
of substances such as drugs for other applications (1,2).
Traditionally, these have been determined using radiola
beled tracers by dissection studies followed by gamma or
liquid scintillation counting and autoradiography (3). Such
an approach, however, is tedious and requires a large num
ber of animals to ensure the reproducibility and reliability
of the results.

The continuing development of high-resolution PET
scanners for small animals and the availability of suitable
isotopes (e.g., â€˜1Cand â€˜8F)are providing an alternative
which simplifies considerably the measurement and the
development of models for the kinetics and distribution of
tracer compounds (4,5). PET has many advantages, in
cluding significantly reducing the number of animals re
quired for time-distribution studies, facilitating the moni
toning of rapid changes in distributions, and making true in
vivo distribution measurements feasible. The use of small
animals facilitates manipulation and reduces the quantities
of the substances required; it also helps reduce errors due
to slight procedural differences and natural interanimal
variations since the study can be repeated in the same
animal several times (6).

The interest of this PET-based approach is demonstrated
by the recent development of a number of specialized small
animal systems (7â€”10).The most stringent requirement for
quantitative dynamic imaging of small laboratory animals
by PET is spatial resolution. The current technology using
block detectors with crystal coding to the photomultiplier
tubes (PM.Ts) impedes further improvement of the resolu
tion beyond the 3â€”4mm FWHM currently achievable.

A new technological approach using discrete detectors
based on avalanche photodiodes (11, 12) achieves very high
resolution over a small field of view (FOV) making this
approach ideal for animal imaging (13,14). This approach
has the additional advantage of producing images virtually
free of spatial distortion and permits very high count rates,
with minimal loss due to pulse pile-up and deadtime. The
first PET scanner based on avalanche photodiode detec
tors is currently being built in this laboratory and will
shortly become available for animal studies (15). Table 1
presents the physical description and imaging characteris
tics of this instrument.

As the techniques and the apparatus improve, it is be

The feasibility of high-resolution PET using BGO-avalanche
photodiodedetectors for invivoimagingand quantitationof the
biodistribution of radiopharmaceuticals in small animals is dem
onstrated. A prototype PET camera consisting of two scanning
arrays of eight EG&G C30994 solid-state scintillation detectors
was used to simulate a 310-mm diameter dual-ring animal to
mograph having a 130-mm port and three imaging slices, each
about 3.5 mm thick. The spatial resolution (FWHM) is 3 mm or
less, isotropic and uniformthroughoutthe 120-mm diameterfield
of view. Methods: Female Fischer 344/CRBLrats implanted
withsubcutaneous mammaryadenocarcinoma tumors were in
jected with copper-tetrasullophthalocyanine (CuPcSJ, a poten
tial sensitizer for the photodynamic therapy of cancer, labeled
withÂ°@CuÃ§r112= 12.7 hr,@ :19%).Results: Inspite ofthe low
specific radioactivity of @Cuand other inherent limitations, or
gans such as the liver, kidneys and the tumor could be resolved
with sufficient detail for their separation and quantitation. Apart
fromthe tumor, agreement was obtained between the biodistri
butions measured by PET and by scintillation counting. The
discrepancy for the tumor measurement results from averaging
the radioactivity over the entire tumor volume when,
in fact, CuPcS4 does not completely penetrate the tumor.
This incomplete penetration is noted on the PET images.
Conclusions: PET based on avalanche photodiode detectors
provides an accurate measurement of target organ and tumor
tissue concentrations.These preliminaryresultsdemonstrate
the potential of very high resolution PET for biodistribution stud
ies in small animals.

Key Words: PET imaging; biodistribution; photodiode detectors;
laboratory animals
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efore new pharmacological agents can be adminis
tered to humans, it is necessary to develop and test proto
cols and evaluate the effects of the drug on biochemistry,
metabolism and physiology in an animal model. Of patic
ular interest is the study of the biodistribution and kinetics
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TABLE 1
Physical Description and Perlormance Characteristics of the

Sherbrooke Animal Tomograph Simulated in this Study

EG&G C30994
DualBGO/avalanchephotodkide
3 x 5 x 20mm(beveled)
3.8 x 13.2 x 33 mm
3.8 mm tangentially
5.5mmaxially
256/ring
2 (1 layerof modules)
310 mm
135mm
118 mm
10.5 mm
3 (2direct,1cross)

coming possible to apply these PET techniques to study
animal models of some very significant human diseases
(16). One such field is oncology where the evaluation of
tumor markers (17â€”20)is generating considerable interest.
In this paper, by comparing quantitative data obtained with
a simulator of the avalanche photodiode PET camera we
demonstrate the capabilities and advantages of the PET
approach for the in vivo quantitation of the biodistribution
of a class of compounds with possible photodynamic can
cer therapy applications.

