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ABSTRACT 
In the field of biophotonics the main goals are the control and processing of in vivo biological tissues and the monitoring 

of biomolecule dynamics. Two particular “pitfalls” are present: the dynamic multiscale organization and the photostress 

of the medium. Until now the state of the art of the pico-femtosecond systems designed to these applications shows that 

the changing laser technology has been only used as an add-on. Our approach is based on a bottom-up procedure and on 

the medium-centered knowledge. The range of neurobiological applications of ultrafast photonics extends from TRP 

(time-resolved propagation) to linear and non-linear TRE (time-resolved emission).  

The device combines a one kilohertz chirp pulse amplification laser system and a single shot streak camera. For discrete 

wavelength applications (TRE), the set-up is a SHG/OPG/OPA3/SHG design. In the case of TRP, the beam is focused 

into pure water to generate a white light continuum. After propagation through tissue, a single-shot streak camera with 

single photo-electron counting capability performs the picosecond time-resolved spectroscopy of the collected photons. 

Depending on the acceptable level of photostress, the integration time can extend from 33ms up to several minutes with 

a real-time control of the jitter and time drifts.  

The meaning of the TRE spectro-temporal image is particularly detailed in the 450-480nm excitation window in regards 

to the contributions of mitochondrial flavoproteins. 

This optical system fulfills the reliability and the sensitivity, conditions required for measuring opto-electronic quantities 

from freely moving animal at low irradiation. 

Keywords: Time-resolved spectroscopy, femtosecond laser, streak camera, in vivo monitoring, brain, neurophysiology, 

FADH, milk, water, fluorescence. 

 

1. INTRODUCTION 
Design optimization of a system means the modification of the structure and the parameters to minimize the total levelized 

cost of the apparatus under conditions associated with available materials together with the safety, reliability, operability 

and maintainability of the system. Optics technology and applications related to biomedical research and health care are 

a special case of optical system design. Biophotonics, the science of light in life sciences, has a history of success in 

solving clinical, biological and research problems in diverse applications through such products and techniques as 

microscopy, imaging, spectroscopy and fiber optics. One of the main particular trouble is the complexity of the medium. 

Moreover in the water spectral window from 200nm to 1000nm, the medium interacts with light via many 

photobiochemical and photobiomechanical pathways. To overcome these specific “pitfalls” (complexity and regulated 

photoactions), the optical system must reach the reliability and the sensitivity of the measured opto-electronic quantities 

at low irradiation. 
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Our efforts are focused on the monitoring of the activity of the grey nucleus or the cerebral cortex in freely moving or 

anaesthetised rodents and birds by optical methods. The understanding of the interactions between light and these tissues 

needs complex optical designs in order to obtain consistent measurable quantities.  

A fundamental principle underlying analysis and design is to consider complex systems (here the whole optical system 

&medium) as interconnected (linear or no linear) blocks with signals being conveyed between them, and modified by 

passage through the blocks. There are many levels of understanding possible in such a framework, and they are obtained 

by using tools such as differential equation modeling, Laplace transform analysis and impulse/harmonic response... 

With these tools it is well established that the use of constant signals is not sufficient to avoid artefact in complex system 

measurements. To get the optical transfer function of the target (mainly chromophores in tissue), the design of the 

instrument must get the best experimental responses to typical optical inputs: the Dirac delta function, the unit step input 

or the Heaviside’s function, the ramp input and the sinusoidal input (or other periodic signals). In this paper we focus on 

the proper use of the optical “near Dirac delta function”. The photo-electronic response comes up to the transfer function.  

In order to investigate the complex biological media like nervous tissue, two domains of optical techniques appear: 

(1) time-resolved propagation (TRP) 

(2) time-resolved emission (TRE) with linear and non-linear emissions, in particular fluorescence. 

