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Abstract: Reactive oxygen/nitrogen species (ROS/RNS) have a great impact on cellular response to 

stress, cell proliferation, cell death, cancer, aging, or male infertility. Additionally, in the food 

industry and for consumers as well, it is very important to monitor quality and freshness of raw 

meat. Different factors are a sign of meat alteration (e.g., discoloration, rancidity, alteration of 

flavor). One pathway of alteration is the scavenging activity of myoglobin towards RNS (such as 

peroxynitrite, PON). This paper presents the development of an electrochemical PON sensor using 

cobalt phthalocyanine (CoPc) as a simple, cost effective, highly thermally stable, biomimetic 

catalyst, and the application of this electrochemical screen-printed carbon electrode (SPCE)-based 

sensor to meat extract samples, using flow injection analysis (FIA). The reduction of peroxynitrite, 

mediated by CoPc, occurs at a very low potential (around 0.1 V vs. Ag/AgCl pseudoreference); as 

for higher potentials, the mechanism of mediation changes, and the electro-oxidation of PON is 

observed. The surface of the modified electrode was characterized using SEM, FTIR and Cyclic 

Voltametry. The interaction of PON with myoglobin was studied using both UV-Vis and 

chronoamperometry (at 0.1 V, using the FIA system). The calibration of the electrode was 

performed: Ired (nA) = 6.313·CPON (µM) + 17.469; (R² = 0.9938). The calculated LOD was equal to 2.37 

µM and the linear range was 3–180 µM. The performance of the electrode can be further improved 

using a pre-treatment (electro-reduction of the CoPc deposited film, at −0.3 V, during 60s). This 

could help us monitor and quantify how much PON was decomposed and when meat extracts are 

spiked with different PON concentrations, in a highly selective, sensitive, and reproducible way. 

Keywords: peroxynitrite; electrochemistry; flow injection analysis; FIA; meat extracts; myoglobin; 

cobalt phthalocyanine; electrochemical reduction; electrocatalysis; screen printed carbon electrode; 

amperometric detection 

 

1. Introduction 

For the food industry and for consumers, as well, it is very important to monitor the quality and 

freshness of raw meat [1,2]. Different factors are a sign of meat alteration (e.g., discoloration, 

rancidity, alteration of flavor). One pathway of alteration is the scavenging activity of myoglobin 

towards nitro-oxidative species (such as peroxynitrite, PON).  
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Superoxide dismutase (SOD) eliminates superoxide anion (O2•−) with a rate constant of 1–2 × 109 

M−1 s−1), and NO reacts with O2•− faster (≈10 10 M−1 s−1), this way competing with SOD for O2•−, leading 

to the formation of a high oxidant molecule: oxoperoxonitrate(1-), or as it is largely known, 

peroxynitrite anion (PON). The protonated form of peroxynitrite (ONOOH) has an unusually rapid 

permeation through membranes, and may induce proteins and lipids damage [3], but in neutral and 

acidic solutions, it decomposes, due to the decomposition of peroxynitrous acid to nitrites and/or 

nitrates and other oxygen species. The decomposition mechanism and rates depend on pH, 

temperatures, concentration of peroxynitrite, presence of antioxidants, or scavenging species [4]. 

The ability of iron to change the oxidation state from Fe2+ to Fe3+ has a great effect on the color of 

the tissue. The binding site of the heme center is also very important [5]. In deoxymyoglobin, MbFe2+, 

the coordination site is empty, and the meat has a purple color. Binding oxygen to the sixth 

coordination center, the oxidation state does not change, but the color becomes bright red, forming 

oxymyoglobin (MbFe2+O2). The formation of metmyoglobin, MbFe3+(OH2), (iron 3+ center, the 

coordination site is empty and the meat has a brown color) can alter the flavor due to lipid and protein 

oxidation. The aspect of the meat has great impact on consumers and the impact on the food industry 

is huge [6]. The lack of metmyoglobin (MbFe3+(OH2) or metMb)-reducing enzymatic systems in meat 

after slaughter determines the irreversibility of the oxidation processes of myoglobin [7]. The color 

changes are also a sign of these processes. Adding nitrites to the raw meat helps keep the color of the 

meat bright red, as NO (nitric oxide) can bind to the iron ion in a similar way as the oxygen molecule 

does. Nitrites and nitrates are also two of the decomposition compounds of peroxynitrite. 

