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Number FWHM [mm] /o [mm™]

ofevents  x-direction z-direction  x-direction z-direction

1.0 x 10° 49 11.4 0.16+0.02 0.06+0.01

50x10% 6.0 12.9 0.15+£0.02 0.05+0.01

1.0 x 10* 10.3 14.2 0.12+0.03 0.04+0.01
Table 1
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We have demonstrated the multiple molecular imaging by use of semiconductor Compton cameras.
The Compton camera used in this work comprises two double-sided orthogonal-strip germanijum

10 detectors, and their excellent energy resolution enables discrimination of the nuclides and accurate
determination of the scattering angle especially for sub-MeV to MeV-range gamma rays. Three
radioactive tracers of *°ZnCl,, *SrCl, and iodinated (**'I) methylnorcholesteno! were injected to .
living mice and were simultaneously measured in the live-mice metabolic dynamics, The world’s
first real-time images of the three tracers were successfully obtain,

is Introduction

Molecular imaging technology - has made it possible to
visualize biological processes in living subjects. In vivo
molecular imaging techniques such as MRI, PET, and SPECT,
are extensively used for the visualization of changes in the
» anatomy and function of various organs in several different
disorders as well as in following abnormalities or treatment
effects longitudinally. A specific molecular probe is used as
an imaging agent to observe the targeted biological event. The
Medical imaging modalities have been extended to realize
s molecular imaging by labeling a nuclide on the molecular
probe. :
As most people admit, biological processes in living subjects
are quite complex. Thus, single molecular probe may not be
able to characterize the targeted disease or biological function,’
% that is, one may need to use multiple molecular probes at the
same time. This also means that more advanced and accurate
diagnosis would be possible if we can simuitaneously use
multiple molecular probes with different characteristics.
Multiple molecular imaging that we promote is a technology
3 for examining the dynamics of a variety of molecular species
with metal radio labeling such as genes and proteins existing
in a living organism. Among the techniques of molecular
imaging is positron emission tomography (PET), by which
two gamma ray photons generated by annihilation are
« measured coincidently to quantify molecules and visualize
their functionality in the body. Because PET is more sensitive
and more accurate than other techniques.of molecular imaging,
positron-labeled  compounds permit highly accurate
quantitative analysis of even minute amounts of the imaged
4s molecule. On the other hand, if we can simultapeously ‘use
multiple molecular probes with different characteristics,
advanced and accurate information of physiological functions
would be obtained. On the basis of the principle of PET,
however, PET can not detect and discriminate several positron
so emitter labeled molecular probes simultaneously. In contrast,
our Gamma ray emission imaging (GREI) which developed

from 1999 is intended to achieve simultaneous imaging of the
gamma rays released from multiplé radioisotopes [1].
GREI apparatus, which is a semiconductor Compton camera,
ssis a promising y-ray imager being developed for multiple
molecular imaging. It is composed of two double-sided
orthogonal-strip germanium detectors arranged in parallel (Fig. -
1), and the excellent energy resolution allows discrimination
of each nuclide simultaneously injected. Furthermore, since
& Compton cameras need no mechanical collimators, there is no
loss of y rays caused by the collimation, and multidirectional
projection of the y-ray source distribution can be obtained
even by a fixed-angle imaging with a single Compton camera.
Thus, multiple molecular imaging is a natural application of
es GREI, '
In this work, we tried to demonstrate the concept of multiple
molecular imaging by use of semiconductor Compton cameras.
Three radioactive tracers were simultaneously injected to live
mice including a SPECT imaging agent that can visualize
0 some biological functions, and simultaneous imaging of the
tracers was performed by using GREI apparatus,

Multiple Molecular Imaging in Live Mouse

The experimental animal was a male normal ICR mouse at 8
weeks of age. Three radioactive tracers were intravenously
injected to the mouse as the following procedures: (1)
iodinated ("'I) methylnorcholostenol (18.5 MBq) was
injected by dividing into three times, 5-, 4-, and 3-days prior
to the imaging. To allow dissociated 'l to be uptaken to the
thyroid gland, no thyroid blocking agent was used; (2) 8rCl1,
s —saline (2.0 MBq) was injected 1 day prior to the imaging; (3)
ZnCl, —saline (2.0 MBq) was injected 25 minutes prior to
the imaging. The mouse was bound to the imaging stage
equipped with a worming pad. The imager was installed front
face down right above the imaging stage. The distance
ss between the stage surface and the front detector of the GREI
apparatus was 45 mm. The imaging was carried out for 12
hours, with the mouse treated under Nembutal anesthesia. The
acquired data were analyzed on-line for checking, and also
recorded in list-mode with real time and live time information
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for further off-line analysis.

