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Regulate the human skin elasticity by weak electric field 
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Materials & Methods: 

IV. Collagen in tissue  

I. Electric field stimulation 

 The platinum electrode was immersed 

directly in cell medium to apply an electric 

field stimulus.  

 EF  –   Strength : 100 mV/mm 

                 Time :  0 ~ 1,800 second 

 Experiments was observed after 24 hours of 

stimulation. 
Fig. 1 Schematic of EF system 

II. Western blotting analyses 

 Analysis of expression level of skin elasticity-related proteins (collagen typeⅠ& Ⅶ, 

elastin, and fibrillin)  

 F-actin & G-actin. 

III. Elasticity of cell and artificial skin 

 Cell was fix by 4%paraformaldehyde. 

 To measure the elasticity of HDF, press 

the cell with an AFM tip as shown in Fig. 

2A. The force distance (FD) curve was 

measured to extract the elasticity of the 

cell. 

 The elasticity of the artificial skin was 

measured using a Rheometer. Fig. 2B. 

Fig. 2 Elasticity measurement of cell using AFM (A,C) and artificial 

tissue using rheometer (B,D) 

 Thickness –  The artificial skin was stained with Sirius Red stain following standard 

procedures for histological analysis. 

 Content –  Quantitatively analyze the change in collagen by dissolving artificial skin 

using a total collagen assay kit. 

Results & Discussion:  

Introduction:  

Fig. 3 Expression levels of elasticity-related protein collagen type Ⅰ(A), 

collagen type Ⅶ(B), fibrillin (C), and elastin (D) 

I. The expression levels of biomarkers of cellular elasticity 

 The mRNA expression level of 

procollagen type Ⅰ increased in 

response to the EF in both cells. 

(Fig. 3A) 

 Collagen type Ⅶ decreased by EF 

in young HDF, while it increased 

after 30 sec in old HDF. (Fig. 3B) 

 In young HDF, fibrillin and elastin 

increased by EF stimulation up to 

60 sec and decreased at 120 sec. 

 In contrast, in the old HDF, fibrillin 

and elastin did not show significant 

changes and were slightly 

decreased compared to the control 

group. 

Fig. 4 (A) Change in Young’s modulus as a function of electrical stimulation time in 

young and old HDF, respectively. (B) Change in F-actin as a function of electrical 

stimulation time in young and old HDF. 

Fig. 5 (A) Thickness of artificial skin and (B) total collagen 

concentration as a function of EF stimulation time.  

Fig. 6 Storage modulus(G’) of artificial skin as a function of EF 

stimulation time at specific strain of 1.0, 10.0, and 40.0%. 

II. Change of cellular elasticity 

 Young HDF increased Young’s 

modulus at 15 and 120 sec, 

and at 30 and 60 sec, they 

were similar to the control 

group. (Fig. 4A) 

 In the old HDF, the Young’s 

modulus gradually increased 

up to 60 sec by EF stimulation 

and decreased at 120 sec. 

 F-actin is the main factor that regulates cellular elasticity. We confirmed that old HDF 

increases F-actin in all conditions by EF stimulation. 

 However, the young HDF showed no significant change or decreased compared to the 

control group (Fig. 4B) 

III. Alteration of artificial skin collagen 

 The Thickness change of artificial skin by EF stimulation 

was investigated by histological analysis. 

 When an EF was supplied for 600 sec, the thickness 

increased on the 1 and 5 days after stimulation. 

 However, at 1800 sec, thickness was similar to the 

control group (Fig. 5A) 

 The total amount of collagen in the artificial skin showed 

a slight change induced by EF stimulation (Fig. 5B) 
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IV. Elasticity of artificial skin 

 EF stimulation changed the viscoelastic 

properties of artificial skin.  

 The viscoelasticity of artificial skin increased 

in all conditions up to 600 sec of EF 

stimulation.  

 However, at 1,800 sec, the viscoelasticity 

decreased in all conditions (Fig. 6). 

1800 

The cellular elasticity of HDF was changed by EF, and the change showed dependency on 

the cell ages.  F-actin contents were also changed by EF stimulation; however, the changes 

of F-actin showed no relation with the cellular elasticity. The thickness and content of collagen 

in the artificial skin were affected by EF stimulation, which resulted in viscoelastic changes of 

the skin. 

The elasticity of human skin has been suggested as an indicator of health and aging. Skin 

elasticity indicates skin’s ability to stretch and snap back to its original shape. Skin loses 

elasticity by aging or external stress, such as sun exposure, air pollution, poor nutrition, and 

smoking [1,2]. Various skincare products (collagen supplements, retinol, etc.) have been 

developed to improve or restore skin elasticity. Electric field (EF) stimulation has been used 

to change biological functions (proliferation, regeneration, etc.) of cells and tissues [3–8]. 

Previous studies have confirmed that EF stimulation affects cell elasticity and increases 

collagen production in skin tissues [4,9]. Therefore, EF stimulation is suggested as non-

invasive skin therapy.  

This study investigated the elasticity change of human dermal fibroblast (HDF) and artificial 

skin induced by weak EF stimulation using Atomic Force Microscopy (AFM) and rheometer, 

respectively. The effects of EF on the expression level of elasticity-related proteins were also 

analyzed, including collagen typeⅠ& Ⅶ, fibrillin, and elastin.  
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