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Abstract: Background: A series of perimidinone derivatives (7H-benzo[e]perimidin-7-one) were syn-
thesized and assessed by means of in vitro assays as human MAO inhibitors. These compounds inhib-
ited reversibly the enzymes with inhibitory constants in the range of 2 to 20 μM. In addition, the selec-
tivity of inhibition of the MAO isoforms seems to be significantly dependent of the presence either of 
heteroatom or electron donating and withdrawing groups on the perimidinone framework, which was 
verified by using molecular docking simulation with the crystallized MAO receptors. Most of these in-
hibitors were highly selective: 9 and 11 inhibited selectively the MAO-B isoform while 12 had 10-fold 
selectivity for MAO-A isoform. Moreover, the compound 12 was both the most selective and potent 
MAO-A inhibitor among perimidinones.  

Result: These results have important implications for the drug design of molecules targeting depression 
and movement-related disorders. 

Keywords: Monoamine oxidase (MAO), 7H-benzo[e]perimidin-7-one, Perimidinones, MAO-A, Anti-Parkinson. 

1. INTRODUCTION 

MAO [amine: oxygen oxidoreductase (deamination) (fla-
vin containing) EC 1.4.3.4.] catalyzes the oxidative deamina-
tion of endogenous monoamines including neurotransmitters, 
such as dopamine and 5-hydroxytryptamine, and exogenous 
amines, such as the xenobiotics neurotoxin as MPTP [1]. 
Two MAO isoforms have been identified, MAO-A and 
MAO-B, which differ from each other in relation to substrate 
and inhibitor specificity [2]. Serotonin, adrenaline and 
noradrenaline are substrates for MAO-A, while dopamine, 
phenylethylamine and benzylamine are substrates for MAO-
B [3]. An abnormal activity of the MAO-B isoform is related 
with neurological disorders such as Alzheimer’s (AD) and 
Parkinson’s disease (PD), whereas the MAO-A isoform ap-
pears to be related with psychiatric conditions, such as de-
pression [4]. In this context, numerous studies have focus on  
 

*Address correspondence to this author at the Laboratory of Pharmaceutical 
Chemistry, Department of Organic Chemistry, Faculty of Pharmacy, Uni-
versity of Santiago de Compostela, 15782 Santiago de Compostela, Spain; 
Tel: +34881814936; E-mails: e.sobarzo@usc.es; esobarzo@gmail.com 

the inhibition of MAO as a strategy for the treatment of de-
pression (MAO-A inhibitors) and the symptomatic treatment 
of PD patients (MAO-B inhibitors) [5].  

Considering that many potent inhibitors of both MAO-A 
and MAO-B isoforms are clinically available or in develop-
ment, there are interesting differences on the biological ac-
tivity for each MAO isoform. First, few inhibitors as pyra-
zoline and hydrazine derivatives are reversible but non-
selective MAO inhibitors [6]. The low selectivity is an im-
portant feature for increase the dopamine levels since when 
one MAO isoform is inhibited, the other isoform balances 
this loss of activity. For instance, in brain of patients treated 
with either selegiline or clorgyline, the increase of dopamine 
was not as significant as the increase in phenylethylamine, 
noradrenaline and serotonin [7]. Second, the administration 
of irreversible MAO-A inhibitors might result in hyperten-
sion crises [8] associated with the potentializing of sympa-
thetic cardiovascular activity through the release of 
noradrenaline due to the ingestion of food or drinks contain-
ing a high level of tyramine (“cheese-reaction”) [9]. There-
fore, hypertensive crises may be avoided by the use of re- 
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versible rather than irreversible MAO-A inhibitors. In light 
of these findings, many investigations have search for MAO 
inhibitors that are capable to inhibit the enzyme by a reversi-
ble mechanism.  

