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Abstract: Curcumin (CUR), as a natural product, has been used in food and traditional medicine for a 

long time. Based on earlier works, it was supposed that CUR could work to medicate cancer and 

depression. To this aim, derivatives of CUR were investigated in this work to find a better ligand for 

potent inhibition of monoamine oxidase-A (MAOA) enzyme, which could cause cancer and 

depression.3D molecular models of thirty derivatives in addition to the original CUR were obtained 

from the structural bank, and they were prepared for starting ligands by density functional theory (DFT) 

calculations. In the next step, the 3D structure of MAOA was obtained and prepared for Molecular 

Docking (MD) simulations of ligand…target complexes. The results indicated different chemistry 

features for the investigated ligands, and their corresponding interacting complexes were also different. 

Quantitative and qualitative results were analyzed to find the best ligand for the most potent interaction 

with the target. C01 was seen as the best ligand among all investigated derivatives and the original CUR 

for potent inhibition of MAOA enzyme. Both binding energy and interacting with the co-factor of the 

enzyme were suitable for this compound. 
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1. Introduction 

Very well-known curcumin (CUR) (Figure 1) has been used especially by the people of 

eastern countries as a food additive or traditional medicine for a long time [1]. Although the 

original natural product CUR has been seen as a useful compound, its synthetic derivatives 

have also been developed to improve the features of this mysterious compound for specific 

applications [2]. CUR has been mostly supposed to be a complementary compound for 

pharmacotherapy, but its single-standing medicinal function has been approved by further 

works [3]. The main advantage of this compound is its natural resource providing it available 

as a lead compound to be optimized for various investigations such as therapies for several 

diseases [4]. It has been shown that in several types of cancers like prostate and lung cancers, 

monoamine oxidase-A (MAOA) would be overexpressed to increase the destructive functions 

of cancer [5]. Gross and co-workers [6] indicated that MAOA could yield prostate cancer 

growth and corresponding metastasis in patients. Liu and co-workers [7] indicated that MAOA 

may promote non-small cell lung cancer (NSCLC) progression in patients. Moreover, MAOA 

is an important enzyme yielding the major type of depression in the series of mood disorders 
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[8]. Naoi and co-workers [9] indicated that increased expression of MAOA could catabolize 

more levels of serotonin and norepinephrine to decrease their levels in the brain to yield major 

depression disorder. When a patient is dealing with cancer therapy, they may lose their hope 

for living more, making them disappointed people without any hope for being safe and sound 

anymore [10]. Therefore, several other protocols in the fields of psychology and psychiatry 

have been developed for prescribing to such patients to recover their hope during the therapy 

of cancer [11]. When a patient is dealing with major depression disorder, MAOA could be 

overexpressed, increasing the possibility of the occurrence of cancer [12]. Then, the 

challenging problem is that depression causes cancer or vice versa, but in both cases, if such 

MAOA enzyme could be inhibited by a naturally known compound such as CUR, either 

destructive function of cancer cells or major depression or mood disorder could be solved for 

the patients dealing with health problems of cancer or depression mood disorder. Within this 

work, such a hypothesis of MAO inhibition by CUR derivatives was investigated employing 

the in silico computer-based approach at the molecular scale.  

 
Figure 1. Curcumin (CUR) from ChemSpider (ID: 839564). 

Earlier works have introduced various features and functions for CUR compounds, 

making them useful for possible treatments and therapies in living systems [13]. In cases of 

both cancer and depression treatments, CUR has been supposed to act its role as a possible 

direct or in-direct medication [14-17]. In addition to the original CUR, its derivatives have been 

useful for therapeutic purposes [18]. Although own structural chemistry features of CUR are 

important, examining its binding affinity against the macromolecular target is also important 

to determine its potency of interactions in both quantitative and qualitative analyses at the 

smallest scale [4]. To this aim, in silico approach could provide an environment for careful 

examining such purpose at the molecular scale to evaluate the interaction properties of 

ligand…target complexes in binding strength and contributing counterparts [19-22]. Since 

MAOA includes flavin adenine dinucleotide (FAD) in the active site, a potent ligand needs to 

interact with FAD to arise inhibiting function [23]. Such details could be very well determined 

by in silico computer-based approach in Computer-aided drug design and discovery (CADDD) 

to help solve the complicated problems using molecular-scale analyses [24-26]. 

