
Praseetha et al. 
Egyptian Journal of Medical Human Genetics          (2022) 23:100  
https://doi.org/10.1186/s43042-022-00312-x

RESEARCH

Identifying the potential role of curcumin 
analogues as anti‑breast cancer agents; 
an in silico approach
N. G. Praseetha, U. K. Divya* and S. Nair 

Abstract 

Background:  Breast cancer ranks top among newly reported cancer cases and most of the women suffers from 
breast cancer. Development of target therapy using phytochemicals with minimal side effects is trending in health 
care research. Phytochemicals targets complex multiple signalling events in cancer and are pleiotropic in nature. Thus, 
the present study was conducted to check the effectivity of curcumin analogues (Capsaicin, Chlorogenic acid, Ferulic 
acid, Zingerone, Gingerol) against the receptors that are expressed in breast cancer cells and prove its ethno-medici-
nal value by using bioinformatic tools and softwares like PDB, Patch Dock, PubChem, Chimera and My Presto.

Result:  Out of the various curcumin analogues studied, Ferulic acid showed best binding affinity with all the breast 
cancer cell specific receptors (FGF, MMP9, RNRM1, TGF-beta, DHFR, VEGF and aromatase) which was confirmed 
through the docking studies.

Conclusion:  The current work was a preliminary step towards screening suitable drug candidate against breast 
cancer using in silico methods. This information can be used further to carry out in vivo studies using selected natural 
analogues of curcumin as a suitable drug candidate against breast cancer saving time and cost.
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Background
Cancer is the world’s second leading cause of death. In 
the last 5 years, breast cancer had been diagnosed in 7.8 
million women out of which Indian women are having 
higher breast cancer malignancy and less survival rate 
at the stage 3 or 4 of breast cancer [25]. Variety of thera-
pies such as surgery, radiation, or chemo are used to treat 
cancer which will not always result in tumour reduction 
but can cause undesirable side effects such as nausea, 
drug resistance, cytotoxicity, relapse and lowering life 
quality, etc.

Target therapy is nowadays a promising method for 
developing anti-cancer drug where major proteins and 
receptors of cancer cells are promising targets and have 

been approved by the US Food and Drug Administration 
(FDA) [23]. The receptors such as Fibroblast Growth Fac-
tor (FGF), Matrix metallo proteinase 9 (MMP9), Ribonu-
cleotide reductase subunit M1 (RNRM1), Transforming 
Growth Factor beta (TGF-β), Dihydrofolate Reductase 
(DHFR), Vascular Endothelial Growth Factor (VEGF) 
and aromatase are selected for the present study because 
all these receptors are getting expressed during breast 
cancer cell formation FGF plays roles in inflammation, 
Single nucleotide polymorphism (SNP), angiogenesis, 
proliferation etc. [33]. VEGF is involved in angiogenesis 
of cancer cells, while the epithelial mesenchymal transi-
tion is aided by TGF-β [13, 20]. Presences of aromatase 
have an unavoidable role in breast cancer development 
mainly in post-menopausal women [12]. DHFR and 
RNRm1 are essential for nucleotide synthesis in cancer-
ous cells [15]. In addition to Matrix remodelling, and 
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angiogenesis, cancer invasion and progression are aided 
by MMP9 [26]

Phytochemicals or their analogues are the potential 
source of medicinal compounds with less side effects [8, 
28]. Phytochemicals from plants that are used as drug 
either directly or with slight modifications are known as 
“green drug” (E.g.: Curcumin, resveratrol, paclitaxel, and 
vincristine) [38]. Most of the G8 countries are involved in 
the green drugs research for cancer by spending ~ 1–3% 
of their Gross Domestic Product (GDP) [4].

Curcumin is a well-researched anti-cancer sub-
stance having a broad range of pharmacological and bio-
logical effects found in the rhizome of Curcuma longa L., 
a member of the zingiberaceae family [31]. Breast carci-
noma, colon carcinoma, renal & basal cell carcinoma, T 
cell & acute myelogenous leukaemia, B cell lymphoma, 
melanoma, and prostate carcinoma are among the can-
cers that curcumin inhibits [19]. Bioavailability of cur-
cumin is a major concern coming to clinical application. 
In order to overcome this, curcumin analogues can be 
used in cancer studies [27]. Curcumin analogues with 
higher bioavailability and wide spectrum pharmacologi-
cal activity such as Capsaicin, Chlorogenic acid, Ferulic 
acid, Zingerone and Gingerol are selected here. Hence, in 
the present study, using bioinformatics tools, curcumin 
analogues were founded out and its effectiveness against 
breast cancer receptors and their ethno-medicinal use-
fulness were studied.

Unlike the studious and expensive wet laboratory 
experiments, the structure-based analysis is now easy 
with in silico technologies [10].

