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Roots from Brosimum gaudchaudii Trécul (Moraceae), popularly known as Mama-Cadela, is a
traditional medicinal shrub from Brazilian “Cerrado” widely used in the photochemotherapy of
vitiligo. Their main actives are the prenylated coumarins, Psoralen (Ps) and bergapten (Bp), which
under UV exposure generate active compounds that form adducts with DNA. Though such reactions
may involve electron transfer reactions, the redox behavior of BGT and their major isolated
furanocoumarins, remain unknown. Therefore the aim of this study was to evaluate the electrochemical
behavior of Ps, Bp and crude extracts of BGT by means of voltammetry. The cyclic voltammograms
performed for Bp and Ps, confirmed the electroactivity only for Bp, which presented a anodic peak
potential at Ep1a = 1.2 V. Similar behavior was observed for the BGT crude extract. In turn, from the
differential pulse voltammograms (DPV), it was observed two small anodic peaks, 1a and 2a at lower
peak potentials, which are consistent with hydroquinone and catechol like compounds. Also, it was
observed that the main anodic peak occurred close to the Bp peak potential, 1a, whereas no peak was
observed for Ps. Therefore, from voltammetric assays, it could be inferred that Bp is present in BGT
crude extracts, which were corroborated by HPLC coupled to mass spectrometry. An cheaper and
simpler electroanalytical procedure was proposed in order to estimate the amount of Bp in BGT, which
despite the low repeatability presented comparable recovery compared to HPLC-PDA.
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1. INTRODUCTION

Psoriasis and vitiligo are two common skin diseases, both of autoimmune etiology, which have
worldwide incidence of c.a. 2.5 % and 0.8 % respectively [1]. Psoriasis is caused by hyperproliferation
and abnormal differentiation of epidermal cells, that may affect the skin, mucous membranes and
eventually the joints [2,3]. Yet the vitiligo is mainly a consequence of an autoimmune attack of
melanocytes, leading to a progressive loss of pigmentation, forming hypochromic spots on the skin,
which are more obvious in sun-exposed areas [3,4]. The exact pathogenesis of both diseases is
unknown, but it is widely accepted that the genetic predisposition is started by environmental stressing
factors [4].

The impact of the related symptoms of both diseases reaches a psychosocial level, meanwhile
the currently available treatments are only limited on the improvement of life quality of patients.
Moreover, the handling of these disorders involves a combination therapies, in which the severity and
extension of the lesions, as well as, the age of patience dictates the therapeutic procedures.

The care of vitiligo employs the use of steroids or immunomodulators of topical use, which are
the most suitable for recent and less extensive injuries. For the treatment of psoriasis symptoms, the
use of topical medications based on anthralin, vitamin D3 and steroids into the affected area is the first
option [1-5].

The photochemotherapy, also called PUVA therapy, in which topical or systemic use of
Psoralens are combined to ultraviolet A (UVA), have been used for both dermatitis [4-6].

The most promissing psoralens in PUVA therapy are the prenylated furocoumarins, 5-
methoxypsoralen (bergapten, Bp) and 7H-furo[3,2-gJchromen-7-one (psoralen or psoralene, PSs),
Figure 1. These furanocoumarins are obtained mainly from the roots of Brosimumgaudichaudii Trécul
(BGT), popularly known as “Mama-Cadela”, a medicinal bush of Brazilian "Cerrado" [7,8].
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Figure 1. Chemical structure of the furanocoumarins, Bergapten (A) and Psoralen (B).

The UV radiation activates Ps and Bp, generating reactive compounds that modify the DNA of
the epidermis cells thus reducing the skin renewal cycle and inflammatory signaling factors, therefore
improving the clinical condition of Psoriasis [3-6]. In vitiligo the interaction of these substances with
DNA, induces the production of melanocytes, hence promoting the skin pigmentation [8].

Considering that the action of these compounds is associated with photo stability and photo
induction of reactive species, which may invariably involve electron transfer processes, the
electrochemical characterization of these furanocoumarins is a relevant task [8,9].

Furthermore, the redox behavior of BGT crude extract or its main furanocoumarins is
unknown. Since, the electrochemical characterization highlights the required potential for anodic and
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cathodic processes, it allow inferring about the pro or anti-oxidant role of chemicals. On the other
hand, the Faradaic peak current can express the kinetics of electron transfers and the concentration of
electroactive species [9-12], which owing to the simplicity and low consume of reagents may offer
interesting alternatives for qualitative and quantitative analysis of such phytopharmaceuticals.