The most used methods to detect peroxynitrite are high performance liquid chromatography, 

chemiluminescence, fluorescence spectroscopy, UV-Vis absorbance spectroscopy, electron spin 

resonance, and electrochemistry [8]. These methods usually use antioxidants like resveratrol, 

polyphenols, or catechins [2], especially in batch analysis, but also using flow injection analysis, for 

example by injecting antioxidants that can quench the peroxynitrite [9]. The microfluidic injection 

analysis presents different advantages such as: The presence of laminar flow with no dilution effects, 

necessity of low volume of analyte (lower than 150 µL), miniaturization, the possibility of real-time 

continuous monitoring (process control), faster and more sensitive response, or the possibility of 

automated processes [10].  

Developing an electrochemical sensor able to select between PON and other interfering species 

in biological tissues would be of interest also for understanding other important issues, such as cancer 

developing. Several electrochemical sensors are described in the literature [2,11,12]. One of the most 

cited publications involved the electrochemical oxidation of peroxynitrite and the detection at the 

surface of a single cell [13]. The sensitivities were studied, and the authors reported good values, but 

all the involved processes were oxidations and occurred at potentials higher than 0.5 V, making the 

electrode more susceptible for signal interferences due to higher probability of other molecules to be 

oxidized at these potentials. 

Only very few reports present the batch reduction of peroxynitrite using a chemically modified 

electrode: Mn-pDPB (manganese-[poly-2,5-di-(2-thienyl)-1H-pyrrole)-1-(p-benzoicacid)]) catalyzed 

the reduction of peroxynitrite at 0.2 V, via the electro-oxidation of the metallic site (Sensitivity: 157.0 

nA mM−1 , LOD: 1.9 nM), and the selectivity and stability is offered by coating the Mn-pDPB with PEI 

(polyethyleneimine) [14]. Carbon microfibers electrodes modified with manganese(III)-

[2]paracyclophenylporphyrin catalyze the electro-reduction of released PON from human 

endothelial cells at −0.35 V (LOD: 1 nM) [15] and (MnTPAc) electropolymerized manganese 

tetraaminophthalocyanine modified platinum electrode was used for the reduction of synthesized 

PON in alkaline solution (pH 12) at - 0.45 V (Sensitivity: 14.6 nA mM−1 , LOD: 5 µM) [16]. We also 

described a poly(2,6-DHN)/SPCE sensor (2,6-dihydroxynaphthalene)-based sensor for the oxidation 

of PON, in alkaline medium [17], but at very low potentials (below 0.15 V), with high sensitivity 

(11.62 nA*M−1) and with 0.2 µM LOD, offering very good selectivity. In an earlier work, we described 

the oxidation of PON using a cobalt phtalocyanine tetracarboxylic acid-graphene hybrid, but at 

higher potentials, with LOD of 1.7 nM [18]. 
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Macrocycle organic compounds (with extended π conjugated systems) can act as ligands for 

different metals, and the usage of these complexes as electrochemical catalysts was and is still 

encountered in nowadays practice. Phtalocyanines (PCs) were used for the detection of oxidative 

species [18], due to the high conductivity and different oxidation states of the metallic centers. In 

addition, they have high thermal resistance, they are not toxic, and have high redox activity (naval 

report, the redox activity of MPc). The ring-based oxido-reduction processes may influence the 

catalytic process. Cobalt phtalocyanine is presented to have good sensitivity for a variety of molecules 

[19] and when the optimal parameters are found, good selectivity could be also achieved.  

