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EVALUATION OF THE THERMAL STABILITY OF PROTEIN-CONTAINING HYDROGELS 
BASED ON SODIUM ALGINATE BY CYCLIC VOLTAMMETRY

E. A. Pogorelkina

Udmurt State University, Izhevsk

*  pogorelka0@gmail.com

Abstract
The effect of temperature on the electrochemical characteristics of toluidine blue (TB) in the medium of protein-containing 

(gelatin and bovine serum albumin (BSA)) hydrogels based on sodium alginate was evaluated. It was found that incubation of the 
gelatin-alginate hydrogel at 37 °C increases its permeability to TB, while the BSA-based hydrogel is more thermally stable.

Protein-containing hydrogels are a promising material for creating protease activity sensors, for example, for 
modifying electrode systems in electrochemical analysis [1]. In this paper, we propose a hydrogel based on sodium al-
ginate, a polysaccharide that acts as a matrix for a protein substrate of a target protease. Some proteases are more active 
at 37 °C than at room temperature, and the incubation of a modified sensor with the analyte at 37 °C allows to speed up 
the analysis. Therefore, it is important that the hydrogel is exposed only to proteolysis during the assay. To eliminate the 
effect of incubation temperature on the analysis results, it is necessary to evaluate the thermal stability of hydrogels based 
on sodium alginate containing gelatin and bovine serum albumin, which are used as model substrates. 

The work is based on the method of cyclic voltammetry, which is carried out using planar three-electrode systems. 
Toluidine blue (TB) is used as an electrochemical label, which diffuses to the electrode surface through the hydrogel, and 
the electrochemical activity of TB is measured on the electrode surface. The height of the oxidative and reductive peaks 
of TB in the obtained voltammograms depends on the permeability of the hydrogel, which makes it possible to estimate 
the density of the hydrogel at different temperatures. 

The working electrode of the planar three-electrode system was covered with a hydrogel containing 2 % (mass) of 
sodium alginate and 1.5 % gelatin and incubated at room temperature and at 37 °C for 20 minutes. Then, 10−4 M TB was 
applied over the hydrogel and the data from a potentiostat-microammeter were taken in the potential range of 0…500 mV 
at a sweep rate of 65 mV/s; 4 cycles were taken every 3 minutes. Measurements under the same conditions were carried 
out in a hydrogel medium containing 2 % alginate and 1 % BSA. According to the averaged data of 4 cycles obtained at 
the 20th minute of measurements, cyclic voltammograms characterizing the electrochemical behavior of TB in the medium 
of the observed hydrogels were constructed (See Figure). Using the eL-Chem viewer software [2], the heights of oxida-
tion peaks (negative current values   on the obtained graphs) and reduction peaks (positive current values) were estimated. 

* © E. A. Pogorelkina, 2022

Current-voltage curves of TB in the medium of the hydrogel: a — alginate 
2 % + gelatin 1,5 %, incubation at 37 °C; b — alginate 2 % + gelatin 1,5 %, 
incubation at room temperature; c — alginate 2 % + BSA 1 %, incubation 

at 37 °C. Tris-HCl, pH = 8,0. Potential range of 0…500 mV, a sweep rate is 
65 mV/s. Average data of 4 cycles on the 20th minute of the measurement
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In the medium of a gelatin-containing hydrogel incubated at 37 °C, the peaks of oxidation (Ip,ox) and reduction 
(Ip,red) are higher than the peaks obtained in the experiment with the incubation of the same hydrogel at room temperature. 
At a temperature of 37 °C, the reduction peak value Ip,red is 0.419 µA, and Ip,ox = −0.472 µA. At room temperature, these 
parameters were Ip,red = 0.218 µA and Ip,ox = −0.256 µA. This may indicate that the melting point of gelatin was reached at 
a temperature of 37 °C, as a result of which the hydrogel became more permeable to TB, which resulted in higher peaks of 
oxidation and reduction of the electrochemical label. In the hydrogel medium containing BSA and incubated at 37 °C, Ip,red 
and Ip,ox are 0.227 μA and −0.224 μA, respectively, and are close to the values obtained in the gelatin-containing hydrogel 
medium incubated at room temperature.

Thus, a hydrogel consisting of sodium alginate and BSA is more thermally stable than a gelatin-containing hydro-
gel, at least at a temperature of 37 °C, which makes it preferable to modifying electrode systems in the electrochemical 
determination of protease activity.
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