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ABSTRACT 
Psoriasis is a skin disease that affects 2%–3% of the world’s population. As a shift from the popular focus on plant 
fatty acid, 15 flavonoids from Cassia tora were evaluated in-silico for their ability to bind to 15 anti-psoriatic targets. 
It was observed that all the flavonoids made varying degrees of favorable binding interactions with each of the protein 
targets. London dG scoring method identified that five compounds had a higher binding affinity toward tumor necrosis 
factor-α, Bruton’s tyrosine kinase, peptidyl arginine deiminases, and spleen protein kinase than their co-crystallized 
ligands. Twelve of the flavonoids made better binding interactions with AA2R, PK, and protein kinase C than their 
co-crystallized inhibitors, whereas all the compounds except 6 had lower free binding energy toward P38MK, 
interleukin (IL)-17A, phosphodiesterase-4, cathepsin S, and Jak-3 than their native ligands. Only the docking scores 
of three molecules (1, 2, and 8) ranked lower than the reference ligands of S1PR and Rac1. Moreover, it was noted 
that only two interacted with IL-23 with a binding affinity comparable to its native ligand. The docking scores of the 
studied flavonoids highlight the presence of a highly polar group (especially sugar) as a vital structural requirement 
for strong binding with the target proteins.

INTRODUCTION
Psoriasis is a chronic, proliferative, and inflammatory 

skin disease affecting 2%–3% of the world’s population (Griffiths 
and Barker, 2007). Psoriasis is one of the most baffling and 
persistent of skin disorders. It is usually characterized by red 
plaques with white scales. This is caused by skin cells which 
multiply up to 10 times faster than normal. As underlying cells 
reach the skin’s surface and die, their sheer volume causes raised, 
red plaques covered with white scales (Bowcok, 2005; Cathrine 
and Prabavathi, 2011). Psoriasis typically occurs on the knees, 
elbows, and scalp, and it can also affect the torso, palms, and 
soles of the feet (Tollefson et al., 2018). Many searches for a 

plant phytochemical with an anti-psoriatic effect have focused 
largely on the fatty acid compound class. Fatty acid is credited 
to exhibit anti-psoriatic activity by limiting the synthesis of 
leukotrienes (Christopher and Steny, 1993). However, the work 
by Vijayalakshmi and Madhira (2014) suggests flavonoids could 
as well possess chemotherapeutic potency towards psoriasis.
Both topical and systemic drugs like betamethasone, tofacitinib, 
methotrexate, and so on are only used to manage the disease at 
each time it surfaces (Tollefson et al., 2018). Therefore, there is a 
need for a new anti-psoriatic agent.

Cassia tora is a legume from the Caesalpinioideae plant 
family. It grows wildly in tropical areas and though, it is considered 
as a weed, many studies have reported that its phytochemical 
constituent possesses interesting pharmacological properties 
ranging from antibacterial, antipsoriatic, and antifungal properties 
(Kim et al., 2004; 2015; Shukla et al., 2018; Vijayalakshmi and 
Madhira, 2014). In this current study, we have employed in silico 
technique because of its cost and time effectiveness. A collection 
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of flavonoids from Cassia tora were assessed for drug-likeness 
and tested for their ability to interact with 15 validated anti-
psoriatic protein targets with the aim to discover more flavonoids 
from Cassia tora with possible anti-psoriatic effect and their likely 
mechanism of action.

MATERIALS AND METHODS

Data collection
The plant metabolites from Cassia tora which are of 

flavonoid compound class were retrieved from the literature 
sources comprising mainly of published articles from 2004 
to 2015. The exact chemical structures of the flavonoids were 
confirmed from the Dictionary of Natural Products (Taylor and 
Francis, 2018). Although all the flavonoids were found in DNP, 
the small dataset was developed independent of DNP library.

Evaluation of Lipinski parameters for drug-likeness
Graphical user interface of the molecular operating 

environment (MOE) (Chemical Computing Group Inc., 2010) 
software was used to generate the three-dimensional molecular 
structures of the flavonoids and was energy minimized using 
molecular mechanics MMFF94 force field (Halgren, 1996) to an 
energy gradient of 0.001 kcal/mol. The 3D flavonoids were saved 
as in mol2 format include into an MOE database (.mdb) file which 
is suitable for use in several virtual screening workflow protocols. 
The molar weight (MW), number of rotatable bonds (NRBs), 
lipophilicity (log P), hydrogen bond acceptor/donor (HBA/HBD), 
and Lipinski violations were calculated using the molecular 
descriptor calculator included in the QuSAR module of the MOE 
package.