Herein, we describe the electrochemical reduction of peroxynitrite at 0.1 V, using a commercial 

cobalt (II) phthalocyanine complex (CoPc) and screen-printed carbon electrodes (SPCE). This 

electrochemical sensor is able to select between the most important interfering species of 

peroxynitrite (nitrite, nitrate, and hydrogen peroxide) and other molecules (e.g., ascorbic acid and 

dopamine), due to a specific but simple design, combined with the advantages of a micro-fluidic 

system. The advantages of using this method over other electrochemical methods will be presented 

in this paper. Figure 1 presents most of the possible redox processes of myoglobin from meat under 

the influence of peroxynitrite and other related oxidants. The same figure also presents the schematic 

representation of processes occurring on the surface of the proposed electrode with the detection of 

peroxynitrite. 

 

Figure 1. Graphical abstract. ferrylmyoglobin: MbFe4+=O, oxymyoglobin: MbFe2+O2, deoxymyoglobin: 

MbFe2+, metmyoglobin: MbFe3+(OH2). This is a schematic representation of the chemical reactions of 

different forms of myoglobin with peroxynitrite and other interfering species/decomposition 

products. This scheme is not exhaustive. 

2. Materials and Methods  

Sodium nitrite, hydrogen peroxide (30%), manganese dioxide (MnO2), myoglobin from equine 

skeletal muscle, sodium hydroxide (NaOH), sodium phosphate dibasic dihydrate (Na2HPO4 * 2H2O), 

cobalt (II) phthalocyanine, DMF (dimethylformamide), and TBATBF4 (tetrabutylammonium 

tetrafluoroborate 99%) were acquired from Sigma Aldrich. Screen-printed carbon electrodes were 

acquired from DropSens, Spain.  

Peroxynitrite (PON) was synthesized following a slightly modified procedure [20]. Briefly, a 

solution of 0.7 M HCl + 0.6 M H2O2 was added over an ice cooled stirring solution of 0.6 M NaNO2 
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and almost simultaneously a solution of 3M NaOH was added over the mixture, to quench the 

decomposition of peroxynitrite (a yellow solution). After several reaction minutes, a few grams of 

MnO2 were added to the mixture, to catalyze the decomposition of hydrogen peroxide. After the gas 

liberation was finished (approximatively 15 min), the MnO2 was filtered under vacuum and the 

solution was divided into small aliquots (1 ml) and stored in the freezer (−20 °C). 

The second method of synthesizing PON was to use the gradual release from 10–25 mM 3-

Morpholinosydnonimine (SIN-1), prepared in a neutral PBS solution, with the help of the oxygen 

from the atmosphere, according to the reaction presented in the literature [21].The SPCE electrodes 

were modified by drop casting 2 µL of a (cobalt phthalocyanine) CoPc solution (1 mg/ml in DMF). 

The CoPc solution was prepared by dissolving CoPc in DMF (1mg/ml), using ultrasonication over 1 

hour (power 100, frequency 37 Hz). After the drop-cast, the electrodes were dried at 60°C in the oven 

(for 15 min). Before different drop-casting steps, the electrodes were rinsed with DMF and dried with 

nitrogen. The process was repeated 3 times, without rinsing. The electrode was stabilized by cycling 

between −0.6 V and 0.6 V (in PBS pH 12). 

3. Results 

3.1. Batch Determination of Peroxynitrite Using SPCE/CoPc Electrodes 

3.1.1. UV-Vis Determination of Synthesized PON and SIN-1 

The UV-Vis spectrum of synthesized genuine PON is less complicated than that of SIN-1: molar 

extinction coefficient of 1670 M−1 cm−1 can be used to calculate the concentration at 302 nm [22]. The 

main drawback is that a significant amount of nitrite is also produced during this reaction (Figure 2a). 

In the case of SIN-1, three absorption peaks can be identified: 212 nm, 250 nm, and 280 nm 

(Figure 2b). As the 280 nm peak is usually attributed to the formation of PON (through the reaction 

of superoxide with nitric oxide), the others are not well explained in literature. [21] Typically, a 

solution of 1 mM SIN-1 releases peroxynitrite at a rate of 1 mM/min. [18] 

  
(a) (b) 

Figure 2. UV-Vis spectra of (a) genuine peroxynitrite (PON) during time (pH 12) and (b) comparison 

with SIN-1 (pH 7.4). 

