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Fluorescence lifetime imaging microscopy (FLIM) has been developed and utilised over several 
decades with the fundamental principle of measuring the excited state lifetimes of fluorescent 
molecules to provide insights into the local environment of those molecules1-4. Its utility spans across 
multiple fields, from environmental sensing in biological systems, to fluorophore separation in multi-
colour microscopy, to characterisation of materials in material science5, 6. Beyond measuring the 
lifetime of fluorescent probes, the autofluorescence of endogenous fluorophores can be harnessed 
and measured to visualise metabolic states of cells and tissues without the need for exogenous 
labelling. Flavin adenine dinucleotide (FAD) and nicotinamide adenine dinucleotide (NAD) are 
metabolic cofactors that play a key role in cellular metabolism and are intrinsically fluorescent7-11. 
FAD and NAD are excited by a distinct wavelength range and upon excitation with pulsed lasers, 
fluorescence photons are emitted that can be detected using single photon sensitive detectors and 
recorded using time-correlated single-photon counting (TCSPC)12 electronics. Both FAD and NAD 
are metabolic substrates, acting as electron carriers in the electron transport chain during ATP 
production. These molecules bind to various proteins in the process of transferring electrons and 
this bound vs. unbound state affects their fluorescence lifetime values13. FLIM can therefore be used 
to measure the ratio of bound to unbound populations and provide an indication of metabolic state 
of the sample in question.
Autofluorescence FLIM has many advantages as a tool to investigate the metabolic states of cells 
and tissues over the more popular use of label-based fluorescence microscopy. These include:
• Reduced toxicity: Avoids the biological damage that can be caused by exogenous dyes.
• Increased physiological relevance: Captures the undisrupted state of cells and tissues, 
  as some probes can alter cellular behaviour and metabolic processes.
• Insensitive to instrument settings: Raw lifetime values are not influenced by settings such as	
  laser intensity or detector gain.
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• Availability of functional probes: There are limited widely available probes that investigate 		
  functional aspects of cellular metabolism. Whilst some are available, i.e. probes that are sensitive 	
  to mitochondrial membrane potential loss, they don’t cover all components of metabolic changes  	
  that could be taking place.
However, a key limitation of this technique is the lack of user-friendly turnkey instruments. It is most 
common for two separate systems to be paired together to conduct FLIM experiments and in this 
scenario, there can be difficulties with the integration and the communication of system A and system 
B. There is a need for instruments that are provided fully complete and ready to use, from design 
through to installation, application, and analysis14. Currently, most set-ups require data to be collected 
on one platform, and then independently analysed on a separate, in-house bespoke analysis pipeline. 
The Luminosa offers a single platform combining FLIM measurement capabilities, a compatible 
microscope and an integrated analysis software. This helps overcome accessibility issues involving 
interrupted workflows, including challenges associated with data analysis, particularly the need for 
specialised software and expertise.

 Figure 1:(A) Autofluorescence FLIM tiled image of mouse liver. Region 1 shows an example of a pericentral region,   		
               region 2 shows an example of a periportal region. (B) Distribution of lifetime values measured in nanoseconds  	
               (ns) across entire liver image. (C) The average lifetime following linear path measured in micrometers (µm)   	
               highlighted by magenta box, from region 1 to region 2.

For mouse tissue used in this report, all animal procedures were approved by institutional ethics 
committees and the United Kingdom Home Office (PPL P12F5C2AF). 20-week-old female C57BL/6J 
mice were used for the tissue shown in this report. For human tissue used in this report, human 
intestinal samples were collected during surgical resections for colorectal cancer. Written informed 
consent was obtained from all subjects involved in this study. This study was approved by the local 
Research Ethics Committee established by the Health Research Authority (REC reference 21/
YH/0206; IRAS project ID 301652). All tissue samples were fixed and images were acquired on the 
Luminosa single photon counting laser scanning confocal microscope (PicoQuant). Luminosa is a 
fully motorised microscope based on  an  modified inverted Olympus IX73 microscope-statif. Imaging 
was performed with a 60X water objective with Numerical Aperture (NA) 1.2 .
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For the excitation a  405 nanometer (nm) laser at a repetition rate of 20 MegaHertz (MHz) was used. 
A triple band major dichroic QB405/485/560 was used for directing the laser light to the sample while 
allowing for the transmission of fluorescence between 405 - 485 nm to enter the detection part. The 
pinhole size was 67 μm corresponding to 2.4 Airy Units. For the detection a 425LP filter was used 
before a single photon counting detector. The calibrated excitation feature of Luminosa allows for the 
exact determination of the power used for imaging i.e. 1.7 µW for all measurements presented here. 
For the liver sample the image acquisition settings were: 512 pixel x 512 pixel, pixel resolution of 371 
nm, pixel dwell time of 9.5 microseconds (µs), 5 frames per tile, 9 tiles. For the intestine the image 
acquisition settings were: 512 pixel x 512 pixel, pixel resolution of 342 nm, pixel dwell time of 19.5 
µs, 15 frames per tile, 9 tiles. Laser excitation power was adjusted such that photon count rates were 
maintained about 1% of the excitation rate to minimize electronic dead-time artifacts15. Analysis was 
performed with Luminosa software and the NovaFLIM advanced analysis package (PicoQuant).

