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ABSTRACT 

 

Fruits of the Capsicum family or chilies, native to Mexico and Central America, exhibit highly diverse 

biological effects, including antioxidant, anti-inflammatory, and anticarcinogenic properties. This 

research used computational chemistry to determine the interactions between Capsaicin (CAP) and 

nitrogenous bases (NB). Parameterized semi-empirical model number 3 (SE-PM3) drew the 

corresponding molecules in the Hyperchem simulator. The geometry was optimized with the Polak 

Ribiere method, and the variables of HOMO-LUMO, Band gap (BG), Electronic potential (EP), and 

other properties were calculated. We found a small HOMO-LUMO energy gap of CAP molecules. This 

overlap leads us to conclude that CAP can form spheres and micelles. As a general conclusion, we 

found that CAP is not a mutagenic agent. Among 49 interactions, CAP showed its first interaction with 

uracil (CAP: U2), and therefore, it evidenced 19 more related interactions with freely formed NB. 
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Análisis de las Interacciones de la Capsaicina con el ADN y el ARN mediante 

Química Computacional 

 

RESUMEN 

 

Los frutos de la familia Capsicum o chiles, nativos de México y Centroamérica, exhiben efectos 

biológicos muy diversos, incluyendo propiedades antioxidantes, antiinflamatorias y anticancerígenas. 

Esta investigación utilizó química computacional para determinar las interacciones entre la capsaicina 

(CAP) y las bases nitrogenadas (NB). El modelo semiempírico parametrizado número 3 (SE-PM3) 

dibujó las moléculas correspondientes en el simulador Hyperchem. La geometría se optimizó con el 

método de Polak Ribiere y se calcularon las variables de HOMO-LUMO, Band gap (BG), Potencial 

electrónico (EP) y otras propiedades. Encontramos una pequeña brecha de energía HOMO-LUMO de 

moléculas CAP. Esta superposición nos lleva a concluir que CAP puede formar esferas y micelas. Como 

conclusión general, encontramos que CAP no es un agente mutagénico. Entre 49 interacciones, CAP 

mostró su primera interacción con uracilo (CAP: U2) y, por lo tanto, evidenció 19 interacciones más 

relacionadas con NB de formación libre. 
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INTRODUCTION 

Reactive oxygen species (ROS), such as superoxide radicals, singlet oxygen, peroxyl radical, H2O2, 

hydroxyl radicals, and peroxynitrite, can be formed from various sources and cellular processes, 

including mitochondria, peroxisomes, inflammatory cell activation, as well as exogenous sources like 

environmental agents, pharmaceuticals, and industrial chemicals. The increased production of ROS and 

defective DNA repair mechanisms can lead to cellular macromolecule damage, chromosomal 

instability, genetic mutations, and modulation of cell growth, ultimately resulting in cancer (Cijo 

George et al., 2015). Recently, there has been growing interest in phytochemicals due to their 

antioxidant effects, which can be applied in the treatment of various cancers (Ranjan et al., 2019). An 

antioxidant-rich diet helps regulate ROS production and prevent cellular and tissue damage (Cijo et al., 

2015).  

Capsicum plants are native to Mexico and Central America, but they are cultivated in many warm 

regions around the world. CAP, the principal bioactive substance in chilies, is a pungent vanilloid and 

hydrophobic compound present in varying concentrations depending on the fruit's maturity stage and 

tends to increase as the fruit grows and develops (Olguín-Rojas et al., 2019; Suzuki & Iwai, 1984). 

Several studies have shown that Capsicum fruits or chilies, exhibit high biological effects, including 

antioxidant, anti-inflammatory, and anticarcinogenic properties (De Lourdes Reyes-Escogido et al., 

2011; Kogure et al., 2002; Rollyson et al., 2014). The investigations have revealed that CAP having 

anticarcinogenic effects, prevents DNA strand breaks and chromosomal aberrations (De et al., 1995; 

Surh et al., 1998). CAP has numerous therapeutic applications, including regulating body temperature, 

treating chronic pain, and treating obesity (Kaiser & Goycoolea, 2014). At a cellular level, mammals 

interact with the TRPV1 receptor, an ion channel responsible for heat sensing (Caterina, M.J. 1997). 

Besides, it is known that CAP causes the reversible opening of tight junctions, and the molecular basis 

of this phenomenon was investigated in MDCK (Madin-Darby canine kidney) cells (Shiobara et al., 

2013). However, the administration of CAP is not always feasible due to its pungency, low 

bioaccessibility, sparing solubility in water, and proven cytotoxicity at high concentrations (Kiser et al., 

2015). Several studies have incorporated this substance into nanoformulations to make it more 

compatible with aqueous physiological environments (Kiser et al., 2015; Wu et al., 2022; Liu et al., 
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2023). 

