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Abstract: For human body, oxidative stress is considered 
pathophysiological mechanism in different pathologies therefore oxidative 
damage biomarkers detection is real help for clinical purposes. Easy to use 
devices that can help in the early diagnosis and innovative therapeutic 
approaches are needed. This paper presents an extensive review of sensitive 
and specific devices such as biosensors used for real-time detection of 
oxidative stress biomarkers based on two label-free methods: 
Electrochemical Impedance Spectroscopy and Surface Plasmon Resonance. 
Both type of biosensors show very good performances and they are shown to 
be a viable alternative to conventional methods for oxidative stress 
biomarkers detection. 
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1. Introduction 
 
In our days medicine needs easy to use 

devices that can help in the early diagnosis 
and innovative therapeutic approaches. 
The most used methods for bioanalytical 
detection of diseases biomarkers involve in 
general sophisticated equipment and 
protocols. New discoveries and novel 
technologies are appearing all the time and 
with the help of molecular diagnostics 
these are used for clinical purposes. The 
secreted molecules during inflammation 
are important in fighting against 
pathogenic agents. Immune cells produce a 
series of inflammatory markers such as 
cytokines and reactive oxygen species 
(ROS). For human body, oxidative stress is 
considered pathophysiological mechanism 
in different pathologies: chronic-

inflammatory diseases, cardiovascular 
diseases, neurological diseases, neoplastic 
diseases, diabetes, rheumatoid and arthritis 
[33]. In inflammatory infectious processes 
in different diseases, such cardiovascular 
ones, the oxidative damage biomarkers 
together with immunoglobulin IgM are 
indicators of oxidative stress [4, 20, 21, 41, 
45-47]. 

Methods presented in literature for 
detection of ROS are quite complex: direct 
methods such as electronic spin resonance 
or indirect methods: chemiluminescence 
[13, 22], photoluminescence [26] and 
fluorescence [24] or flow-cytometry of 
fluorescent marked-H2O2 [58]. Enzyme-
linked immunosorbent assay (ELISA) to 
evaluate antibody responses to peptides is 
used together with immunofluorescence 
labelling and flow-cytometry, as indirect 
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methods using labels for desired 
biomolecule detection. Thus these methods 
were used for early diagnosis of Dengue 
infection by detection of IgM and IgG 
[55], for detection of IgE, IgG, IgA and 
IgM against raw and processed food 
antigens [51]. Evaluation of a rapid assay 
for detection of IgM antibodies to 
chikungunya [43] and and IgM detection 
by indirect and capture ELISAs for the 
diagnosis of measles and rubella [44] were 
also reported.  Thereby, specific, sensitive 
and low cost new devices used for 
biomarkers detection are needed.  

This paper presents an extensive review 
of biosensors used for oxidative stress and 
acute infection biomarkers detection based 
on two label-free methods: 
Electrochemical Impedance Spectroscopy 
and Surface Plasmon Resonance. 

 
2. Oxidative Stress Biomarkers 
 

ROS is a term used for chemical species 
obtained after incomplete reduction of 
oxygen and they are superoxide anion 
( −

2O •), peroxyl (•OOR), alkoxyl (•OR) 
and hydroxyl (•OH) as well as nonradical 
species, hydrogen peroxide (H2O2) and are 
formed in vivo during aerobic metabolism 
(inner mitochondrial membrane) and in the 
cellular environment [3, 17]. ROS are the 
more abundant free radicals in nature, and 
their pathologic activity for living 
organisms is caused by an imbalance 
between their production and destruction. 
For superoxide anion: 
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Under normal conditions, ROS are 
neutralized by the action of antioxidants 
(ROS defence system), and when is 
overproduction of ROS, an imbalance is 
created because ROS exceeds the capacity 
of cellular antioxidant defences to remove 
toxic oxygen by-products (oxidative stress) 
[8, 35]. Free radicals generated from 
mitochondrial respiration, cause oxidative 
damage of lipids, carbohydrates, proteins 
and nucleic acids, because free radicals are 
very unstable and highly reactive species. 
To make paired electrons, free radicals are 
searching electrons and they grab them 
from other molecules. Thus these 
molecules become unstable and are 
converted into free toxic radicals. If free 
toxic radicals are not neutralized or 
removed, cellular functions will damage, 
such as: membrane fluidity, membrane 
transport, enzyme activities and protein 
functions; therefor cell death finally will 
produce [12, 48]. Thus, ROS are indicators 
of inflammatory processes and can serve as 
markers of interaction between pathogenic 
agents and immune system [6].  