Methods
Selection and retrieval of receptors
Literature works were searched for potential anti-cancer 
targets [24]. Three-dimensional structure (in PDB for-
mat) of each of the seven selected receptors was retrieved 
from the protein data bank (PDB) using respective PDB 
ID (Aromatase: 3EQM, DHFR: 1DRF, FGF: 1QQL, 
MMP9: 1L6J, RNRM1: 4X3V, TGF-beta: 1TGK, VEGF: 
1VPF).

Retrieval of ligands and screening
Pharmacologically active natural analogues of curcumin 
and established anti-cancer drugs which are used as 
controls were identified from previous literature works 
[14]. Structure of all the analogues was retrieved from 
PubChem compound database using PubChem ID (Cap-
saicin: 1,548,943, Chlorogenic acid: 1,794,427, Ferulic 
acid: 445,858, Gingerol: 442,793 and Zingerone: 31,211). 
3D structure of control drugs used for the study was 
downloaded from Drug bank database using respective 
Drug bank ID (Pentosan polysulfate: DB00686, Proguanil: 

DB01131, Axitinib: DB06626, Galunisertib: DB11911, 
Marimastat: DB00786, Triapine: DB11940 and Testolac-
tone: DB00894).

Molecular docking
PatchDock [30] was used which is based on geometry-
based molecular docking algorithm. The potential com-
plexes are sorted by shape complementarity criteria. 
Number of hydrogen bonds formed between the ligand 
and the receptor were determined by using chimera tool 
and the delta G values calculated using my Presto5 soft-
ware [11]: [21]. Clustering RMSD—a positive number 
that specifies the radius of the RMSD clustering in ang-
stroms. This value is used in the final clustering stage of 
the algorithm. It ensures that the distance between any 
two output solutions will be at least the specified cluster-
ing RMSD value. The default value for this parameter is 4 
A°. Each receptor was docked against respective control 
drugs and all the five curcumin analogues used for the 
study.

Interactions of the receptor with ligand were analysed 
after molecular docking using chimera and my Presto5 
software. Position of hydrogen bond formed between the 
ligand and receptor was identified using chimera soft-
ware and marked using default options. Delta G value of 
the docked protein–ligand complex was analysed using 
my Presto Portal. Maximum negative delta G indicates 
higher binding affinity.

Determination of binding site
Active site or catalytic sites of each receptor were iden-
tified from the previous literature works [35]: [18]. This 
was done to find out the magnitude of interaction of 
receptor and ligand (by comparing the position of bind-
ing). Best were selected based on the position of H bond 
and free energy value of docked complex. In our study, 
during docking, the cofactors for the receptors DHFR, 
i.e. folate and for Aromatase, i.e. androstenedione were 
included. All other receptors do not have any cofactors.

Result
The work was done to screen important curcumin ana-
logues depending on their hydrogen bond formation 
and delta G values. The best analogue will be used fur-
ther for ADMET analysis and wet laboratory studies. The 
results obtained after patch dock analysis were studied 
with respect to following parameters: GSC score, AI area. 
The best were analysed using chimera to understand the 
hydrogen bond, and using my Presto 5 software, binding 
energy was predicted.
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The following results were obtained for each recep-
tor interaction with curcumin analogues and the control 
drug against each receptor.

Hydrogen bond formation and Delta G value obtained 
from the interaction of control with the receptor was 
taken as a standard to understand the interaction of other 
curcumin analogues (Fig. 1).

Control drug (pentosan polyslfate) formed 4 hydro-
gen bonds with FGF receptor. Out of the five analogues, 
chlorogenic acid formed three hydrogen bonds and 
ferulic acid formed two hydrogen bonds and Zingerone 
formed one hydrogen bond with the FGF receptor. Gin-
gerol didn’t form any H bond with the FGF receptor. 
Position of H bonds; LYS 194.A of ferulic acid and SER 
113.A of chlorogenic acid are same as that of control. 
During the interaction with FGF receptor, the control 

liberates −  2.15  kcal/mol energy (Table.1). Among ana-
logues, the highest energy is liberated by chlorogenic acid 
(−  1.74  kcal/mol), followed by Zingerone (−  1.08  kcal/
mol) and ferulic acid (− 0.99 kcal/mol).

Marimastat (control) is capable of forming 6 H bonds 
with receptor MMP-9 (with A chain) (Fig. 2).

