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	 Breast cancer is a common type of cancer among females, as it represents 32% of 
the diagnosed cases in the United States. In the hormone-sensitive kind of breast cancer, the 
endogenous estrogen is a known promoter for the growth and metastasis of cancerous cells. 
As age is a major risk factor for the development of breast cancer, this type of cancer is most 
frequent among postmenopausal women, where estrogen is primarily produced outside the 
ovaries with the aid of the aromatase enzyme. Therefore, several aromatase inhibitors (AIs) 
like letrozole and anastrozole were employed for the treatment of estrogen-dependent breast 
cancer in postmenopausal females. However, the incidence of drug resistance and several side 
effects are complicating AIs therapy. As such, the objective of this study is to computationally 
screen a group of phytocompounds against aromatase cytochrome P450 enzyme. Both molecular 
docking and dynamics simulation tools were used for the structure-based virtual screening to 
identify new AIs candidates. For this screening, the best results did include three flavonoids 
(Amentoflavone, Bilobetin, Ginkgetin) and two alkaloids (Irinotecan, Liensinine). Depending 
on these results, the already approved anticancer chemotherapy Irinotecan is anticipated to 
have a high drug-likeness score and acceptable pharmacokinetics. Also, docking study pointed 
to the mostly hydrophobic nature of interactions between Irinotecan and aromatase enzyme. 
Moreover, the computed binding energy of molecular mechanic-Poisson Boltzmann surface 
area (MM-PBSA) for Irinotecan during simulation was -10.78 Kcal/ mol and it was one of the 
best reported values. Finally, the in-vitro anticancer activity of Irinotecan was with micromolar 
range against susceptible breast cancer cell line. 
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	 Breast cancer is currently considered the 
most commonly diagnosed cancer as it accounts 
for 32% of all new cases in the United States. 
Also, breast cancer is the second reason of cancer-
related death among the American females with an 
estimated deaths of 14%.1 It is well-known, that the 
endogenous estrogens are essential for proliferation 
and metastasis of breast cancer. In fact, the level of 
estrogens in breast cancer cells may be up to ten 
times more than that in plasma of postmenopausal 

women.2,3 Consequently, the treatment strategy of 
estrogen-sensitive breast cancer can be directed 
toward either blocking estrogen receptors or 
inhibiting estrogen synthesis pathway.4 For the 
synthesis of endogenous estrogens, the aromatase 
cytochrome P450 enzyme is mainly involved in the 
conversion of androgens into estrogens by three 
successive hydroxylation steps.5 
	 The aromatase enzyme is found as a 
membrane-bound protein in the endoplasmic 
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reticulum of the estrogen-producing cells. 
Crystallization of this enzyme showed that the 
active site of aromatase enzyme has a prosthetic 
heme group while its binding site contains an 
androgen-specific cleft. This specificity in binding 
makes the aromatase enzyme the only vertebrates’ 
enzyme capable of catalyzing the production of 
estrogens from androgens.6 Therefore, the inhibition 
of estrogen production by blocking the aromatase 
enzyme represents a therapeutic possibility for 
the treatment of estrogen-dependent breast cancer 
in postmenopausal women.7 For this group of 
patients, the third generation aromatase inhibitors 
(AIs) like letrozole are now approved by the Food 
and Drug Administration (FDA) as a first-line 
therapy option.8 However, challenges like treatment 
resistance and adverse effects like depression and 
hot flushes are complicating the application of AIs 
in clinical practice.9 Consequently, the introduction 
of new AIs molecules that can impede cancer 
growth with a less incidence of adverse effects 
represents a current clinical necessity for the 
treatment of estrogen-sensitive breast cancer in 
postmenopausal women.10 For this goal, tools for 
molecular docking and dynamics simulation were 
used in this study to virtually screen a group of 
Traditional Chinese Medicine (TCM) compounds 
against the aromatase enzyme crystal. Then, the 
best hit compounds were assessed in-vitro for 
their cytotoxicity against estrogen-sensitive breast 
cancer cell line. The goal of this in-silico screening 
study was to find novel phytochemical compounds 
capable of inhibiting the aromatase enzyme.
	

