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Abstract

Chagas disease is one of the biggest socioeconomic problems in Latin America. Caused by the
protozoan parasite Trypanosoma cruzi, affecting 7 million people, causing approximately 14,000
deaths per year. Alternamide, a tricyclic alkaloid present in Alternanthera littoralis, an herbaceous
plant found on beaches of the Brazilian its extracts are used in traditional medicine for treatment
of infectious and inflammatory diseases, which showed anti Trypanocida activity. In this context,
in the present work we present the results of the electronic, structural and pharmacokinetic
characterization study of the promising phytopharmaceutical Alternamide A. Using the semi-
empirical quantum formalism it was possible to identify the most stable conformation, boundary
orbitals, calculate to identify nucleophilic sites and reactivity descriptors. Through in silico
absorption, distribution, metabolism, excretion and toxicity (ADMET) simulations, including
solubility, blood-brain barrier (BHE), plasma protein binding, CYP2D6 binding, gastrointestinal
absorption and hepatotoxicity, it was observed that good oral bioavailability and high-water
solubility high gastrointestinal absorption. The synthetic accessibility score was 2.75, which means
that it would be easy to synthesize the molecule under study. Highlighting what this study
represents is a key step for future molecular docking and drug design studies for the development
of inhibitors of the evolutionary forms of the molecule T-crossed.
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1. Introduction

Discovered in 1909 by Brazilian doctor Carlos Chagas, Chagas disease is one of the biggest
socioeconomic problems in Latin America. It is a zoonosis that affects about 7 million people,
which causes approximately 14,000 deaths per year [1]. The causative agent of Chagas disease is
Trypanosoma cruzi, a flagellated protozoan that in its evolutionary cycle must pass through it hosts
of various classes of mammals, including man or even some insects that are known as barbeiro
and so the large numbers of infections occurrence [2][3].1t is also one of the neglected diseases, so
this pathology does not arouse much interest in the pharmaceutical industries due to the low
financial return. Chagas disease chemotherapy is restricted to only two nitroheterocycle drugs,
nifurtimox and benznidazole. Therefore, it is of great importance, given the severity and scope of
the pathology, to strengthen the research for new trypanomycid agent candidates in their
treatment.[4] [5][6][7].

Alternamide A (7,8-dihydroxy-1,2,4,5-tetrahydro-3H-1,5-ethano [c] azepin-3-one), a tricyclic
alkaloid isolated from the Alternanthera littoralis P. Beauvis, a herbaceous plant commonly found
on beaches of the Brazilian eastern coast and its extracts are used in traditional medicine for
treatment of infectious and inflammatory diseases, which presented antiprotozoal activity was
assayed against trypomastigote forms of Trypanosoma cruzi and amastigotes of Leishmania
amazonenses|[8].

Through molecular modeling, we can determine parameters that relate structure and activity [9].
For this, molecular modeling is used, which can be defined as a software system and tools that
allow the construction, editing, visualization and analysis of molecular structures. Thus, the
computational chemistry allows the complete characterization of the compounds, generating
structures with high fidelity rate to native structures and stable conformational geometry, as well
as some relevant indices for drug planning. Such as: formation heat, minimum potential energy,
homo and lumo energies, dipole moment and the specific arrangement of each atom in the
molecule [10] [11] [12]. In addition to electronic and structural characterization, computer
modeling allows through models to simulate the behavior of substances in various media,
especially with respect to absorption, distribution, metabolism, excretion and toxicity (ADMET)
in the human body. The use of algorithms for ADMET simulation are highlighting the discovery
and design of new drugs, being applied at an early stage in the research process, promoting both
financial and ethical aspects, as well as reducing the initial laboratory cost and use of animals in
the development of new medicines [13] [14] [15].

In this context, in the present work, we present the results of the electronic, structural and
pharmacokinetic characterization study of the promising phytopharmaco Alternamide A, with
initial support for future molecular docking and drug design studies for the development of
inhibitors of T-cruzi evolutionary forms.
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2. Materials and Methods

Computational Details

All the computations were performed on Dell Inspiron personal computer with intel® Core TM
17-4510U processor, 16 GB RAM, 2GB AMD Radeon® video card and Microsoft Windows 8.1®
as operating system. All codes used are free license for academic use.