1.1. Time-resolved propagation (TRP) 

Since the pioneering work1, neurometabolic coupling and neurovascular coupling have been studied by picosecond light 

transillumination. Visible and NIR spectral window could probe cerebral perfusion, oxygenation (saturation level) and 

the distribution of brain absorbers2. But until now, a reliable neuromethod based on intrinsic optical signals remains a 

challenge due to the multifaceted aspects of tissue optics.  

Intrinsic optical absorption has been less studied in regards to its heterogeneous spatial distribution. Homogenization of 

the heterogeneous absorption has been considered with basic phantoms3,4,5. Van Veen and Sterenberg6 described effective 

coefficient approaches to quantify the difference in absorption between homogeneously distributed and discrete 

distribution of blood. Many theoretical approaches have been presented to determine absorption changes in different 

compartments of a layered structure (homogeneous absorption coefficient in each layer) from spatial profiles of time-

integrated intensity and mean time of flight7 or from time and space-resolved mapping8. 

Brain could be described as a multi-scale porous medium in regards to photonic absorption (porous volume corresponds 

to non-absorbing volume). In the NIR window, absorption mainly depends of the distribution of red blood cells enclosed 

within discrete vessels with tissue specific angio-architecture. With injected exogenous chromophore the molecular 

distribution is limited to the whole vascular volume.  

In time-resolved measurements, the in vivo “averaged absorption” is often quantified with a limited number of 

wavelengths. Many optical instrumental designs (steady-sate, pulse, harmonic...) have been proposed: multi-point 

detectors and multi-point emitters. But until now, any of them has been approved for routine clinical use, i.e. Advanced 

Research Technologies Inc. is in the process of bringing to market SoftScan®, a digital imaging device which uses this 

Company's time domain optical imaging technology to detect and diagnose breast cancer. The first results of the pre-

clinical trial with McGill University were announced in June 26, 2003. And they are contrasted. One of the main recurrent 

limit is the use of few discrete wavelengths or in the case of steady-state apparatus, the lack of time-of-flight.  

We propose a new imaging solution for the direct measurements of chromophore (i.e. hemoglobins, flavins) or for the 

reliable detection of cancer (i.e. heterogeneity in absorbers concentration) without the adverse consequences associated 

with traditional technology. To get a wide spectral window with time-resolved measurements, an optical system is 

designed: a real-time broadband time-resolved spectroscopy where femtosecond white light continuum generation is 

combined with streak camera technology. And to minimize photostress, the streak camera works in single photo-electron 

counting mode.  

White light continuum was first observed by Alfano and Shapiro9. When the intensity reaches 1014-1015 W/mm2, the beam 

undergoes self-focusing with many no linear phenomena10. The beam breaks up into small filaments, while the spectrum 

of each filament increases until the radiation becomes white. Continuum is a very interesting source for ultrafast 

spectroscopy11. At high frequency, nJ pulses from a femtosecond oscillator can also induce continuum generation in 

tapered fibres12. The analysis of these optical systems designs leads to distinguish four domains: low repetition rate 

(<1kHz), —middle (1-100 kHz) , —high (100kHz-1MHz), —very high repetition rate (>1MHz). The optimization of the 

ratio counting rates/(thermal and chemical stress) is not easy. The very high repetition rate needs synchroscan streak 

camera. The repetition rate below 1MHz implies a laser with amplification stages. But the single shot streak camera 

tolerates many flexible and open modes. After the supercontinuum generation, its propagation is quantified by a streak 

camera. Many developments of streak camera technology occur in the field of ultra-speed photography with different 

trigger modes13. The first white light continuum time-resolved spectroscopy designed to tissue optics14 was at a low 
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repetition rate (10Hz). For medical and biological studies, two drawbacks of this low repetition rate could be underlined: 

1) high energy per pulse, 2) time of measurement above five minutes. The kHz design with chirped pulse amplification 

can easily perform different qualities of the supercontinuum. Other instrumental design could be discussed in the range 

of KHz to hundred MHz repetition rates. A kHz design is under patent protection15. The differential time-resolved 

spectrophotometry by SPE counting with white light generation is also under patent protection16.  