For viral infectious diseases diagnosis, 
together with clinical symptoms, 
immunological methods for IgG/IgM 
detection, molecular methods and viral 
isolation methods are available but they are 
either not very specific or they require 
high-level sophisticated infrastructures. 

 
2.1. Biosensors for Molecular Diagnosis 
 
 Using devices that employ biomolecules 
as analytical tools, offer advantages 
compared conventional methods due to 
their simplicity, specificity, selectivity and 
quick response for real-time analysis of 
biomolecule interactions.  
 Biosensors are analytical tools, based on 
the combination of a biological recognition 
compound and a physical transducer 
(sensor). Three basic parts are involved in 
any biosensor system: biosensing, signal 
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transduction, and signal readout. The 
biological recognition element (such as 
proteins, antibody, DNA or 
microorganisms) is able to selectively 
interact with its substrate(s). Biomolecules 
brings high selectivity and specificity, 
which are characteristics of biological 
systems and are very useful for developing 
of new devices that can be used in medical 
application [5, 9-11].  It is characteristic 
that the analytic performance of these 
devices are obtained by using small 
quantities of the biologic element, as the 
functioning of the biosensors is based on 
the conformational modifications 
occurring at the level of the biomolecule. 
In medicine, especially for a rapid 
screening is ideal to work with very small 
quantities of biological sample and to 
detect very small concentrations a target 
molecule (micromolar or nanomolar). For 
oxidative stress markers detection few 
biosensors were developed and majority 
were electrochemical for H2O2 detection. 
For this oxidases are used as NADPH [2], 
cytochrome c [56] or horseradish 
peroxidase [1, 23, 38]. From our 
knowledge few biosensors were developed 
for acute infection biomarkers detection, 
and there are immunoassays-based 
biosensors when electrochemical 
immunosensor detection of urinary 
lactoferrin in clinical samples for urinary 
tract infection diagnosis was developed 
[36] or biosensor based on imaging 
ellipsometry for detection of hepatitis B 
virus markers was used [40].  
 Direct biosensors follow in real time the 
binding event (following a physical value 
change) while indirect biosensors measure 
the result of a binding event, as increasing 
or decreasing of the label. Direct 
biosensors do not require labelled species 
for detection of a target analyte, therefore 
the detection allows label-free and real-
time analysis. Two very sensitive methods 
can be used for this type of detection for 

oxidative stress biomarkers: 
Electrochemical Impedance Spectroscopy 
and Surface Plasmon Resonance. 
 
2.2. Label-free Impedimetric Biosensors 

 
Electrochemical impedance spectroscopy 

(EIS) is technique which can be used for the 
investigation of bulk and interfacial electrical 
properties of any kind of solid or liquid 
material which is connected to the appropriate 
electrochemical transducer [27, 30]. EIS can 
be used to determine quantitative parameters 
of electrode processes as well as to provide a 
fingerprint of its interfacial region. This 
technique, as SPR also, has the inherent 
potential for label free detection, which is of 
special interest in bioanalysis since this 
circumvents the need to modify biomolecules 
with fluorescent dyes, enzyme, redox or 
radioactive labels. 

For the impedimetric biosensors the 
detection principle is based on the changes of 
the interfacial properties of the electrode in the 
presence of reversible redox couple using 
impedance measurements. Electrochemically 
inert species can be measured by EIS in the 
presence of a redox agent, such as iron 
ferrocyanide(s), which undergoes oxidation 
and reduction at the surface of the electrode, 
thus making possible label-free detection [31]. 
EIS follows biosensing events that take place 
at the surface of an electrode immersed into 
an electrochemical cell and can be used for 
detection of the recognition events when 
immobilized molecules interact with target 
analytes and to monitor and validate different 
sensing stages [7]. Immobilized molecule 
interacts with its target analytes and a 
complex is formed, an increase of interfacial 
electron-transfer resistance can be detected by 
EIS. AC impedance spectra are presented as a 
Nyquist plot (Z’, real impedance, versus –Z”, 
imaginary impedance). The –Zmax” value, 
which corresponds to the highest point of the 
semicircle on the Nyquist plot is used to 
characterize the binding. Fig.1 shows the EIS 
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spectra for glucose-oxidase enzyme-based 
biosensor in absence and presence of 
glucose as enzymatic substrate. Finding the 
maximum values of imaginary part of the 
impedance in all situations the 
concentration of the glucose can be 
obtained directly. 