2. Materials and Methods 

Within this work, 3D models of thirty CUR derivatives in addition to its original 

structure were obtained from the ChemSpider (CS) structural bank [27] with the criteria of 

existing a chain of seven carbon atoms between two aromatic rings of CUR (Table 1 and 

Figures 1 and 2). As indicated in Table 1, all obtained structures had a molecular weight (MW) 

below 500 and partition coefficient (LogP) below 5 referring from CS structural bank [27]. To 

theoretically validate the starting structures to be considered for in silico investigation, 

geometries of all obtained 3D models were optimized to reach the minimum energy structures 

using the B3LYP/3-21G* level of density functional theory (DFT) as implemented in the 

Gaussian program [28]. In addition to obtaining optimized structures, molecular descriptors 
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including dipole moment (DM), energy levels of the highest occupied and the lowest 

unoccupied molecular orbitals (HOMO and LUMO) were also evaluated for describing 

chemistry features of the investigated structures (Table 1). After preparing the CUR derivatives 

for playing ligand roles, 3D model of MAOA enzyme macromolecular structure (ID: 2Z5Y) 

was obtained from the Protein Data Bank (PDB) [29], and it was prepared for playing the target 

role of the ligand…target complex formations. Afterward, Molecular Docking (MD) simulation 

processes were performed to obtain each ligand's best conformation versus the macromolecular 

target using the AutoDock program [30]. To this aim, a genetic algorithm was referred for 100 

runs of conformational search in a 40*40*40 grid box ligand…target interactions. By doing 

MDs processes, quantitative values of binding energy (BE) and inhibition constant (KI) were 

obtained (Table 1) in addition to qualitative achievements of ligand…target complex 

formations (Figures 2 and 3). As an advantage of in silico computer-based works, details of 

complicated systems could be very well detected by doing such computations revealing 

insightful information for discussing the investigated systems [31-35]. 

Table 1. Curcumin derivatives (ligands) descriptors* 

Ligand CSID MW LogP DM HOMO LUMO DM 

C01 3635972 338 3.02 3.38 -5.70 -2.18 3.38 

C02 5036868 368 2.92 6.43 -5.30 -1.87 6.43 

C03 4579941 338 3.15 5.31 -5.79 -1.74 5.31 

C04 8672486 336 4.29 2.47 -6.00 -2.14 2.47 

C05 3523201 308 3.29 2.56 -6.11 -2.24 2.56 

C06 28683119 322 3.69 2.72 -5.52 -2.08 2.72 

C07 130011 308 3.39 2.87 -5.80 -1.97 2.87 

C08 21427422 368 2.92 4.16 -5.59 -2.11 4.16 

C09 26372043 368 2.82 5.46 -5.93 -2.00 5.46 

C10 24660343 324 2.94 1.97 -5.60 -2.00 1.97 

C11 5042585 368 2.82 3.84 -5.56 -1.90 3.84 

C12 2764560 354 2.62 2.72 -5.66 -2.03 2.72 

C13 2963780 336 4.41 3.67 -6.03 -1.95 3.67 

C14 129416 338 3.15 5.31 -5.79 -1.74 5.31 

C15 4949186 412 4.12 4.33 -4.89 -4.61 4.33 

C16 8604661 370 2.16 6.10 -5.43 -2.04 6.10 

C17 10156030 396 4.24 1.96 -6.08 -1.98 1.96 

C18 4742689 336 4.41 3.67 -6.03 -1.95 3.67 

C19 346107 340 2.48 2.48 -5.57 -1.96 2.48 

C20 4579942 340 2.48 1.62 -5.57 -2.00 1.62 

C21 337294 336 4.35 5.54 -5.69 -1.90 5.54 

C22 4579943 354 2.7 5.38 -5.50 -1.95 5.38 

C23 2782772 368 2.76 5.40 -5.64 -2.02 5.40 

C24 8267367 391 4.12 2.99 -5.48 -1.89 2.99 

C25 2786 368 2.92 1.79 -5.69 -1.90 1.79 

C26 24673409 352 3.63 1.80 -5.78 -1.93 1.80 

C27 24676639 366 4.23 2.13 -5.63 -1.94 2.13 

C28 4724491 368 2.76 5.32 -5.65 -2.05 5.32 

C29 8445961 370 2.37 2.32 -5.53 -1.93 2.32 

C30 24663054 382 2.66 7.01 -5.46 -1.87 7.01 

CUR 839564 368 2.92 1.79 -5.68 -1.91 1.79 

* ChemSpider ID (CSID), Molecular Weight (MW), Partition Coefficient (LogP), Dipole Moment 

(DM) in Debye, The Highest Occupied Molecular Orbital (HOMO) in eV, The Lowest Unoccupied 

Molecular Orbital (LUMO) in eV. See Figures 2 and 3 for ligands representations and interaction 

details. 
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Figure 2. The interacting CUR…MAOA complex. 

