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Abstract:Tramadol (TRA) is a central acting opioid whose biological
activities are achieved by interaction with several bodily receptors such as
μ-opioid receptors. Considering that central acting drugs may promote
oxidative stress, what could lead up to neurodegeneration, this work
reported the investigation of the redox behavior of TRA by electrochemical
and semi-empirical quantum chemistry approaches (i.e. voltammetry and
extended Hückel method - EHM) in order to study TRA prooxidant
features. Electrochemical results showcased that TRA exhibited two anodic
peaks, namely: 1a at Ep1a ≈ + 0.03 V and 2a at Ep2a ≈ + 0.8 V; and a cathodic
peak at Ep1c ≈ - 0.01 V, whereas the quantum chemistry model suggested
that the highest occupied molecular orbital n = 0 (HOMO-0) was associated
with the tertiary amine in TRA molecule, while HOMO-1 and the lowest
unoccupied molecular orbital n = 0 (LUMO-0) were associated with the
aromatic benzene ring. The findings were then use to propose an
electrooxidation pathway according to the observations and compared to
literature, what further offered hints about TRA prooxidant nature. In
conclusion, the work herein reported showcases that voltametric and semi-
empirical quantum chemistry approaches can be correlated to investigate
the redox behavior of CNS-acting compounds.
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In order to primarily evaluate TRA redox behavior at pencil graphite electrode surface, cyclic
voltammetries were conducted in triplicates without electrode surface renewal. Results are
showcased in figure 1, wherein a blank assay conducted in triplicates with a clean electrode in
phosphate buffered saline (PBS) - pH 7.0 is displayed for comparison.

Figure 1. Cyclic voltammogram of TRA. Anodic peaks 1 and 2a suggest the
oxidation of TRA at pencil graphite electrode surface, while cathodic peak 1c
suggest reduction. The blank assay was performed in 1 ml PBS solution, pH 7.0.

• Through cyclic voltammetry, TRA
exhibited two anodic peaks,
namely: 1a at Ep1a ≈ + 0.03 V and
2a at Ep2a ≈ + 0.8 V; and a cathodic
peak at Ep1c ≈ - 0.01 V (Figure 2).

• The anodic peaks suggest that
electroactive moieties in TRA
chemical structure underwent
oxidation, while the cathodic peak
suggest reduction [1];

• Moreover, the faradaic current
ratio showcased by peaks 1a and
1c, suggests at least some degree
of reversibility, hence normalized
Ipa/Ipc ≈ 1. Peak 2a, however, did
not showcase hints of reversibility
(Figure 2) [2];
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After the execution of the electrochemical assay, TRA molecule underwent steric energy
minimization and quantum calculations by EHM. Results of the rendered model are showcased in
Figure 2 and Table 1.

Figure 2. TRA molecule (A) and graphical rendering of its HOMO-0 (B),
LUMO-0 (C) and HOMO-1 (D). Negative charges are rendered in blue
while positive charges are rendered in red.

• Results gathered by EHM suggest that
HOMO-0 is associated with the tertiary
amine in TRA molecule, while HOMO-1
and LUMO-0 are associated with the
aromatic benzene ring (Figure 2B,C and
D);

• An interesting feature was that in
HOMO-1, the rendering of the electric
orbital also encompassed the methoxyl
moiety (Figure 2D);

• Considering that smaller energy gap
values favor the occurrence of redox
processes [3], therefore HOMO-n and
LUMO-n can be correlated to the
thermodynamic feasibility of oxidation or
reduction [4];
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After the electrochemical and quantum chemistry investigation of TRA redox processes, the
findings of these techniques were correlated to allow us to propose an electrooxidation pathway
for this drug. Results are showcased in Figure 3.

Figure 3. Proposed electrooxidation pathway for TRA molecule.

• The proposed electrooxidation showcased in figure 3 contemplates the
irreversible oxidation of the tertiary amine suggested by HOMO-0 graphical
rendering, followed by demethylation and the formation of a catechol-quinone
system in the aromatic benzene ring wherein HOMO-1 and LUMO-0 renderings
were displayed;

• Each electrooxidation step is marked by its particular faradaic signal, i.e. 2a, 1a
and 1c;



Results and Discussion

6

After the electrochemical and quantum chemistry investigation of TRA redox processes, the
findings of these techniques were correlated to allow us to propose an electrooxidation pathway
for this drug. Results are showcased in Figure 3.

Figure 3. Proposed electrooxidation pathway for TRA molecule.

• the oxidation of amines is well reported in literature regarding voltametric
investigations, being of ≈ +0.8 V the most common electric potential value
associated to this phenomenon [5], what is nonetheless in consonance with our
results;

• Furthermore, the catechol-quinone system is reported to occur at electric
potentials close to the ones herein depicted, and the proposed electrooxidation of
TRA follows a similar mechanism to other outreaches in literature [6].
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This work reported the investigation of the redox behavior of TRA by electrochemical and semi-
empirical quantum chemistry approaches (i.e. voltammetry and EHM). Electrochemical results
showcased that TRA exhibited two anodic peaks, namely: 1a at Ep1a ≈ + 0.03 V and 2a at Ep2a ≈ +
0.8 V; and a cathodic peak at Ep1c ≈ - 0.01 V, whereas the quantum chemistry model suggested
that HOMO-0 was associated with the tertiary amine in TRA molecule, while HOMO-1 and
LUMO-0 were associated with the aromatic benzene ring. The findings were then use to propose
an electrooxidation pathway according to the observations and compared to literature, what
further offered hints about TRA prooxidant nature. In conclusion, the work herein reported
showcases that voltametric and semi-empirical quantum chemistry approaches can be correlated
to investigate the redox behavior of CNS-acting compounds.
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