3.1.2. Characterization of the Deposited CoPc Films on the SPCE 

For the detection of peroxynitrite we developed a cost-effective and rapid method to prepare the 

sensor based on drop-casting cobalt phthalocyanine on a surface of a screen-printed carbon electrode 

(SPCE). As the macrocycle has 18 delocalized π electrons, thin films could be deposited by drop-

casting through π stacking, like other materials, such as graphene. As we previously reported [18], 

CoPc presents 2 anodic and 2 cathodic peaks (corresponding to Co3+/Co2+ and Co2+/Co1+ redox 

processes). In this paper, we targeted the exploitation of the Co2+/Co1+ redox couple (Figure 3a), due 

to the occurrence at more negative potentials (E0 0.1 V), than the couple Co3+/Co2+ (E0 0.65V), and 

because, besides good sensitivity, there is the possibility to reach a remarkable selectivity for 
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peroxynitrite. It can be observed that upon several scans (5 cycles), the electrode reaches a steady 

state. Similar peaks were observed in the literature [23]. 

Cyclic voltammetry (CV), in the −0.6 V to 0.6 V range, was used to determine the redox process 

of peroxynitrite (PON), using the SPCE/CoPc electrode, at pH 9. The redox process involving 

peroxynitrite takes place at around 0.1 V, with Ec = 0.047 and Ea = 0.072 (∆E = 25 mV), but small 

current in the reduction, suggesting that the oxidation may be irreversible. The calculated formal 

potential is 0.06 V. Furthermore, under another probable mechanism, an irreversible reduction takes 

place around −0.3 V, probably involving also the chemical oxidative reaction of peroxynitrite over 

the metallic center: Cobalt being chemically oxidized by PON, is being electro-reduced, with a higher 

current, depending on the concentration of PON (Figure 3b). 

 

  
(a) (b) 

Figure 3. Cyclic Voltametry (CV) of (a) the screen-printed carbon electrode (SPCE)/cobalt 

phthalocyanine (CoPc) electrode upon different scans, in PBS pH 12. The oxido-reduction processes 

are presented for the cobalt metallic center. (b) Cyclic voltammetry registered using the SPCE/CoPc 

electrode in the absence (black) and in the presence (red) of 45 µM PON (scan rate 9 mV/s), PBS pH 9. 

When the morphology is studied with SEM (Figure 4a,b), it can be observed that, in accordance 

to the literature too, the CoPc molecules tend to form random agglomerates [24], of various sizes 

(between 0.4 µm and 10 µm in length and few hundreds nm in thickness and width) depending on 

the surface used for the deposition. 

The FT-IR analysis (Figure 4c) proves the presence of CoPc on the surface of the electrode, 

especially due to the 741 cm−1 band in the fingerprint region, corresponding to phthalocyanine in 

plane vibrations [25]. Other vibrations belonging to the graphitic structure of SPCE are also observed: 

Deformation of C-C out of aromatic plane (650 cm−1), vibrations of C-H in the aromatic plane (850 

and 808 cm−1), or the vibrations of C=C sp2 (1610 cm−1). 

  

(a) (b) 
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(c) 

Figure 4. SEM characterization of the (a) unmodified SPCE and (b) SPCE/CoPc. (c) FT-IR spectra of 

unmodified SPCE and modified SPCE with CoPc (SPCE/CoPc). 

3.1.3. Batch Optimization of the CoPc Modified Electrodes for PON Detection 

As presented in Figure 5a, an apparent irreversible redox process occurs (ΔE = 150 mV) upon 

scanning in cyclic voltammetry of 170 µM PON, in PBS pH 12, using the SPCE/CoPc electrode, in the 

−0.2 V–0.6 V range. The oxidation is shifted to higher oxidation potentials, when the buffer is PBS pH 

9, and the process seems to be mostly an irreversible oxidation, from the cyclic voltammetry (Figure 5b).  

