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The emergence of new animal models that mimic human disorders (neurodegenerative
diseases, tumour growth, neuropsychiatric disorders) have enabled new fundamental and
therapeutical approaches of these diseases. Mice, rats or guinea pigs have become
progressively ubiquitous participants in most areas of molecular biology, toxicology and drug
discovery research. Well-characterized models have been thus developed for a wide range of
diseases to offer the possibility of studying their fundamental mechanisms as well as to test
potential drugs. The mouse, in particular, has become a key animal model system for the
study of development and human disease [1-4]. It offers the possibility to manipulate its
genome and produce accurate models of many human disorders resulting in significant
progress in the understanding of human diseases. In neurobiology, the possibility to mimic
neurodegenerative diseases with rat models has permitted the devel opment and the assessment
of new therapeutic strategies based on genetic therapy or cell grafts [5-8].

The increasing number of studies performed on animal models has stimulated the
development of new imaging tools adapted to the particular constraints of in vivo studiesin
small animals. Ex vivo experiments such as autoradiography have indeed showed their
limitations when subjected to longitudinal analyses required in the studies involving animal
models. They are expensive, time consuming, and barely precise due to the important inter-
individual physiological variation. Extension of modern biomedical imaging techniques to the
small animal has presented therefore some interesting challenge and opportunities. This has
led to the emergence of dedicated systems including radiotomography and magnetic
resonance imaging technologies. The am of this article is to review briefly these systems and
to illustrate their performance in biological contexts.

Radioimaging systems.

By their principle, radioimaging techniques do not deliver anatomical images.
Associated with specific radiotracers, they furnish metabolic data of different orders from
which it can be cited as examples the functional and oncological imaging with ®F-FDG [9-
11], the evaluation of new radiopharmaceutical for diagnostic efficiency [12], the evaluation
of new receptor ligand [13], or more recently the reporter gene expression imaging [14]. Since
1990, different instrumental approaches based on Single Photon Emission Computed
Tomography (SPECT) and Positron Emission Tomography (PET) systems have been
investigated. The use of geometry with best compactness and the development of algorithm
with best accuracy has led to the conception of tomographs with a spatial resolution of the
order of 2 mm [15, 16]. In practice, the fundamental spatia resolution of PET systems is
limited by the average distance that the emitted positron travels before it annihilates and by
the residual momentum of the electron-positron pair at annihilation which results in gamma
rays being emitted with a small deviation from the assumed 180°. In the case of SPECT
cameras, the spatial resolution depends on the geometry of the collimation system. If,
theoretically, it should be possible to conceive camera yielding submillimetric spatial
resolution using collimators with holes of very small diameter, the very low efficiency which
should result of such a geometry would impose non realistic acquisition time and to strong
injected doses. This condition has led to the conception of camera SPECT which can usually
only be employed for visualizing static tracer distributions whereas their planar imaging
variants can analyze rapidly changing activity distributions abeit with less accuracy. Among



the numerous PET scanners which have been dedicated to small animals, some systems have
aready furnished some promising results and are now commercidly available.

Figure 1. BF-FDG rat images obtained with

microPET FDG rat studies MicroPET, the animal PET developed at UCLA. Top:
& ] 1 coronal cross-sections through the whole body.
. i Middle: transverse sections through the level of heart.
¢ ‘ Jr Bottom: coronal brain sections. Acquisition time
Wl 4 varied from 90 minutes (top) to 40 minutes (others).
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Figure 21. PET images of
horizontal (top) and corond
(bottom) brain sections of primate,
ra& and mouse performed with
MicroPET, the anima PET
developed a UCLA. Black areas
correspond to stristum revealed
after the injection of [11C]-CFT, a
tracer of the dopaminergic system.
Imege time 50 minutes, injected
dosess 5 mCi (primate), 1 mCi
(rat); 180 pCi (mouse). (from
[18]).

Figure 2.2 shows
that alternate PET
systems can offer
optimized images leading
to a perfect distinction of
the structures in mice
[19]. Nevertheless, this
can be done only by an
important increase of time
acquisition (20 minutes in

As an example, figures 1 and 2
present images obtained from animal PET
systems showing for once a few example of
biological applications performed with *8F-
FDG [17] and for other the specific problem
of resolution illustrated through the binding
of a radiotracer in a specific region of the
central nervous system called striatum. One
can observe on figure 2.1 the perfect
distinction of the both lobes of striatum
obtained in primate and rat, discrimination

- B which became more ambiguous in mouce
~ o since the distance between both lobes is near
» » than the intrinsic resolution of the tomograph
. [18].
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this example) what prevents in particular the possibility to have
dynamic information on the binding kinetic of the tracer. In
addition to SPECT and PET systems, other tomographs have
been developed specifically for small animal imaging based on
principles different from current SPECT and PET.