Theory 

The diffusion approximation is a well established basic approach in tissue optics17,8. The partial differential equation is 

the following heat equation:  

 

c is the group velocity equal to the speed of light (0.3mm/ps) divided by the averaged refraction index of the medium 

(n=1.4). µa is the absorption coefficient in mm-1. D = (3(µa+µs’))-1. µs’ is the reduced scattering coefficient in mm-1. µs’  

is usually far greater than µa. “D c” is the homogenized coefficient of diffusivity in mm2/ps. (r,t) is the photon density 

(number of photons/mm3 or J/mm3). (r,t) could be the fluence (J/(s mm2) and S0 must be homogeneous to a fluence. 

In the nIR window, the tissue absorption spectrum (µa= f()) mainly depends of the distribution of hemoglobins. If 

absorption properties could be homogenized then the solution is (in infinite medium (R3) and with S0 = spatial et temporal 

Dirac delta function):  

U(t) is the Heaviside’s function.  

This equation represents the shape of the output signal measured under ideal conditions, i.e. with an infinitely short pulse, 

a detection system with an instantaneous response, and with a spatial delta function at contacts with the volume probed. 

The measured signal S(t) is the convolution of the transfer function with the instrument response function.  

The photonic diffusion coefficient (Dc) is in the range of 0.02mm2/ps. The Fourier time is defined by tF= L2/(4Dc). At 

the end the fundamental dimensionless quantity is t/tF . 

In the case of typical length of propagation (10mm), picosecond time scale is required.  By comparison with mass transfer, 

i.e. oxygen in water at 37°C, the study needs a time scale of few seconds. (diffusion coefficient ≈ 0.03mm2/(10s)).  By 

comparison with heat transfer in tissue, the study needs a time scale of few hundred milliseconds (typical tissue thermal 

conductivity without blood circulation is equal to 0.015mm2/(100ms)).  

We use the solution of the diffusion equation with proper photonic boundary conditions published by Patterson et al18.  

If the signal shape is far less of this symbolic function, the need of tissue anatomy increases the difficulty of averaging 

chromophore concentration. The detection of absorbers heterogeneities is a complex task. In this paper we only focus on 

averaged absorption coefficient. 

 

1.2. Time-resolved emission (TRE) 

TRE systems are mostly optical molecular imaging devices to help pharmaceutical companies and research laboratories 

to better understand physiology and physio-pathology and reduce the development cycle for new drugs. 

Here we present the assessment of fluorescence occurring in the 500-600 nm window in a deep brain nucleus of freely 

moving animals. 

Why time-resolved analysis is so important in biophotonics, especially in fluorescence? It is well known that the use of 

constant signals, steady-state fluorescence, is not sufficient to avoid artefact in biochemometry19. In tissue optics, time-

resolved fluorescence allows a control of quantum efficiency stability or fluctuation and other parameters which lead to 

reliability20. 

Another step of tissue optics in freely moving animal could be imaging system21,22. But the meaning and the reliability of 

“one pixel” autofluorescence signal must be achieved. Does time-resolved spectroscopy allow a reliable link between the 

target (chromophore concentration, chromophore dynamics) and opto-electronic signals? Consistent answers23 imply a 

complex optical design. 

Either in TRP and in TRE applications, the real-time spectro-temporal approach is a robust way16,23 to get an “optical 

identity card” and a trustworthy relation between chemometry and photonics signals in the case of complex turbid media. 
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2. MATERIALS AND METHODS 
2.1. The setup 

The figure 1 presents the experimental setup. The laser system is composed of a mode-locked oscillator (Coherent, Mira 

or Vitesse, 760-840nm) and a chirp pulse amplification laser system (BMI-Thalès Alpha 1000). After the compression 

stage, this system produces 170 fs pulses (FWHM measured by autocorrelation) with 0.5 mJ/pulse at 1 kHz. 