Structural Optimization

Geometry optimization is a technique that aims to find a set of coordinates that minimize the
potential energy of the system under study [16]. The basic procedure is to move over the potential
surface in the direction in which the energy decreases so that the system is brought to a near local
minimum energy. Power minimization makes use of only a small portion of the configuration
space. But by adjusting atomic positions, it relaxes distortions in chemical bonds, bond angles,
bond lengths, and torsion angles [16][17].

The study of the Alternamide A molecule was carried out using MarvinSket© [18] and ArgusLab®
Version 4.0[19] configured to perform semi-empirical calculations (based on the theory of
guantum mechanics with Hamiltonian PM3 (Parametric Method 3)[20] , removing some of its
molecular characteristics, the Avogadro [21] program was also used to determine the properties of
atoms, properties of bonds, angle properties and torsional properties of atoms[22][23][24].

Fronteir Orbitals, MESP And Descriptores Reactivity

Electrostatic potential surface maps (MESP) are generated after the overlap in the molecule of a
positively charged particle that travels over the van der Waals contact surface and by revealing a
repulsion region, represents the positive, white-colored potential, and a region of attraction
represents the negative potential of red color, based on equation 1[25][26].
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Since Z is the charge of nucleus A, located at R, A pA (R) is the electron density function for the
molecule. V (r) is the resulting electrostatic liquid effect produced at the r point by both electrons
and nuclei of the molecule. Since the first term represents the contributions as a function of electron
potential and the second term as a function of the nuclei[25].

Using the formalism of molecular orbital theory, we can learn from the LCAO-MO model [9][26],
where the orbitals of each molecule are described as linear combinations of the atomic orbitals of
the molecule, we can generate the HOMO and LUMO boundary orbitals (respectively , highest
occupied orbital molecular and lowest unoccupied molecular orbital), which may indicate the main
electron donation and reception sites, respectively. That is, the number of molecular orbitals
formed will always be equal to the number of atomic orbitals involved in their bonding.

A reactivity factor to be analyzed and energy that is influenced influences the orbitals of a molecule
on its own orbitals on nearby molecules, this energy is evaluated in the form of energy bands,
which have direct dependence on chemical composition and molecular structure [26].
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The band that comprises the highest and least busy levels of energy is called the conduction band,
while the band consisting of the lowest energy occupied levels is called the valence band [27] [26]
[28]. The region that exists between the valence band (orbital HOMO) and the conduction band
(orbital LUMO) is called the gap, which corresponds to an energetically forbidden region to
electrons. These energies can describe the electronic properties of a given molecule, such as its
reactivity and the formation of charge transfer complexes. The formation of transition states is due
to the interaction between the boundary orbitals of the reactive species [29].

Using the .out file generated by the structure optimization, the boundary orbitals, HOMO and
LUMO were plotted, and the MESP was rendered.

To correlate structure and reactivity of molecules the values of the orbitals were used, the values
of the orbital frontier were used to calculate the descriptors based on according to Koopman's
Theory [30]: Gap, electron affinity (A), electronegativity (y), vertical ionization potential (i),
chemical hardness (1), chemical softness (s), electronic chemical potential (p), electrophilicity
index (w) [31]. To obtain the values, the following formulas were used[32][33] [36][37][32]:

GAP Ae=| enomal -1 eLumol (2)
eléctron affinity (A) A=-gLumo 3)
Vertical lonization Potential (1) |=-eHomo 4)
Eletronegativity (y) x = (I+A)/2 (5)
Chemical Hardness(n) n = (I-A)/2 (6)
Chemical Softness(S) S=1/2n (7)
Eletronic Chemical Potential () u=-(1+A)/2 (8)
Electrophilicity Index (o) o=p?/2n 9)

In silico ADMET

The properties of Absorption, Distribution, Metabolization, Excretion and Toxicity (ADMET)
including solubility, blood brain barrier (BHE), plasma protein binding, CYP2D6 binding,
gastrointestinal absorption and hepatotoxicity were evaluated for in silico action of the
Alternamide A compound by homology to other molecules that have already been studied in the
human body. The models used to predict ADMET properties in this protocol are derived from
various experimental data obtained for other drugs with similar chemical structure [38][39].