MATERIALS AND METhODS

Animal Model
The animals selected and used for the experiments were

Fischer 344/CRBL female rats implanted with the 13762 mam
mary adenocarcinoma (MAC). In total, eight rats were used for
the experiment, one for the PET study and the remainder for
dissection and scintillation-counting studies. A target weight of
150 g was fixed for the experiment as this corresponds to the
largest rat which can be placed longitudinally in the field of view
of the Sherbrooke PET simulator set up to simulate the small
animal tomograph presently being assembled. It should be noted
that much larger animals can be positioned transversely. Three
weeks before the experiment, the peritonea of two rats were
inoculated with the MAC cells and incubated for 7 days in ascite

form. At the end of the incubation period these rats were killed,
the ascite fluid recovered and the tumor cells isolated according to
the usual protocol. A suspension of 11 x 10@cells in 0.05 ml of
physiological saline was injected subcutaneously into the left
flanks so as to lie in the plane chosen for tomography. For two of
the rats, the concentration of the cell suspension was doubled.
The subcutaneous tumors were then incubated for 14 days. As
this is somewhat longer than the usual 10-day incubation period,

the centers of the tumors were inadequately perfused and became
necrotic. At the time of the experiments, the average tumor
volume was 1.4 Â±0.5 ml. At the end of the incubation period, the
animals weighed 150 Â±13g, with some of them being much below
the predicted weight because of their tumor burden.

During the incubation period, the rats were given food and
water ad libitum. The animal experiments were carried out in
accordance with the recommendations of the Canadian Council

on Animal Care and the.In-house Ethics Committee for Animal
Experiments.

Radiolsotopes
Among the few isotopes suitable for imaging with the PET

simulator, @Cu(21,22) (T112= 12.7 hr) was chosen because of its
commercial availability (Dupont/NEN Products) and a half-life
sufficiently long for delivery, chemistry and image acquisition
with only a partial detector ring. Copper-64, however, has a num
ber of disadvantages. The first is its low branching ratio to
positron emission (19%) and the second is the very low specific
radioactivity available. Before starting the chemistry for the la
beling of H2PcS4,the specific activity was only 2.3 mCi/mg of Cu,
or approximately 0.6 ppm of MCu.

Chemistry
We used a metallo, tetrasuhfonated phthalocyanine (PcS4)as a

tracer. The phthalocyanines are a group of compounds which
have received much interest as photosensitizers for photodynamic
cancer therapy (23,24). As their biological properties are begin
ning to be reasonably well elucidated, some prior estimation of
tissue distribution was possible (25â€”27).For tracer applications,
phthalocyanines have the advantage of being able to chelate a

variety of metal ions, including Ã«opper,and of being relatively
nontoxic. In addition, the chemistry required for labeling is
straightforward and rapid. The tetrasulfonated form was chosen
as it has somewhat higher tumor and kidney uptake and somewhat
lower liver and spleen uptake than differently substituted analogs
(25).

From previous experience with other metal chelates of sulfon
ated phthalocyanines, it is known that these compounds are not
significantly degraded in vivo, much being excreted unmetabo
lized in the urine (28,29). Consequently, the radioactive @Cu
remains bound to the phthalocyanine and therefore the level of
tissue radioactivity can be assumed to be an accurate measure of
the CUPCS4biodistribution.

Metal-free H2PCS4was prepared by the condensation method
of Weber and Busch (30) with the omission of phtalic acid from
the mixture. The [MCu}CuPcS4was prepared via the direct inser
tion of an atom of copper into the metal-free H2PcS4,according to
the substitution reaction:

Co2@ + H2PcS4-@2H@ + CuPcS4. Eq. 1

For the biodistribution studies, 200 jd of [MCu]Cu(N03)2were
evaporated to dryness. The residue was dissolved in 80 ml of