Materials and Methods

Setting up the structure-based virtual screening 
scheme
	 The major steps of this screening study are 
schematically clarified in Figure 1. This screening 
approach was formerly applied in numerous 
published studies by our lab.11–13 As shown in 
Figure 1, the initial step of the screening study did 
involve the docking of TCM compounds library 
against the active site of the placental aromatase 
cytochrome P450 enzyme. Then, top five docking 
hits with the least energy of binding were selected 
for prediction of their pharmacokinetic, chemical, 
and toxicity characteristics. Moreover, these 
selected five hits were submitted to the molecular 

dynamics (MD) assessment for 50 nanoseconds 
interval. The results of the MD simulation 
stage were evaluated through analysis of ligand 
movement root mean square deviation (RMSD) 
and binding energy of molecular mechanic-Poisson 
Boltzmann surface area (MM-PBSA). Finally, 
these computational findings were further assessed 
in-vitro by observing the cytotoxicity of the best 
hit compounds against estrogen-dependent breast 
cancer cell line.  
Molecular docking
	 The DrugRep virtual screen server 
was utilized for the docking of TCM library 
of compounds against chain A of the human 
placental aromatase cytochrome P450.14 Initially, 
the cytochrome P450 enzyme crystal (PDB: 
3EQM) was uploaded to the screening web 
server.6 It is worth to state that the DrugRep 
server is employing both AutoDockTools (ADT) 
ver.1.5.6 and AutoDock Vina ver.1.1.2 to perform 
the molecular docking process.15,16 During this 
stage, the applied docking coordinates were X: 
84, Y: 50, Z: 50 and the dimensions of the used 
grid box were 22*22*22 Angstrom. Also, the 
validity of this docking step was evaluated by 
redocking the co-crystalized Androstenedione 
into the active site of cytochrome P450. For this 
purpose, the PacDOCK tool was used to assess 
the level of alignment between the docked and 
co-crystalized Androstenedione.17 After that, the 
docking hits were arranged based on their predicted 
energy of binding. For this study, only the best 
five compounds with minimum energy of binding 
were chosen for further evaluation. The spatial 
orientation for each top compound, with a pose 
of least binding energy, was examined by using 
both protein-ligand interaction profiler (PLIP) and 
PyMOL v2.4.1.18 Finally, these selected best five 
compounds were subjected to the next step for the 
prediction of various chemical, pharmacokinetics 
and toxicity properties.  
Prediction of pharmacokinetic, chemical, and 
toxicity properties for the best hits
	 In this screening step, multiple web-
based tools were utilized to predict various 
pharmacokinetic, chemical, and toxicity features 
for the best docking hits. The employed webservers 
include: pkCSM, ProTox 3.0, SwissADME and 
Molsoft L.L.C.19–21 
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Molecular dynamics (MD) simulation study
	 For each of the five top compounds, 
the ligand-enzyme complex with a pose of least 
binding energy was submitted to MD simulation 
for 50 nanoseconds. The YASARA Dynamics 
v20.12.24 software was used in this study to 
perform the simulation step.22 The used simulation 
parameters and procedure in this study are similar 
to what we have utilized in our former projects.23,24 
In summary, the following force fields were used 
in this MD simulation: TIP3P for H2O, AMBER14 
for solute, AM1BCC and GAFF2 for designated 
ligand.25–27 In addition, during this simulation, a 
concentration of 0.9% NaCl was implemented 
to neutralize the ligand-cytochrome P450. The 
results of this MD simulation were analyzed by 
considering the ligand proximity to the cytochrome 
P450 active site as reported by RMSD value 
throughout 50 nanoseconds interval. Additionally, 
by using AMBER14 force field, the binding energy 
for molecular mechanic-Poisson Boltzmann 
surface area (MM-PBSA) was measured during 
this simulation.26 For a comparative goal, the 
Androstenedione-cytochrome P450 docking 
complex was also submitted as a positive control 
for the MD simulation process. 
Cytotoxicity assay
	 The MTT test was employed to assess 
the in-vitro anticancer activity of the top five 
compounds against the estrogen-sensitive breast 
cancer cell line (MCF7). The MTT assay was 
repeated as a duplicate for each compound, the 
anticancer drug Cisplatin was used as a positive 
control. Then, the 50% inhibitory concentration 
(IC50) was calcuated for each tested compound, 
the final results were reported as mean IC50 ± 
standard error of mean (SEM) by using GraphPad 
Prism v7.0. The MTT assay detailed procedure 
and conditions were similar to what have been 
described in previous studies.10,28 