Prediction of drug similarity for Alternamide A for pharmacokinetics was performed on the Swiss
ADME online platform of the Swiss Institute of Bioinformatics (http://www.sib.swiss). In the
Swiss ADMET program package, the polar topological surface (TPSA) was calculated [40]. In
addition, lipophilicity was predicted according to Wildman et al. [41], solubility and oral
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bioavailability were assessed according to Lipinski and collaborattes. [42] Analysis was performed
to determine whether alternamide A was a cytochrome family isoform inhibitor (P450 CYP) such
as CYP1A2 and CYP2D6. In addition to other pharmacokinetic prediction (gastrointestinal
absorption, glycoprotein P and blood brain barrier) and prediction of similarity to drugs such as
Ghose and Veber Rules and bioavailability [43]

3. Results and Discussions

As for the structure in question, Alternamide A, the MarvinSketch program was used to obtain the
initial structure (figure 1) with an easily visible initial conformation, but with potential energy
different from its native form and some other physical chemical properties (Table 1) necessary to
study the structure in molecular modeling, highlighting the LogP partition coefficient (0.93), its
density (1.371 + 0.06 g / cm3), surface tension (58.9 + 3.0 dyne / cm-1). ), the solubility of the
structure in water (0.06 mg / mL) that allowed defining the solvent (polar or non-polar) used in
docking or molecular dynamics tests.

Table 1: Physicochemical Properties of Alkaloid Alternamide A

Property Value Property Value

Solubility in water | 0.06 mg/mL Polar Surface Area | 69.56 A?

LogP 0.93 Polarizability 22.36 A3

LogS -1.4 Refractivity 58.29 m3-mol*
Molecular Formula | C1,H13NO3 Density 1.371+0,06 g/cm®

Superficial tension | 58.9+3.0 dyne/cm | Molar Volume 159.8+3.0 cm®
Monoisotopic Mass | 219.089543 Da Refractive index 1.639+0.02
Donors #H 3 #H Receivers 3

]

HM OH

Figure 1: Alternamide A initial structure

Semiempirical methods have become a solution for modeling medium-sized molecules, as they
use experimentally pre-established parameters, reducing the number of integrals to be solved for
the Schrodinger equation solution (Equation 10)[44][45].
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Since Ep is the potential energy in the region considered, m is the particle mass associated with
this wave function and Oy / 0t represents the partial derivative of the wave function in time order;
2Y¥ is the Laplacian mathematical operator of ¥. Using the Born-Oppenheimer approximation,
which decouples the electronic and nuclear movements, assuming a fixed position of the nuclei,
the Schrodinger equation for the Alternamide A molecule was solved, having as a parameter the
global energy state, where after a conformational analysis screnning was obtained the
configuration that can be considered more thermonidically stable, which presented a self-
consistent field energy (SCF) in the order of 3544,78775 eV (Figure 2), emphasizing that the self-
consistent field theory, based on the assumption that the potential acting on each electron and due
to the nuclei and the average charge distribution of the other electrons [46]. In order to characterize
the behavior of the molecule against several solvents, the dipolar moment vector was calculated,
using electronegativity values relative to each atom, calculates through the resulting vector, which
globally calculates the magnitu of the charge displacement of each atom involved in the bond [47].
The alternamide molecule presented a dipole moment vector that showed values in the Cartesians
of 0.84969627 (X axis), 2.31794357 (Y axis) and Z the value of -2.79671270 (Z axis), thus
indicating a high polarity in the molecule, it is preferably soluble in polar solvents. With geometric
optimization, the theoretically most stable molecule, it is also possible to calculate the formal and
partial charges of each atom as well as its valence, despite the neutrality through optimization, it
is possible to observe in the results obtained (table 2) the existence of charges partial (residual)
charges that come from the electrons are closer or farther from one of the atoms of the bond,
carrying charge. Note that carbon has a valence variation of 3 and 4, oxygen 1 and 2 and hydrogen
has a valence of 1.

Figure 2: Optimized structure of Alternamide A tricyclic alkaloid

Table 2. Atomic properties of alternamide A

Atom | Elemento/type | Valence | Partial charge
1 C Car 3 -0.011

2 C Car 3 0.159

3 C Car 3 0.159

4 C Car 3 -0.013

5 C Car 3 -0.035
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6 C Car 3 -0.020
7 ©) 03 2 -0.503
8 @) (OX] 2 -0.503
9 C C3 4 0.049
10 C C3 4 -0.030
11 C C3 4 -0.044
12 C C3 4 -0.007
13 N Nam 3 -0.308
14 C C2 3 0.214
15 C C3 4 0.031
16 ©) 02 1 -0.276
17 H H 1 0.066
18 H H 1 0.066
19 H Ho 1 0.292
20 H Ho 1 0.292
21 H H 1 0.055
22 H H 1 0.029
23 H H 1 0.029
24 H H 1 0.027
25 H H 1 0.027
26 H H 1 0.035
27 H H 1 0.149
28 H H 1 0.036
29 H H 1 0.036

Analyzing the bonds,
bonds, where we can highlight the bonds between carbon (C4 - C3), (C5 - C6), (C2 - C1) and
oxygen-carbon (C11 - O3) as second order bonds, and the bonds between carbon (C8 - C9), (C9 -
C10), (C8 - C7), (C10 - C12) because they are rotatable, as we can see in table 4.