3. Results and Discussion 

The original CUR and thirty of its derivatives based on an existing chain of seven carbon 

atoms between two aromatic rings (Figure 1) were investigated in this work by performing in 

silico computer-based DFT calculations and MD simulations. The results of molecular 

descriptors including MW, LogP, DM, HOMO, and LUMO were summarized in Table 1 for 

all of the investigated ligand structures. These descriptors are important to describe the 

chemistry features of ligands for possible prediction or interpretation of their corresponding 

activities. A quick look at the results could show the importance of structure for defining its 

features. Structural modifications could significantly change such features, as could be seen by 

comparing the properties of derivatives with the original CUR. The order of ligands from C01 

to C03 was assigned by the obtained values of BE of ligand…target complex formations 

meaning that C01 was in the best condition whereas C30 was in the worst condition of complex 

formation with the target. Ligands with higher / lower values of MW than the original CUR 

(MW=368) were available in Table 1, showing different types of derivations of the original 

structure. Additionally, values of LogP could describe the structures with the different 

tendencies for solubility in oil/water media as one of the important chemistry features for the 

compounds. Based on the structural modifications, the values of LogP were changed for the 

derivatives compared to the original CUR. Furthermore, electric charge distribution balance 

conditions were also changed for the derivatives, as seen by different DM values. Parallel with 

such changes, values of HOMO and LUMO also showed significant changes in derivatives. By 

such different chemistry features for the investigated ligands, it could be expected that their 

binding affinity for the formation of interacting ligand…target complexes would be changed.  

Table 2. Docking results of interacting CUR derivatives…MAOA complexes.* 
L BE KI  L BE KI  L BE KI 

C01 -9.42 0.12  C11 -8.18 1.01  C21 -7.62 2.58 

C02 -9.33 0.14  C12 -8.15 1.05  C22 -7.25 4.83 

C03 -9.11 0.21  C13 -8.07 1.21  C23 -6.99 7.55 

C04 -8.87 0.31  C14 -7.96 1.47  C24 -6.73 11.72 

C05 -8.81 0.35  C15 -7.87 1.71  C25 -6.68 12.66 

C06 -8.80 0.35  C16 -7.86 1.72  C26 -6.67 13.01 

C07 -8.74 0.39  C17 -7.85 1.75  C27 -6.57 15.15 

C08 -8.59 0.51  C18 -7.79 1.96  C28 -6.46 18.37 

C09 -8.59 0.51  C19 -7.77 2.02  C29 -6.41 19.94 

C10 -8.49 0.59  C20 -7.75 2.07  C30 -6.04 37.12 

CUR -7.21 5.32         
*L is the ligand in complex with MAOA. The units of BE (Binding Energy) and KI (Inhibition Constant) are kcal/mol 

and uM. See Figures 2 and 3 for interaction details. 
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Figure 3. The interacting CUR derivatives…MAOA complexes. 
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Figure 3 (Continued). The interacting CUR derivatives…MAOA complexes. 
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Quickly analyzing the results of Table 2 and Figures 2 and 3 could show such 

expectations. The values of BE and KI were different for complexes and graphical 

representations of interacting complexes. More specifically, the existence of FAD in the 

interacting counterparts is an important feature for mentioning about potent interaction of the 

ligand with the macromolecular target for inhibiting purposes. Such a trend could be seen for 

some derivatives, especially those with better values of BE and KI for complex formation 

compared to the original CUR complex. Indeed, FAD plays an important role in the activity of 

MAOA, and the interaction of a ligand with it to somehow chelate it could help inhibit the 

activity of the enzyme. To this aim, besides the quantitative analyses of BE and KI, the 

qualitative analyses could show the advantage of such complex formation to achieve the 

purpose of enzyme inhibition. The results were more or less different from the original CUR 

and its corresponding complex, meaning that the lead optimization could yield different results, 

and careful discussing them for a true choice could be an important task. The results of Figures 

2 and 3 for the conformational search of floating ligands versus target could show that the 

change of spherical shapes of ligand caused by initial structural modification or flexibility of 

ligand in MD simulation process could yield different conditions for the interacting 

ligand…target complex formations. Such in silico results could be important in various aspects, 

from showing the condition of ligand…target interactions until the ligand changes versus the 

target for the formation of interacting complexes. Based on such obtained results of this work, 

it was found that the chemistry features of derivatives were different compared to the original 

CUR in the ligand roles. The results of their corresponding interacting complex formations 

were also different for such molecular systems. Careful discussion of these in silico results 

should be done to see the effectiveness of CUR ligands for possible inhibiting of MAOA 

enzyme from its further destructive activity in the living system. The results of individual 

ligands in Table 1 and Figure 1 and their corresponding complexes in Table 2 and Figures 2 

and 3 would be discussed by following the next part.    