Results

	 At first, the accuracy of the employed 
docking procedure was assessed by the redocking 
approach. During this approach, the co-crystalized 
Androstenedione was taken off from the cytochrome 
P450 chain B crystal. Then, the Androstenedione 
was docked again to the cytochrome P450 active 
site by using similar docking procedure. Then, the 

conformation of the docked Androstenedione was 
aligned with the co-crystalized one. The variation 
in the conformation between native and docked 
Androstenedione was described as RMSD value. 
This conformations alignment between docked 
and co-crystalized Androstenedione can be seen 
in Figure 2. According to this figure, the measured 
conformations difference RMSD was only 0.47 
Angstrom. In addition, the energy of redocking 
Androstenedione was -13.93 Kcal/ mol.
	 After applying the docking step of TCM 
library against the cytochrome P450 crystal, the 
best five hits were selected and reported along with 
their anticipated chemical characteristics in Table 1. 
These selected top hits were ranked based on their 
minimum docking energy. As noted from Table 1, 
all the reported hits are flavonoids except Irinotecan 
and Liensinine. It is obvious that both Irinotecan 
and Liensinine are nitrogen-based alkaloids when 
considering their chemical formula listed in Table 
1. Also it is very clear that all the listed hits are 
violating Lipinski’s rule of five as their molecular 
weight is higher than 500 g/ mol.29 Moreover, 
the only hit compound with a logarithm partition 
coefficient (Log P) greater than 5 is Liensinine. 
Finally, all the presented hits have a polar surface 
area (PSA) that exceeds 140 squared Angstrom 
with the exception of Irinotecan and Liensinine.
	 Then, various pharmacokinetic and 
toxicological features were predicted for these best 
hits and reported in Table 2 along with their drug-
likeness score. As observed in Table 2, the only 
hit compounds with good drug-likeness scores are 
Irinotecan and Liensinine. Also, all the listed hits 
are predicted to be hydrophobic compounds except 
Irinotecan. As such, only Irinotecan is predicted 
to have a satisfactory volume of distribution and 
a moderate water solubility. Lastly, all the hits in 
Table 2 are expected to be not mutagenic. However, 
only Irinotecan is predicted to has a low median 
lethal dose (LD50) of less than 1000 mg/ Kg. 
	 When considering the selectivity of the 
top hit compounds against different variants of 
the cytochrome P450 enzyme in Table 3, it is 
clear that all these hits have a good selectivity 
except Liensinine. As can be seen in Table 3, the 
Liensinine alkaloid is predicted to inhibit several 
variants of the cytochrome P450 enzyme.
	 Moreover, an overview of the herbal 
sources and the pharmacological effectiveness for 
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Fig. 1. A schematic representation for the main stages 
of the structure-based virtual screening study

Fig. 2. Conformations difference between docked (green colored) and co-crystalized (cyan colored) 
Androstenedione.