Regarding CAP cytotoxicity, some reports suggest that CAP may have tumor-promoting effects in 

gastric cancer (Agrawal et al., 1986; López-Carnllo et al., 1994). Zhang et al. (2020) present a review 

of CAP as a therapeutic drug in human cancers. An important conclusion is that in the tumorigenesis 

process, the CAP could act as a carcinogen or as a cancer preventive agent about concentration. In this 

sense, a study of interactions between CAP and NB can provide valuable insights into the impact of 

Capsaicin on DNA-related diseases. 

Computational chemistry and quantum chemical methods offer alternative approaches to evaluating 

molecular interactions (Obot et al., 2015). The molecular orbital theory states that electrons are not 

assigned to specific atoms or bonds but move through the molecule in their orbitals. This theory predicts 

electrons' spatial and energetic properties, which are crucial in determining molecular properties. It 

forms the basis for most semi-empirical methods used in quantum chemistry (Živković, 1983). The 

difference between the highest occupied molecular orbital (HOMO) and lowest unoccupied molecular 

orbital (LUMO) energy has been used as a straightforward indicator of chemical reactivity. A small 

HOMO-LUMO gap implies a chemical reactivity because it is energetically favorable for electron 

transfer and forms the complex of any potential reaction (Aihara, 1999). 

Gonzalez-Perez (2017) proposes a methodology to evaluate the molecular interaction by the 

determination of electron transfer coefficient (ETC) (eq. 1). ETC represents an opposition to the 

displacement of the electron; this opposition is equivalent to the impedance in the electronic theory. A 

lower ETC represents a lower obstacle to the electron in its trajectory (bond valence), according to the 

principle of Feynmann's most minor action (Gray, 2018).  

        ETC=BG/EP                                                                                                            Eq. 1 

Where BG is defined as bandgap (eq. 2), and it is the absolute difference between HOMO and LUMO 

values; in other words, the BG is the value of the energy that an electron (electronic cloud) needs to 

move it from one molecule to another. 

        BG=|HOMO-LUMO|                                                                                                Eq. 2 

 

EP is defined as the electrostatic potential which is relative to the interaction between two molecules. 
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The EP is the absolute difference of the electrostatic potentials from each pole (eq. 3). 

           EP = δ- - δ +                                                                                                            Eq. 3 

Recently the ETC theory was applied to determine the biodegradation pathway of the endocrine-

disruptor di (2-ethyl hexyl) phthalate by Pleurotus ostreatus (Ahuactzin-Pérez et al., 2018) and 

determine the carcinogenic potential of mycotoxins such as aflatoxin B1 and M1(González-Pérez, 

2017). Therefore, this work aims to characterize CAP using computational chemistry by quantum 

chemistry and its molecular interaction with NB using ETC values. 

METODOLOGY 

Quantum chemical variables (HOMO-LUMO, BG, EP) was determined by Hyper Chem simulator 

(MultiON for Windows. Serial #12-800-1501800080. MultiON). The specific parameters selected for 

each of the simulations were as follows: SET UP. Semi-empirical Method, PM3. Semi- Empirical 

Options: Charge and Spin, Total Charge 0. Spin Multiplicity, 1. SCF Control. Converge limit, 0.01. 

Interaction limit, 1000. Accelerate converge, Yes. Spin Pairing, Lowest. Overlap Weighting Factors, 

Sigma-Sigma 1, Pi-Pi, 1. Polarizabilities were not calculate. Hamiltonian technique in an array two at 

a time was used to calculate all possible interactions between CAP and the NB of the nucleic acids. 

Using the equations 1 to 3 the EP, BG and ETC were calculated. 

RESULTS AND DISCUTIONS 

The HOMO energy is related to the ionization potential in molecules; however, LUMO energy is related 

to electron affinities. Figure 1 shows 3D structures and HOMO–LUMO energies projected on the van 

der Waals surface for CAP using the PM3 semi-empirical method. The figure shows that the HUMO 

and LUMO bands are in the same region. This property means that there is a small energy gap. This 

overlap leads us to the conclusion that the CAP can form spheres or micelles. Hence, CAP behaves like 

a fatty acid, which is congruent with CAP's physical properties (hydrophobicity) (De Lourdes Reyes-

Escogido et al., 2011). Molecules with small HOMO–LUMO gaps are highly polarizable. That 

molecules require a small energy gap for their excitation, for they are more reactive (Pilli et al., 2015). 
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Figure 1.  

