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Abstract

The electrochemical redox behavior of vulpic acid, a lichen derivative, mainly investigated by its antibiotic activity was carried
out in aqueous electrolytes at glassy carbon electrode. This investigation was developed by using cyclic, differential pulse and
square wave voltammetry in a wide range of pH. Thus, the electrochemical oxidation of vulpic acid showed to occur in a single
anodic and irreversible process with strong adsorption of oxidation products. The oxidation of adsorbed species leads to a
second anodic peak, meanwhile the first anodic peak decreases intensely. Such events showed to be higher in non-neutral pH,
and should be associated to hydrolysis of lactone.

Keywords: Lichens, antibiotic, voltammetric analysis.

Comportamento Eletroquimico do Acido Vulpinico em Eletrodo de Carbono Vitreo

Resumo

O 4cido vulpinico ¢ um produto extracelular de liquens que apresenta atividade antibidtica. O comportamento eletroquimico
deste composto foi obtido com eletrodos de carbono vitreo em eletrélito aquoso. As anélises foram realizadas por voltametria
ciclica, pulso diferencial e onda quadrada, em uma ampla faixa de pH. A oxidagao eletroguimica do 4cido vulpinico demonstrou
ter ocorrido em um Unico processo anddico e irreversivel, com uma forte adsorcdo dos produtos de oxidagdo. As espécies
adsorvidas conduziram a um segundo pico anédico, enquanto isso o primeiro pico anédico diminui intensamente. Tais eventos
foram maiores em pH nao-neutro, e podem estar associados a hidrolise da lactona.

Palavras-chave: Liquens, antibiético, analises voltamétricas.

Comportamiento Electroquimico del Acido Vulpinico en Electrodo de Carbono Vitreo

Resumen

El 4cido vulpinico es un producto extracelular de los liquenes, que presentan actividad antibidtica. El comportamiento
electroquimico de este compuesto se obtuvo con electrodos de carbén vitreo en electrolito acuoso. Los anélisis se realizaron
mediante voltametria ciclica, pulso diferencial y de onda cuadrada, en un amplio rango de pH. La oxidacién electroquimica de
4cido vulpinico se ha demostrado en un solo proceso anddico e irreversible, con una fuerte adsorcién de productos de oxidacion.
Las especies adsorbidas condujeran a un segundo pico anédico, mientras que el primer pico anédico disminuye intensamente.
Estos eventos fueron mas altos en pH no neutro y pueden estar asociados con la hidrolisis de la lactona.

Palabras clave: Liquenes, antibiéticos, analisis voltamétrica.
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1. INTRODUCTION

Together with plants, lichens are one of the main sources of natural products, whose interest is governed by a wide range of
biotechnological applications, i.e. Pharmaceutical, Cosmetic, Dyes, and poisons!™®. The organic compounds produced by lichens
can be divided into two groups: primary metabolites and secondary metabolites. Among the well-known secondary metabolites
is vulpinic acid (VA)?.

Chemically, VA, methyl 2-(3,5-dioxo-4-phenyl-2-furylidene)-2-phenylacetate is an ethanol soluble bright yellow
pigment®. Also named as vulpic acid, VA is found in wide variety of lichen and mushrooms species® ',

Owing to its diverse biological activities, lichens containing VA have a strong history of medicinal use/'". As in the case
of usnic acid, the most extensively studied lichen metabolite, VA has been also speculated by its antibiotic and antiproliferative
activity 2,

Although, the antimicrobial and antiproliferative activities of VA showed to be significantly higher against Gram-positive
bacteria>'?, the toxicity of VA against mammalian cells is not negligible. As an example, it was also found that vulpinic acid
was an effective antiherbivorous, being used as a grazing insects or invertebrates repellent’®. Meanwhile, lichens extracts
containing high amounts of VA, i.e. Lethariavulpina and Vulpicidapinastri were used by Eskimos to poison wolves in Northern
Europe. Notwithstanding, the large amounts of VA and pinastric acid, both natural dyes, confer to such lichen species their
yellow color. Thus, the dyes and toxicological properties of VA and its derivatives have attracted the attention of the scientific
community® 1314,

However, despite its inherent toxicity, VA, and its derivatives have displayed anti-inflammatory activity, meanwhile the
therapeutic ratio was moderately good®'3.

On the other hand, VA and chemical congeners have exhibited strong antioxidant activity. The antioxidant properties
of several VA analogs were evaluated using spectrometric assays, i.e. ABTS and DPPH free radical scavenging assays. The
importance of the central tetronic ring (Figure 1), whose central heterocyclic ring resembles ascorbic acid (AA) was evidenced".

Figure 1: Chemical structure of vulpinic acid (VA) and ascorbic acid (AA).
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Such biological properties are often related to a well-defined chemical structural pattern but they deserve further
research®®.

However, in spite of all promising applications of VA, the studies concerning its physicochemical properties are scarce and
outdated®'”.

The electroanalytical assays leading to the determination of physicochemical parameters, e.g., redox potential, the
number of electrons transferred, electrode-reaction rate constant, are a relevant tool to characterize chemical compounds!'®.
Furthermore, the understanding of the redox behavior is of fundamental importance for species with recognized antioxidant
activity"®29_ On the other hand, such studies may also provide useful data for the development of electroanalytical methods.

2. EXPERIMENTAL

2.1 Materials and Reagents

The VA was obtained from Extrasynthese (Genay, France) and used without further purifications. All supporting electrolyte
solutions were prepared using analytical grade reagents and purified water from a Millipore Milli-Q system (conductivity
<0.1 pS cm™).

Microvolumes were measured using EP-10 and EP-100 Plus Motorized Microliter Pippettes (Rainin Instrument Co. Inc.,
Woburn, USA).