After the chirp pulse amplification laser system, two systems are designed : — for TRE, an OPG/OPA system, — for 

TRP, a white-light generation.  

For discrete wavelength applications, mainly TRE, the set-up is a SHG/OPG/OPA3/SHG (SHG : second harmonic 

generation, OPG: optical parametric generator, OPA : optical parametric amplifier; all crystals are BBO) and succeeds in 

generating tunable UV-vis-nIR down to 230nm with more than 2 hours stability. The full tunable window is : 
Design    excitation wavelength available power 

SHG/OPG/OPA3/SHG  230nm-370nm,   >1.5 mW 

SHG    375 nm-410nm,   >150mW 

SHG/OPG/OPA3   425nm-700nm,    >  60mW  (in nIR, with the idler). 
 

In the case of real-time TRP, the pump beam is focused (focal length equal to 21 cm) into pure water to generate a white 

light continuum (450nm-950nm) with a power of more than 100mW with several hours stability. After continuum 

generation, a spatial filter composed by a circular diaphragm is used for removing the purple/blue ring of conical emission. 

Two fibres (0.3m length, numerical aperture 0.4, core diameter equal to 0.4mm) are at the calculated positions on the 

calvaria according to the Paxinos atlas24 in order to probe visual cortex, somato-sensory cortex or motor cortex. After 

propagation through tissues, the light is dispersed by a polychromator (270M, Spex Jobin-Yvon). A single-shot streak 

camera (Hamamatsu Streakscope C4334) with single photo-electron counting capability25, triggered with a fast 

photodiode, performs the picosecond time-resolved spectroscopy of the collected photons. The spectral window width is 

176 nm, according to the applications. The streak camera allows photoelectron detection with 2 ps time resolution per 

pixel and a full range of 1.127 ns. The typical one shot streakscope function response given by Hamamatsu is 14ps 

(FWHM). Each frame of the streak camera integrates 33 laser pulses. 

Depending on the acceptable level of photostress, the integration time can extend from 33ms up to several minutes. This 

wide range of accumulation time needs a real-time control of the jitter and the time drift. The data processing of the 

spectro-temporal images is a key step either for TRE and TRP.  

 

 

 

 

 

 

 

Fig 1: Optical systems design for tunable or broadband spectral time-resolved spectroscopy. 

Two optical fibres are used in TRP (Øcore=0.4mm). One optical fibre is used in TRE (Øcore=0.2mm). 
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      Fig 2: TRP with anaesthetized rat preparation.                            Fig 3: TRE with freely moving rodent (here a mouse).  

      Under stereotaxic conditions. An interhemispheric                              In the case of rat, two cannula on the head could  

      measurement is illustrated.                                                                    be used.  

 

 

 

2.2. Animal preparation 

 

The figure 2 and the figure 3 illustrate the animal preparations.  

 

For TRP experiments, male hairless Sprague-Dawley rats (350-400 g b.w., OFA-hr/hr, Charles River, Italy) are 

anaesthetized with isoflurane under stereotaxic conditions (Stoelting Co., USA) in order to achieve the best precision for 

the optical fibre positions and the neuro-anatomical conditions. The distance between the source fibre and the detection 

fibre is set to 5 mm. In this paper the cortical area investigated is the M2 motor cortex. 

In the case of TRE experiments, the freely moving animal preparation was previously published20,23.  
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3. RESULTS AND DISCUSSION 
3.1. TRP 

 

 

Fig 4: A typical time-resolved spectroscopy image of the instrumental response function (IRF) and derived from the dorsal rat head 

transillumination. The grey levels of the Z-axis give the number of SPE counts (single photoelectron: SPE) for each pixel.  

Grey becomes darker throughout the SPE counting. The spectrum is shown in part B. The figure C is the temporal shape of the 

spectral window 670-695nm. 