the top hits is presented in Table 4. Based on this 
tabular overview, it is very clear that most of these 
hit compounds are reported to have anticancer and 
anti-inflammatory activities.
	 Analysis of the docking complexes, in 
this screening study, predicted that all the five 
hit compounds were involved in interactions 
with several active site amino acid residues of 
the cytochrome P450 as seen in Figure 3. When 
considering the compound Androstenedione in 
Figure 3, it is obvious that this reference ligand 
can interact with the active site residues similar 
to those noted with the other hits. Based on these 
docking results, the main active site residues of 
the cytochrome P450 that may interact with hit 
compounds are: Isoleucine 133, Phenylalanine 134, 
Tryptophane 224, Alanine 306, Aspartic acid 309, 
Threonine 310, Valine 370, Leucine 372, Valine 
373, Methionine 374, Leucine 477 and Serine 478. 
Also, it is worth to point out that these interactions 
with the active site residues are mostly hydrophobic 
in nature. However, this docking study reported 
few hydrogen bond interactions between hit 
phytocompounds and the active site amino acids 
as seen in Figure 3. But these hydrogen bonds were 
not maintained between ligand and enzyme’s active 
site when considering dynamic simulation results 
throughout 50 nanoseconds period. 
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Table 1. Chemical characteristics for best five compounds obtained by the docking of Traditional Chinese 
Medicine (TCM) compounds against the human placental aromatase cytochrome P450 active site. These 

phytomedicines were listed according to their minimum docking energy

No.	 Hit name	 Chemical 	 Docking 	 M.W. 	 HBD	 HBA	 PSA (Å2)	 Log P
		  formula	 score 	 (g/mol)
			   (Kcal/ mol)

1	 Amentoflavone	 C30H18O10	 -11.8	 538.5	 6	 10	 181.8	 3.62
2	 Bilobetin	 C31H20O10	 -11.8	 552.5	 5	 10	 170.8	 3.96
3	 Irinotecan	 C33H38N4O6	 -11.6	 586.7	 1	 8	 114.2	 3.73
4	 Ginkgetin	 C32H22O10	 -11.4	 566.5	 4	 10	 159.8	 4.34
5	 Liensinine	 C37H42N2O6	 -11.3	 610.7	 2	 8	 83.9	 5.17

M.W.: molecular weight; HBD: hydrogen bond donor group; HBA: hydrogen bond acceptor group; PSA: 
polar surface area; A: angstrom; Log P: the logarithm of partition coefficient.

Table 2. A prediction overview of drug-likeness score, pharmacokinetic, and toxicity variables for the best 
screening hits. These phytomedicines were arranged according to their minimum docking energy

 
No.	 Compound 	 Drug-		  Pharmacokinetics		                          Toxicity
	 name	 likeness	 Water solubility 	 Intestinal 	 VDss	 AMES 	 LD50
			   (mg/ml)	 absorption (%)	 (L/Kg)	 toxicity	 (mg/ Kg)

1	 Amentoflavone	 0.19	 1.36e-06 (poor)	 84.36	 0.09	 No	 3919
2	 Bilobetin	 0.27	 1.10e-06 (poor)	 86.05	 0.07	 No	 4000
3	 Irinotecan	 1.54	 8.67e-04 (moderate)	 99.87	 13.43	 No	 765
4	 Ginkgetin	 0.31	 8.74e-07 (poor)	 95.38	 0.05	 No	 4000
5	 Liensinine	 1.55	 7.13e-06 (poor)	 87.05	 0.16	 No	 1180

VDss: the steady state volume of distribution; LD50: 50% lethal dose.

Table 3. Prediction of inhibitory activity for the top five hit compounds against different cytochrome 
P450 enzyme variants

No.	 Compound name		 Inhibitory activity against cytochrome P450 variants
		  CYP1A2	 CYP2C19	 CYP2C9	 CYP2D6	 CYP3A4

1	 Amentoflavone	 No	 No	 No	 No	 No
2	 Bilobetin	 No	 No	 Yes	 No	 No
3	 Irinotecan	 No	 No	 No	 No	 Yes
4	 Ginkgetin	 No	 No	 Yes	 No	 No
5	 Liensinine	 Yes	 Yes	 No	 Yes	 Yes

	 After the analysis of the docking 
complexes, the five hit compounds together 
with the reference ligand were submitted to the 
MD simulation. The results of this simulation 
are summarized in both Figure 4 and Table 5. 
Based on this simulation, it is very clear that these 
five hits were unable to overcome the reference 
compound (Androstenedione) when considering 
ligand movement RMSD and MM-PBSA binding 

energy calculations. As seen in Figure 4 and Table 
5, the least average ligand movement was reported 
for Androstenedione followed by Amentoflavone: 
1.36 and 1.70 Angstrom respectively. On the 
other hand, the best average MM-PBSA binding 
energy was predicted for the control compound 
Androstenedione and the hit compound Irinotecan: 
-3.48 and -10.78 Kcal/mol.     