Docking simulation
The crystal structures of the anti-psoriasis protein 

targets under review with their co-crystallized inhibitor were 
downloaded from protein data bank (Berman et al., 2000). The 
enzyme-inhibitor complexes were prepared according to standard 
for use in docking calculation (Ntie-Kang et al., 2014). For each 
complex, the co-crystallized water molecules and small non-
essential molecules were removed. The protonate 3D procedure 
implemented in MOE was used to protonate the retained target-
ligand complexes, after which they were energy minimized using 
the Gromacs 4.5.5 ffG53a6 (Scott et al., 1999). The protein targets 
and co-crystallized ligands were subsequently separated and saved 
separately.The docking of all the flavonoids toward the binding site 
of the 15 antipsoriatic targets was carried out using the MOE Dock 
tool. Three main stages were involved in the docking process: 
Conformational Analysis of ligands, Placement, and Scoring. In 
the ligand Conformational Analysis stage, conformations from a 
single 3D conformation input ligand were generated by conducting 
a systematic search methodology. All combinations of angles were 
created for each ligand. During the Placement stage, a collection 
of poses was generated from the pool of ligand confirmations 
using the Triangle Matcher placement method. Several poses were 
generated by superimposition of ligand atom triplets and triplet 
points in the receptor binding site. The receptor sites points are 
composed of alpha sphere centers, representing locations of tight 
packing. At each iteration, a random conformation was selected; 

a random triplet of ligand atoms and a random triplet of alpha 
sphere centers were used to determine the pose. At the Scoring 
stage, the poses generated during the Placement stage were scored 
using the London dG scoring method. The London dG scoring 
function estimates the free energy of binding of the ligand from 
a given rotational and translational entropy terms, energy lost as 
a result go the flexibility of the ligand, hydrogen bonding, metal 
contacts, and a desolvation term due to the volumes of the atoms 
of the protein and ligand in contact with the solvent. Docking 
validation was an attempt to identify the best docking parameters 
which reproduce the ligand conformation (docking poses) within 
the binding pocket, i.e., having the lowest root mean square 
deviation (RMSD) values with respect to the experimental binding 
mode (X-ray crystal structure). During the docking validation 
procedure, the native ligands present within the binding pocket of 
each of the protein complexes were docked toward their respective 
receptions sites using different grid parameters. The parameters 
retained with the lowest RMSD values were then used to carry 
out docking for the data set toward the binding site of the 15 anti-
psoriatic drug targets.

RESULTS AND DISCUSSION
This current work was spurred from the study made by 

Vijayalakshmi and Madhira (2014) which found out that three 
flavonoids from Cassia tora exhibited the anti-psoriatic effect. 
This appeared to be a shift from the usual search for anti-psoriatic 
candidates in fatty acid plant class. Therefore, we made a collection 
of flavonoids isolated from Cassia tora spanning from 2004 to 
2015. The two-dimensional chemical structures of the flavonoids 
with their names are shown in Figure 1.

Physicochemical properties of the flavonoids
Nowadays, assessment of the oral bioavailability profile 

of potential drug candidates at an early stage of drug discovery 

Table 1. Physicochemical parameters of the flavonoids from Cassia tora.

Codes MW HBA HBD Log P LV NRB

1 448.38 11 7 −0.003 2 4

2 478.36 13 8 −0.033 2 4

3 430.40 9 4 0.807 0 5

4 270.24 5 3 1.896 0 1

5 252.22 4 1 2.678 0 1

6 208.21 2 0 2.964 0 0

7 270.24 5 3 2.482 0 0

8 492.43 12 6 −0.200 2 5

9 446.40 10 5 0.118 0 4

10 330.29 7 3 2.312 0 2

11 358.34 7 1 2.343 0 4

12 344.31 7 2 2.327 0 3

13 284.26 5 2 2.631 0 1

14 284.26 5 2 2.746 0 1

15 284.22 6 3 2.095 0 1
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is done to maximize resources (Ibezim et al., 2015). Lipinski 
proposed a rule, now generally known as the “Lipinski rule of 
five (ro5)” which is often employed to investigate drug-likeness 
of drug candidates. He proposed that a compound has to have: 
less than five HBDs, less than 10 HBAs, a molecular weight of 
less than 500 Da, and a partition coefficient log P of less than 5, 
in order to be drug-like. Potential drug candidates which violate 
two or more of the rule could possess bioavailability problems. 
Therefore, the set of molecular descriptors used by Lipinski 
were calculated, as shown in Table 1. Twelve out of the fifteen 

dataset violated none of the Lipinski rule. It was observed that 
three compounds failed to comply by the rule by outshooting the 
number of HBA and HBD criteria. Subsequently, this drastically 
lowers they lipophilic profile. Therefore, the three compounds 
may have problems with permeating across the cell membrane 
layers (Darvas et al., 2002). Be that as it may, this lipophilicity 
feature could be an advantage given that psoriasis is a skin disease. 
Hence, the inability of the drugs to pass/absorb through the skin 
will increase its concentration at the required site of action (skin 
surface) when applied topically.