Therefore the aim of this study was to evaluate the electrochemical behavior of Ps, Bp and also
the crude extracts of Brosimum gaudchaudii Trécul (BGT) by voltammetric techniques. Also, this
study can be extended to the development of analytical methodologies for purposes of quantification
and identification of these phytochemicals in pharmaceuticals and natural products. The data herein
obtained were corroborated by HPLC coupled to MS and PDA detectors.

2. EXPERIMENTAL

2.1 Reagents and Samples

The furanocoumarins, Ps and Bp, both of analytical standard grade (purity > 99%) were
purchased from Sigma-Aldrich (St. Louis, MO, USA). Methanol and acetonitrile HPLC grade were
from J.T. Baker (Center Valley, PA, USA). Other reagents were of analytical grade from Vetec
(Duque de Caxias, RJ, Brasil) and Proquimios (Duque de Caxias, RJ, Brasil). Ultrapure water was
obtained from an Elga PureLab Option-Q®7/15 water purification system (Elga Berkefeld GmbH,
Celle, Germany).

Root bark extract of Brosimum gaudichaudii Trécul (BGT), supplied by the company Sauad
Farmacéutica®, were solubilized in methanol 50% (v/v), sonicated in an ultrasound for 10 min and
filtered through syringe filter (Nylon 0.45 um). The extract was prepared with material-to-solvent ratio
of 6.6:1.0 mg.mL™.

Stock solutions were prepared in ethanol-deionised water (50:50, v/v) and stored at 5 °C.
Solutions of different concentrations of furanocoumarins were prepared by dilution of the appropriate
quantity in supporting electrolyte.

The Phosphate Buffer (PBS) and all other supporting electrolyte solutions were prepared using
analytical grade reagents and purified water from a Millipore Milli-Q system (conductivity < 0.1 pS
cm™).

2.2 Electrochemical Measurements

Voltammetric experiments were carried out using a pAutolab running with GPES 4.9 software,
Eco-Chemie, Utrecht, The Netherlands. Measurements were carried out using a three-electrode system
in a 1.0 mL one-compartment electrochemical cell (Cypress System Inc., USA). Carbon Paste (CP)
electrode was the working electrode, Pt wire the counter electrode and the Ag/AgCl (3 mol.L™ KCI)
reference electrode.

The CP was prepared by mixing rigorously, 100 mg of dried graphite with 20 mg of mineral oil
(nujol®). The obtained paste was inset in support electrode, consisting in a teflon tube overpassed by
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metallic conductor with a cavity (d = 1.5 mm and depth of 0.5 mm). The CPE was polished in paper
and conditioned by CV scans from 0 to 1 V, scan rate of 100 mV.s™ in 0.1 M PBS, pH 7.0 or until a
steady state baseline voltammograms were obtained before each electrochemical experiment.
Following this procedure ensured very reproducible experimental results. Other carbon electrodes, i.e.
glassy carbon (GC) and Boron Doped Diamond (BDD) electrodes (both of d= 1.5 mm) were also
employed.

The pH measurements were carried out with a Quimis pHmeter Q400A5 with an Quimis
combined glass electrode QA338-ECD model. All experiments were done at room temperature (25 + 1
°C) and microvolumes were measured using EP-10 and EP-100 Plus Microliter Pippettes (Eppendorf
Co, Enfield, Connecticut/USA).

The experimental conditions for differential pulse (DP) voltammetry were: pulse amplitude 50
mV, pulse width 70 ms and scan rate 10 mV s™. For square wave (SW) voltammetry were: pulse of 50
mV, frequency of 50 Hz and a potential increment of 2 mV, corresponding to an effective scan rate of
100 mV s™* were used. The Cyclic Voltammetry (CV) was scanned from 0 to 1.3 V at 100 mV.s™.

2.3 Chromatographic analysis of BGT in HPLC-PDA

Chromatographic separation was performed on ACE 5 C18 column (150 mm x 4.0 mm, 5 pum)
adjusted at 50 °C. Elution was carried out with 0.1% phosphoric acid: acetonitrile (68:32, v/v) at flow
rate of 1.0 mL min™ and sample volume of 10 pL. Run time analysis was set at 13 min and detector
wavelength at 245 nm. Mobile phase was filtered through 0.22pm PTFE membrane filter (Millipore,
Bedford, MA, USA) and degassed in an ultrasonic bath (USC-2800, Unique, Brazil) prior to use. The
HPLC system consisted of a Thermo Accela series 600 autosampler including a quaternary pump
(model 1250), column oven and degasser, as well as PDA detector (80 Hz). Data acquisition were
performed using ChemStation software.