Due to that many natural compounds have shown an in-
teresting therapeutic activity as MAO inhibitors [10], exam-
ples of them are alkaloids with variable chemical structure. 
Thus, isoquinoline alkaloids has been pointed out as a lead 
compound for the design of MAO inhibitors and several 
studies demonstrated a reversible nature of this inhibition by 
different analogues [11, 12]. In addition, isoquinolines and 
analogues are formed endogenously as metabolites of neuro-
transmitters and are considered neurotoxic [13], being an 
obvious medical alternative to study their properties as pos-
sible antidepressants or motor dysfunctions. Considering that 
these compounds are interesting in the context of MAO in-
hibitors, several natural isoquinolines alkaloids have been 
isolated and assessed in relation to the human MAO inhibi-
tion. Among these compounds, protoberberine alkaloids such 
as berberine (4) and palmatine (5) (Fig. 1) showed potential 
inhibitory properties on MAO activity. Thus, berberine only 
inhibited MAO-A isoform with an IC50 values of 126μM, 
whereas palmatine exhibited up to 200μM but no inhibition 
on any type of the enzyme [14]. 

 

 

Fig. (1). Chemical structures of protoberberine alkaloids, berberine 
(4) and palmatine (5). 
 

Recently, our research group has synthesized and evalu-
ated the inhibitory activity on the human MAO isoforms 
from a series of oxoisoaporphine derivatives (7H-
dibenzo[de,h]quinolin-7-one). These compounds displayed 
inhibitory activity against in vitro MAO assay, wherein some 
of them had high selectivity for MAO-A isoform [15]. In this 
sense, some chemical moieties on the isoquinoline frame-
work were clearly identified to be necessary in the pharma-
cological reactivity as antidepressant, being the planarity of 
the chemical framework and the electron donating groups 
(OMe, OH) attached at the B ring, the pharmacophore fea-
tures most important [15]. Surprisingly, there are not reports 
for these alkaloids showing biological activity in mental dis-
orders without side effects as cytotoxicity, very common in 

anthraquinones [16]. For instance, 5-methoxy derivative (6) 
had a high selectivity and effectiveness in the MAO-A inhi-
bition (0.83 nM), clearly different to its dihydro isomer (7), 
whose MAO-A inhibition was 16-fold less powerful [17] 
(Fig. 2).  

 

Fig. (2). Oxoisoaporphine derivatives (7H-dibenzo[de,h]quinolin-7-
one, 6 and 2,3-dihydro-7H-dibenzo[de,h]quinolin-7-one, 7). 
 

On the other hand, we have studied chemical analogues 
that have preserved the most important chemical moieties 
mentioned above. Thus, perimidinones (7H-benzo[e] pe-
rimidin-7-one) have been used in the past either as colorants 
or dyes [18, 19] and have shown interesting pharmacological 
applications, principally with anticancer properties [20, 21].  

Moreover, the similar distribution of carbonyl group and 
benzene rings, as well as the addition of heteroatoms as ni-
trogen on the perimidinone framework like oxoisoaporphine 
can support an important pharmacophore to be evaluated in 
the treatment of mood disorders as depression or motor dys-
functions. In fact, some analogues were assessed with an 
unusual anxiolytic activity, wherein some of them showed 
active and selective anxiolytic property, differing with regard 
to diazepam (DZP) used as control reference in elevated 
plus-maze (EPM) test [22]. 

Therefore, in this work, we have synthetized the follow-
ing perimidinone alkaloids: 7H-benzo[e]perimidin-7-one  
(8), 8-chloro-7H-benzo[e]perimidin-7-one (9), 6-hydroxy-
7H-benzo[e]perimidin-7-one (10), 6-methoxy-7H-benzo 
[e]perimidin-7-one (11), and 8-chloro-6-hydroxy-7H-benzo 
[e]perimidin-7-one (12) (Fig. 3), and evaluated their inhibi-
tory properties on human MAO activity.  

 

Fig. (3). Chemical structure of 7H-benzo[e]perimidin-7-one deriva-
tives. 