EIS impedance is potentially useful to 
give insight into cellular behaviour by 
studying morphological changes, 
alterations in the physiological state, 
production of charged or redox species 
without interfering with in vitro cellular 
metabolism and labelling [42]. The study 
has allowed the characterization, from an 
electrical point of view, of the extracellular 
NO radical produced endogenously and in 
great quantities by the inducible form of 
NO-synthase in the case of LPS-stimulated 
macrophages. EIS measurements for 
unstable atherosclerotic plaques that 
harboured active lipids and inflammatory 
cells were also performed [57]. Thus it was 
observed that issue resistance was 
significantly elevated in the oxidized low 
density lipoprotein (oxLDL)-rich thin-cap 
atheromas and fatty streaks as compared 
with lesion-free region or oxLDL-absent 
fibrous atheromas.  

Biosensor applying aptamer as probe and 
non-faradic electrochemical impedance 
spectroscopy (NIS) as the detection 
method has been developed for monitoring 
a neuro-inflammatory cytokine PDGF 
[29]. A good linear relationship between 
the decrease of capacitance and the 
logarithm of protein concentration was 
obtained, which proves the feasibility of 
quantitative measurements. A sensitive 
aptamer based electrochemical biosensor 
to detect human immunoglobulin E (IgE) 
is presented in reference [39]. Interaction 
between human IgE and DNA aptamer was 
EIS monitored in a 0.48nM detection limit 
of IgE based on electron transfer resistance  
in the presence of 5mM [Fe(CN)6]3-/4-. 

EIS can be used to detect specific 
interaction antigen-antibody [37]. Thus in 
literature are described the development of 
EIS label-free immunosensors for direct 
detection of three wound infection 
biomarkers [16] or for detection of h-IgG 
[60]. Thus, means of unenzymatic-labeling 
procedure combined with the 
amperometric detection using dopamine as 
substrate, the immunological reaction of 
the immunosensor incubated with h-IgG 
can be detected. Development of a new 
sensitive label free impedimetric 
immunosensor for the detection of MDM2 
as prognostic marker for brain tumour is 
described in reference [19]. The toxins 
secreted by two clinically important human 
pathogens, methicillin susceptible 
Staphylococcus aureus and Pseudomonas 
aeruginosa were studied via their 
interaction with a planar tethered bilayer 
lipid membrane using surface EIS and 
plasmon resonance spectroscopy [49]. 
Impedance spectroscopy is also a proven 
and powerful tool for non-invasive 
monitoring of cellular processes. Thus it 
can be proven the hypothesis, that the 
process of osteogenic differentiation can 
be monitored non-invasively and time-
continuously by using impedance 

Fig. 1. Nyquist plot for: bare electrode 
( ), enzyme-based biosensor in 

electrolyte without (•) and with (ο) 
enzymatic substrate.  
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spectroscopy [25]. A cell-based in vitro 
exposure system was developed to 
determine whether oxidative stress plays a 
role in the cytotoxic effects of volatile 
organic compounds (VOCs) such as 
benzene, toluene, xylene, and 
chlorobenzene, using human epithelial 
HeLa cells. VOC toxicity was found to 
correlate with the degree of nitric oxide 
generation and EIS [15]. The primary 
reason for the marked increase in 
impedance was the change of aqueous 
electrolyte composition as a result of cell 
responses.  
 
