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Abstract: The molecular imprinted polymer (MIP) technique was applied to receptors that could 
imitate the performance of natural anti-cortisol antibody with high stability. Cortisol-molecular 
imprinted polymer (cortisol-MIP) was obtained using the multi-step swelling and polymerization 
protocol with cortisol as a target molecule. The suitable ratio of methacrylic acid:acrylamide :cortisol 
which allowed the formation of 642.3 ± 35.8 nm homogenous particles was 2:1:1.  
Cortisol-MIP was integrated to the sensor. It was coated on the disposable screen-printed carbon 
electrode (SPCE) for portable electrochemical analysis. The physical properties of Cortisol-MIP were 
characterized by means of electron microscope techniques. The binding characteristics were 
evaluated via covalent patterns changing in FTIR spectra which were related to voltammetry 
responses. The SPCE modified with cortisol-MIP was able to perform various detection ranges from 
1.28 to 20 nM and the high selectivity compared to three other glucocorticoid analogs. 
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electrode (SPCE) 

 

1. Introduction 

A personal health sensor has been a significant contribution to the area of medical science and 
technology. One strategy to conduce people to live in a longer period of good health accompanying 
with a sustained well-being is the preventative medicine by regularly monitoring physical and 
psychological health [1]. Cortisol has been used as a well-known commercial stress biomarker.  
A homeostasis response to psychological stress is indicated by an increased level of cortisol produced 
in hypothalamus-pituitary-adrenal (HPA) axis [2,3]. Chronic psychological stress contributing to the 
high level of cortisol relates to several health problems. Cortisol is one of the key roles that is involved 
in stress response produced from zona fasciculata which can be found in biological samples; blood 
serum, urine, saliva, sweats and hair in different amounts detected by conventional chromatographic 
techniques, immunoassays and small electronic device called sensor [4]. The sensor is to detect events 
or changes in environments and then provides a response output. The specific detections of structures 
and superstructures are based on geometrical interactions which define both dimensions and 
proposed functional groups. These can generate a mimic-recognition site. Molecular imprinted 
polymer (MIP) is a technique offering artificial receptors by imprinting of unnatural polymers with 
a target molecule [5]. Core shell MIP particles have significant advantages in term of more imprinting 
sites on external surface and greater stability of the structure [6,7]. MIP can be achieved when the 
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target is present as a template in polymerization process and the changing outputs can be determined 
using the transducer. MIP has been integrated into several types of transducer including optical 
sensors, surface plasmon resonance (SPR), quartz crystal microbalance (QCM) and the most widely 
used one, electrochemical sensors. Electrochemical detection is a suitable method to develop a 
miniature device with small electrode [8]. 

In this study, MIP particles were coated on screen-printed carbon electrode (SPCE) as shown in 
schematic (Figure 1). The electrode pattern included a carbon working electrode and a silver/silver 
chloride (Ag/AgCl) reference electrode. The size of SPCE was small that could be detected by hand-
held potentiostat, suitable to be developed the cortisol point-of-care detection. 

 
Figure 1. Schematic illustration of MIP particles modified screen printed carbon electrode detecting cortisol. 

2. Synthesis and Characterization of Cortisol-MIP Particles 

Cortisol-molecular imprinted polymer (cortisol-MIP) particles were obtained using the  
multi-step swelling and polymerization protocol with cortisol as a target molecule. Styrene bead was 
used as the core shell.The microemulsion was reacted by 2,2′-azobisbutyronitrile (AIBN; Aldrich 
Chemie, Milwaukee, WI, USA) with polyvinylalcohol in toluene solvent. Poly methacrylic acid-co-
ethylene glycol dimethacrylate and N,N′-(1,2-Dihydroxyethylene)-bis-acrylamide were polymerized 
with cortisol as template stirring at 70 °C under nitrogen stream for 24 h. The cortisol template was 
washed by 10% acetic acid in methanol. The cortisol-MIP particles in suspension form were 
homogenized by High pressure homogenizer. The particle size was examined by Zetasizer. The 
suitable ratio of methacrylic acid:acrylamide:cortisol which allowed the formation of 642.3 ± 35.8-nm 
homogenous particles was 2:1:1. (Figure 2a). The surface of MIP was rougher than non-imprinted 
polymer (NIP; the similar reaction without cortisol template). The 4 μL of Cortisol MIP suspension 
was dropped on screen-printed carbon electrode (SPCE) surface by 20% solgel mixture and incubated 
at 65 °C overnight to fix the cortisol MIP particles on SPCE surface as shown in Figure 2b.  
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Figure 2. Scanning electron microscopic images of MIP after reducing the polymer sizes by  
1 × 103 bars high pressure homogenizer (a) and coated on screen printed carbon electrode surface (b). 

3. Electrochemical Measurements 

Electrochemical measurements were performed by portable 910 PSTAT Mini (Metrohm autolab) 
connected with a computer system. The chromatogram was obtained by cyclic voltammetry (CV) 
analysis in 5 × 10−3 mol·L−1 K3[Fe(CN)6]/K4[Fe(CN)6] in 1 × 10−1 mol·L−1 KCl. CV was scanned in 
different potential values from 0.45 V to −0.15 V, at 0.02 Vs−1 scan rate with 0.002 step of potential. 
The cyclic voltammograms of the SPCE modified with cortisol-MIP particles was indicated by the 
increase of redox peak at 0.2 V. The detection range of cortisol concentrations was from 1.28 to 20 nM 
with linear regression equation: ΔI = 1.92 × log[cortisol concentration] + 13.72 at a correlation 
coefficient of 0.9804 (Figure 3). As the results of FTIR spectra, cortisol-MIP particles could rebind 
other cortisol molecules. 

 
Figure 3. Cyclic voltammogram of MIP-modified SPCE responses to a wide range of cortisol 
concentrations from 1.28 nM–20 μM. Measurements were performed in 5 × 10−3 mol·L−1 

K3[Fe(CN)6]/K4[Fe(CN)6] in 1 × 10−1 mol·L−1 KCl. CV was scanned in potential ranging from −0.15 V to 
0.45 V at 0.02 Vs−1 scan rate with 0.002 step of potential. 

4. Summary 

This study revealed the achievement of core shell molecular imprinted polymer particles integrated 
on screen-printed carbon electrode to quantify the stress hormone, cortisol by hand held electrochemical 
device. The cortisol-MIP in particle form could enhance the surface area of cortisol binding cavities that 
allowed high performances of specificity and selectivity. The portable cortisol sensor exhibited 1.20 nM in 
detection limit to recognize steroids. According to their structures with feasibility and cost-effectiveness, 
this biosensor could therefore be developed to use in point-of-care testing. 
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