Quantum characterization of the CAP molecule. a) chemical structure, b) electronic configuration, c) 

HOMO, d) LUMO. 

 

 

A) Capsaicin (CAP). C = cian, O = red, H = 

white, N = blue.  

 

 

B) CSC  = - 0.116 eV/a°;  = + 0.176 

eV/a°. Red-, Blue+, Green neuter. 

 

 

C) CAP. HOMO = - 9.282 eV 

 

D) CAP. LUMO = - 0.083 eV 

 

 

Calculus:  

Bg = |HOMO-LUMO| = |-9.047523-0.05923759| = 9.10676.59 eV. 

EP = δ- δ += |0.018-0.140| = 0122 eV/a°. 

ETC = Bg/EP = 74.645786 a°. 

 

Figure 2 shows the box-and-whisker plot of the ETC of the interactions of CAP and NB. In agreement 

with the ETC value, the reactions where CAP acts as a reducer or antioxidant of NBs are more probable; 

but it is not clear in this diagram. The table 1 shows the interactions of the CAP and the interactions 

allowed by the nature of both DNA and RNA macromolecules. Column 8 pertains to the Electronic 

Transition Coefficient (ETC), which quantifies the extent of the electron's transition from the highest 



pág. 6713 

occupied molecular orbital (HOMO) to the lowest unoccupied molecular orbital (LUMO) state within 

each molecule of the pure substance. A smaller transition indicates a more pronounced chemical affinity 

and an increased likelihood of reactions. CAP exhibits diminished affinity among its constituent 

molecules due to its larger ETC value (31.503 a°). This results in CAP displaying lower stability when 

compared to the pure NBs molecules. Conversely, the A:U2 interaction stands out as the most stable 

due to its lowest ETC value (ETC = 24.91 a°). 

Figure 2. Box-and-whisker plot of the ETC of the interactions of Capsaicin and NB. 

 

Table 1. Molecular binary interaction between nucleobases and CAP. 

Interaction 
HOMO 

[eV] 

LUMO 

[eV] 

Bg 

[eV] 

δ- 

[eV/a°] 

δ + 

[eV/a°] 

EP 

[eV/a°] 

ETC 

[a°] 

CAP-CAP -9.282 -0.083 9.199 -0.116 0.176 0.292 31.503 

A:T -8.654 -0.475 8.179 -0.14 0.169 0.309 26.469 

C:G -9.142 -0.206 8.936 -0.174 0.172 0.346 25.826 

A:U1 -8.654 -0.511 8.143 -0.14 0.171 0.311 26.183 

A:U2 -8.654 -0.415 8.239 -0.14 0.202 0.342 24.091 

CAP: Capsaicin, A: adenine, C: cytosine, G: guanine, T: thymine, U1: uracil tautomer amide or 

lactam, U2: uracil tautomer imide or lactim, HOMO: highest unoccupied molecular orbital, LUMO: 

lowest unoccupied molecular orbital, Bg: bandgap, δ-: electrostatic potentials of negative pole, δ-: 

electrostatic potentials of positive pole, EP: electrostatic potential, ETC: electronic transfer 

coefficient. units. eV: electron-volts, a°: Bohr radius 
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The interaction of CAP as a reducing agent (antioxidant) of NB is shown in Table 2. The ETC values 

are 27.884 - 30.902 a°. This range leads us to the assertion that CAP is not an antioxidant for the NB 

binding of nucleic acids. 

Table 2.  

Analysis of reduction properties during molecular binary interaction between CAP and nucleobases 

pairs.  

Interaction 
HOMO 

[eV] 

LUMO 

[eV] 

Bg 

[eV] 

δ- 

[eV/a°] 

δ + 

[eV/a°] 

EP 

[eV/a°] 

ETC 

[a°] 

CAP: (A:T) -9.282 -0.475 8.807 -0.116 0.169 0.285 30.902 

CAP: (C:G) -9.282 -0.206 9.076 -0.116 0.172 0.288 31.514 

CAP: (A:U1) -9.282 -0.511 8.771 -0.116 0.171 0.287 30.561 

CAP: (A:U2) -9.282 -0.415 8.867 -0.116 0.202 0.318 27.884 

 

CAP: Capsaicin, A: adenine, C: cytosine, G: guanine, T: thymine, U1: uracil tautomer amide or 

lactam, U2: uracil tautomer imide or lactim, HOMO: highest unoccupied molecular orbital, LUMO: 

lowest unoccupied molecular orbital, Bg: bandgap, δ-: electrostatic potentials of negative pole, δ-: 

electrostatic potentials of positive pole, EP: electrostatic potential, ETC: electronic transfer 

coefficient. units. eV:              electron-volts, a°: Bohr radius. 