  

(a) (b) 

Figure 5. CV of bare SPCE (black and green) and SPCE/CoPc (blue and red) electrode for PON, in (a) 

PBS pH 12 (170 µM PON) and (b) in PBS pH 9 (780 µM PON), at a scan rate of 100 mV/s. 

Interfering species (ascorbic acid, nitrite, and nitrate, 100 µM) were also studied using cyclic 

voltammetry and a CoPc modified GCS and compared with 100 µM PON (Figure 6). Electro-catalytic 

oxidation occurs for ascorbic acid at around 0.4 V (in good accordance with literature [26]), but this 

peak appears due to direct electrochemical oxidation of ascorbic acid on the bare underlying electrode, 

not to electro-catalysis with CoPc). Hydrogen peroxide usually occurs around 0.6 V, not interfering 

with the PON oxidation on glassy carbon electrode (GCE)/CoPc around 0.1 V (as already described 

above). This means that by using potentials around 0.1 V we have a very good selectivity towards 

PON. Nitrite did not have any response using the CoPc modified GCE [27]. 

Differential pulse voltammetry (DPV) revealed that, upon reduction of the CoPc films, by 

starting the scans from more and more negative potentials, the cumulative current (both cathodic and 

anodic) increases (Figure 7a). This suggests that pre-treatment of the electrode could improve the 

response of the electrode for PON, because of the reduction of Co2+ to Co1+. Additionally, the shape 

of the DPV peak suggests that, besides diffusion, other processes occur (e.g., adsorption of product 
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or reactant molecules, on the surface of the electrode, or even the coordination of the ONOO- molecule 

to the metallic catalytic center).  

 

Figure 6. Evaluation of the interfering species using CV for 100 µM peroxynitrite (PON—green): 100 

µM ascorbic acid (AA—purple), 100 µM hydrogen peroxide (H2O2—red), 100 µM nitrite (NO2—blue), 

using a glassy carbon electrode (GCE)/CoPc electrode. 

 

Figure 7. Differential Pulse Voltammetry (DPV) of the SPCE/CoPc and 125 µM of PON, using 

different negative starting potentials. 

3.2. FIA Optimization of the SPCE/CoPc Electrodes for PON Detection 

FIA analysis gave us the opportunity to develop a very selective sensor for PON (Figure 8a). It 

can be clearly observed that changing the applied potentials in chronoamperometry (CA at 0.0, 0.1, 

and 0.25 V) helped us to determine that the reduction of PON occurs from 0.1 V. Due to the several 

other advantages already described, a single line flow injection system was employed for further 

experiments.  

To determine the optimum flow rate, 200 µM of PON in PBS pH 12 was injected while 

amperometry at 0.1 V was performed. This pH was used to keep the concentration constant during 

the measurements (200 µM), because PON is very stable at this pH. The curve was fitted with R2 

0.9195 with a fourth-grade polynomial function. A flow rate of 0.4 mL/min and a voltage of 0.1 V 

were used to further optimize the detection process (Figure 8b). 
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(a) (b) 

Figure 8. (a) Chronoamperometry (CA) spectra of the flow injection analysis (FIA) analysis using 

different potentials: 0.0 V (black), 0.1 V (green), and 0.25 V (red). (b) Study of the flow rate (mL/min) 

influence over the current intensity of 200 µM PON (PBS pH 12). This pH was used due to the high 

stability of PON. 

The calibration (Figure 9a) of the electrode was performed: Ired (nA) = 6.313·CPON (µM) + 17.469; 

(R² = 0.9938), using the FIA system and chronoamperometry at 0.1 V (Figure 9b). The calculated LOD 

was equal to 2.37 µM and the linear range is 3–180 µM. When a low concentration was used (50 µM), 

the reproducibility varied from 95% to 99% and the RSD (for three replicates) for each calibration 

concentration did not exceed 10%. These parameters are very good taking in consideration that the 

screen-printed carbon electrodes are usually disposable electrochemical devices (that usually can be 

used just for few measurements) and that the analyte is a quite unstable oxidative anion. 