N,N-dimethylfonnamide (DMF) and the pH was adjusted to 7.4
by the addition of 1M HO. This pH level is important to ensure
a high labeling efficiency. Then 151.2mg (181.5 j.tmole)of H2PcS4
in 8 ml ofphysiological saline were added and the reaction mixture
refluxed at 130Â°Cfor 10mm. It was then evaporated to dryness to
yield a dark blue powder. The radioactive powder was dissolved
in 8 ml of physiological saline and filtered through a 0.45-n mem
brane filter to remove any aggregates for injection into the rats.
The specific activity was 26.3 pCi per mg [@Cu]CuPcS4and no

Detectortype

BGO crystalsize
Moduledimension
BOO crystalspacing

Numberof detectors
Numberof detectorrings
Ringdiameter
Port diameter
Useful field-of-view
Axialfield
Reconstructionplanes
Intrinsicspatial resolution(center)

Transaxial
Axial

Reconstructedresolut,on*
Sensitivity(11 cmÃ f̧lood,350

key)
Energyresolution
Timing resolution
Timingwindow

@Wfthdual position sampling.

1.9 mm FWHM,3.5 mm FWTM
3.1 mm FWHM,5.4 mm FWTM
2.1mmFWHM,3.9mmFWTM
3.3kcps/@CVml

25% FWHM (511 key)
20nsFWHM
20to 40 ns
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purification was necessary as the radiochemical purity was higher
than 94%, as assayed by thin-layer chromatography. The total
time for labeling was under 1 hr.

The solution was prepared to ensure the highest possible spe
cific radioactivity by the same procedure for the tomographic
study. The difference was in the use of excess MCu(N03)2. The
unreacted MQ1was removed by passing the radioactive solution
in a sodium citrate buffer (pH 5) through a reverse-phase SEP
PAK C-18 cartridge attached to a 10-mi plastic syringe at a flow
rate of 5 ml . min1 The eluate containing unreacted @Cuwas
discarded and the blue radioactive product retained on the car
tridge was washed with water (5 ml) and then eluted with 2 ml of
DMF. The solvent was evaporatedand the darkblue residuewas
dissolved to saturation (9 @mole. @J@1)in 8 ml of physiological
saline. Before injection, this solution was also ifitered through a

0.45-s membrane filter to remove any aggregates. The specific
radioactivity was 104.6 @Ciper mg [@Cu]CuPcS4and the radio
chemical purity was better than 94%.

Injection
Prior to the injection of the [MCu]CuPcS4 solution, the rats

were heparinized (Hepalean) to facilitate bleeding, anesthetized
intramuscularly with a mixture of Xylozine (13 mg/kg) and Keta

nine (85 mg/kg), and catheterized in the tail vein. The dose of

ifitered [64Cu]CuPcS4solution injected into each animal was 0.5
ml, which had previously been demonstrated to be nonlethal. This
was chased by approximately 0.3 ml of physiological saline to
ensure that the entire volume of [MCu]CuPcS4solution was in
jected. Thus, a radioactivity of 438 @Ciwas injected into the rat
for the PET measurement and a radioactivity of 110 pCi was
injected into the other rats. Although the specific radioactivity of
the two solutions differed by a factor of 4, the total concentration
of CuPcS4, both radioactive and nonradioactive, was identical.
Consequently, the physiological properties of the two solutions
were also identical, and comparison between the two methodol
ogies was possible. To permit comparison, all activities men
tioned in the remainder of this article are referred to as the time of
injection of the rat for tomography.

Scintillation Counting
At the end of the distribution period (1 or 24 hr), the anesthe

tized animals were bled by cutting the left axillary artery and
killed by exposing and opening the heart. The bleeding was nec
essaiy to maintain consistency between the scintillation and PET
scanning procedures. It also ensured that the true tissue uptake

without an additional contribution from blood was measured. The

blood was recovered to measure the distribution of the [@Cu]
CuPcS4. The other organs were then dissected out, and placed in
pre-weighed test tubes. These tubes were sealed to prevent loss of
moisture, weighed and left for over 24 hr to allow the radioactivity
to decay enough for scintillation counting without detector satu
ration. The radioactivity in each tissue sample was counted in a
LKB WALLAC 1282 Compugamma Universal Gamma Counter
(Turku, Finland) using an energy window of 410â€”620keV. These
results were calibrated with respect to the radioactivity in a
known volume (50 @lor 11 MCi)of the injected solution and the
specific radioactivities (counts per minute per gram of tissue) were
expressed as a percentage of the total injected dose.

