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The interest in small animal fluorescence imaging has
increased considerably in the last decade thanks to the
development of several applications in the study of gene
expression, metabolism, disease models, drug delivery,
and treatment efficacy. A common issue encountered
when performing quantitative in vivo imaging is the
elimination of tissue autofluorescence. The other is the
proper separation of free and bound biomarkers that
target specific organs or disease tissue.

Using a time-resolved in vivo fluorescence imaging
platform, we present a lifetime-based method to
separate signals due to tissue autofluorescence. We
also demonstrate the ability to distinguish free
biomarkers from those that are bound. With time-of-flight
information, we quantitatively recover the 3D distribution
of the biomarker.

Mouse model and imaging agents

� A near infrared dye, Cy5.5, is chosen as the
fluorescent label to minimize signal loss due to tissue
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Figure 3 . Example of reconstructed 3D volume distribution of
the fluorescent agent accumulated in the liver and bladder
superimposed on a mouse profile. Colour scale represents the
relative concentration level.

fluorescent label to minimize signal loss due to tissue
absorption.

� A liver-specific biomarker is conjugated with Cy5.5.

� The Cy5.5-labeled and liver-targeted agent is injected
through the tail vein to several CD1 adult nude mice.

Imaging system

The mice are imaged in a time-domain in vivo small-
animal fluorescence imager. Detailed description of the
system can be found elsewhere[1-3]. Briefly:

� pulsed diode lasers are used as a light source;

� a photomultiplier tube coupled with a time-correlated
single photon counting (TCSPC) system is used as a
time-resolved fluorescence signal detector;

� a combination of filters is installed in the system for
fluorescence spectral separation;

� a translation stage and galvanometric mirrors enable
raster scanning along the x and y directions.

Imaging protocol

� The mice are first imaged before injection of the agents
to evaluate the tissue autofluorescence;

� Then the mice are imaged at various time points post
injection, as indicated in Figure 1; The time interval
between two whole-body scan is as short as 7 minutes.

Image processing

� The acquired data are analysed using a commercial
software package specialized in time-resolved in vivo
fluorescence imaging data;

� The intensity signals are normalized to the same
excitation laser power and image acquisition time;

� A special procedure is applied to recover the
fluorescence lifetime [4];

� The agent distribution in each mice is obtained by 3D
reconstruction of the TD data.
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Figure 2 . Examples of reconstructed 3D distributions of the fluorescent agent
accumulated in the liver and bladder. Colour scale represents the relative
concentration level. To see the volume more clearly, the mouse profiles are not
shown. Distributions are highly mouse-dependent, and are not necessarily
linearly correlated to intensity due to different photon path lengths in tissue.

� Several mice were imaged at many time points post
injection using a TD in vivo fluorescence system;

� Using fluorescence lifetime, we differentiated the
fluorescence signals from biomarker-bound Cy5.5, free
Cy5.5 and autofluorescence, independently of signal
amplitude;

� Using the 3D reconstruction results, we successfully
quantified the relative distribution of a liver-specific
biomarker in the mouse body over time post injection;

� We demonstrated that using time-resolved
fluorescence imaging one can conduct quantitative
evaluation of drug pharmacokinetic behavior in vivo.
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Figure 4 . Time course of the relative distribution of injected
agent in one of the mice. The numbers are obtained from the
total concentration confined in the reconstructed 3D blobs
similar to those shown in Figure 2. The tail-vein injected liver-
specific biomarker accumulates in the liver through the
bloodstream within 25 minutes post injection.

Figure 1 . Fluorescence intensity (top) and lifetime (bottom) images of the 3 mice
studied. The images were acquired before and at various time points post
injection of a Cy5.5-labelled biomarker, as indicated at the top of the images. In
terms of intensity, tissue/food autofluorescence is weak in the near infrared
spectral range. After injection, the fluorescence signal in the liver region is strong,
with some signal visible in the bladder. Lifetime images indicate that the signal in
intestine has lifetime >2ns due to food autofluorescence, while the signals in the
liver (lifetime ~1.4-1.7ns), bladder (lifetime <1.6ns), and bloodstream (lifetime
~1.7-1.9 ns) are respectively from biomarker-bound Cy5.5, free Cy5.5, and the
mixture of Cy5.5 with tissue/food autofluorescence.


