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Mimicking the dynamics of the cell microenvironment via 
electromechanically active and microporous polyHIPE-PEDOT 

scaffolds 

Abstract   

In vivo, cells are surrounded by an extracellular matrix (ECM). Signals from the ECM such as biochemical or biophysical cues regulate cell behavior significantly. Although, 3D cell cultures offer biologically superior 
structures, there is still a lack in the transmission of dynamic mechanical signals that exist in the microenvironment of cells in vivo. The aim of this work is to develop a 4D microporous and electroactive scaffold as an 
innovative cell culture platform that enables the in situ electromechanical stimulation of cells and monitoring of the cell behavior. For this purpose, a 3D microporous scaffold is obtained from the polymerization of a 
high internal phase emulsion template. This so called polyHIPE is characterized by a high interconnectivity and a suitable porosity for a rapid cell colonization. In a further step the polyHIPE-scaffold is functionalized 
with a conducting polymer, the poly(3,4-ethylenedioxthiophene) (PEDOT). The functionalization leads to a 4D electroactive polyHIPE-PEDOT scaffold with stimuli-responsive properties such as changes in shape, 
morphology and pore size under external stimulation. Our results show that the stimulation process is reversible, stable and generates volume variations up to 10% on the scaffolds. Furthermore, the polyHIPE-PEDOT 
scaffolds support cell adhesion, spreading, migration and the cell viability is not affected by 5h of electromechanical stimulation. 
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Synthesis of polyHIPE-PEDOT scaffolds 
 

 
“4D cell culture platform”   
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polyHIPE-PEDOT 
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mechanical stimulation of cells in vitro due to 
expansion and compression of scaffold  

3D-actuation  

pore 

intercon-

nection 

polyHIPE scaffold  

polyHIPE-PEDOT  
scaffold  

polymeric scaffold: 
• Highly micro-porous  
• Interconnective 
• Soft  

electroactive 
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Electrochemical stimulation of the polyHIPE–PEDOT scaffolds   

polyHIPE-PEDOT 
scaffolds 

• Reversible mechanical actuation of the scaffold due to electrochemical reaction 

• Migration of ions causes expansion and compression of the scaffold  

applying low voltage 
differences: ± 1,7V  

electrolyte = cell culture medium 

expansion 
applying positive voltage  

insertion of anions 

oxidized state 

potentiostat CE/Ref. 

compression 

applying negative voltage  

expulsion of anions 

reduced, neutral state 

Tracking the actuation behavior  
 

Cell behavior of human dermal fibroblasts after 5h of electro-
mechanically stimulation in vitro  
 neutral state  

(reduction)  
= compression 
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(oxidation)  
= expansion 
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porosity = expanded  
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microscopic window 

white pixel = scaffold 
black pixel = porosity  
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Conclusion 
• 4D microporous and electroactive scaffolds were successfully processed by the functionalization of a 

polyHIPE-scaffold with a conducting polymer 
• Actuation behavior could be tracked by LSCM and image analysis  

 
• PolyHIPE-PEDOT scaffolds showed same actuation response at WE as well as at CE/Ref.  
• 5h of electromechanical stimulation had no cytotoxic effect on human dermal fibroblasts 
• Electromechanical stimulation lead to changed cell phenotype of human dermal fibroblast, characteristic 

for cell migration  

poly(ethylene glycol)  
diacrylate (PEGDA) trimethylolpropane  

tris(3-mercaptopropionate) 
(TMPTMP) 

organic phase = 
external phase 

(20vv%) 

aqueous  phase  
= internal phase (80 vv%) 

1 Precursor solution 

solvent  

2 

photoinitiator surfactant  

High internal phase emulsion (HIPE) 3 4 UV-irridation Vapor phase swelling 

5 
Oxidative polymerization 
with 1,5 M aqueous FeCl3 

polyHIPE scaffold 

• PolyHIPE-PEDOT scaffolds showed 
direct response to electrochemical 
stimulation 

• Alternating expansion and 
compression at WE/CE 

• Reduction/oxidation time 
determines actuation frequency 
and  volumetric expansion 

 

working electrode (WE) counter electrode (CE) 

• 5h of electromechanically stimulation had no cytotoxic effect on cells 
• Stimulated human dermal fibroblasts showed bleb-based cell motility  

square wave potential: 
Δ E = ±1.7 V, 30 – 90 s 
per ox./red. cycle 
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Cytotoxicity via DNA-assay 

* scale bar 50 µm 

p
o
ly
H
IP
E

p
o
ly
H
IP
E-
P
ED

O
T

p
o
ly
H
IP
E

p
o
ly
H
IP
E-
P
ED

O
T

p
o
ly
H
IP
E

p
o
ly
H
IP
E-
P
ED

O
T

EDOT-
droplets 

polyHIPE-scaffold 

EDOT- 
vapor 

50°C 
polyHIPE- 

PEDOT scaffold 
6 Washing and vacuum drying  

polyHIPE- 
scaffold 