Figure 1. Two-dimensional chemical structures of flavonoids from Cassia tora (Kim et al., 2004; 2015; Shukla et al., 2018; Vijayalakshmi and Madhira, 2014).
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Docking calculations
The free binding energies of each of the studied 

flavonoids from Cassia tora towards 15 selected antipsoriatic 
drug targets and the number that bound to the proteins stronger 
than the co-crystallized ligands are shown in Table 2 and Figure 2, 
respectively. It was observed that all the flavonoids made varying 
degrees of favorable interactions with each of the protein targets. 
London dG scoring method identified that five compounds had a 
higher binding affinity toward tumor necrosis factor-α (TNF-α), 

Bruton’s tyrosine kinase (BTK), peptidyl arginine deiminases 
(PAD), and spleen protein kinase (SPK) than their native ligands. 
Twelve of the flavonoids made better interactions with AA2R, PK, 
and protein kinase C (PKC) than their co-crystallized inhibitors, 
whereas all the compounds except 6 had lower free binding energy 
toward P38MK, interleukin (IL)-17A, phosphodiesterase-4 (PDE-
4), cathepsin S (CCS), and Jak-3 than their native ligands. Only 
the docking scores of 1, 2, and 8 were lower than the reference 
ligands of S1PR and Rac1.

Table 2. Binding free energies of the 15 flavonoids toward the 15 anti-psoriatic protein targets.