  

 

The figure 4 shows the instrumental response function and the results from in vivo rat head transillumination. This time-

resolved spectral image results from 25000 laser shots with a 1000Hz triggering signal. Here the wavelength window 

extends from 580nm to 756nm. The spectra (fig4-B) are uncorrected (no filter to flatten the spectrum, no correction of 

the spectral sensitivity of the photocathode). The temporal shape of the spectral window 670-695nm is shown in the part 

C of the figure 4. The full width at half maximum (FWHM) of the IRF reaches 30ps. 

For the time-resolved spectroscopy image derived from the dorsal rat head transillumination (right hemisphere), the 

distance between the white-light continuum and the optical fibre is 7mm. This image gives you an idea about these tissues 

are highly scattering and absorbing media. This figure clearly shows that below 620nm, the in vivo absorption coefficient 

is too high with our geometry (7mm). Comparisons with published data26 show a large difference between 670nm and 

633nm. These differences on the absorption coefficient are expected due to the high increase of hemoglobin extinction 

coefficient in this range. The relative decrease of the counting rate between 750nm and 620nm of the in vivo spectra is in 

the range of 600%. Below 620nm, even at high distances (≥10mm), time-resolved spectroscopic image presents residual 

SPE counts with short time-of-flight. The light transillumination method implies penetration and collection at the skull 

surface. Photons enter in the vascular and trabecular structures of calvaria (in rat 500-700µm depth). Due to the special 

trabecular structures, this layer presents a complex photon migration. After this bony surface, light reaches meningis and 

cortical structures. The residual SPE counts below 620nm could come from a skull layer effect.  

For a distance of 7mm and below 620nm, the in vivo absorption coefficient is too high and stops from doing a sufficient 

counting rate to get a reliable measurement. So the final choice is to set the window to 660nm. The geometry is put to the 

“inter-distance limit” which is equal to 5mm. In this case, classic theoretical calculus with homogenate medium 

hypothesis shows that the cortical layers are the most probable region probed. The investigation of layered media is one 

of the first steps for the resolution of neurovascular probing. If it is well established that the two homogenate layers 

problem is nearly solved27, it remains a challenge to give accurate answers to the following question in neurophotonics: 

where are photons killed by using the measurement of the photon survivors?  

 

The validation of the full system (experimental setup and spectro-temporal image analysis methods) has been performed 

with a simple model widely used in tissue optics, the semi-skimmed UHT milk. The figure 5 compares results measured 

with our design for Indian ink diluted in semi-skimmed milk and Indian ink diluted into pure water (same concentration 

measured with a steady-state spectrophotometer). The quantitative spectra are in agreement (see figure 5). 

IRF 
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Fig 5: Absorption spectra for Indian ink diluted into semi-skimmed milk with our setup  

and for Indian ink diluted into pure water with a steady-state spectrophotometer. 

 

With the distance between the source fibre and the detection fibre is equal to 5 mm, the analysis of the rat brain 

transillumination spectro-temporal images leads to the figure 6. In the spectral window from 660 nm to 810 nm, the 

spectra of four repeated measurements, their mean and standard deviation show the apparent homogenate scattering and 

absorption coefficients. The absorption coefficient extends from 0.075 mm-1 to 0.040 mm-1. Scattering is flat and the s’ 

is around 4.3 mm-1 for this spectral window. 

 
Fig. 6 Absorption and scattering spectra by in vivo time-resolved rat brain femtosecond white-light transillumination 

 

In neurobiology, the potential of this kilohertz method is that short pulses at visible and nIR wavelengths can be used for 

probing the complex superficial neurovasculature without excision of a portion of the skull and with a 25s time of 

measurement. With this integration time, the instrumental response function allows a 30ps resolution. The conversion 

efficiency {800nm->window of interest} remains limited to around 22% in our design without focal spot optimization 

(wavefront correction) and without optimizing the medium with salts and ions.  
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3.2. TRE 

Some TRE results were published in the case of the excitation between 337nm and 355nm23. The link between 

intramitochondrial NADH and TRE image has been detailed23. In this paper, some results in the “flavin spectral window” 

(excitation wavelength window 450-475nm) are described.  