Based on the obtained results, some trends could be specifically discussed according to 

this work's major problem: finding a CUR derivative for potent interaction with MAOA 

enzyme with inhibitory purpose at the molecular scale. To this aim, thirty CUR derivatives and 

the original CUR were investigated regarding their individual chemistry features and 

corresponding binding affinity versus the macromolecular target. As mentioned earlier, 

overexpression of MAOA could yield destructive activity in the cases of cancer and depression, 

in which its inhibition could provide more help for the patients. The existence of FAD co-factor 

in MAOA is important to be noticed, in which it could stimulate the oxidative activity of 

MAOA, especially in the case of overexpression. Therefore, it is important to somehow chelate 

FAD to prevent from dealing with MAOA to inhibit enzyme activity. The original CUR showed 

its ability to interact with FAD in complex formation with MAOA (Figure 2); therefore, it was 

a good point to investigate more potent inhibitors of this lead compound by structural 

modifications in derivative compounds. It is worth noting that the structural modification of a 

lead compound is a way to find a better inhibitor for enzyme inhibition in drug design and 

discovery methodologies. To do so, modified derivatives of CUR were investigated here for 

the purpose of more potent inhibition of MAOA activity. The results indicated the importance 

of types of structural modifications on both individual chemistry features and corresponding 

binding affinity to the macromolecular target. Energy levels of HOMO and LUMO are 

important for defining a compound's ability to interact with other structures. As HOMO implies 

for the level of full electron state possible to work as donor and LUMO implies for the level of 
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vacant electron state possible to work as the acceptor of electrons in interactions. Moreover, 

the energy difference of such HOMO and LUMO states could make it easy to electron 

transferring or reactivity of such compound. The results showed more proper states of HOMO 

and LUMO levels of C01 as an individual ligand compared to the original CUR (Table 1). Its 

interaction with MAOA was more potent than the original CUR regarding the value of BE. 

Therefore, C01 was distinguished as the best ligand of CUR derivatives for more potent 

interaction with the MAOA enzyme. Results of Figure 3 also showed that C01 could interact 

with FAD, as a dominant co-factor of MAOA for its oxidative activity. By this point, the 

hypothesis of finding a ligand of CUR for more potent interaction with MAOA enzyme was 

achieved by analyzing the obtained results in both quantitative and qualitative aspects of this 

in silico work. 

More analyses of the obtained results could show different aspects for assigning the 

binding strength of ligand…target complexes, such as the number of interactions and their 

types. In addition to the quantitative values of BE and KI, the qualitative conditions of 

interactions could be seen as important for the purpose of potent enzyme inhibition. Both of 

them together could introduce a ligand for potent interaction with the target, in which the 

current results indicated C01 as the most potent one among the investigated ligands. Actually, 

the initial list of ligands of this work included too many compounds, but they were restricted 

to thirty ligands according to the obtained qualitative and quantitative results for interacting 

with MAOA as described here as potent compounds for this purpose. 

4. Conclusions 

This in silico computer-based work was performed to investigate the CUR derivatives 

for potent inhibition of MAOA enzyme activity. It was mentioned that overexpressed MAOA 

enzymes could yield cancer and depression for the patients; therefore, finding a potent inhibitor 

could be very much useful for therapeutic purposes. Among thirty derivatives of investigated 

CUR, C01 was seen to act as the most potent inhibitor of MAOA with the best value of BE and 

showing the interaction with FAD co-factor. This is a must that the inhibitor could chelate the 

FAD co-factor for inhibiting the activity of MAOA. Other ligands, twenty-nine ligands, were 

seen to be in interaction condition with MAOA but less efficient than C01 and more or less 

efficient than the original CUR. As a final concluding remark, structural modification of CUR 

yielded a better ligand for more potent interaction with MAOA target to probably inhibit its 

activity. 
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