The pH measurements were carried out using a CrisonmicropH 2001 pH-meter with an Ingold combined glass electrode.

2.2 Voltammetric Parameters and Electrochemical Cells

Voltammetric experiments were carried out using an Autolab PGSTAT 30 running with GPES 4.9 software, (EcoChemie,
Utrecht, The Netherlands), and a three-electrode system in a 1.0 mL compartment electrochemical cell of capacity 2 ml (Cypress
System Inc., USA). Glassy carbon electrode, GCE (d = 1.5 mm) was the working electrode, Pt wire the counter electrode, and
the Ag/AgCl (3M KCI) reference electrode.

In order to ensure the reproducibility of results, the GCE was polished using diamond spray (particle size 3 um) before each
experiment. After polishing, it was rinsed thoroughly with Mille-Q water. Following this mechanical treatment, the GCE was
placed in buffer supporting electrolyte and voltammograms were recorded until a steady state baseline was obtained.

The experimental conditions for differential pulse voltammetry were: pulse amplitude 50 mV, pulse with 70 ms, and scan
rate 5 mV s, For square wave voltammetry a frequency of 75 Hz and a potential increment of 2 mV, corresponding to an
effective scan rate of 100 mVs™ were used.

The electrochemical experiments were done at room temperature (25+1°C) in different pH supporting electrolytes.

2.3 Acquisition and Presentation of Voltammetric Data

The differential pulse voltammograms presented were background-subtracted and baseline-corrected using the moving
average application with a step window of 5 mV included in GPES version 4.9 software. This mathematical treatment improves
the visualization and identification of peaks over the baseline without introducing any artifact, although the peak intensity is,
in some cases, reduced (<10%) relative to that of untreated curve. Nevertheless, this mathematical treatment of the original
was used for all experimental voltammograms for a better and clearer identification of the peaks. The values for peak current
presented in all plots were determined from the original untreated voltammograms after subtraction of baseline.
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3. RESULTS AND DISCUSSION

The cyclic voltammogram obtained for 30 pmol L™ VA in pH 8.0 showed two anodic peaks, 1a and 2a, at E,;, = 0.55 V and
Epa= 1.1V, on the reverse scan the corresponding cathodic peak cannot be observed in such conditions. After successive scans,
the peak current falls intensely, showing strong adsorption process leading to the blockade of electrode surface (Figure 2 A).

When the scans were performed on the inverse direction from 1.1V to -0.25 V except, one reduction peak was observed
at Eyqc = 0.1 V (Figure 2 B). On the reverse scan, one anodic peak, 1a, appears at £,,; = 0.65 V.

The adsorptive behavior of VA was more evidenced in DPV experiments, where successive scans were performed without
cleaning the electrode surface. Thus, it can be observed in Figure 3, that the peak currents, /,,,0f peak 1a at £,;, ~ 0,5V, pH
4.0 are progressively decreased and shifted to more positive peak potentials, meanwhile a second anodic peak, 2a appears at
E2a~0.74 V.

Also, the adsorption was strongly enhanced in higher molar concentrations, thus leading to very short linear range and
low accuracy for quantitative analysis of this natural product (Figure 3 B).

Figure 2: Cyclic voltammograms obtained for 35 pmol L™ VA in 0.1 mol.L"" phosphate buffer, pH 8.0 (A) or 0.1 mol.L"!
acetate buffer, pH 4.0 (B); (—) first, (- - -) second and (see) third scans at v = 100 mV s”. Scan range from 0 to
+1.25V (A) or from +1.1 to -0.25V (B).
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Figure 3: (A): DP voltammograms base-line corrected of 20 pM VA obtained in pH 4.0 0.1 mol.L" acetate buffer;

(—) first scan, (- - -) second scan, (eee) third scan, (- « -) forth scan, and (- « « -) fifth scan.
(B): Calibration graph obtained for successive increasing concentrations of VA by DPV.
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The strong adsorptive behavior, as well the appearance of an anodic peak, 2a only at the second scan, suggest the

generation of electroactive oxidation products (Figure 3A).

The pH dependence was also evaluated by DPV, and it has shown that peak potentials decrease linearly up to pH 6.0, then
it becomes almost constant. The 3D plot as well the £, /,vs. pH plot are shown on Figure 4.
The slope of 30 mV/pH is very distant from the theoretical value of 59 mV/pH for equal involvement between protons
and electrons. Indeed, the electro-oxidation of VA showed to be very complex in nature, in which hydrolytic and polymeric
reactions may exert some influence. The adsorption process was also expressive at higher scan rates, as it can be seen in the

deformed SW voltammograms (Figure 5).

Figure 4: 3D plot of DP voltammograms base-line corrected (A) and E,, /,vs. pH plots (B) obtained for 30 umol.L" VA

in different pH solutions.
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Figure 5: SW voltammograms of 40 uM vulpinic acid in pH = 7.0 0.1 M phosphate buffer; f = 50 Hz, AE= 2 mV,
Ves = 100 mV s™; [, - total, /; - forward and /, —backward.
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Moreover, it was also observed on SWV experiments, that the forward and backward currents are almost equivalent,
which implies that the process is quasi-reversible. Therefore, the changing of electrode surface caused by adsorptive process not
only reduces the anodic peaks observed on successive scans but also jeopardizes the observation of the correspondent cathodic
peak on CV. The proposed mechanism is presented on Figure 6.

Figure 6: A proposed mechanism for the electrochemical oxidation of VA. ‘
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4. CONCLUSION

The electrochemical behavior of vulpic acid was carried with glassy carbon electrodes and showed to occur in a single anodic
and irreversible process, with strong adsorption of oxidation products. It is concluded that such events may be associated with
hydrolysis of the lactone.
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