The figure 7 illustrates the time-resolved emission spectroscopy of the Raphe Nucleus in the freely moving rat. The 

complexity of a such image needs other images acquired from more basic media.  

The figure 8 shows the spectro-temporal image of a limpid FADH solution in saline solution (20M).  

The figure 9 is the spectro-temporal image of semi-skimmed milk with an half dilution with saline solution in order to get 

similar scattering properties and flavins autofluorescence.  

The spectro-temporal image is shown at part A. The spectral shape and the temporal shape are respectively the part B and 

the part C.The excitation is performed at 450nm with 0.2mW at the tip of the optical fibre. In the case of figures 7 to 9, 

the acquisition time is respectively 90s, 360s and 100s in order to get the range of one hundred counts for the peak value 

of the temporal shape (550-565nm spectral window). 

The emission peaks near 550nm with different spectra and different decay-times.  

In regards to optical systems design research, one of the main problem with this design is the residual level in the emission 

spectral window. Due to a high scattering coefficient and the one optical fibre design, the signal is in competition with 

the back-scattering of the femtosecond parametric source. If the excitation is tuned to 475nm without moving the spectral 

window of the polychromator, this backscattering prevents the measurement. An optimized dichroïc mirror could reduce 

this noise. A definitive solution is to turn the source to picosecond pulse by reducing the spectrum in the stretcher and 

modifying the stretcher/compressor lengths and also the crystal lengths. With these changes and at 1ps, the tunability 

range is reduced, the fluctuation is twice more and the UV power is only 30% of the femtosecond value. Depending on 

the application and the spectroscopy requirements, the choice extends from 150fs to 1ps.  

In regards to biological analysis of these results, it is evident that this excitation spectral window needs new researches in 

particular involving the genetically encodable fluorophores (GFP, green fluorescent protein and its variants)28. It is not 

easy to see GFP in the sea of other fluorescent compounds in the cell. This cerebral endogenous autofluorescence is not 

only a “noise” but also a complex molecular signal! When animals are killed with a lethal dose of anesthetic, the apparent 

autofluorescence always decreases (results not shown). In the case of NADH autofluorescence, the signal increases20.  

Tissue optics studies have grown dramatically for the last ten years, particularly in brain optics29. Mainly four phenomena 

have been "under the light": absorption , fluorescence, scattering and photo-acoustic. Spontaneous emission in tissue is a 

phenomenon where absorption and scattering play a major role. So interpretation of tissue fluorescence needs careful 

biophotonic analysis in order to link photo-electron signals to biological events and quantitative data. For this goal time-

resolved emission spectroscopy is well suited in the field of in vivo neuro-energetics23. Acquiring in real-time both spectral 

data and temporal shapes allows decorrelation of the effects of molecular absorptions, inner filters and complex tissue 

scattering (vascular compartments, extracellular compartments, etc...). The fluorescence analysis in high scattering media 

is also an old hot topic in biophotonics30. More and more biologists want to join molecular assessment to fluorescence. 

They expect linear regression between photonic signals and concentration in a definite domain, which depends on whole 

animal or tissue and or cellular models.  

The green autofluorescence might rely on mitochondrial oxidised flavins. Previous studies investigating flavin 

fluorescence used an excitation peak at 460 nm, eliciting a fluorescent peak at 560-580 nm31,32  

Chung et al.33 showed that cerebral cortex of rat exhibits two fluorescence peaks at 520 and 630 nm, corresponding to 

excitation at 440 and 490 nm, respectively, and they assume that the most likely fluorophores potentially representing 

these two peaks are flavin and porphyrin respectively. Scholtz et al.34 have shown that more than 90 % of the tissue flavin 

fluorescence change is due to mitochondrial flavoproteins. Rat mitochondrial enzymes present numerous different 

enzyme-bound flavin35. Mitochondrial flavin fluorescence originates on the basis of different optical and electrochemical 