  
(a) (b) 

Figure 9. (a) Calibration curve of the SPCE/CoPc electrode for PON, PBS pH 9. (b) Chronoamperogram 

measured using the FIA system and the SPCE/CoPc electrode, E = 0.1 V, flow rate = 0.4 mL/min. 

3.3. Studying the Reaction of Myoglobin in Buffered Solution and Peroxynitrite, Using FIA 

Due to the probability to find myoglobin under different forms in meat extracts, (Figure 1) the 

conversion of metMb (metmyoglobin) to myoglobin (reduced myoglobin, redMb, or MbFe2+O2) can 

be followed as a consequence of PON scavenging. The changes in the UV-Vis absorption spectra are 

described in the literature: The concentration of the MbFe2+O2 solutions can be verified by measuring 

the absorbance at 417, 542, and/or 580 nm [ε417 = 128 mM−1 cm−1, ε542 = 13.9 mM−1 cm−1 and ε580 = 14.4 

mM−1 cm−1] [28] and the spectrum of metMb has a maximum absorbance at 502 [ε502 = 10.2 mM −1cm−1] 

and 630 nm at pH 6.4, and the Soret band absorbance maximum is at 408 nM at pH 7.4 [29]. The 

reduction of metMb (25 µM) was performed using 75 mM of (NaBH4) in PBS pH 9 and the reaction 
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was followed spectrophotometrically. After the reaction, a gel filtration Sephadex G 25 column was 

used to separate the borohydride from the redMb.  

Initially, metMb was used to follow the reaction with peroxynitrite. The fingerprint of metMb in 

chronoamperometry (the presence of the double peak, meaning two reduction processes 

consecutively, Figure 10 zoom) can be very useful to identify this compound and to distinguish it 

from redMb or ferrylMb. Using a ratio of metMb/PON of 1/5 (suitable for the peroxynitrite to oxidize 

metMb), one can observe in the chronoamperogram from Figure 10, that incubating 400 µM PON 

with 80 µM metMb, the measured current corresponds to the quantification limit of PON with the 

electrode used (LOQ = 12.5 µM). Other oxidation processes can be observed during the increase of 

incubation time, but they do not interfere with the reduction of PON signals. 

 

Figure 10. The amperometric response of the SPCE/CoPc (E = 0.1 V) for 80 µM metMb, 80 µM metMb 

incubated with 400 µM PON and 30, respectively, 20 µM PON. 

Different concentrations of PON were incubated with metMb 20 µM. Figure 11a presents the 

amperometric response at different interval times of incubation and a decrease of signal can be 

observed; after 4 minutes of incubation the current remains stable due to partial consumption of PON 

(Figure 11b). The measurements conducted at 0s correspond to the solutions with the 

initial/maximum concentration of PON (200 or 100 µM), before mixing them with the 20 µM solution 

of metMb. The recovered PON concentrations were correlated to the UV-Vis measurements at 302 nm. 

  
(a) (b) 

Figure 11. The influence of the incubation time on the amperometric response generated by the 

mixture between 20 µM metMb and 200 µM PON (a) and the equivalent currents registered for 

different time periods of incubation of 20 µM metMb with 200 and 100 µM PON, respectively, in PON 

concentrations (b). 
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4. Discussion 

Detecting reactive oxygen and nitrogen species is of great importance for many domains. 

Peroxynitrite, despite being a short half-life oxidative species, induces powerful oxidative stress 

effects on cells. Scavengers are important tools to eliminate this oxidative stress. Myoglobin is one of 

the scavengers, as it is an oxygen-binding protein from the heme group. Cobalt phtalocyanine was 

already used in the literature as a bio-mimetic material for biosensors [30]. It has a similar scavenging 

role when it comes to PON. As the metal cobalt center of the heme, similar to iron, has multiple 

oxidation states, the reduction of PON seems to be catalyzed by CoPc through redox reactions. We 

demonstrate here that the Co2+/Co1+ redox couple is more effective than the high potential 

electrochemical methods reported in the literature for the electrochemical detection of PON, as it 

offers better selectivity. Cyclic voltammetry as well as other techniques (linear sweep voltammetry 

or differential pulse voltammetry) were used to determine that this redox reaction of PON is 

apparently an irreversible process. 