H bond formed by ferulic acid is at GLU 274.A; the 
nearest amino acid of SER.A 273 (formed by control). 
Chlorogenic acid formed three bonds with the receptor 
at Thr 245.A, SER 242.A. Gingerol formed one hydrogen 
bond at position Thr 426.A. On comparing the delta G 
values, control drug liberated −  3.57 kcal/mol, which is 
slightly lesser compared to the energy liberated by Ferulic 
acid (− 3.68 kcal/mol) (Table.1). Chlorogenic acid liber-
ated − 3.02 kcal/mol energy. Also, gingerol and zingerone 

Fig. 1  Docked pictures of curcumin analogues and pentosan polysulfate (control) against FGF receptor. (Ligand represents the blue sticks, 
hydrogen bond interaction is represented in blue line, and receptor is represented in solid white ribbon form)

Table 1  Delta G value obtained from the molecular interaction of selected cancer receptors with respective control and curcumin 
analogues

Sl. No. Ligand Delta G (kcal/mol)

FGF MMP9 RNRM1 TGF-β VEGF DHFR Aromatase

1 Control − 2.15 − 3.57 − 3.27 − 4.5 − 2.69 − 2.73 − 4.06

2 Capsaicin 0.08 − 0.63 − 0.02 0.48 1.87 − 0.03 0.15

3 Chlorogenic acid − 1.74 − 3.02 − 2.07 − 0.99 − 2.01 − 1.54 − 2.12

4 Ferulic acid − 0.99 − 3.68 − 2.81 − 1.19 − 1.54 − 1.68 − 2.46

5 Gingerol − 0.42 − 1.99 − 0.73 0.09 0.71 − 1.21 − 0.16

6 Zingerone − 1.08 − 1.91 − 2.13 − 1.07 − 0.86 0.36 − 1.51
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showed almost equal amount of delta G (− 1.9 kcal/mol). 
Least value was shown by capsaicin (Fig. 3).

Triapine (control) formed 4 H bonds at positions 
at ASP 287.A, GLN 288.A,TYR 285.A and SER 269.B 
with the receptor RNRM1. Ferulic acid formed two H 
bonds at positions SER 269.B and TYR 285.A same as 
the position of control. Single H bonds are formed by 
both gingerol and zingerone with the RNRM1 receptor. 

Chlorogenic acid formed 3 H bonds at different position 
ASN 207.B, THR 210.B, ASN 291.B. Ferulic acid liber-
ated −  2.81  kcal/mol energy which is higher than the 
delta G of all other ligands studied except the control 
(− 3.27 kcal/mol) on interaction with the RNRM1 recep-
tor (Table.1).

Galunisertib (control) formed a single H bond with 
the TGF- β receptor at position ASN 42.A and 1 H 

Fig. 2  Docked pictures of curcumin analogues and marimastat (control) against MMP-9 receptor. (Ligand represents the blue sticks, hydrogen 
bond interaction is represented in blue line, and receptor is represented in solid white ribbon form)

Fig. 3  Docked pictures of curcumin analogues and Triapine (control) against RNRM1 receptor. (Ligand represents the blue sticks, hydrogen bond 
interaction is represented in blue line, and receptor is represented in solid white ribbon form)
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bond of ferulic acid also formed a single H bond at 
the same position of the receptor (Fig. 4). Chlorogenic 
acid formed a single H bond with the receptor at TYR 
40.A. The remaining 3 ligands gingerol, capsaicin and 
zingerone didn’t form any bond with the receptor. The 
curcumin analogues liberated less energy in a range 
of −  1.19–0.09  kcal/mol (Table.1) when docked with 
TGF-β receptor. Capsaicin has a positive value of delta 

G, i.e. 0.48  kcal/mol. Control had −  4.5  kcal/mol. In 
this case, ferulic acid showed better delta G values of 
− 1.19 kcal/mol.

Interacting with the VEGF receptor, control (Axi-
tinib), ferulic acid, as well as chlorogenic acid, is forming 
bonds at same position that is CYS 61.A (Fig.  5). Con-
trol forms 2 H bond with the receptor, chlorogenic acid 
formed 3 H bonds and the remaining analogues formed 

Fig. 4  Docked pictures of curcumin analogues and galunisertib (control) against TGF-β receptor. (Ligand represents the blue sticks, hydrogen bond 
interaction is represented in blue line, and receptor is represented in solid white ribbon form)

Fig. 5  Docked pictures of curcumin analogues and axitinib (control) against VEGF receptor. (Ligand represents the blue sticks, hydrogen bond 
interaction is represented in blue line, and receptor is represented in solid white ribbon form)
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single H bond with the receptor. Here, the control Axi-
tinib and Chlorogenic acid have almost similar range of 
delta G value, i.e. − 2.69 kcal/mol and − 2.01 kcal/mol, 
respectively (Table.1). Ferulic acid has a delta G value of 
− 1.54 kcal/mol. All the remaining analogues liberated a 
delta G greater than − 1 kcal/mol.