Results and Discussion

Two-dimensional (2D), and three dimensional (3D) images
were reconstructed from the data acquired from the live-
mouse imaging experiment, by adopting the image-
reconstruction methods described in [1]. For 2D image, a
horizontal (coronal) plane at 34 mm from the front detector
was chosen, which intersects the approximate center of the
mouse body. )

Fig. 2 shows the y-ray energy spectrum constructed from the
acquired data. Image reconstruction was carried out for each
tracer by setting +5 keV energy windows around each specific
y-ray photopeak.

The in vivo behavior of the tracers used in this work has been
well studied [2-4].: %*Zn accumiilates in the liver and the

_tumor; *°Sr is a bone seeking nuclide; and iodinated ('I)

25

methylnorcholostenol accumulates in the adrenal glands, and
dissociated '*'I accumulates in the thyroid gland if no thyroid
blocking agent is used [5].

Fig. 3 shows the results of the 2D image reconstruction. As
mentioned in [1], the 2D images dose not represents true
tomographic slices because they ignore the tracer distribution
outside the 2D plane. However, the 2D images have
apparently represented the characteristic behavior of each
tracer, that is: ®*Zn accumulated in the liver; 3Sr accumulated
along bones; and "' accumulated in the adrenal glands, and
dissociated '*'I accumulated in the thyroid gland.

-Fig. 4 shows some examples of representing the 2D images.

The image intensities of ®Zn, '], and **Sr were assigned to
red, green, and blue of the color pixel, respectively, and
overlaid with the photograph of the mouse. By using this
method, any two or three tracers can be displayed in one
picture.

'Fig. 5 shows the sequential images of each tracer, constructed

3

[
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for each time span of 0 to 3-, 3 to 6-, 6 to 9-, and 9 to 12-
hours. The time spans are variable by changing the sectioning
of the list-mode data. In the figures, little significant change
of tracer distribution was observed, showing the stability of
the tracers during the imaging,

In order to obtain true tomographic images, 3D image
reconstruction was performed [1]. Fig. 6 shows the coronal
slice of the 3D reconstructed images, and Fig. 7 shows the
maximum intensity projection of Zn. Obviously, the
characteristic behavior of each tracer was represented in the
figures, arld the 3D distribution was able to be reconstritted.
As shown above, we were able to obtain quite encouraging
results for multiple molecular imaging by use of
semiconductor Compton cameras. However, a higher spatial
resolution, a shorter imaging time, and quantitativity would be
required for practical use,. And also importantly, efficacious
molecular probes must be developed to extract full potential
of multiple molecular imaging with GREI. We are pursuing
research and development on the requirements, and they will
be met in the not too distant future,

Conclusions

We demonstrated the concept of multiple molecular imaging

by use of semiconductor Compton cameras. GREI apparatus,
which is a Compton camera consisting of two double-sided
orthogonal-strip Ge detectors, was used for the y-ray imaging.

o Three radioactive tracers of ®ZnCl,, *SrCl,, and iodinated
(*'I) methylnorcholestenol were simultaneously administered
to a mouse, and the y-ray imaging was carried out for 12
hours with the mouse treated under anesthesia. We were able
to obtain 2D and 3D images of the tracers simultaneously,

ss which showed the potential of GREI apparatus as a multiple
molecular imager. The world’s first real-time images of the
three tracers were successfully obtained, which showed the
different behavior in the living organism.
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Fig. 4 Example of representing the 2D reconstructed images.
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Fig, 7. Maximum intensity plot of the 3D reconstructed %*Zn image.
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‘Summary-

In vivo molecular imagi’ng”ha‘s “become a key technology for drug development and

' "pathophysmloglcal séience. Recently, Japanese Government also initiated the Molecular
’ "1 'agmg Research Program under MEXT We are. rnostly utilizing PET (Positron Emis-
_' smn Tomography) as a ﬁrst—chmce modahty, because of its ultra-high sensitivity: for
molecules adequate temporal and spatlal resolutlon and especially broad spectrum of

» target molecules. The present status for development of PET molecular probes, instru-

mentatrons 1ncludmg mlcroPET and the methods for quantitative analyses will be
'mtroduced W1th some examples . '
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t, Pharmacodynamics, Biomolecular staining
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