Figure 2: Luminosa Single Photon Counting Confocal Microscope (PicoQuant)

When studying tissues, cells with distinct metabolic profiles (e.g. high vs. low metabolic activity) 
can be differentiated using autofluorescence FLIM. It is possible to identify different tissue-defining 
structures/compartments using their unique spectral signatures. When the lifetime data is integrated 
with this structural data, we can begin to understand more about specific metabolic patterns within 
the tissue environment. One example of this can be seen in the liver (Fig. 1). The liver is organised 
into hexagonal lobules with the central vein situated in the centre (pericentral) and the portal triad of 
vessels situated at the hexagonal vertices (periportal). Blood and nutrients enter the liver at the portal 
triad and drain from the liver at the central vein, and as a result the oxygen levels and metabolic 
conditions differ between these two regions16. Figure 1 represents this through lifetime measurements, 
with the metabolic state of cells in the pericentral region (Fig 1A. region 1) showing a distinct, lower 
average lifetime compared to the cells situated in the periportal region (Fig 1A. region 2). Building 
upon this qualitative depiction of metabolism, introducing techniques for quantifying these patterns 
provides a deeper understanding of the tissue state. A distribution of all lifetime measurements 
across the whole image gives an indication of the lifetime of a larger area of tissue (Fig 1B.), whilst 
looking at a cropped ROI uncovers how there can be a directional lifetime gradient (Fig 1C.), in this 
case showing a metabolic shift from the pericentral region towards the periportal region.

Luminosa Website
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Figure 3: A) Autofluorescence FLIM tiled image of human intestine. (B) Distribution of lifetime values measured in	    	
               nanoseconds (ns) across entire intestine image. (C) Distribution of lifetime values measured in nanoseconds  	
               (ns) within blue bordered ROI and magenta bordered ROI.

Figure 3A shows autofluorescence FLIM imaging of intestinal tissue. Regions of distinct average 
lifetimes are identifiable, and clear histological structures are recognisable making it possible to 
situate the high and low lifetime regions globally within the tissue.  Plotting lifetime distributions of two 
separate ROIs together allows for the comparison of average lifetime values of the regions (Fig 3C.). 
Stark lifetime differences such as these can be exploited when investigating disease progression for 
the study of diseases with a contributing metabolic component. One such example is cancer. There is 
an undisputed metabolic reprogramming a cell undergoes upon becoming cancerous17,18. Therefore 
autofluorescence FLIM can be utilised to distinguish tumour regions aiding in the diagnosis and 
management of colorectal cancers19. Another example of a disease with a key metabolic component 
that lends itself well to autofluorescence FLIM is metabolic-associated steatotic liver disease 
(MASLD). This is a disease defined by the overwhelming of cells with lipids, causing a metabolic shift 
and ultimately resulting in a mitochondrial hit20, 21. This renders autofluorescence FLIM a diagnostic 
tool to identify metabolic changes in cells before classic structural changes take place. In addition to 
this, FLIM microscopy can be used to investigate therapeutic effects in these same diseases.
In summary, FAD-based autofluorescence FLIM offers a powerful tool for non-invasive, label free 
imaging of cellular metabolism from single cells to tissues. By exploiting the sensitivity of FAD’s 
fluorescence lifetime to its redox state, we can gain valuable insights into the metabolic health of 
cells and tissues. The Luminosa is well-positioned to become a widely adopted FLIM and single 
molecule fluorescence platform in the biomedical sciences. Its robust design, ease of use for less-
experienced users, and advanced features for experts make it a highly versatile system. With its 
combination of user-friendly operation and sophisticated features, the Luminosa represents an 
important development in FLIM technology for core facilities seeking to enhance their imaging 
capabilities and offer their user best-in-class performance. As the needs for FLIM are increasing and 
FLIM finds more application areas and attracts the interest of more users, Luminosa is the ideal
choice aiming to integrate a best-in-class advanced dedicated system in their portfolio of microscopes.
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