2207Odhar, Biomed. & Pharmacol. J,  Vol. 18(3), 2202-2213 (2025)

Table 4. An overview of the botanical sources and the potential activities for best hit compounds in this 
structure-based virtual screening

No.	 Hit name	 Source	 Activity

1	 Amentoflavone	 Selaginella tamariscina	 Anti-inflammatory, antimicrobial, anticancer.30

2	 Bilobetin	 Ginkgo biloba	 Increases the effect of insulin, decreases the level of 
			   blood lipids.31

3	 Irinotecan	 Camptotheca acuminata	 Anticancer.32

4	 Ginkgetin	 Ginkgo biloba	 Anticancer, anti-inflammatory, neuroprotective, 
			   antimicrobial.33

5	 Liensinine	 Nelumbo nucifera	 Antioxidant, anti-inflammatory, anticancer, 
			   antihypertension.34

	 Finally, the activity of the five hit 
compounds against estrogen-dependent breast 
cancer cell line (MCF7) was determined in-
vitro. This potential anticancer activity of these 
compounds was evaluated by using MTT assay and 
results were presented in Table 6. Based on Table 
6, all the tested compounds were able to achieve a 
mean IC50 value within micromolar range. Again, 
none of the five hits was able to exceed the in-vitro 
anticancer activity reported for the positive control 
compound (Cisplatin) as observed in Table 6. 

Discussion
	
	 It is well-known that the endogenous 
estrogens can stimulate growth and expansion of 
breast cancer tissue in pre and postmenopausal 
women. Also, age is regarded a significant risk 
factor for the breast cancer incidence.35 As such, 
most of the breast cancer patients are considered 
postmenopausal women where estrogens are 
principally produced in the peripheral tissues with 
the aid of the aromatase enzyme. Consequently, 
the inhibition of the aromatase cytochrome 
P450 enzyme constitutes a therapeutic option 
for the treatment of postmenopausal women 
with estrogen-sensitive breast cancer.7 However, 
numerous challenges have emerged against the 
clinical application of the aromatase inhibitors 
(AIs) like drug resistance and adverse effects.9 
Therefore, the introduction of new AI candidates 
appears to be a significant clinical priority to 
overcome these challenges in the management 
of estrogen-dependent breast cancer. As a result, 
the objective of this in-silico study is to identify 
novel inhibitors of the aromatase cytochrome P450 
enzyme through screening of TCM library by 

using tools for molecular docking and dynamics 
simulation.
	 Before implementing the structure-based 
computational screening step, the validity of 
docking procedure was measured by redocking 
method. As can be noticed in Figure 2, the 
conformations alignment RMSD of the docked 
and native Androstenedione was only 0.47 
Angstrom. This very low RMSD value refers to 
little conformations variation when the docked 
Androstenedione is aligned with the co-crystalized 
one. It is known that a good docking accuracy can 
be inferred when the conformations change RMSD 
is less than 2 Angstrom.36 In other words, the low 
conformations variation RMSD of 0.47 Angstrom 
in this redocking method means that the applied 
docking procedure has a satisfactory reliability.
	 Then, the docking step was applied for 
screening the TCM library of compounds against 
the aromatase cytochrome P450 chain A. The 
docking findings were arranged based on the energy 
of binding for the screened compounds, and the 
best five hit compounds with least docking energy 
were selected for further evaluation. At first, several 
chemical features were predicted for the best five 
hits as seen in Table 1. Depending on this table, the 
docking energy was less than -11 Kcal/ mol for all 
five reported compounds. Also, it is obvious from 
results in Table 1 that all the five hits are violating 
Lipinski’s rule of five as their molecular weight 
is more than 500 g/ mol. Additional violations 
for rule of five can be noted for Amentoflavone 
and Liensinine when considering the number 
of hydrogen bond donor groups (HBD >5) and 
the logarithm of partition coefficient (Log P >5) 
respectively. All these predicted violations for 
rule of five may adversely influence the oral 
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Fig. 3. Three-dimensional representation for the docking complex of hit compounds and the cytochrome P450 
active site, the co-crystalized ligand (Androstenedione) was used as a reference compound. Hydrophobic bonds 