Stock solutions (SSs) for Ps and Bp stock solutions (SSs, 1.0 mg.mL™) were prepared in
acetonitrile, and further diluted in Ringer solution (USP 33) to yield intermediate solutions. Both were
used to set up quality control samples and calibration curve at three (20.0; 50.0 and 100.0 pg/mL) and,
six concentration levels (0.1; 1,0; 2.5; 5.0; 7.5 e 10.0 pug. ml™), respectively.

Selectivity was evaluated by blank samples Ringer solution using three different reagent
sources were screened for interferent peaks on retention time of Ps and Bp. Peak purity analysis was
also assessed by comparing upslope, apex and downslope UV/VIS spectral similarity for all
compounds. Accuracy and intra- and inter-day precision were evaluated by analyzing triplicate quality
control (QC) samples at low, mid and high (0.5; 4.5; 8.5 pg/mL) Ps and Bp concentrations on two
different days. The lower limit of quantification (LLOQ) was determined by injecting replicate
solutions (n=6) of known Ps and Bp samples. Both intra- and inter-day precision were assessed by
calculating average, standard deviation, and relative standard deviation of the replicate measurements.
Sample precision and accuracy was lower than + 5% standard deviation from average and nominal
concentration, respectively.
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The psoralens content (% w/w) in BGT extract were determined by HPLC/DAD by comparison
with analytical standard, which was used to make a calibration curve.

2.4 Mass Spectrometry Analysis

The mass spectrometric analysis was carried out in microTOF 111 (Brucker Daltonics, Bremen,
Germany) equipped with commercial source of ions ESI (Brucker Daltonics, Bremen, Germany). The
assays were performed in positive mode (ESI+) by direct injection (3 pL.min™) of samples, which
were pretreated by extraction in 1 mM formic acid methanol solution. Other experimental conditions
included the use of nitrogen nebulizer gas at 200°C and 1bar leading to a drying gas flux of
3.5 L.min™; capillary voltage of -4 kV; end plate offset of -500 V; skimmer of 35 V e collision voltage
of - 1.5 V. The spectra’s were acquired from two microscans that were processed by using a Data
Analysis software (Brucker Daltonics, Bremen, Germany).

3. RESULTS AND DISCUSSIONS

3.1 Electrochemical Behavior of BGT, Bp and Ps

The figure 2 presents the cyclic voltamograms obtained for Bp, Ps and BGT extract, in which
no defined peak was observed for Ps. Yet, in Bp and BGT were observed an anodic peak, 1a, at high
peak potential, Ey1 = 1.2 V (pH = 7.0).

0.0 I 0.2 I 0.4 l 0.6 I 0.8 I 1.0 I 1.2 I
E/V (vs. Ag/AgCI/KCI_)

Figure 2. Cyclic voltammograms obtained for 0.1% BGT (—),2 uM Bp (-.-) and 1 uM Ps (- - -) at
CPinpH7.00.1 MPBS.

Therefore, owing to this very positive peak potential, it can be inferred that the samples herein
investigated presents low electron donor ability.
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In order, to evaluate the presence of minor compounds with higher antioxidant potential, the
more sensitive DPV was also performed (Figure 3). The baseline corrected DP voltammograms
evidenced the anodic peak la in Bp (Figure 3A), whereas in BGT besides the high potential anodic

peak, 3a, was also possible to identify two other very less intense anodic peaks, la and 2a, at Epia =

L

0.15V and Ep12 = 0.45 V, respectively (Figure 3B, inset).
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Figure 3. A) Baseline corrected DP voltammograms obtained for 1 uM Bp (—) and 0.05% BGT (---).
B) Sucessive Baseline corrected DP voltammogrmas for BGT, 1% scan (—) and 2™ scan (- - -)

allat CP inpH 7.0 0.1 M PBS.

Such lower anodic potential are consistent with hydroquinone and catechol like electroactive

species with recognized antioxidant activity and reversible behavior.
In order to check the reversibility of redox processes, 1a and 2a, in BGT sample, as well as, the

irreversibility of the high positive anodic peaks, the SWV was also performed (Figure 4).
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Figure 4. SW voltammograms obtained for 1uM Bp (A) and 0.05% BGT (B) at GC in pH 7.0 0.1 M

PBS.
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As expected no corresponding reduction signal was observed for the anodic peaks, 1a, in Bp
(Figure 4A) and peak 3a in BGT extract (Figure 4B). On the other hand, the related cathodic peaks, 1c
and 2c of less positive anodic peak potential, 1a and 2a, in BGT prove the reversibility of such redox
processes (Figure 4B).