PET Acqulsftlon and Analysis
The PET images were obtained with the help of the Sherbrooke

PET simulatorof which a detailed descriptioncan be found else
where (31). The instrument was set up to simulate the animal PET

system described in Table 1. One hour after the injection, the rat
injected with 438 @Ciof @Cuwas anesthetized, decapitated and
bled. The rat was killed to prevent redistribution of the tracer
during the several hours required for the measurement. It was also
important that the rat be bled to prevent the blood from gradually
pooling in the lowest lying parts of the body. The rat was mounted
on the PET simulator so that the plane containing the organs most
likelyto accumulatethe [MCu]CuPcS4,includingportionsof liver,
kidneys and lungs was imaged. From prior dissection studies, the
plane chosen for imagingwas found to have its base about 0.8 cm
from the dorsal surface of a 150-g rat. In order to validate the
position of the imaged plane, lateral and anterior planar views
were obtained with the PET prototype at the end of the tomo
graphic acquisition. These measurements were also intended to
evaluate the positioning accuracy in localizing regions of interest

(ROl) froma fast full-bodyscan. The planarviews were produced
by scanning the specimen using the appropriate combination of
scanning detector array and animal angular and axial positions.
With a full ring ofdetectors, this would be equivalent to extracting
two orthogonal planar views from the sinograms of a full-body
scan.

Calibration markers consisting of sealed capillary tubes of an@
inside diameter of 1.4 mm containing [@Cu]CuPcS4solution of
222MCi/miof radioactivity,wereplacedattheedgeof theFOVin
an equilateral triangular configuration with an edge length of 9.8
cm. As the calibration markers contain [MCuJCuPcS4,their radio
activity decays in proportion to the decay of the radioactivity in
the rat, thus simplifying quantitation of relative values of radio
activity.

The tomographic acquisition with the Sherbrooke PET simula
tor required a series of 144sequential measurements in predeter
mined positions ofthe detector arrays and object (31). The rat was
imaged for 4 mm in the first array position. As the radioactivity
decayed, the counting time for each array position was increased.
The 144 different configurations required a total acquisition time
of 14 hr. Data were acquired in the three adjacent planes defined
by the two layers of detectors in the arrays. The second slice,
composed of cross-projection data between the upper and lower
detector planes, has twice the sensitivity of the other two direct
planes.

The images were reconstructed by filtered backprojection using
a ramp filterwith a cutofffrequency of5.3 cm1. Data points were
interpolated to permit reconstruction on a 256 x 256 grid with
pixel size of 0.48 mm x 0.48 mm. As count rates were low, there
was no need to correct for deadtime, but correction was made for
the differences in detector efficiencies, as described elsewhere
(31). As the Sherbrooke PET simulator is not equipped for mea
suring the attenuation for each projection, the attenuation was not
corrected during the reconstruction process. Nevertheless, a cor

rection was introduced in the quantitation analysis as follows. A
phantom having the same shape and dimensions as the rat was
fabricated. Images of a 22Naline source (0.25 mm diameter) were
acquired at various locations corresponding to the organ's posi
tion with the phantom empty and filled with water. The attenua
tion correction factors for the various organs were estimated from
the ratio of counts registered with and without water in the phan
torn. The attenuation for the calibration markers was also mea
sured in the same way. Since the count rate from the calibration
markers is also affected by attenuation, the overall effect of the
attenuation correction is relatively small (<10%) on the measured
radioactivity in the organs.

The levels of radioactivity in each organ were evaluated by
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BiOdIStIIbUtIOnI hr

Tissue %lD/gpostinjection

(n = 3)

@LCi/m9
(10@)BiOdiStribUtiOn

24hrpostinjection(n=4)%ID/gisCVmg

(10@)

â€¢Activitiesare expressed as a percentage of the injected dose per gram (%lDIg)and in terms ofthe radkactMty nOm@ed relative to the dose
usedfor PETimaging(@CVmg).