2.2. Label-free Surface Plasmon 

Resonance biosensors 
 
 Surface Plasmon Resonance (SPR) is a 
surface-sensitive method for bio-analysis 
as it allows label-free and real-time 
analysis of biomolecule interactions on 
functionalized surfaces. The SPR’s 
principle is based on recording of a small 
change in refractive index of a gold surface 
modified with molecules with recognizing 
role. The binding of the target molecules to 
specific immobilized recognition 
molecules causes the increasing of surface 
concentration of target molecules. The 
sensitivity of the method depends on the 
extent on which the refractive index is 
modifying during binding events.  This 
modification will cause a decrease in the 
intensity of a laser beam when is reflected 
by modified-gold surface and an increase 
of its reflexion angle proportional with the 
concentration of linked target molecules 
[28, 32].  

SPR-based biosensing device for real-
time detection of cell differentiation in live 
cells was developed according to the 
differences of optical properties of the cell 
surface caused by specific antigen-
antibody binding, without any pre-
treatment required in the conventional 
methods used in molecular biology. SPR 

biosensor has a strong potential for a high-
throughput serodiagnosis of infectious 
diseases by analysis of mumps virus 
infection [34] and for acute infection 
biomarkers detection [18]. Thus an SPR 
based natural glycan microarray was 
developed for screening of interactions 
between glycans and carbohydrate-binding 
proteins. The SPR screening was sensitive 
for differences between infection sera and 
control sera, and revealed antibody titers 
and antibody classes (IgG or IgM). Results 
indicate that SPR-based arrays constructed 
from glycans of natural or synthetic origin, 
pure or as mixture, can be used for 
determining serum antibody profiles as 
possible markers for the infection status of 
an individual.  

Fig. 2 shows the SPR spectra recorded at 
lectin-based biosensors in the absence and 
presence of IgM. The lectin Concanavalin 
A (Con A) binds specifically the receptors 
containing mannose carbohydrates such as 
IgM. 

 
SPR biosensor was also used to monitor 

the profiles of the heat-shock protein 
(DnaK) and the expression of a 
heterologous protein to map the dynamics 
of the cellular stress response in 
Escherichia coli [52]. A novel 

60 70 80
0.0

0.2

0.4

0.6

0.8

In
te

ns
ity

Angle (deg)

 Au1-cis-GA-conA2
 Au1-cis-GA-conA2-ser1

 

Fig. 2. SPR spectra of Con A-based 
biosensor in absence (−) and (--) 

presence of IgM. 
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nanocomposite Fe(3)O(4)
-Au nanorod 

(AuNR) was prepared and used as the 
substrate in the SPR biosensor to detect 
goat IgM in the concentration range of 
0.15-40.00 µg mL-1 [59]. A unique 
monitoring technique of protein 
distributions based on distinctive patterns 
generated by protein adsorption behaviour 
on a solid surface in a microfluidic channel 
was described in [14]. Sensing surfaces 
were pre-adsorbed with one of four 
different proteins: lysozyme, albumin, 
transferrin, or IgG and buffer-prepared 
sample matrices (α1-antitrypsin, 
haptoglobin, C-reactive protein (CRP), and 
IgM). Fe3O4 nanoparticles-enhanced SPR 
sensing for ultrasensitive sandwich bio-
assay was developed with excellent 
selectivity for detection of three kinds of 
proteins (BSA, human IgM and human 
IgE) [54]. SPR immunosensor based on 
core/shell Fe3O4/Au nanocomposites 
developed in [53] exhibits a satisfactory 
response for human IgM in the 
concentration range of 0.30-20.00 µg mL-1. 
SPR spectroscopy was used to monitor the 
presence of serum antibodies to 
neoglycoconjugates containing defined 
carbohydrate epitopes and to define the 
IgM and IgG subclass distribution of the 
antibodies [50]. 
   
3. Conclusions 

 
Thereby, the literature describes both 

label-free methods for many types of 
biomarkers detection. We can conclude, 
however, that few biomarkers for oxidative 
damage were detected using EIS-based 
biosensors and even few for biomarkers of 
acute infection. Also, SPR-biosensors are 
rarely used to detect oxidative stress 
biomarkers and they are used for detection 
of antibodies as acute infection markers. 
The concentrations of detected markers 
were very low (micromolar and 
nanomolar) which they recommend these 

methods to be used for developing 
sensitive and selective biosensors as 
alternatives of conventional methods. 
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