Codes TNF-α AA2R P38MK IL-23 S1PR PK BTK PAD

NL

1

−10.80

−11.73

−12.62

−14.67

−12.32

−17.37

−11.91

−10.38

−17.36

−17.96

−14.68

−14.71

−13.26

−14.34

−13.91

−15.92

2 −12.27 −13.78 −15.30 −11.18 −18.24 −16.24 −15.51 −15.06

3 −10.23 −12.72 −13.57 −9.95 −16.69 −13.14 −13.01 −13.52

4 −9.70 −12.71 −15.15 −8.82 −14.47 −12.95 −13.28 −13.01

5 −9.97 −11.31 −12.70 −9.31 −13.39 −12.18 −11.33 −11.43

6 −7.73 −9.60 −10.17 −5.92 −10.24 −10.15 −9.60 −9.42

7 −9.88 −13.48 −15.59 −9.87 −15.94 −13.45 −13.25 −12.95

8 −12.26 −17.36 −16.29 −9.93 −18.25 −15.60 −15.20 −15.67

9 −11.92 −14.57 −14.54 −9.62 −16.91 −13.88 −14.83 −14.25

10 −10.69 −14.63 −16.43 −9.84 −15.90 −14.94 −14.34 −13.11

11 −10.27 −13.75 −16.23 −8.12 −15.19 −13.60 −12.60 −12.60

12 −10.68 −14.71 −18.17 −10.92 −16.07 −15.65 −13.60 −14.65

13 −10.04 −12.86 −14.43 −8.52 −15.39 −14.28 −12.32 −12.95

14 −10.83 −12.74 −14.06 −9.54 −13.77 −13.76 −12.68 −12.74

15 −11.07 −15.08 −16.05 −8.50 −15.83 −13.15 −13.57 −13.62

Codes SPK PKC IL-17A PDE-4 CCS JAK-3 RAC1

NL

1

−13.02

−16.42

−12.23

−14.43

−10.59

−13.84

−12.28

−15.68

−11.65

−13.45

−9.73

−14.96

−16.08

−17.90

2 −15.21 −15.22 −14.80 −16.77 −16.16 −15.14 −17.40

3 −12.86 −14.15 −11.26 −14.41 −14.29 −13.82 −15.84

4 −13.17 −12.62 −11.52 −13.02 −12.52 −13.17 −14.02

5 −12.12 −11.97 −10.37 −12.58 −11.86 −12.48 −12.97

6 −9.59 −9.63 −7.51 −10.02 −8.76 −9.25 −10.18

7 −12.87 −13.29 −11.22 −14.63 −12.24 −13.11 −13.78

8 −14.78 −14.47 −12.60 −18.49 −13.33 −16.00 −16.17

9 −13.93 −14.78 −11.82 −15.09 −15.40 −13.72 −15.38

10 −14.44 −13.97 −12.68 −15.47 −13.27 −13.36 −14.93

11 −13.65 −12.48 −11.40 −14.48 −12.04 −12.41 −14.36

12 −14.16 −13.24 −12.64 −15.19 −13.46 −13.19 −14.22

13 −13.00 −13.22 −11.70 −13.57 −13.50 −13.14 −13.55

14 −13.19 −13.04 −11.68 −13.26 −12.22 −12.71 −13.69

15 −13.57 −13.55 −12.12 −15.87 −13.05 −13.09 −14.54
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TNF-α (PDB—2AZ5); A2AR (PDB—2YDO) 
adenosine receptor; p38MAPK (mitogen-activated protein 
kinase p38); IL-23 (PDB—3QWR) interleukin-23; SIPR 
(PDB—3V2W) sphingosine 1-phosphate receptor; BTK (PDB—
4OTF) Bruton’s tyrosine kinase; PAD (PDB—4X8G) peptidyl 
arginine deiminases; SPK (PDB—4XG6) spleen protein kinase; 
PKC (PDB—5F9E) protein kinase C; IL-17A (PDB—5HI4) 
interleukin 17A; PDE-4 (PDB—5K1I) phosphodiesterase-4; 
CCS (PDB—5QC5) cathepsin S; JAK-3 (PDB—5TTS) Janus 
kinase; RAC-1 (PDB—5VCU) Ras-related c3 botulinum toxin 
substrate 1. NL represents native (co-crystallized) ligands which 
differ per protein target.

Moreover, it was noted that only two interacted with 
IL-23 with a binding affinity comparable to its native ligand. 
The docking score results of the studied flavonoids highlight 
the presence of a highly polar group (especially sugar) as 

a vital structural requirement for strong binding with the 
target proteins. Besides, the protein targets seem to form a 
complex with pyranone bearing molecules more favorably 
than the diones. The validity of the suggested structure-
activity relationship is predicated on the observed reduction of 
binding affinity on replacing the two hydroxyl groups of 1 with 
hydrogen and methoxyl group (3). Furthermore, the improved 
polarity due to the presence of carboxylic acid group on C-6 of 
the sugar moiety of 2, accounts for its enhanced interaction with 
the protein targets over 1, 3, 8, and 9 (which also have sugar 
moiety). Again the relatively very weak binding interaction of 
6, which contains the least number of polar groups, with the 
studied protein targets, goes to underscore the importance of 
lipophilic groups to binding with the protein targets (Figure 3). 
Worthy of note is the contribution that the possible pi-pi bonding 
existing between the aromatic rings of the flavonoids and the 
Phe28 has on the target-ligand formation and stability. The 
physicochemical features of the flavonoids from the plant 
are shown in Table 1 Lipinski rule proposed a molecule will 
be drug-like if it has MW of less than 500, the lipophilicity 
of less than 5, and hydrogen bond acceptor/donor of less than 
10/5, respectively (Lipinski, 2000). None the less, the rule 
accommodates compounds that violate the maximum of two of 
the criteria. Therefore, all the studied flavonoids from Cassia 
tora are orally bioavailable and hence account for the ease of 
their absorption from the plant extract. Out of the flavonoids 
from Cassia tora, we consider 1, 2 and 8 as the candidates 
that worthy of further consideration, particularly because they 
bound more strongly to all the 15 studied antipsoriatic targets, 
except IL-23. Taken together, this study indicates that not only 
fatty acid but also flavonoid content of Cassia tora contributes 
to the antipsoriatic property of the plant. Therefore, scientists 
are encouraged to explore the flavonoid family in search for new 
and better antipsoriatic agents.

Figure 2. The distribution of the number of compounds with better binding 
energies toward the studied protein targets than the co-crystallized ligands.

Figure 3. Binding interaction of 1 (a), 2 (b), 6 (c), and 8 (d) with the active site amino acid residues of Rac1.
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CONCLUSION
All the 15 flavonoids identified from the plant were 

found to obey all the criteria of Lipinski’s rule of five for drug-
likeness with the exception of three compounds with two Lipinski 
violations. In addition, all the flavonoids interacted with 15 
selected validated anti-psoriatic drug targets at very degrees. The 
same three with two Lipinski violations ranked higher than the 
individual co-crystallized ligands for the studied protein targets, 
except IL-23. Moreover, analysis of the binding interaction 
suggests that structural bulkiness and present of polar groups are 
essential for favorable binding contact across the entire considered 
anti-psoriatic protein target. Given the physicochemical features 
of the three flavonoids (1, 2, and 8) and their interesting binding 
interactions with all the antipsoriatic protein targets, further 
attention on them is advised to exploit their potentials as revealed in 
this study for the advancement of anti-psoriatic drug development 
and the communal knowledge of anti-psoriatic science as a whole.
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