A strong adsorption behavior leading to electrode passivation was observed for all systems,
herein investigated (Figure 3 B), including at BDD (not shown). Indeed, this fact is in agreement with
literature, especially for coumarins [9-13] and has dictated the choice for the renewable carbon paste
electrode.

Indeed, such polymerization reactions were well described for the coumarin, umbelliferone
[13], whereas the oxidation mechanism proposed for scopoletin, another relevant coumarin, also
corroborates for remarkable electrode passivation process [14].

Finally, taking into account the electroactivity and biological relevance of Bp, an
electroanalytical method was proposed to quantify this compound in BGT extract.

The DPV was performed from 1 to 1.25 V for increasing Bp concentrations and a calibration
graph was plotted by taking the corresponding anodic (Figure 5).
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Figure 5. Calibration graph and DP voltammograms for incremental Bp concentrations (0.3 to 33
uM).

Owning to the strong adsorption behavior, an acceptable linear response, | (A) = - 6.23 . 107 +
3.339. 10 (r = 0.986) was achieved only at low concentration range (< 33 uM), whereas the RSD for
this interval were very close to the maximum value of 5%. Nevertheless, considering the simplicity,
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low reagent consume, the proposed method may be still useful in order to estimate the amount of Bp in
BGT extract, which was found to around 0.6%.

In a similar study a metal oxide carbon paste modified electrode was applied on the DP
voltammetric quantification of Bp in commercial bergamot essential oil, in which was found c.a. 0.1 %
w/w, meanwhile the related voltammograms were not presented [15]. Morevover, it is the first
approach for quantitative determination of Bp in BGT crude extracts.

3.2 Identification of Bp and Ps in BGT extract by Mass Spectrometry

Figure 6 shows ESI(+) mass spectra of Bp and Ps standards. Note in Figure 6A that Bp was
detected as [M + H]" of m/z 217.0499 and as sodium and potassium adducts [M + Na]® of m/z
239.0295 and [M + K]* of m/z 255.0022, respectively. Ps was detected in the same way as [M + H]"
of m/z 187.0325 and as sodium adducts [M + Na]* of m/z 209.0145 (Figure 6B).
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Figure 6. ESI(+) Q-TOF mass spectra of standards Bp (A) e Ps (B).

The figure 7 shows mass spectrum in the positive mode of BGT extract. Note that Ps and Bp
are present in the extracts, detected as [M + Na]* of m/z 209.0145, 239.0295 respectively. Moreover,
glucose were identified in the extract as [M + Na]* of m/z 203.0517.
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Figure 7. ESI (+) Q-TOF mass spectra of crude extract Brosimum gaudchaudii.

3.3 Quantification of Ps and Bp in BGT by HPLC-PDA validated method

The quantification of the BGT furanocoumarins was also performed by HPLC-PDA, and the
retention time was of 5.9 min and 8.7 min, for Ps and Bp, respectively. The calibration curve meets a
linear correlation coefficient (r) for Ps (y = 356483x - 14025; r = 0,999) e Bn (195961x -17251;
r = 0,9997), confirming their presence. It was found to be respectively, 0.36% w/w (23.58 + 0.17
ng.mL™) and 0.58% wi/w (38.96 + 0.03 pg.mL™" ) of BGT extract.

The table 1 presents the quantitative results for Bp in BGT extract by means of HPLC-PDA
and DPV.

Table 1. Quantitative determination of Bp in BGT extracts by HPLC-PDA and DPV.

HPLC-PDA DPV Recovery
Mean (ug.mLY) £SD”  Mean (ug.mL?) + SD”
Bp/BGT 38.96 + 0.03 41.65 + 2.13 106.9%

“SD for six replicates

4. CONCLUSIONS

The redox behavior of the BGT furanocoumarins, Ps and Bp, was investigated at different
carbon electrodes, being that Bp presented an anodic peak at very positive potential, whereas no redox
peak was observed for Ps. In all cases was observed a very strong adsorptive behavior, which
hampered the quantitative analysis. Nevertheless, the presence of both major markers was identified in
BGT extract by mass spectrometry. Moreover, the HPLC-PDA proved that Bp and Ps content is of
0.36 and 0.58%, respectively. Thus, the anodic peak 3a in BGT may have a great contribution of Ps
and Bp.
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