�

�

��

����

�

�

����

��� ���

�



A Medical Approach to the Monoamine Oxidase Inhibition Current Topics in Medicinal Chemistry, 2017, Vol. 17, No. 4    491 

Since this approach in the distribution of the active moie-
ties on perimidinone derivatives could be useful in the de-
sign of pharmacophores with highly selectivity in both 
MAO-A/MAO-B isoforms, molecular docking simulation of 
compounds 8-12 were carried out in order to identify the 
various interactions in the ligand-protein complexes and con-
firm the possible selectivity of both MAO isoforms in possi-
ble treatment of behavior diseases (depression) and/or motor 
dysfunction (anti-Parkinson).  

2. RESULTS AND DISCUSSION 

2.1. Chemistry 

All compounds (8-11) have been reported in several syn-
thetic and pharmacological studies by using as reactant the 
appropriate 1-aminoanthraquinone derivative (A-D) and 
N,N-dimethylformamide dimethyl acetal in MeCN to reflux 
[23-26] (Scheme 1). The main product with chemical struc-
ture, 7H-benzo[e]perimidin-7-one, was obtained by means of 
vacuum filtration and affording the desired products with 
high yield without further purification.  

 

O

O NH2

R4R5

N

N

O

N O

O

R6

R8

MeCN/reflux

(A) ; R4 = R5 = H

(B); R4 = H, R5 = Cl
(C) ; R4 = OH, R5 = H
(D) ; R4 = OCH3, R5 = H

(E); R4 = OH, R5 = Cl

(8)-(12)

 
Scheme 1. General procedure to afford perimidinone derivatives (8-

12) from substituted 1-aminoanthraquinone (A-E). 
 
2.2. Kinetic Features of MAO Inhibition 

The inhibitory effect on MAO activity of a series of pe-
rimidinone derivatives was studied. Thereby, MAO activity 
was evaluated by using a fluorescent method based on the 
conversion of AR to resorufin in the presence of HRP and 
hydrogen peroxide, this latter generated from MAO action. 
From five compounds evaluated (8-12), only 8 has not sig-
nificantly inhibited either MAO-A or MAO-B at concentra-
tion below than 100 µM. Among these compounds, only 10 
and 12 were able to inhibit both MAO-A/MAO-B isoforms. 
The inhibition mechanisms as well as the Ki values of these 
inhibitors were determined through a non-linear regression 
of Michaelis-Menten curves and confirmed by using 
Lineweaver-Burk plot for MAO-A and MAO-B, respectively 
(Fig. 4). Thus, 10 showed to be a non-selective and reversi-
ble MAO inhibitor, exhibiting a Ki values nearly similar for 
MAO-B and MAO-A (18 versus 14 µM).  

On the other hand, 12 exhibited 10-fold selectivity for 
MAO-A in comparison with MAO-B (KiMAO-B/KiMAO-A 
~10) (Table 1). At present, 12, with a Ki of 2 µM, was the 
most potent and selective MAO-A inhibitor among the pe-

rimidinone derivatives. Hence, MAO-B was reversibly in-
hibited by 9 and 11 with Ki values of ~ 9-11 µM. It is note-
worthy to highlight that these dinitrogen alkaloids seem to 
inhibit the MAO isoforms by a distinct mechanism. MAO-A 
was inhibited by 10 and 12 by a non-competitive mecha-
nism, whereas MAO-B was competitive. This was evidenced 
by the fact of the presence of the inhibitors 10 or 12 that did 
not produce any alteration of the Km values for MAO-A, 
while the Vmax was reduced. On the other hand, an increas-
ing of Km without changes in Vmax was observed for all 
MAO-B inhibitors, which indicates a competitive mecha-
nism (Fig. 5). The most remarkable alteration for Km was 
observed for the compounds exhibiting the lowest Ki values, 
i.e. 9 and 11. 

