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Collagens play a pivotal role for the maintenance of structural integrity and in the determination 
of tissue function [1]. In skin, the dermis contains predominantly type I collagen and with lesser 
amounts type III collagen and type V collagen [2]. Type I Collagen is a fibrillar collagen that 
forms fines, isolated and oriented fibers in the papillary dermis and, thicker, crisscrossed fibers 
in the reticular dermis. With ageing, the collagen content decreases and its organization and 
functionality are progressively deteriorated [3]. Second-harmonic generation (SHG) is a 
nonlinear second order optical process combining the advantages of a non-linear microscopy 
approach with a coherent modality able to probe molecular organization of collagens in normal 
human skin and 3D reconstructed models. 

Different 3D skin equivalent models developed using bioengineering techniques are available 
today. Among them, our model, based on a collagen sponge scaffold, induce extracellular 
matrix synthesis, and present major interest for the visualization and the evaluation of active 
ingredients boosting collagen synthesis. In order to observe and control the quality of the 
fibrillar collagen organization in this model, we decide to use SHG technique that provides 
structural information without exogenous staining. We also evaluate the effects of an Origanum 
majorana extract, applied on this dermis model to reinforce the synthesis and spatial 
organization of collagen. 

In normal human skin, collagen fibers generate a strong SHG signal and form a very dense 
network throughout the dermis. In the reconstructed dermis model, the SHG signal allows the 
observation of thin fibers of collagen, with unfulfilled extracellular spaces. The treatment with 
Origanum majorana produces larger and denser type I collagen fibers filling extracellular 
spaces with a fully organized three-dimensional collagen network. This study demonstrates that 
SHG method is a suitable and informative method to evidence organized collagenic structures 
in human skin but also in 3D skin equivalent model for pharmacodynamics studies and 
evaluation of ingredient improving skin density and firmness.  
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Figure 1: SHG signal observed in 
human skin and reconstructed 
dermis treated or not with Origanum 
majorana extract 
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