analysis predicts that key phytochemicals of Rubia cordifolia that interact with genes related 

to apoptosis and keratinocyte survival, immune-mediated inflammatory responses, and hormonal signaling 

especially cytokine signaling and skin homeostasis in psoriasis, offering a plausible molecular basis for its 

classical Ayurvedic actions in antitoxic effect, inflammation modulation and maintaining skin homeostasis. 

These findings are preliminary and hypothesis generating, and docking alone cannot confirm biological 

efficacy. Experimental validation including phytochemical quantification, functional enzyme and transporter 

assays, molecular dynamics, and cellular models are essential for next level evidence generation of therapeutic 

relevance or clinical applicability.  
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