Two H bonds at ASP 22.A were formed by the con-
trol with the receptor DHFR(Fig. 6). Ferulic acid has also 
formed single H bond with the receptor at the same posi-
tion (ASP 22.A) same as control. Zingerone and capsaicin 
are not forming H bonds with the receptor. Chlorogenic 
acid formed four hydrogen bonds with the receptor at 
SER 4.A, LYS 133.A, MET 58.A and ARG 37.A. Com-
paring the delta G values, Ferulic acid has more negative 
delta G (−  1.68  kcal/mol) followed by chlorogenic acid 
(−  1.54  kcal/mol) (Table.1). The Control liberated the 
maximum delta G (− 2.73 kcal/mol) among the studied 
compounds.

Control (testolactone) was found to form two H bonds 
with aromatase receptor at ASSN 136.A and SER 90.A. 
Similar bonds are formed by ferulic acid at SER 90.A and 
ASN 136.A with the receptor (Fig. 7). Capsaicin and zin-
gerone didn’t form any bonds. Chlorogenic acid formed 
single bond at TYR 361.A with the receptor. Gingerol 
formed bond with the receptor at position VAL 422.A. 
Control liberated − 4.06 kcal/mol energy which was the 
highest compared to other analogues (Table.1). Among 
the five analogues studied, a significant value of delta G 
was liberated by ferulic acid (2.46 kcal/mol) followed by 
chlorogenic acid (− 2.12 kcal/mol), respectively.

Binding affinity of ferulic acid only in case of MMP9 
receptor is more compared to the control but in all other 
cases, the binding affinity of ferulic acid is less than the 
control. And on comparing with other curcumin ana-
logues, the ferulic acid showed good binding affinity to all 
the receptors.

Discussion
Being the most prominent cancer among women, with 
high metastasis and less rate of survival, it is the need of 
the hour to develop potential drugs against breast cancer 
[37, 42]. From many reports, it has proven that curcumin 
analogues have anti-cancer activity and inhibit tumour 
growth by inducing apoptosis, preventing/reducing 
recurrence and also found to regulate intracellular com-
ponents/pathways that control tumour growth [1, 7, 29].

From the five analogues of the curcumin studied, feru-
lic acid and chlorogenic acid showed promising results, 
based on the number of hydrogen bond formation and 
delta G values.

Hydrogen bonding is an exchange reaction whereby the 
hydrogen bond donors and acceptors of the free protein 
and ligand break their hydrogen bonds with water and 
form new ones in the protein–ligand complex [16].

The hydrogen bonds formed by the ferulic acid with 
all the receptor have screened ferulic acid as the best 
curcumin analogue compared with the other ana-
lysed analogues. In case of the docking study between 
ferulic acid and FGF receptor, the amino acid residues 
involved in hydrogen bond formation were Lysine, Ser-
ine, Glutamate, Tyrosine, Asparagine, Cysteine and 

Fig. 6  Docked pictures of curcumin analogues and proguanil (control) against human DHFR receptor. (Ligand represents the blue sticks, hydrogen 
bond interaction is represented in blue line, and receptor is represented in solid white ribbon form)
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Asparatic acid. Except lysine, all other amino acids 
are non-essential. All these amino acids are capable of 
forming hydrogen bonds. Other types of interaction 
also occur like ionic bond formation due to the pres-
ence of asparatic acid and disulphide bond formed by 
cysteine residues. These residues do not match the 
amino acid residues which are present in the active site 
of all the seven receptors [17, 32, 34, 36, 40, 41], 2.

The reason for the non-matching of residues could 
be due to non-availability of X-ray structure of this 
receptors with natural substrate or other inhibitors. 
The presence of water molecules can also be a reason 
for the difference in the amino acid residues involved in 
the bond formation.

The water molecules were considered during the 
docking studies. Water has an important role in ligand 
binding thermodynamics [6], even in the environ-
ment of a lipophilic binding cavity [3]. Moreover, water 
related H-bonding networks have a significant influ-
ence in the structure–activity relationship [5] and opti-
mizing the ligand taking into account the surrounding 
water network may result in enhanced binding affinity 
and prolonged residence time [22].

Compound that liberates highest negative delta G (or 
highest amount of free energy) is ideal for drug design-
ing [9]. Binding free energy gives us the idea of strength 
and affinity of the interaction between the ligand and 
the receptor. The greater the binding free energy is, the 
weaker the interaction is and vice versa. Ligand which 
displayed least binding energy showed best affinity 

among the test molecules. Binding affinity determines 
that a high concentration of weakly interacting partners 
cannot replace the effect of a low concentration of the 
specific partner interacting with high affinity [39].

All these seven receptors get expressed during breast 
cancer cell development. Hence, ferulic acid can be a 
suitable drug candidate against breast cancer studies.

Conclusion
From the current study, it can be concluded that as Feru-
lic acid has better delta G value and position of binding 
with the active site of receptors, it is a better inhibitor for 
all the seven receptors studied. Further ADMET analy-
sis is essential to study the pharmacokinetic properties 
of these compounds. As this is a preliminary stage of 
screening, further in vitro and in vivo studies are recom-
mended to reinforce the therapeutic value.
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