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Abstract

Scanning electrochemical microscopy (SECM) is a technique of interest to ob-
tain information about chemical, electrochemical, kinetics and topographical activ-
ities of materials. Even though this technique is applied to non-biological systems, 
as in studies of metal corrosion, recently it has been enhanced, being widely used 
in research labs using cell culture. In general, this technique analyzes and tracks 
the electric current using ultra/microelectrodes placed near the surface of a sample 
submerged in electrolyte solution. The action of electrical signals has extensive rela-
tionship with the human body, its physiological effects are based on the consequent 
improvement of nutrition, oxygenation and cells metabolism as a whole, and these 
signals also stimulate fibroblasts to produce more and better collagen. Therefore, 
this study was based on in vitro monitoring of electrochemical current in fibroblasts 
cell culture before and after use of cosmetic formulations containing ingredients 
for anti-aging treatment. Electrochemical current was evaluated in cell culture of 
fibroblasts by scanning cells surface and using chronoamperometry technique to 
measure the electrochemical current, using three different cosmetic formulations 
treatment: tonic, gel cream and serum, applied separately and also in combined use, 
in order to verify the change of bioelectricity.
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1. Introduction

Knowledge of bioelectric current is essential in order to understand funda-
mental processes of cellular life. These signals are capable to control cell activity 
or establish communication operating in various physiological processes, also act-
ing on the skin. Effects of these signals are based on the consequent improvement 
of cells and tissues nutrition, oxygenation and metabolism, another effect is stim-
ulus of fibroblasts to produce more and better collagen.

Different techniques are used to measure bioelectric signals and recently the 
electrochemical microscopy has been used in research laboratories mainly for 
analysis in cell culture. This technique consists in monitoring the electrochemical 
potential or current using a microelectrode positioned close to the surface of a sol-
id substrate (like metals) or biological membranes, both immersed in a solution. 
The operating principle of the microelectrode involves the shift in x, y (scanning 
of the surface) and z-axys (approach) at constant speed. 

In vitro studies related to electrical signals on the skin are intesnded to elu-
cidate the cellular communication regarding cells ability to store and/or maintain 
a potential of action along the plasma membrane. Malfunction in bioelectric cur-
rent transport can cause loss of important functions involved in cellular aging 
mechanism. 

Therefore, the purpose of the present study is to evaluate electrochemical 
current variation, using SECM, in a cell culture system treated with cosmetic for-
mulations containing treatment ingredients.

2. Materials and methods
experiment was conducted using Human neonatal Dermal Fibroblast (HDF) 

from Cascade Biologics. The glass slide was supplemented with fetal bovine se-
rum (GIBCO) for 24 hours at 37°C under CO2. Then the slides were treated with 
three formulations containing cosmetic ingredients separately and in a combined 
use for the achievement of measured current through SECM. 

 In order to determine the applied reduction potential, a cyclic voltamme-
try was realized using buffer PBS (Phosphate buffered saline),mediator Hexaam-
mineruthenium III Chloride [Ru (NH3) 6CL], for working electrode was used a 
platinum microelectro with 10µm of diameter, a platinum coil as a counter elec-
trode and a reference electrode of Ag/AgCl. A linear z-scan was also performed, 
using approach curve and scanning X/Y with the polarized electrode -250mV and 
Ag/AgCl as reference electrode. A chronoamperometry was also performed to 
measure the electrochemical.
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3. Results and discussion

Microelectrodes distance on cultured HDF cells was optimized for 9μm and 
electrochemical current on the top of the cells were between -0.257 and -0.327 
nA. These values were used as controls for subsequent evaluations and also as a 
control experiment to confirm no changes in microelectrode measurements and 
cells adhesion to glass slide during all the experiment.

The cosmetic formulations containing treatment ingredient were named “ 
T” for tonic , “S “ for the serum , “ G” for the gel , “ TSG “ for combined usage 
of all three formulations, and “TS “ for combination of tonic and serum. Table 
1 shows electrochemical current variations in cell culture (HDF) before addition 
of formulations, after separated addition of each formulation and in a combined 
formulation.

Table 1 Variation of electrochemical current on cell culture, before and after the addition of cosmetic formulations 
containing treatment ingredients.

Parameters

T S G TSG TS

Cell 
Culture

Cell 
Culture

Cell 
Culture

Cell 
Culture

Cell 
Culture

Electrochemical current 
on cell culture (HDF) 
before treatment (nA).

–0,281 –0,309 –0,281 –0,315 –0,301

Electrochemical current 
on cell culture (HDF) 
after treatment (nA).

–0,563 –0,441 –0,567 –0,519 –0,523

Electrochemical Current 
Variation (%). 100% 42% 101% 65% 74%

The greatest variations in electrochemical current under cell culture occurred 
with the addition of tonic (T) and gel (G) having approximately 100% during 
20 minutes exposure. Addition of serum (S) showed the lowest current variation 
(42%), but with the combined addition of tonic (T) together with gel (G) or tonic 
(T) together with serum, an increase in current was detected, respectively to 65 
% and 74 %.

Initial values were maintained, even after addition of treatment formulation. 
This was verified by cyclic voltammetry, keeping the same optimized distance of 
9µm between microelectrode and cell culture, reaching the same position of elec-
trode while was into electrolytic solution before treatments. (Figure 1).
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Figure 1 Illustration of microelectrode placement in the analysis by SECM before and after  
addition of treatment formulations.

Note: A: Microelectrode position near of solution surface (electrolyte solu-
tion = PBS + mediator); B: Microelectrode in the bulk of solution; C: Contact 
position with glass slide; D: Optimized position of 9µm on culture cells tissue; E: 
Evaluation position (before and after treatment) of electrochemical current of the 
top cell; F: Checking position after treatment by chronoamperometry; G: Check-
ing position after treatment through cyclic voltammetry.

4. Conclusion
Reported amount of electrochemical current in cell culture of fibroblasts af-

ter exposure to cosmetic formulations containing treatment ingredients showed 
bioelectrical change in cells, and that this is essential for processes cellular life. 
The separate addition or in combination of three different formulations, tonic 
(T), gel (G) and serum (S), increased electrochemical current in the cells, enabling 
a better understanding of main functions maintenance in cells. Furthermore, the 
use of Scanning electrochemical microscopy (SECM) technique has proved to be 
effective in monitoring electrochemical current in biological systems. 
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