Table 4: Alternamide A binding properties

Bond | Type | Start storm | End storm | Bond order | Rotable | Length(A)
1 H-C | H9 C9 1 No 1.10751
2 H-C | H6 C8 1 No 1.10738
3 C-H |C9 H8 1 No 1.10772
4 C-C |C9 C8 1 Yes 1.52898
5 C-C |C9 C10 1 Yes 1.5348
6 H-C | H10 C10 1 No 1.11838
7 C-H [C8 H7 1 No 1.10775
8 C-C |C8 C7 1 Yes 1.53845
9 H-C | H2 C4 1 No 1.09719
10 O-H |02 H4 1 No 0.95015
11 O-C |02 C3 1 No 1.36922
12 C-C |C4 C3 2 No 1.40217
13 C-C |C4 C5 1 No 1.39074

it was possible to observe a predominance of the predominantly covalent
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14 C-C |C3 C2 1 No 1.41347
15 C-C | C10 C5 1 No 1.50161
16 C-C |C10 Ci12 1 Yes 1.53300
17 C-C |C5 C6 2 No 1.39989
18 C-0 |C2 01 1 No 1.37677
19 C-C |C2 C1l 2 No 1.93354
20 O-H |01 H3 1 No 0.95045
21 C-C |C6 C1 1 No 1.39035
22 C-C |C6 Cc7 1 No 1.5052

23 CH |[C1 H1 1 No 1.09738
24 C-H |C7 H5 1 No 1.11803
25 C-N | C7 N 1 No 1.49525
26 H-C | H12 Ci12 1 No 1.10973
27 C-H |C12 H13 1 No 1.10936
28 C-C |C12 Cl1 1 No 1.51678
29 N-C |N Cl1 1 No 1.42795
30 N-H | N Hi1l 1 No 1.00008
31 C-O0 |[C11 03 2 No 1.22503

Regarding the angles, we can highlight the connection angles that were in the range of 105.4833 °
(H- C8 - H7) and 124.5218 ° (C2 - C3 - 0O2) (table 5). The torsion angles were between -0.0181 °
(H2-C4-C5-C6)and-179.9801 ° (C3 - C2 - C1 - H1) (Table 6).