TABLE 2
Distribution of [@Cu]CuPcS4 in the Tissues of the Rats One Hour and 24 Hours After lnjection*

Blood4.4 Â±0.51 .9Â±0.20.1 1 Â±0.010.048 Â±0.004Tumor0.36
Â±0.040.16 Â±0.020.63 Â±0.090.28Â±0.04Skin0.2
Â±0.030.09 Â±0.010.14 Â±0.020.061 Â±0.009Muscle0.14
Â±0.050.06 Â±0.020.09 Â±0.010.039 Â±0.003Spleen2.3
Â±0.31 .0 Â±0.14.08 Â±0.41 .8 Â±02Kidneys4.9
Â±1.52.1 Â±0.66.9 Â±0.73.0 Â±0.3Uver3.9Â±0.41.7Â±0.27.6Â±13.3Â±0.5Heart1

.1 Â±0.30.5 Â±0.10.38 Â±0.040.17 Â±0.02Lungs2.7Â±0.71.2Â±0.31.7Â±0.30.7Â±0.1Eyes0.36

Â±0.10.16 Â±0.050.18 Â±0.020.079 Â±0.009Brain0.07
Â±0.010.030 Â±0.0040.01 Â±0.0050.004Â±0.02

comparison with the calibration reference markers after correc
tion for attenuation. As the size of the markers was less than the
in-plane resolution, their diameter (â€”3.5mm FWHM) as mea
sured on the image was larger than the true diameter. To corn
pensate for this partial volume effect and to account for resolution
spillover, the calibration factor (counts per @Ciin the image) was
calculated from the total number of counts in a region of about 6
mm in diameter centered on the marker. With this calculation, the
calibration factor between the number of counts in a region of the
reconstructed image and the actual activitywithin the same region
of the rat was found to be 270 counts/pCi for the two direct slices
and 540 counts/.tCi for the cross-slice.

The largest ROI, which could be defined avoiding the edges,
was circumscribed for each organ. The number of counts in the
ROI was determinedand corrected for attenuationin the cone
sponding organ. The average radioactivity in each voxel was then
calculated. As the smallest dimension of the organs measured was
about 6 mm, the ROIs had a smallest dimension of the same order,
large enough to avoid partial volume effects. The measurement
was repeated for each of the organs in the three planes. The
average of the measurements for the same organ were calculated
and the overall uncertainty estimated as the standard deviation.

RESULTS

Scintillation Counting
The results for the biodistribution study are presented in

Table 2 both as a percent of the injected dose and normal
ized relative to the radioactivity initially injected into the
rat for the PET measurement. The errors are the standard
deviations between the samples taken from each rat. After
1 hr the blood levels of [@Cu]CuPcS4 are stiivery high and
the zones of greatest radioactivity are in the kidneys and
liver. In comparison, the tumor uptake is relatively poor.
After 24 hr the tumor uptake has increased, as has the
uptake in the spleen, kidneys and liver.

PET Imaging
Despite the small size of the 150-g tumor-bearing rat and

the difficulties inherent in experiments with the PET sim

ulatorwhich significantlylimit the total numberof counts,
we are able to distinguish the two kidneys, the liver, a
portionoflung and a well separatedtumoron the left flank.
These are illustrated in Figures 1 and 2. The left kidney, as
it is confined to slice 3, is clearly seen to be more dorsal
thanthe rightone. The contrast, definedby the ratioof the
radioactivity per pixel in the region of maximum radioac
tivity-to-the background radioactivity was 8.4. As the mid
die slice (slice 2) is reconstructed from the two cross
planes, its statistics are improved and the noise is reduced
with respect to the other slices. To verify the accuracy of
the image features, the rat used for tomography was dis
sected at the end of the experiment and the position of the

Location of Imaged Planes

FiGURE1. PosI
lion and numbedng
ofthe slices (above)
and the positionof
theorgansas deter
minedbydissection
of the animalat the
end oftheexperi
ment (below).Each
slice is assumed to
be 3.5 mm thick.
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C â€¢Dâ€˜,,

.3,.

&Cu activity(@CVmg)Dissection

andscintillationTissuePET

imagingcountingKidney0.030

Â±0.0030.021 Â±0.006Liver0.025
Â±0.0040.017 Â±0.002Lung0.012
Â±0.0020.012 Â±0.003Tumor0.01

1 Â±0.0020.0016 Â±0.0001

mained within the imaged planes, principally in the liver
and kidneys.

DISCUSSION

The diffIcultiesinherent in the present experimentwere
considerable: low specific radioactivity, low branching ra
tio for positron emission, a limited total volume of [@â€œCu]
CoPeS4 injected, and absence of a complete ring of detec
tors for PET data acquisition. The tracer constraints alone
are responsible for at least a tenfold penalty in sensitivity,
as compared to the usual PET tracers (e.g., â€˜8F)which can
be produced carrier-free.Phthalocyanines are also not as
specific markersas other more routinetracers. The incom
plete ring is the most important limitation, however, as
simulationof the entire ringrequires 144differentdetector
array positions, thus increasing the time required to collect
one tomographic dataset by an even larger factor. Even
under these difficult experimental conditions, the overall
qualityof the images is comparableto those of other small
animal tomographic images available in the literature. This
is mainly the result of the superior resolution capabilities of
the BOO avalanche photodiode detectors used in this PET
experiment.