With exception of 10, all inhibitors were highly selective 
for MAO isoforms: 9 and 11 selectively inhibited MAO-B 
while 12 had 10-fold selectivity for MAO-A. Although only 
MAO-B inhibitors have been suggested to be clinically ef-
fective in Parkinson’s disease therapy [27,28], administration 
of non-selective inhibitors might result in an increase of do-
pamine level that is not observed for many selective inhibi-
tors. Dopamine is metabolized by both MAO isoforms: by 
MAO-A intraneuronally and by MAO-A/MAO-B in glial 
and astrocyte cells [29]. Therefore, non-selective MAO in-
hibitors might produce an increase in dopamine levels that 
usually does not occur with those selective inhibitors since 
the inhibition of an isoform can be counterbalanced by an 
increase in the activity of the other isoform. In this context, 
the poor selectivity displayed by perimidinone derivatives 
might be an interesting feature if the goal is an elevation of 
the level of neurotransmitters that are metabolized by both 
MAO isoforms. Additionally, non-selective inhibitors such 
as 10 could increase levels of both dopamine and 5-
hydroxytryptamine, which may useful in Parkinson’s disease 
therapy since that symptoms of depression are also observed 
in many patients [30]. 

On the other hand, the MAO-A selectivity displayed by 
12 might have important implications for the development of 
drugs for treatment of depression based on perimidinone 
scaffolds. Thus, 12 was behaved as a reversible rather than 
irreversible MAO inhibitor. As mentioned above, the asso-
ciation of irreversible inhibitors of MAO-A with foods and 
drinks containing tyramine and other sympathomimetic 
amines might cause hypertensive crises due to release of 
noradrenaline [31]. Thereby, this side effect may be avoided 
by the use of reversible rather than irreversible MAO-A in-
hibitors. MAO-B inhibitors do not promote the cheese-
reaction because the intestine contains little MAO-B.  

Although, 8 did not exhibit any MAO inhibitory prop-
erty, the presence either heteroatom or electron donating 
groups on the carbon structure such as Cl and OMe, respec-
tively, seems to change drastically the effectiveness and se-
lectivity of these compounds as MAO inhibitors already 
mentioned for oxoisoaporphines [15]. Indeed, 9 and 11 were 
very selective MAO-B inhibitors; 9 displays a chlorine atom 
as electron withdrawing group (EWG) linked at the D ring 
whereas 11 has an electron donating group (EDG) as OMe 
linked at the B ring. Nevertheless, the possible keto-enol 
tautomeric effect in 10 might be interpreted as the presence 
of a EWG at B ring that interferes negatively in the selective 
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Fig. (4). Inhibition kinetics of human MAO-A by 10 and 12. 

 

Table 1.  Kinetic data of the inhibition of MAO of perimidinone derivatives. 

Inhibitory constant Ki (µM) / Mechanism 

Compounds MAO-A MAO-B 

8 - - - - 

9 - - 9 Competitive 

10 14 Non-competitive 18 Competitive 

11 - - 11 Competitive 

12 2 Non-competitive 20 Competitive 

 
inhibition of MAO isoform. Finally, we can speculate that 
EWG attached at the B- and D rings as 12, this analogue acts 
selectively in the MAO-A inhibition, being an important 
reference in the design of potential MAO inhibitors based on 
the dinitrogen alkaloid.  

Therefore, in order to determine if the possible chemical 
interactions with active moieties on perimidinones could 
affect the reactivity and selectivity in the MAO activity, mo-
lecular docking simulation was carried out. 