Table 5: Alternamide A lead angles

Angle | Type | Start Atom | Vertex | End Atom | Angle (°)
1 CCC | C2 Cl C6 119.1211
2 CCH | C2 C1 H1 120.7349
3 CCH | C6 Cl H1 120.1439
4 CCO | C3 C2 01 117.0555
5 ccc |c1 C2 C3 120.3501
6 cco|c1 C2 01 122.5941
7 CCO | C4 C3 02 115.5915
8 CCO | C2 C3 02 124.5218
9 CCC | C2 C3 C4 119.8851
10 CCH | C3 C4 H2 120.1964
11 CCH | C5 C4 H2 120.5386
12 CCccC | Cc3 C4 C5 119.2650
13 CCC | 4 C5 C10 122.3942
14 CCC | C4 C5 C6 120.6718
15 CCC | C6 C5 C10 116.9283
16 ccc |c1 C6 C5 120.7060
17 CCC | C5 C6 C7 116.7266
18 ccc |c1 C6 Cc7 122.5674
19 COH | C2 01 H3 107.3513
20 COH | C3 02 H4 108.7348
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21 CCC | C6 Cc7 C8 110.0866
22 CCH | C8 c7 H5 108.6699
23 CCN | C8 Cc7 N 110.3696
24 CCH | C6 c7 H5 110.2542
25 CCN | C6 Cc7 N 111.3233
26 NCH | N c7 H5 106.0327
27 CCH | C9 C8 H6 109.4691
28 HCH | H6 C8 H7 105.4833
29 CCH | C7 C8 H6 108.1887
30 CCH | C9 C8 H7 110.2405
31 CCC | C7 C8 C9 113.4651
32 CCH | C7 C8 H7 109.6657
33 HCH | H8 C9 H9 105.4865
34 CCH | C8 C9 H9 109.3703
35 CCH | C10 C9 H9 108.5279
36 CCH | C8 C9 H8 110.1961
37 CCH | C10 C9 H8 109.3253
38 CCC | C8 C9 C10 113.6036
39 CCH | C9 C10 H10 107.8414
40 CCC | C5 C10 C9 109.4995
41 CCC | C9 C10 C12 111.9786
42 CCH | C5 C10 H10 109.2003
43 CCH | C12 C10 H10 106.9915
44 CCC | C5 C10 C12 111.2100
45 CNC | C7 N Cl1 121.1514
46 CNH | C7 N H11l 111.9097
47 CNH | Cl11 N H11l 113.9215
48 NCC | N Cl1 C12 122.9328
49 CCO | C12 Cl1 03 121.9509
50 NCO | N Cl1 03 114.9630
51 CCH | C10 C12 H12 109.3249
52 CCH | C10 C12 H13 108.7719
53 CCC | C10 C12 Cl1 117.1743
54 HCH | H12 C12 H13 105.7666
55 CCH | Cl11 C12 H12 107.5057
56 CCH | Cl11 C12 H13 107.7090
Table 6: Torsion angles of alternamide A
Torsion | Type | Atom 1 | Atom 2 | Atom 3 | Atom 4 | Torsion (°)
1 HCCH | H9 C9 C8 H6 -2.3992
2 HCCH | H9 C9 C8 H7 -118.0022
3 HCCC | H9 C9 C8 c7 118.5569
4 HCCH | H8 C9 C8 H6 113.1256
5 HCCH | H8 C9 C8 H7 -2.4774
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6 HCCC | H8 C9 C8 C7 -125.9183
7 CCCH | C10 C9 C8 H6 -123.8126
8 CCCH | C10 C9 C8 H7 120.5843
9 CCCC | C10 C9 C8 Cc7 -2.8566
10 HCCH | H9 C9 C10 H10 45.8811
11 HCCC | H9 C9 C10 C5 -72.8358
12 HCCC | H9 C9 C10 C12 163.3298
13 HCCH | H8 C9 C10 H10 -68.6982
14 HCCC | H8 C9 C10 C5 172.5849
15 HCCC | H8 C9 C10 Cl2 48.7505
16 CCCH | C8 C9 C10 H10 167.7639
17 CCCC | C8 C9 C10 C5 49.0470
18 CCCC | C8 C9 C10 Cl12 -14.7875
19 HCCC | H6 C8 Cc7 C6 76.4556
20 HCCH | H6 C8 C7 H5 -44.3845
21 HCCN | H6 C8 Cc7 N -160.2609
22 CCCC | €9 C8 C7 C6 -45.2182
23 CCCH | C9 C8 Cc7 H5 -166.0583
24 CCCN | €9 C8 C7 N 78.0654
25 HCCC | HY C8 C7 C6 -168.9732
26 HCCH | H7 C8 Cc7 H5 70.1867
27 HCCN | H7 C8 C7 N -45.6897
28 HOCC | H4 02 C3 C4 177.5188
29 HOCC | H4 02 C3 C2 -2.9488
30 HCCO | H2 C4 C3 02 -0.2085
31 HCCC | H2 C4 C3 C2 -179.7641
32 CCCO | C5 C4 C3 02 179.7198
33 CCCC | C5 C4 C3 C2 0.1641

34 HCCC | H2 C4 C5 C10 0.9175
35 HCCC | H2 C4 C5 C6 -179.9801
36 CCCC | C3 C4 C5 C10 -179.0105
37 CCCC | C3 C4 C5 C6 0.0920
38 OCCO | 02 C4 C2 01 0.1050

39 OCCC | 02 C4 C2 C1 -179.7159
40 CCCO | C4 C3 C2 01 179.6185
41 CCCC | C4 C3 C2 C1 -0.2023
42 CCCC | C9 C10 C5 C4 130.6111
43 CCCC | €9 C10 C5 C6 -48.5230
44 HCCC | H10 C10 C5 C4 12.7399
45 HCCC | H10 C10 C5 C6 -166.3942
46 CCCC | C12 C10 C5 C4 -105.1044
47 CCCC | C12 C10 C5 C6 75.7615
48 CCCH | €9 C10 Cl12 H12 -47.4345
49 CCCH | C9 C10 C12 H13 -162.4782