Figure 2.2: PET image of mouse corona brain section obtained with PET
HIDAC, the anima PET developed by Oxford positron systems (UK).
Striatum is as well revedled after injection of [11C]-CFT. Image time: 20

This is in particular the
case of TOHR, a tomograph
developed at University of Orsay
(France) with high resolution and
small field of view [20]. It isag
or X-ray counter composed of a
large solid angle, focusing
collimator coupled with a set of
radiation detectors. Here, the
backprojection is avoided by
directly measuring the activity
concentration in a small volume
assumed as a voxel of the image,
and the tomographic image is
accumulated by moving the

sample relative to the detector to
scan the volume of interest.
Figure 3 shows accumulation of '#| in a rat thyroid
obtained with TOHR. The 1.4 mm resolution alows to
visualize not only both lobes of the structure but also the
isthm connecting both |obes.

minites iniected dnse A7 11CT (from [191)
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Figure 3: Image of a thyroid rat section obtained with TOHR after the
injection of free . Image time: 30 minutes; injected dose; 60 Ci.

Magnetic resonance imaging systems

One of the major advantages of the magnetic
resonance imaging (MRI) is that the technique can m
deliver both anatomical and metabolic images . Since the - ® an = -
technique is based on the detection of nucleus having
some specific magnetic properties, these nuclei can be
from exogenous source (injection of paramagnetic
tracer) or from endogenous source (detection of signal
issued from protons *H, or from nuclei *3C, *°F, 3!P, or
even from an endogenous paramagnetic molecule: the
deoxyhemoglobin).
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Figure 4: MRI, image of the whole body of a mouse with
isotropic resolution of 100x100x100 um acquired at the Duke
center for in vivo microscopy.

As for SPECT systems, extension of MRI to
smal animal is based on a trade-off between
resolution and sensitivity. Indeed, the magnetic field
necessary to obtain a resonance (and thus a relaxation
of the magnetic nucleus) is applied as a gradient to
combine the location information. The gpatial
resolution is thus fixed by this gradient whereas the
sensitivity of the system, ie the intensity of measured
signals, depends on both the magnetic field intensity
and the measured volume fixed by the resolution and




the acquisition time. The increase of the spatial resolution is therefore based on the choice of a
suitable gradient to preserve detectable signals. This can easily be reached by increasing the
intensity of the magnetic field, the acquisition time, or the region of interest, conditions
difficult to adapt on human but not on rodent. According to these constraints, the parametric
conditions are different according to the type of MRI
expected. The anatomic MRI (MRIy) which is based on
the detection of relatively high signals is obtained by
using long acquisition times and a low magnetic fields
(around 1.5to 2 T). This alows to obtain images with a
spatial resolution yielding 100 pum (see figure 4, [21])
particularly well suited to the rodent tissue dimensions
[22]. This is for instance very potential to analyze the
phenotype changes of genetically modified mice.

Figure 5: Image of a frontal brain section of arat acquired with a7 T magnet
(from [27]).

In color: MRIf of the olfactive bulb after an olfactive stimulation obtained with a 220
umx220 pm x 1 mm spatial resolution et 36 s temporal resolution. In grey:

D_ I:I '1 15}'5 D._ EU correspondant high resolution MRI,

The functional MRI (MRIs) which is based on the detection of low detectable signals
is obtained by using high magnetic fields (from 3 to 10 T) and a trade-off between the probed
volume dimension and the acquisition time [23]. To adjust the low sensitivity of the method,
it is indeed necessary to realize measurements on large volumes since the dynamic nature of
the physiologic information is not compatible with long time acquisition [24]. Techniques
using injection of exogenous molecules as enhancer have been recently proposed to increase
the sensitivity of the method [25, 26]. Two examples are shown on figures 5 and 6 where one
can appreciate in particular the possibility to superimpose directly the dynamic image on the
anatomical image from the same animal [26, 27].

Figure 6: frontal rat brain disribution of a
cerebral blood flow increase after the injection |
of 1 mg/kg cocain reveded by MRIf. Images
were redlized with a 2 T magnet after the
injection of a paramagnetic enhancer and @
superimposed  with MRI, images. Spatia 8
resolution: 0.6 mm?; temporal resolution: 10 s.
(from[26]).

In conclusion, one of the most
promising areas of application for
imaging in the biomedical sciences is
the study of small anima models.
Radioimaging and MRI systems as well as computed tomography, ultrasound systems,
echography and optical imaging are now available for rodent. Biomedical programs are on
progress worldwilde to use those potential tools on animal models. At present, focusis on the
possibility to obtain simultaneously complementary measurements on the same animal by
combining the techniques [28-30]. This will offer tools able to furnish both high spatial and
temporal resolution anatomical and dynamica images of the small animal. The ability of
these powerful tools will be enhanced by other improvements which are as well under
development and which concern both the complete monitoring of the animal during
experiments (control of physiological parameters) and the possibility to perform studies on
awake and freely moving animas[31].
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