2.3. Molecular Docking Study 

Docking studies provide some insight into the interac-
tions between the enzyme and the ligand, which can corrobo-
rate the experimental data and our chemical interaction hy-
pothesis about the MAO activity. In this case, the autodock 
vina data shows similar values of affinity for 8, 10 and 11 in 

both MAO isoforms. The number of hydrogen bonds and 
hydrophobic interactions for these compounds correlates 
with the information of the affinity energy of the perimidi-
none-MAO isoform complex. Thus, 9 exhibits more affinity 
energy values for the MAO-B isoform than MAO-A iso-
form. This difference is mainly explained by the higher 
number of hydrogen bonding interactions in MAO-B. Thus, 
a hydrogen atom of the Tyr 435 make hydrogen bonding 
with the 7-carbonyl group at 3.25 Å. In contrast, the MAO-A 
isoform only shown one interaction of the hydrogen atom of 
Ser 209 residue with the N-1 atom in this compound at 3.82 
Å (Fig. 6). For 12, the docking values showed more affinity 
energy for the MAO-A isoform than MAO-B isoform, and 
this fact can be explained using the same criteria for 9. 
Thereby, MAO-A’s residue Ser 209 showed two hydrogen 
bonding interactions with the 6-hydroxyl group at 2.56 and 
2.23 Å and other with the 7-carbonyl group at 3.14 Å, 
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Fig. (5). Inhibition kinetics of human MAO-B by 9, 10 and 11 compounds. 

 

 

Fig. (6). Three dimensional stereoview for the docking position of 9 in the MAO-A isoform (A) and MAO-B isoform (C) binding site. 9 is 
depicted in balls and sticks and active site residues are depicted in sticks. Atom coloration are: Blue, nitrogen; gray, carbons; red, oxygen; 
green, chlorine. B and D are two-dimensional representation for the same position. 
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Fig. (7). Similarly to Figure 6, A and C represent the three-dimensional stereoview for the docking position of 12 in the MAO-A isoform (A) 
and MAO-B isoform (C) binding site and B and D are two-dimensional representation for the same position. 
 
 

Table 2.  Affinitty energy values in kcal/mol of the perimidinones in MAO-A and MAO-B isoform. 

Compound MAO-A MAO-B 

8 -10.1 -9.7 

9 -9.1 -10.2 

10 -9.7 -9.8 

11 -9.3 -9.6 

12 -9.6 -8.5 

 
respectively. Moreover, Gly 11 and Gly 12 residues of the 
MAO-B enzyme interact with the 7-carbonyl group at 3.22 
and 3.51 Å respectively. In this case, the difference in the 
distance between the enzyme and 12 influence the affinity 

energy values displayed in the autodock vina’s result (Fig. 
7). All affinity energies and the interactions observed in this 
study are summarized in Table 2 and 3.  
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Table 3.  Distance and type of interactions of the perimidinone-MAO complexes. 