 

Table 3 presents the interactions when CAP led electrons to natural NB´s. The ETC values are 25.883 

– 27.123 a°. These values lead us to affirm that CAP acts less likely as an oxidant of nucleic acids. 

Table 3. Analysis of oxidation properties during molecular binary interaction between CAP and 

nucleobases pairs.  

Interaction 
HOMO 

[eV] 

LUMO 

[eV] 

Bg 

[eV] 

δ- 

[eV/a°] 

δ + 

[eV/a°] 

EP 

[eV/a°] 

ETC 

[a°] 

(A:T): CAP -8.654 -0.083 8.571 -0.140 0.176 0.316 27.123 

(C:G): CAP -9.142 -0.083 9.059 -0.174 0.176 0.350 25.883 

(A:U1): CAP -8.654 -0.083 8.571 -0.140 0.176 0.316 27.123 

(A:U2): CAP -8.654 -0.083 8.571 -0.140 0.176 0.316 27.123 

 

CAP: Capsaicin, A: adenine, C: cytosine, G: guanine, T: thymine, U1: uracil tautomer amide or 

lactam, U2: uracil tautomer imide or lactim, HOMO: highest unoccupied molecular orbital, LUMO: 

lowest unoccupied molecular orbital, Bg: bandgap, δ-: electrostatic potentials of negative pole, δ-: 

electrostatic potentials of positive pole, EP: electrostatic potential, ETC: electronic transfer 

coefficient. units. eV: electron-volts, a°: Bohr radius 
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According to Qais et al. (2017), the CAP has high binding potential with circulating tumor DNA, and 

the binding process is spontaneous, involving hydrogen bonds and Van der Waals interactions. Table 4 

shows all the possible natural combinations of the NB, including the CAP. 

Table 4. Electronic transfer coefficient values of all possible interactions between CAP and NB. 

N 
Reducing 

Agent 

Oxidizing 

Agent 

HOMO 

[eV] 

LUMO 

[eV] 

Bg 

[eV] 

δ- 

[eV/a°] 

δ + 

[eV/a°] 

EP 

[eV/a°] 

ETC 

[a°] 

49** U1 A -9.71 -0.213 9.497 -0.126 0.156 0.282 33.679 

48 U1 CAP -9.71 -0.083 9.627 -0.116 0.171 0.287 33.543 

47 CAP A -9.282 -0.213 9.069 -0.116 0.156 0.272 33.342 

46** T A -9.441 -0.213 9.228 -0.123 0.156 0.279 33.076 

45 T CAP -9.441 -0.083 9.358 -0.116 0.169 0.285 32.835 

44 C CAP -9.142 -0.083 9.059 -0.116 0.161 0.277 32.704 

43 U1 C -9.71 -0.344 9.366 -0.126 0.161 0.287 32.637 

42 CAP C -9.282 -0.344 8.938 -0.116 0.161 0.277 32.267 

41 T C -9.441 -0.344 9.097 -0.123 0.161 0.284 32.033 

40** U2 A -9.91 -0.213 9.697 -0.147 0.156 0.303 32.004 

39 U1 G -9.71 -0.206 9.504 -0.126 0.172 0.298 31.894 

38 CAP G -9.282 -0.206 9.076 -0.116 0.172 0.288 31.514 

37 A CAP -8.654 -0.083 8.571 -0.116 0.156 0.272 31.511 

36 CAP CAP -9.282 -0.083 9.199 -0.116 0.176 0.292 31.503 

35 U1 T -9.71 -0.475 9.235 -0.126 0.169 0.295 31.307 

34 T G -9.441 -0.206 9.235 -0.123 0.172 0.295 31.305 

33 U2 C -9.91 -0.344 9.566 -0.147 0.161 0.308 31.061 

32 U1 U1 -9.71 -0.511 9.199 -0.126 0.171 0.297 30.973 

31 U2 CAP -9.91 -0.083 9.827 -0.116 0.202 0.318 30.902 

30 CAP T -9.282 -0.475 8.807 -0.116 0.169 0.285 30.902 

29 T T -9.441 -0.475 8.966 -0.123 0.169 0.292 30.705 

28 CAP U1 -9.282 -0.511 8.771 -0.116 0.171 0.287 30.561 

27 U2 G -9.91 -0.206 9.704 -0.147 0.172 0.319 30.42 

26 T U1 -9.441 -0.511 8.93 -0.123 0.171 0.294 30.375 

25 U2 T -9.91 -0.475 9.435 -0.147 0.169 0.316 29.859 

24 U2 U1 -9.91 -0.511 9.399 -0.147 0.171 0.318 29.558 

23**** G CAP -8.537 -0.083 8.454 -0.116 0.172 0.288 29.354 

22 A A -8.654 -0.213 8.441 -0.14 0.156 0.296 28.517 
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21 U1 U2 -9.71 -0.415 9.295 -0.126 0.202 0.328 28.34 