DOI: 10.5281/zeno0d0.3542089
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50 CCCC | €9 C10 Cl2 Cl1 75.1360
51 HCCH | H10 C10 C12 H12 70.5220
52 HCCH | H10 C10 Cl2 H13 -44.5217
53 HCCC | H10 C10 C12 Cl1 -166.9075
54 CCCH | C5 C10 Cl2 H12 -170.3048
55 CCCH | C5 C10 C12 H13 74.6515
56 CCCC | C5 C10 C12 Cl1 -47.7342
57 CCCC | C4 C5 C6 C1 -0.3172
58 CCCC | C4 C5 C6 Cc7 179.6343
59 CCCC | C10 C5 C6 C1 178.8328
60 CCCC | C10 C5 C6 Cc7 -1.2157
61 CCOH | C3 C2 o1 H3 178.1454
62 CCOH | C1 C2 o1 H3 -2.0381
63 CCCC | C3 C2 Cl C6 -0.0181
64 CCCH | C3 C2 C1 H1 179.8879
65 OCCC |01 C2 Cl C6 -179.8288
66 OCCH | 01 C2 C1 H1 0.0772

67 CCCC | C5 C6 Cl C2 0.2762
68 CCCH | C5 C6 C1 H1 -179.6304
69 CCCC | C7 C6 C1 C2 -179.6724
70 CCCH | C7 C6 Cl H1 0.4210

71 CCCC | C5 C6 C7 C8 49.1511
72 CCCH | C5 C6 Cc7 H5 169.0354
73 CCCN | C5 C6 C7 N -713.5733
74 CCCC | C1 C6 Cc7 C8 -130.8984
75 CCCH | C1 C6 Cc7 H5 -11.0141
76 CCCN | C1 C6 C7 N 10.3772
77 CCNC | C8 C7 N Cl1 -76.2674
78 CCNH | C8 Cc7 N H1l 144.8117
79 CCNC | C6 C7 N Cl1 46.2942
80 CCNH | C6 Cc7 N H1l -92.6267
81 HCNH | H5 C7 N Cl1 166.2174
82 HCNH | H5 C7 N H1l 27.2965
83 CCCN | C10 C12 Cl1 N -26.4625
84 CCCO | C10 C12 Cl1 03 158.2655
85 HCCN | H12 C12 Cl1 N 97.0395
86 HCCO | H12 C12 Cl1 03 -78.2325
87 HCCN | H13 C12 Cl1 N -149.3947
88 HCCO | H13 C12 Cl1 03 35.3333
89 CNCC | C7 N Cl1 C12 27.3855
90 CNCO | C7 N Cl1 03 -157.0390
91 HNCC | H11 N Cl1 C12 165.551
95 HNCO | H11 N Cl1 03 -18.8694
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For load analysis of the molecules, the Mulliken population analysis [48], which has its algorithms
based on the theory of molecular orbitals, using a linear combination of atomic orbitals (with
coefficients determined by the Hartree-Fock method) [49], was used to define a set of molecular
orbitals, it is possible to obtain a partition scheme, which distributes the electrons in the atoms,
being used to predict and characterize the possible intra and intermolecular interactions of the
molecule, being an important descriptor for the correlational study of the structure and the
molecular structure. its biological activity [50] [51]. By analyzing the population distribution of
charges, Alternamide A showed a variation between atomic charges of atoms of the same element,
as the carbon with the highest charge was C14 with a value of 0.2781 while the lowest charge was
the C15 with a value of 0.2781 from -0.2640, ranging from 0.5421 load; the same way oxygen
with the highest load was O8 with -0.2349 and the lowest oxygen was 016 with -0.3892, varying
0.1543; As for hydrogen, atomic charges ranged from 0.1249 in H25 to 0.2384 in H20 hydrogen,
showing a variation of 0.1135, inferring that these variations are directly related to the
electronegativity differences of atoms (table 7).