N° MAO  Residue involved Structure involved Type of interaction Distance 

Tyr 444 Carbonyl 7 Hydrogen Bond 3.37 

A 
Tyr 407, Tyr 444 
Arg 51, Cys 406 

A-D Ring Hydrophobic 
3.87 
to 

5.93 

Cys 397 Nitrogen 1 Hydrogen Bond 3.64 
8 

B Tyr 398, Tyr 435 
Arg 42, Cys 397 

A-D Ring Hydrophobic 
3.62 
to 

5.62 

Ser 209 Nitrogen 1 Hydrogen Bond 3.82 

A Phe 208, Tyr 69 
Cys 323, Ile 335 

A-D Ring Hydrophobic 
4.12 
to 

5.13 

Tyr 435 Carbonyl 7 Hydrogen Bond 3.26 
9 

B Tyr 435, Phe 343 
Leu 171, Cys 172 

A-D Ring Hydrophobic 
3.62 
to 

5.62 

Gly 443 Hydroxyl 6 Hydrogen Bond 2.17 

A Tyr 407, Tyr 444 
Gly 66, Gly 67 

Cys 406, Arg 51 
A-D Ring Hydrophobic 

3.67 
to 

5.43 

Tyr 435 Carbonyl 7 Hydrogen Bond 3.50 
10 

B Tyr 398, Cys 397 
Tyr 435 

A-D Ring Hydrophobic 
4.17 
to 

5.12 

Cys 406 Nitrogen 1 Hydrogen Bond 3.58 

A Tyr 407, Tyr 444 
Trp 397, Arg 51 

Cys 406, Lys 305 
A-D Ring Hydrophobic 

4.01 
to 

5.22 

Cys 397 Nitrogen 1 Hydrogen Bond 3.65 
11 

B Tyr 398, Cys 397 
Trp 388, Tyr 432 
Arg 42, Lys 296 

A-D Ring Hydrophobic 
3.68  
to 

5.55 

Ser 209 
Ser 209 
 Ser 209 

Hydroxyl 6 
Hydroxyl 6 
Carbonyl 7 

Hydrogen Bond 
2.56 
2.23 
3.14 

A 
Phe 268, Tyr 69 
Tyr 444, Ile 337 

Ile 335 
A-D Ring Hydrophobic 4.51-5.96 

Gly 12 
Gly 11 

Carbonyl 7 Hydrogen Bond 
3.22 
3.51 

12 

B Leu 268, Ala 35 
Ile 264, Tyr 393 
Lys 264, Pro 265 

A-D Ring Hydrophobic 
3.73  
to 

5.10 

 

3. CONCLUSION 

Our experimental data and molecular docking studies in-
dicated that perimidinone derivatives can be a useful medical 
alternative for its administration in possible treatment of 
mental disorders and/or anti-Parkinson, wherein the chemi-
cal modification of the perimidinone scaffold by adding ei-
ther active heteroatom or functional group, might drastically 

change the effectiveness and selectivity of these compounds 
as MAO inhibitors. Thereby, 7H-benzo[e]perimidin-7-one 
derivatives might represent an important lead molecule for 
the design of drugs against these behavior diseases. Further 
studies about in vivo assays with these molecules to improve 
the pharmacological activity and to check the selectivity an-
tidepressant/anti-Parkinson shown in this research will be 
considered. 
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4. EXPERIMENTAL SECTION  

4.1. Chemistry 

General procedure of 8-Chloro-6-hydroxy-7H-benzo[e]-
perimidin-7-one (12) 

The compound (12) has been synthesized from 9 (310 
mg, 1.16 mmol) as starting material and was added to a pre-
dissolved mixture of H2SO4 (27.9 mmol, 1.6 mL), HgO (0.42 
mmol, 90 mg) and H3BO3 (2.16 mmol, 134 mg.) stirred at 
90ºC for 1 hr. Then the mixture is warmed gradually up to 
165ºC for 12 hr. The final solution was cooled and later di-
luted in water affording an amorphous solid, which was fil-
tered on vacuum, washed and dried. This solid was diluted in 
warmed benzene and filtered on celite, and later concen-
trated. The final amorphous solid was crystallized in MeCN 
to give 12 as brown needles (130 mg, 40%). 1H NMR (300 
MHz, DMSO-d6) δ 7.87 (d, J = 9.5 Hz, 1H), 7.99 (m, 2H), 
8.39 (d, J = 9.5 Hz, 1H), 9.05 (m, 1H), 9.55 (s, 1H). 13C 
NMR (300 MHz, DMSO-d6) δ 117.4, 124.9, 128.1, 128.7, 
129.2, 133.0, 134.6, 134.8, 135.9, 137.3, 138.7, 144.8, 150.9, 
154.0, 184.3. Anal. calculated for C15H7ClN2O2: C, 63.73; H, 
2.50; N, 9.91. found, C, 63.31; H, 2.57; N, 9.62. CI-MS 
(m/z): 282.8 (M+, 100). IR (KBr, υ, cm-1): 3430 (OH); 1636 
(C=O). 