properties from three oxidized flavoproteins36: the NAD-dependent a-lipoamide dehydrogenase, the CoQ-dependent 

electron-transfer flavoprotein and a fraction exclusively reducible by dithionite, the latter fraction may correspond to 

cytochrome b5 reductase, a flavoprotein of the outer membrane of the mitochondria. Contributions of other mitochondrial 

flavoproteins to the overall flavin fluorescence signal can be neglected35. Moreover, in rat brain mitochondria, the 

spectrum of some electron-transfer flavoprotein is almost absent36. Then, green autofluorescence of rat brain could come 

from the NAD-dependent a-lipoamide dehydrogenase and the fraction exclusively reducible by dithionite. The 

perspective is to precise the origins of this endogeneous emission by neuropharmacological drugs. 
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         Fig. 7: The spectro-temporal image 

         of the raphe nucleus autofluorescence 

         under 450nm excitation wavelength 

         with freely moving rat preparation. 

           

 

 

 

 

 

 

 

 

 

 

 

 

 

 
         Fig. 8: The spectro-temporal image 

         of a FADH 20M solution 

         under 450nm excitation wavelength 

          

           

 

 

 

 

 

 

 

 

 

 

 
         Fig. 9: The spectro-temporal image 

         of the semi-skimmed milk autofluorescence 

         under 450nm excitation wavelength. 

         The semi-skimmed UHT milk is half  

         diluted by saline solution. 
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Considering that only the oxidized forms of the flavins are fluorescent36, the intrinsic autofluorescence signal from 

flavoprotein in the mitochondrial respiratory chain may be used to detect changes in the oxygen supply-demand ratio37. 

Based on steady-state spectroscopy and histology, this bibliographic analysis of the link between green autofluorescence 

signal and the tissue distributions of flavoproteins opens the door to the complexity of biophotonics.  

Based on time-resolved fluorescence, it is well known that even in “quiet” limpid solutions, photophysical properties of 

flavoproteins are also complex38. In vitro free or bound-flavins quantum efficiencies are very sensitive. It is beyond this 

article to discuss the complex free- and bound-flavins photophysics but with our in vivo method, we have observed no 

significant temporal shape and fluorescence decay-time variations under stimili (results not shown).  

The use of the fluorescence under two photon absorption could be an interesting next step.  

At the end the brain flavin autofluorescence signal may be closely related to cellular metabolic activity33. The next step 

is the two photon imaging to a depth of 1mm in living brain39. 

 

 

4. CONCLUSION 
 

4.1. TRP 

 

The TRP design is reliable for the measurement of absorption spectrum in highly scattering media as semi-skimmed UHT 

milk. Measurements in rat motor cortical area need a more complex analysis. For in vivo studies, between the injection 

fibre and the collection fibre set to 5 mm, the range of <µa> and <µs’> as function of the wavelength reported in this work 

falls within the usual range, respectively 0.040-0.075 mm-1 and 4.3 mm-1 for the 660–810 nm spectral window. By 

comparison with extinction coefficient of hemoglobins, a range of the concentrations of oxygenated and deoxygenated 

hemoglobin could be deduced from these time-resolved measurements Real time monitoring down to one second, is the 

next step for this defy.  

 

4.2. TRE 

 

Rapid assessment of the metabolic changes occurring within defined brain regions of unanesthesied animals with a 0.2 

mm spatial resolution which correspond to nuclei dimension, and sub-second resolution, is of wide interest for 

neurobiologists to link behaviour and neurophysiology. The deal is to allow identification and real-time following of 

interesting neuromolecules. Research in ultrafast biophotonic systems design will help this challenge.  

To our knowledge, the method and the optical design reported here are the first ones allowing identification and following 

of “flavins” in deep brain tissue of unanaesthetized rats, and potentially of any freely moving vertebrate. FAD/FADH2 

turnover measurement, together with the assessment of NADH variations, constitutes an outstanding tool to explore brain 

metabolic changes in vivo in relation with behaviour.  
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