are represented by dashed lines while hydrogen bonds are shown as blue lines
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Fig. 4. Hit compounds movement RMSD parameter as a function of simulation duration

bioavailability of these phytocompounds.29 Lastly, 
all the phytocompounds in Table 1 are expected to 
have a high polar surface area (PSA) of more than 
140 Å2 except for Irinotecan and Liensinine. This 
anticipated high PSA value may further contribute 
to poor oral bioavailability of these compounds by 
violating Veber’s rule.37

	 In addition, different pharmacokinetics 
and toxicity characteristics were anticipated for 
the top five hits together with their drug-likeness 
score as reported in Table 2. As seen in this table, 
only the compounds Irinotecan and Liensinine 
are expected to have a high drug-likeness score. 
Moreover, only the compound Irinotecan is 
believed to have a moderate water solubility and a 
subsequent good steady state volume of distribution 
(VDss). As such, only Irinotecan is believed to 
have acceptable pharmacokinetics. Although all 

the listed compounds in Table 2 are anticipated 
to be non-mutagenic, but Irinotecan is reported to 
have a low median lethal dose (LD50) of less than 
1000 mg/Kg which may raise some safety concerns 
regarding this compound.
	 One of the challenges that can face 
the clinical application of AIs is the possibility 
of having serious adverse effects due to the 
nonselective inhibition of cytochrome P450 
several variants. The nonselective inhibition of the 
cytochrome P450 can interfere with the endogenous 
biosynthesis of cortisol and aldosterone leading to 
these adverse effects.10 For this reason, the five hit 
compounds were then assessed for their potential 
activity against several variants of the cytochrome 
P450 enzyme as seen in Table 3. Based on this 
table, only the last hit Liensinine is believed to have 
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Table 5. A summary for the molecular dynamics (MD) findings of the best hit compounds 
throughout 50 nanoseconds simulation interval

No.	 Compound name	                                              MD simulation results
		  The Mean of ligand 	 The average MM-PBSA 
		  movement RMSD (Å)	 binding energy (Kcal/ mol)

1	 Amentoflavone	 1.70	 -50.43
2	 Bilobetin	 1.90	 -36.96
3	 Irinotecan	 3.67	 -10.78
4	 Ginkgetin	 2.16	 -21.28
5	 Liensinine	 2.25	 -36.93
6	 Androstenedione (+ control)	 1.36	 -3.48

MD: The Molecular dynamics; RMSD: The Root mean square deviation; Å: Angstrom; MM-PBSA: 
The Molecular mechanic-Poisson Boltzmann surface area.

Table 6. Summary of MTT assay results

No.	 Hit compound	 Mean IC50 ± SEM (µM)

1	 Amentoflavone	 10.50±1.00
2	 Bilobetin	 18.00±0.50
3	 Irinotecan	 22.50±2.00
4	 Ginkgetin	 31.00±1.50
5	 Liensinine	 28.00±2.50
6	 Cisplatin	 1.50±0.50

IC50: 50% inhibitory concentration; SEM: Standard 
error of mean.

