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Imaging tissue with fluorescence

Aim: to detect or image different types of tissue or states of
tissue using optical radiation to achieve contrast

Intensity - f f t } , t | = F7(F+k)

Wavelength, % ~ hc/(E,-E0)

Lifetime, X = 1/(F+I«)

Difficult to make absolute
intensity measurements

- * > .

image i(Xt or [(•;; - relative measurements

Laser-induced fluorescence (LiF) imaging of

Fluorescence contrast

Most biological samples exhibit
"autofluorescence"

Challenge is to find an unambiguous
contrast between target and
background, e.g. normal and
malignant tissue

Tissue differences may be
enhanced using a contrast agent,
e.g. HPD, ALAS-induced
Pmtoporphryin IX

Waveiength-ratlometric laser-induced
fluorescence imaging of brain tissue

Wavelength ratiometric fluorescence
measurements reduce the impact of
scattering, since this is assumed to be
constant with wavelength - or can be
fitted to an assumed model

Experimental data from Limd,
Svanberg et al.

Spectrally-resolved fluorescence imaging

How to acquire spectral data cube (x, y, A)?

Scanning microscopy => serial pixel acquisition (single channel detection)

=> slow image frame rate

=? can use sophisticated detectors

s.g. upecti-ogrnph, sp&c{iX>msler, fTS with PMT, APD detectors

VWde-field (xy) imaging ^> parallel pixel acquisition (many channels)

=> high speed image acquisition

=> A requires one dimension => need to scan?

- acquit® K, A, scan y e.g, spsctsrsgrsph with CCO defectors

~ scquirvx. y. sc$v t: $.g £'/--si' vv/.^e( etectto-cpik: iJit^rwitn CCF.) z&iectots

- acquire x. y, sossi z: e.g. FTS sith CCD detectors

Wide-field imaging => parallel pixel acquisition
=> high speed data acquisition

\

Adjustable
field stop Dichroic

beamsplitter
\

filter
GOI photocathode

Multi-spectral imager provides 2-channel (up to 8) spectral resolution
- preserves whole-field 2D/3D imaging

(Dichroic beamsplitter may be replaced by a polarizing beamsplitter to provide
-fe/d images of time-resolved polarization snisotropyj

Imaging tissue with fluorescence

Aim, to detect or image different types of tissue or states of
tissue using optical radiation to achieve contrast

E, - Intensity -f{n}, Ti=r/(r+St:)

Wavelength, I, ~ bclfa-V,,)

Lifetime, X = 1/(F+fe)

Difficult to make absolute
intensity measurements

image [(>„& or I(i) - relative measurements



How to measure fluorescence lifetime?

Tiiine-domaini measurement

For single exponential

decay: Tp = Xm= T
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Fluorescencs Sifetime imaging technoiogy

time domain

Frequency domain
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Fluorescence lifetime imaging (FLiM)
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Uitrafast laser sources for FLiM

Tksapphire femtosecond laser (Spectra-Physics)

Diode-pumped uitrafast CnLiSAF laser
oscillator and amplifier system (FLOAT)

Blue diode laser (PicoQuant)

Dye samples:

Fluorescence
lifetime map: IIIII

4 ns

0 ns

FLiM of ffuorophore environment (viscosity)
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Quantitative whofe-fieid FLiM of [Huorophore] ratio

Pipettes with dye mixtures Two component decay:

I(t)= V*

Quantitative high-speed assays

e.g. hso-chips, HTS, DNA sequencing...
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E-GFP lifetime depends on local refractive index

Strickler-Berg-plot
Application to cell imaging?

-GFP lifetime depends on local refractive index
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Stretched Exponential Fynction

>=/„ exp

1363: F, Kohlrausch describes structural relaxation in glassy fibre,

1970; G. Williams & D.C. Watts describe dielectric relaxation in polymers,

since then: applied to earthquakes, galactic Sight emissions, economics,

biological extinction. Mi l l , ate.

Stretched Exponential Function

1.0
0.8 |

, 0.6
I
; 0.4

O2

V

heterogeneity h > 1

0 5 10 1S 2D 25 30
time (na)

hetsre-^snesty h '* w&ih

- wktii!

V.

Complex *!nor«soonce decay profiles in rat ear (x10)

Fluorescence intensity

Laplace transformation: I(t) »*Tj, p(x)
COW77W algorithm by S.W. Provencher: Comput. P/iys. Commun. 27. 213 (1982).
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How to represent yfetime* heterogeneity and
intensity information

«• * « <

H,S,L colour plot: H,S encode lifetime, L encodes intensity

FU&3 map Intensity map Res
Rat ear
(showing cartilage,
collagen and veins
arid arteries)

H,S,L colour plot: H,S encode heterogeneity, L encodes intensity

Rat tissue
(showing cartilage,
collagen and an
artery)

Spectrafiy-resoived FLiM of rat heart



CCD

Opf. Lett. 22 ffM7) J905

Only zero spatia! frequency does
" • not attenuate with defocus

=> spatially modulate whole-field image using grid

• • •
+A/3 +2A/3
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CCD

Op/. Left. 22 (1997) 190S

Only zero spaC/a/ frequency does
" • not attenuate vwth defocus

=> spatially modulate whole-field image using grid

S&€fiQn®?£ irnsg® Conventions! image

CCD
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Measured axial response

3-D f-LlM of 15 p,m fluorescent
micros pheres

Intensity
images

Conventional
Images:

Sectioned
images:
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3-D FLM of 4,S and 15 jiiti fluorescent

Image plane 1, z = 0 um
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Image plane 2, z = 4 um
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FLSM of EGFP m cell membrane

Optical sectioning ty structured Hlvminslion
Mark Neil et a!. Opt Lstt. 22 (1997) 1905



5-D flyorescence imaging of 4.5 p,tn & 1S jwn

Conventional images o Sectioned images

m

< 25jitn separation between planes 1 & 2

Time resolved fluorescence anisotropy Imaging

Anisotropy is defined by K0 = —

i MO

For a spherical molecule : r(t) = roe
 9

with rotational correlation time 8--

time
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Fluorescence Lifetime and Anisoiropy
imaging fFLAIm}; application to ce Îs?

FLIM map
Vertical excitation

CFSE stained B cells

Fluorescence
[total) lifetime map

FLIM imp
Vertical excitation

Rotational
correlation time map

Outiook for microscopy and biomsdScaf imaging

• More functional imaging
- FLIM and FRET, multi-spectral imaging
- Super-resolution
••• PSF engineering, e.g. 4 Pi microscope, STED

• Multi-modal microscopes
- Combining confocal microscopy with OCT, THG, multi-photon

fluorescence microscopy

• High-speed imaging
• Wide-field optical sectioning
••• Multi-foci microscopes

High speed cameras and multi-channel imaging

• Compact user-friendly low-cost laser technology

For more information^.

For a review of the development of ultrafast laser technology:

For a review of biomedical optics:

For a review of fluorescence lifetime imaging:

http://photoniC9.Ec.ac.uk Look for biomedioat optics pages and recent
conference presentations available online
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