Our research involved the hypothesis that upon the electro-oxidation of Co1+ to Co2+ a 

simultaneously occurring process can also take place (the reduction of peroxynitrite to nitrite). 

Starting from this hypothesis, an important issue was to understand how to overcome the apparent 

irreversible oxidation of PON from batch electrochemical analysis. The ability of flow injection 

analysis in understanding reaction mechanisms and complicated electrode kinetics [31] served as an 

important tool to select between the oxidation potential of peroxynitrite (and of other species) and 

the reduction potential of peroxynitrite because it became easier to identify each. Using this single 

line flow injection system and chronoamperometric method at low potentials (around 0.1 V), we were 

able to obtain good sensitivity (LOD = 2.37 µM). Compared to the literature, this is one of the few 

articles based on the electro-catalyzed reduction of PON. Even though we obtained lower sensitivity 

(2.37 µM compared to 1.9 nM [14] and 1.0 nM [15]), but higher than 5 µM [16], we achieved a much 

better selectivity against all the important interfering species (ascorbic acid, hydrogen peroxide, 

nitrate, and nitrite) at biological concentrations. Understanding the different aspects of the 

electrochemical process better could help improve the analytical characteristics of the electrode.  

Calibration was possible for detection of PON also in the presence of another scavenger: 

Myoglobin. The literature presents the fact that the PON to redMb ratio must be 1:10 for efficient 

scavenging and that metMb is less efficient in scavenging PON (as the metal center is already 

oxidized). We studied the reaction of PON with metMb, as myoglobin in meat is more likely present 

as metMb. Using different concentrations of PON, we were able to determine the consumption of 

PON by the scavenging mechanism of metMb. For further studies, reduced myoglobin should be also 

used for PON consumption, in buffered solution. Meat extracts should be reacted with PON in the 

same manner as buffered solutions. Similar chronoamperometric responses are expected. This kind 

of reactions should be followed simultaneously by UV-Vis to quantify the metMb and redMb 

during/after completion of reactions. 

Further optimizations and studies need to be performed to determine the reactions that take 

place at the surface of the electrode. The amount of the CoPc deposited on the surface of the SPCE 

should be also optimized for the detection of PON and the surface coverage percentage should be 

calculated. Determining the effect of different scan rates on the SPCE/CoPc electrode in the absence 

or in the presence of PON could also help us determine if the electrochemical reaction is a diffusion 

or adsorption-controlled reaction. As the experiments performed in this paper suggest a positive 

effect of reducing the cobalt metal center before the detection of PON, pre-treatment of the electrode 

might be necessary, and this has to be studied in a more detailed manner. 

Another further research direction is to use the already described hybrid materials (CoPc-

graphene), in order to increase the solubility of the hybrid material in aqueous solvents and electron 

transfer at the surface of the electrode. 
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5. Conclusions 

Our label-free electrochemical method proposes a cobalt phtalocyanine deposition on the screen-

printed carbon electrode for the direct detection of peroxynitrite. This method is simple, sensitive, 

highly selective, rapid, and cost-effective. 

The SPCE/CoPc electrode was fully characterized and optimized for the detection of 

peroxynitrite. The linear range is from 3 µM to 180 µM and the limit of detection is 2.37 µM, making 

this electrode suitable for biological matrices. Moreover, further optimization of this electrode, before 

usage, may be the reduction of the CoPc film deposited on the electrode (using the sodium 

borohydride chemical method or by an electrochemical method). 

The SPCE/CoPc could be a suitable electrode to monitor the reaction between peroxynitrite and 

myoglobin in situ and in vitro, but further optimization should be done for more accurate 

quantitative measurements. The scavenging reaction of myoglobin (in the form of metMB), with 

PON, decreased the amount of PON, and this decrease was measured/ quantified with our 

SPCE/CoPc electrode. 

We propose a simple method that has great impact on the PON sensor pool, as it can be used to 

quantify PON in a complex media: meat samples.  
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