Table 7: Mulliken population analysis, showing Mulliken atomic charges for alternamide A
atoms C, O and H.
Atom | Charge | Atom | Charge
01C |-0.2140 | 16 O |-0.3892
02C |-0.0037 | 17H |0.1984
03C |0.0706 | 18H |0.2209
04C |-0.1986 | 19H |0.2357
05C |-0.0706 | 20H | 0.2384
06 C |-0.1294 | 21 H |0.1370
070 |-0.2548 | 22H | 0.1253
080 |-0.2349 | 23H |0.1379
09C |-0.0514 | 24H |0.1253
10C |-0.2391 | 25H ]0.1249
11C |-0.2314 |26 H | 0.1450
12C |-0.0883 | 27 H | 0.1400
13N |-0.1207 | 28H | 0.1522
14C [0.2781 |29H |0.1574
15C |-0.2640

Using the data generated in structural optimization, molecular modeling techniques also contribute
to the understanding of intermolecular interactions through the study of electrostatic potential
surface maps (MESP) [26] [52]. three-dimensional charge distribution, being important for the
analysis and identification of regions with higher and lower electron density, being a strong
indicator of nucleophilic and electrophilic sites, being important to analyze descriptors of
molecular interactions with polarity and electronegativity, that is, a descriptor capable of assisting
in the behavior of molecules against other charged molecules [25][53]. The region with the highest
electrostatic potential is indicative of a low negative charge density, which can be understood as a
low electron density. Usually, but not always, the color red indicates the lowest potential
electrostatic energy, which characterizes a region with higher electron density. The white region
represents the largest electrostatic energy, indicating a relative absence of electrons. Intermediate
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colors, green and yellow, represent an intermediate electrostatic potential [54]. Using the three-
dimensional coordinates of the optimized structure and the charges was rendered the Alternamide
A electrostatic potential map, showed a well-wasted distribution of electrostatic potential, where
it was possible to identify a higher electron density (nucleophilic region) represented in red, located
in the vicinity of oxygen atoms (figure 3), which is indicative of a region in quantity of electrons,
being astas the possible places of interaction through electrostatic interactions due to hydrogen
bonds.

0.0500 -> 0.0409
0.0409 -> 0.0318
0.0318 > 0.0227
0.0227 -> 0.0136

0.0136 -> 0.0045

0.0045 -> -0.0045

0.0045 -> -0.0136

0.0136 -> -0.0227

0.0227 -> -0.0318

0.0318 -> -0.0409

-0.0409 -> -0.0500

Figure 3: Electrostatic Potential Map rendered from the semi-empirical quantum method using
the PM3 parameterization.

Boundary orbitals have been widely related as descriptors of molecule reactivity, because in their
theory the transition state formation is due to the interaction between the HOMO (highest occupied
molecular orbital) and LUMO (lowest unoccupied molecular orbital) of the species. These are the
descriptors that broadly characterize the nature of chemical reactions, since the energy of HOMO
is directly related to the susceptibility of the molecule to undergo an electrophilic attack (ionization
potential), and the energy of LUMO to susceptibility nucleophile attacks (electron affinity) [55]
[56] [57]. In the alternamide molecule it was possible to observe the presence of 77 molecular
orbitals and it is possible to identify Homo as number 42, which was symmetrical between its
negative (red) and positive (blue) phases, with a strong contribution of oxygen atoms and ligados-
bonded atoms el, having an energy of -0.333062 ev. The homo orbital, also symmetrical between
the phases, was identified as the orbital 43, with energy in the order of -0.002131 eV, which is
formed by the major contribution of the ligados-bonded atoms present in the ring (figure 4).

Figure 4: Boundary molecular orbitals, rendered using the semi-empirical quantum method, with
parameterization PM3. Fig. 4A (HOMO orbital) and Fig. 4B (LUMO orbital) respectively.
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The GAP energy difference (AE) between HOMO and LUMO orbitals may be related to chemical
stability, as a large difference would be indicative of high stability (low reactivity), while a low
gap value indicates a high reactivity, as it indicates a low energy value for chemical transition, that
is, it indicates the electron-donor and / or electron-acceptor character of a compound [58].
Alternamide had a gap in the order of 0.330931, with ionization potential in the order of To
characterize better it was possible to calculate an ionization potential (1) in the order of 0.333062
eV, ie the minimum energy required to remove an electron of alternamide A with respect to energy
change when an electron is added to a neutral atom in the gas phase. Electron affinity (A) is
described as the change in energy when an electron is added to a neutral atom in the gas phase was
predicted to be a small value on the order of 0.002131 eV. Noting that low | values may be
indicative of a charge transfer mechanism between a ligand-receptor interaction. Another
important descriptor to characterize this interaction and -electronegativity (), which for
alternamide was of the order of 0.167597 eV, which is the estimated ability of a molecule to attract
electrons from another molecule in a chemical interaction [59].