4.2. MAO Assay  

The activities of MAO-A and MAO-B isoforms were 
evaluated by a fluorometric assay that measures the amount 
of resorufin produced from Amplex Red (AR) (Life Tech-
nologies, Carlsbad, USA) in the presence of hydrogen perox-
ide (generated by MAO action) and horseradish peroxidase 
(HRP) [32]. As source of MAO, we have used microsomes 
from baculovirus-infected insect cells that express recombi-
nant human MAO-A and MAO-B (Sigma-Aldrich, St. Louis, 
USA). All assays were carried out in a 96-well microplate 
using a fluorescence microplate reader in a Cary Eclipse 
Fluorimeter (Agilent Technologies, Santa Clara, USA). The 
formation of resorufin was measured by excitation at 571 nm 
and emission at 585 nm. The effect of the inhibitors on the 
fluorescence emission at 585 nm was previously evaluated, 
and a correction was performed when necessary. The reac-
tion mixture (final volume of 200 µL) contained 5 µg/mL 
MAO-A or MAO-B in a 50 mM sodium phosphate buffer of 
pH 7.4, 1 mM p-tyramine (substrate for MAO-A) or 1 mM 
benzylamine (substrate for MAO-B), 1 U/mL HRP and 200 
µM AR. This reaction was carried out at 37 °C for 45 min in 
the presence or absence of the inhibitors. The enzyme plus 
the inhibitors were incubated at 37 °C for 20 min prior to the 
addition of the substrates, HRP and AR. The inhibitors were 
dissolved in 100% DMSO, and equivalent concentrations of 
DMSO alone (1-2%) were used as controls. Clorgyline 
(MAO-A inhibitor) or pargyline (MAO-B inhibitor) at 5 µM 
concentration were used as positive control for inhibition.  

In order to verify whether the inhibitors affect the enzy-
matic assay by either inhibiting the AR oxidation by HRP or 
by scavenging the hydrogen peroxide that was generated, 
hydrogen peroxide was pre-incubated in the presence or ab-
sence of the inhibitors, and 1 U/mL HRP, 1 mM substrate 
and 200 µM AR were added to the reaction mixture. This 
mixture was incubated at 37 °C for 45 min, and the resorufin 

content was determined by fluorescence, as described above. 
The enzymatic activity was expressed as nanomols of hydro-
gen peroxide produced per milligram of enzyme each minute 
at pH 7.4 and 37 °C. We varied the amount of hydrogen per-
oxide used (0.4 - 3.2 nmols) to create a calibration curve. 

4.3. Kinetic Parameters 

The enzymatic kinetic parameters Michaelis-Menten 
constant (Km) and maximum reaction rate (Vmax) were de-
termined by non-linear fitting using the NL fit tool and the 
Hill function in Origin Lab 8.0 software. The inhibitory con-
stant Ki was determined by the relation: Km’/Km = 1 + 
[I]/Ki, where Km´ and Km are the Michaelis-Menten con-
stant in the presence and the absence of inhibitor, respec-
tively, and [I] is the concentration of the inhibitor. The 
mechanism of inhibition was confirmed by the Lineweaver-
Burk curves (double reciprocal plot) by plotting the inverse 
of initial velocity (1/V) as a function of the inverse of the 
substrate concentration (1/S) [33].  

4.4. Molecular Docking Study 

The crystal structure of the human MAO-A and MAO-B 
isoforms used in the docking were downloaded from the 
Protein Data Bank with the PDB codes 2BXR and 1GOS 
respectively [34,35]. The 3D structure of perimidinones were 
generated using Chem3D© [36], and the conformational 
energy was minimized using the MM2 force field. Using 
Autodock Tools the rotatable bonds of the ligand were as-
signed, polar hydrogens were attached and the water mole-
cules were removed from the pdb file in each protein [37]. 
The docking of the ligand was developed using AutoDock 
vina script using the same dimensions of the grid for all 
molecules tested at a spacing of 0.375 Å [38]. The output file 
was processed using Discovery Studio to identify interac-
tions and the visual representation in two and three-
dimensional of the perimidinone derivatives in both system 
studied [39]. For the two-dimensional picture, the color in 
the protein residue represents the type of interaction between 
the ligand and protein. The green represents the hydrogen 
bonds, purple for π-interactions, violet for π-π, pink for the 
π-alkyl, light green for the Van der Waals force and red for 
unfavorable interactions. 
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