20*** CAP U2 -9.282 -0.415 8.867 -0.116 0.202 0.318 27.884 

19 T U2 -9.441 -0.415 9.026 -0.123 0.202 0.325 27.773 

18 A C -8.654 -0.344 8.31 -0.14 0.161 0.301 27.61 

17 U2 U2 -9.91 -0.415 9.495 -0.147 0.202 0.349 27.206 

16 G A -8.537 -0.213 8.324 -0.15 0.156 0.306 27.202 

15 A G -8.654 -0.206 8.448 -0.14 0.172 0.312 27.078 

14 C A -9.142 -0.213 8.929 -0.174 0.156 0.33 27.058 

13* A T -8.654 -0.475 8.179 -0.14 0.169 0.309 26.471 

12** G C -8.537 -0.344 8.193 -0.15 0.161 0.311 26.345 

11 C C -9.142 -0.344 8.798 -0.174 0.161 0.335 26.263 

10* A U1 -8.654 -0.511 8.143 -0.14 0.171 0.311 26.185 

9 G G -8.537 -0.206 8.331 -0.15 0.172 0.322 25.873 

8* C G -9.142 -0.206 8.936 -0.174 0.172 0.346 25.827 

7 G T -8.537 -0.475 8.062 -0.15 0.169 0.319 25.273 

6 C T -9.142 -0.475 8.667 -0.174 0.169 0.343 25.27 

5 C U1 -9.142 -0.511 8.631 -0.174 0.171 0.345 25.019 

4 G U1 -8.537 -0.511 8.026 -0.15 0.171 0.321 25.003 

3* A U2 -8.654 -0.415 8.239 -0.14 0.202 0.342 24.092 

2 C U2 -9.142 -0.415 8.727 -0.174 0.202 0.376 23.212 

1 G U2 -8.537 -0.415 8.122 -0.15 0.202 0.352 23.074 

*Interactions allowed by the nature of DNA and RNA. High affinity. 

**Interactions allowed by the nature of DNA and RNA. Low affinity. 

***First attack by the CAP on U2 as a reducing agent (antioxidant). 

****Second attack of the CAP on the G as an oxidizing agent. 

 

Interactions with smaller ETC values evidence higher affinity between compounds. Here it was 

observed that the first attack of the CAP occurs through interaction 20. Therefore there are 19 more 

related interactions. This phenomenon leads us to conclude that CAP has a moderate mutagenic effect 

or does not act as a mutagenic agent. It is possible that Qais's statement would show a higher dependence 

on interaction with amino acids and not with NB. This statement must be studied, considering the effect 

of CAP on cell permeability. According to Zhang et al. (2020), the mechanisms of CAP as anticancer 

are principally related to anti‐angiogenesis and anti‐metastasis, induction of apoptosis, antiproliferation, 
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and autophagy. Therefore, CAP could be used as a chemopreventive or therapeutic auxiliary in the diet 

to prevent cancer. However, its use is limited due to its low solubility in water (hydrophobicity). In this 

sense, some authors have considered a hydrophobic property of CAP to develop attractive emulsions. 

Wu et al. (2022) entrapped it in the water phase of water-in-oil (W/O) high internal phase emulsions 

(HIPEs) using a pH-driven method. A thick lipid shell formed around the water droplets, and a dense 

network in the aqueous core was demonstrated. The addition of CAP caused an increase in the 

viscoelasticity of the HIPEs. These particles exhibited good stability, and the CAP was shown to remain 

within the aqueous core (rather than moving to the oil phase) during storage. The encapsulation of CAP 

is an alternative for use as an anticancerogenic auxiliary (Olguín-Rojas et al., 2017; Zang et al., 2017; 

Lan et al., 2019). 

CONCLUSIONS 

Objective. 

Study of CAP interaction with nitrogen bases (DNA and RNA) using quantum chemistry. 

Thesis. 

CAP is not a mutagenic agent. Among 49 interactions, the CAP attacks U2 in interaction 20. This attack 

indicates that CAP leaves free the natural and allows the assembly of all NBs in nucleic acids. 

Corollary. 

A small HOMO-LUMO energy gap in the CAP molecules was found. This overlap may indicate that 

the CAP forms spheres or micelles, which means it behaves similarly to fatty acids. 
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