a non-selective activity against several variants of 
the enzyme.  
	 When reviewing previous literatures for 
the herbal source and the potential pharmacological 
activity of the five hit compounds, it is quite 
clear that many of these hits are believed to have 
anticancer and anti-inflammatory effects as listed in 
Table 4. Of interest is the alkaloid Irinotecan which 
is a known topoisomerase inhibitor that is already 
approved for treatment of colon and lung cancer.32 
As such, the compound Irinotecan may represent 
a potential candidate that can be repurposed as an 
aromatase cytochrome P450 inhibitor and then it 
can be employed in the management of estrogen-
sensitive breast cancer.
	 Crystallization studies showed that the 
aromatase cytochrome P450 is considered an 
androgen specific enzyme. The enzyme active site 
contains multiple of hydrophobic and polar residues 
that allow the entrance of lipophilic substrates.6 The 
examination of docking images in Figure 3 points 

to the possibility that the five hit compounds are 
interacting with similar enzyme active site residues 
as does the reference compound Androstenedione. 
These docking interactions are mostly hydrophobic 
in nature with few hydrogen bonds. However, the 
predicted hydrogen bonds were not maintained 
when each ligand-target docking complex was 
subjected to the MD simulation.
	 A summary for the MD simulation 
findings is shown in both Table 5 and Figure 4. In 
this simulation, the ligand closeness to the enzyme 
active site was reported as mean ligand movement 
RMSD. It is well-known that a low ligand 
movement RMSD usually refers to the possibility 
of strong interaction between ligand and target.38 As 
noted from Table 5, the best mean ligand movement 
RMSD value was measured for the reference 
Androstenedione and the hit Amentoflavone: 1.36 
and 1.70 Å respectively. While the least proximity 
to active site was measured for Irinotecan with a 
mean ligand movement RMSD value of 3.67 Å. A 
detailed plot for the ligand movement RMSD value 
of each compound can be noticed in Figure 4 during 
simulation interval. The strength of interaction 
between ligand and target can be also interpreted 
during simulation by considering the average MM-
PBSA binding energy. In this case, a more positive 
binding energy usually refers to superior interaction 
between ligand and target.11,12 In this regard, it is 
expected that both Androstenedione and Irinotecan 
do have the best average MM-PBSA binding 
energy of -3.48 and -10.78 Kcal/ mol respectively 
as mention in Table 5.
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	 Lastly, the in-vitro anticancer activity 
was tested for the five hit compounds along with 
the positive control Cisplatin. For this purpose, 
the MTT assay was used to measure the effect of 
these compounds against estrogen-sensitive breast 
cancer (MCF7 cell line). As can be noted in Table 
6, all the hit compounds have a considerable IC50 
inhibitory concentration within micromolar range. 
However, none of the tested compounds was able 
to exceed the inhibitory activity produced by the 
control compound Cisplatin.

Conclusion

	 In this in-silico study, compounds in the 
Traditional Chinese Medicine (TCM) library were 
screened against the aromatase cytochrome P450 
enzyme by using docking and molecular dynamics 
simulation. As a result of this screening, three 
flavonoids (Amentoflavone, Bilobetin, Ginkgetin) 
and two alkaloids (Irinotecan, Liensinine) were 
identified as potential inhibitors of the enzyme 
active site. Interestingly, the alkaloid Irinotecan 
is an approved drug for the treatment of colon 
and lung cancer. According to the prediction 
analysis, this alkaloid has a high drug-likeness 
score, moderate water solubility, good volume 
of distribution and high intestinal absorption. 
Moreover, Irinotecan seemed to be selective 
in inhibiting the aromatase cytochrome P450 
through multiple hydrophobic interactions and few 
hydrogen bonds. During the molecular dynamics 
(MD) simulation, the alkaloid Irinotecan was only 
able to maintain a mean ligand movement RMSD 
value of 3.67 Å but the calculated average MM-
PBSA binding energy value for this compound was 
among the best of -10.78 Kcal/ mol. Finally, the 
in-vitro MTT assay demonstrated that this alkaloid 
has a mean IC50 inhibitory concentration within 
micromolar range against estrogen-dependent 
breast cancer cell line. Based on these findings, 
it is believed that the alkaloid Irinotecan may 
represent a potential candidate for repurposing 
as an aromatase inhibitor in estrogen-sensitive 
breast cancer patients. However, these preliminary 
findings have to be confirmed by in-vitro and in-
vivo evaluation.
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