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Multiphoton fluorescence lifetime microscopy is a powerful tool for non-invasive, label-free 
functional imaging in cells and tissues. Quantitative functional information on cellular metabolic 
activity can be obtained by characterizing the endogenous fluorescence of NADH (reduced form 
of nicotinamide adenine dinucleotide) and FAD (flavine adenine dinucleotide). These two 
metabolic coenzymes are involved in the cellular energy production pathways such as glycolysis, 
Krebs cycle and oxidative phosphorylation. Different metabolic indicators can be defined based 
on their fluorescence intensities and lifetimes. The intensity based RedOx ratio 𝑁𝐴𝐷𝐻𝑁𝐴𝐷𝐻+𝐹𝐴𝐷 is 
used as an indicator of oxidation-reduction potential of a cell. The NADH and FAD fluorescence 
lifetimes depend on whether they are in a free or bound state; the free/protein-bound ratio of 
NADH and FAD, extracted from the lifetime data, indicate the metabolic pathway. 
We applied this method to the study of the effects of UVA light in reconstructed human skin (T-
Skin™ model, Episkin™). The experiments were performed in both stratum granulosum and 
spinosum layers, before and after (30 min and 2h) UVA exposure (20 J/cm²; 20 min exposure; 
320 – 400 nm). The figure below illustrates the results. 

 
We observed similar 
effects in both 
epidermal layers: 

• Decrease in the RedOx 
ratio at 2h after UVA 
exposure; 

• Increase in the 
amplitude-weighted 

average lifetime 
𝜏𝑎𝑚𝑝=𝑎1𝜏1+𝑎2𝜏2 for 
NADH at 30 min and 
for FAD at both 30 min 
and 2 hours following 
UVA exposure; 

• Increase in the 
proportion of protein-

bound NADH at 30min, and 
in the proportion of free FAD at both 30 min and 2 hours following UVA exposure; 

 
 
This study shows that the effects of UVA light on epidermis, can be non-invasively evidenced 
and followed overtime using NADH/FAD multiphoton FLIM imaging method. Altogether, these 
data indicate that epidermal cells respond to UVA light by promoting oxidative phosphorylation, 
the faster metabolic pathway for ATP production. 