Using the values of HOMO and Lumo it was possible to calculate the descriptors of polarizability
chemical softness (S) 3.021777954, chemical hardness (1) 0.1665466 ev, thus characterizing
althernamide A as a high reactivity molecule, requiring a small amount of energy for a transition
of an electron from HOMO to LUMO [60].

Regarding the bioavailability (Figure 5) of the molecule shown in the color zone is the appropriate
physicochemical space for oral bioavailability, where the following properties were taken into
account as flexibility, lipophilicity, saturation, size, polarity and solubility. The lipophilicity of the
studied compound log P may range from -0.7 to +5.0. Molecular weight may range from 150 g /
mol to 500 g / mol. The topological polar surface area ranges from 20-130 Ac2. Insolubility was
studied using log S (ESOL) and ranged from 0 to 6. The number of rotational bonds should be
between 0-9 and the unsaturation fraction ranges from 0.25 to 1.0, indicating the fraction of carbon
atoms. sp3 hybridization should not be less than 0.25 [61] [62].

The physicochemical properties show that the molecule C12H13NO3. The molecular weight was
219.24 g / mol. The number of heavy atoms is 16 and 6 the number of aromatics. The fraction of
carbon atoms in sp3 hybridization was 0.42. Meanwhile, the number of hydrogen bond acceptors
was 3 and the number of hydrogen bond donor was 3. The molar refractivity was 62.34 and the
topological polar surface area found was 69.56 A°2.

The log Po/w (ilog P) is 1.32, the log Po/w (Xlog P3) is 0.61, the log Po/w (WIlog P) is 0.83, the
log Po/w (MlogP) is 0.86 the logPo/w (SILICOS-IT) is 1.32 and the consensus log Po/w is 1.00
respectively. From the log P values overall it can be concluded that the compound is having good
lipophilic character. The water solubility of the compound was studied using log S (ESOL) value
as -1.83 depicting the compound belongs to very soluble water class [63].

The pharmacokinetic properties were studied using the BOILED-Egg model [64] to simulate an
intuitive assessment of passive gastrointestinal absorption (HIA) and brain barrier permeation
(BBB) as a function of the position of molecules in the WLOGP-versus-TPSA framework (Figure
6). If the substance is in the white region, it indicates that it has a high probability of passive
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absorption by the gastrointestinal tract, whereas if it is in the yellow region, it indicates that it has
a high probability of brain permeation [65] [40].

The Alternamide A molecule showed high gastrointestinal absorption, however it does not easily
permeate the brain barrier. It is a P-gp substrate meaning there may be problem excreting the drug.
For, P-glycoprotein plays a significant role in drug absorption and distortion. Due to its location,
P-glycoprotein appears to have a greater impact on limiting drug uptake of blood circulation in the
brain and intestinal lumen in epithelial cells than in increasing drug excretion of hepatocytes and
renal tubules in the adjacent luminal space. The substance is not an inhibitor of CYP2C19 and
CYP2D6 isoenzyme, which means that there is no chance of drug accumulation or interaction
resulting in toxicity. The similarity parameter of the drug is high because it follows the rule of
Lipinski, Verber, Egan, with a bioavailability score of 0.55. The SWISS ADME Synthetic
Accessibility (SA) score is based primarily on the supposed frequency of molecular fragments in
obtained molecules correlates with ease of synthesis. The fragmentary contribution to (SA) should
be favorable for frequent and unfavorable chemical portions for rare portions. The synthetic
accessibility score was 2.75, which means that the molecule has great viability to be synthesized.
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Figure 5: The bioavailability of Alternamide A using Swiss ADME predictor
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Figure 6: Molecule falling in BOILED-Egg is predicting the molecule is able to penetrate
through the blood brain barrier.
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4. Conclusions

Using the semi-empirical quantum formalism it was possible to identify the most stable
conformation of the tricyclic alkaloid alternamide A, the boundary orbitals, calculate to identify
the nucleophilic sites and the reactivity descriptors. Through in silico absorption, distribution,
metabolism, excretion and toxicity (ADMET) simulations, including solubility, blood-brain
barrier (BBB), plasma protein binding, CYP2D6 binding, gastrointestinal absorption and
hepatotoxicity, it was observed that good oral bioavailability and high water solubility high
gastrointestinal absorption. The synthetic accessibility score was 2.75, which means that it would
be easy to synthesize the molecule under study. Highlighting what the present study represents as
a fundamental step for future molecular docking and drug design studies for the development of
T-cruzi evolutionary form inhibitors.
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