Even with this smallanimalmodel, the axial resolution is
sufficient to resolve the shape of an organ like the kidney,
having dimensions of 7.3 x 10 x 6 mm, and to resolve the
difference in the cephalo-caudal position of the two kid
neys, the left one lying 0.5 cm caudal to the rightone in a
150-g rat. This degree of resolution is one of the require
ments for a suitable small animal tomograph (7). For quan
titative work in which tracer concentrations must be mea
sured accurately, it is well known that the resolution must
be less than one-half the size of the object to be measured
in order to avoid partialvolume effects (32).

The data in Table 3 confirm that this requirement has
been adequately satisfied for imaging of the rat, as the
values obtained by PET and those obtained by the conven
tional dissection method for the kidneys and lungs are in
agreement. The values obtained for the liver using the
PET-based technique lie just outside those of the conven
tional method. The major discrepancy is for the tumor.
However, this can be explained by the distributionof the
[@CoJCuPcS4within the tumor. Sulfonated phthalocya

TABLE 3
Com@son of RadioactMties in Various Organs as
Determined by PET Imaging and by Dissection and

ScintillationCountingOne Hour After Injection

FIGURE 2. Images obtained withthe PET simulator. (A)Slice 1;
(B) Slice 2; (C) Slice 3; (D) summed image obtained by combining
the three slicesintoa single10.5-mmslice.

imaged structures compared and found to be compatible.
The left kidney is somewhat more medial than normal as
the rat's torso was not straight when mounted on the PET
simulator. During dissection, the tissues observed to have
high activity were observed to have taken on the blue color
of the CuPcS4.

From Table 2, one might expect to see the heart, the
spleen, and from the usual high urine concentrations of
water-soluble molecules, the bladder contents. The heat
and the bladder, lying anteriorly, are not contained in the
imaged planes. The spleen, although having a high radio
activity per gram, is a thin organ with an orientation rela
tive to our imagingplanes which is prone to partialvolume
effects. For the tumor, the activity is found to lie in a thin
band on its outer edge. As the tumor was inoculated in the
flank, it becomes smaller as one passes from slice 1 to slice
3.

Comparison of Scintillation and PET Blodistributlons
To permit comparison of the scintillation counting and

PET biodistributions it was assumed that all tissues had a
density of 1 g/cm@. In addition, the biodistribution doses
expressed as a percentage of injected dose were expressed
in terms of the radioactivity injected into the rat used for
the PET scan (438 ,ttCi). The results obtained by the two
methods for the kidneys, liver, lung and tumor uptake are
summarized in Table 3. For other organs, either the radio
activity was too low, they were not in the planes of the
images, or they were of insufficient dimension in the image
plane to be adequately resolved. It was estimated that
approximately 20% of the total radioactivity injected re
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nines are known to accumulate preferentially in the Ut
mor's outermost layer which has the greatest degree of
vascularization (27). Large tumors, because of poor vas
cularization become necrotic in the center and conse
quently have virtually no uptake in this region. In the
scintillation counting measurement, the activity obtained
for the tumor (Table 3) was averaged over the tumor's
entire mass, includingthe very low uptakenecrotic center.
This obviously tends to decrease the observed value.

This difference in uptake is visible on closer inspection
of the PET images. They show a higher concentration of
[MCu]CuPcS4 @flthe region of the tumor nearest the skin
corresponding to the richest vasculaization. The same
distribution was also noted from the characteristic blue
color distributionin the tumor duringthe dissection. The
PET-based biodistributionmeasurement is based on this
region of increased uptake, and reflects the actual tumoral
tissue uptake. This simple fact demonstrates one of the
advantages of PET: it is capable of revealing a nonuniform
distributionwithin an organ, without a prioriknowledge of
the biodistributionandwithout modificationsto the exper
imental protocol. Such refinementwould be extremely te
dious and time-consuming with the conventional tech
niques based on dissection and scintillation counting. It is
worth noting that this fine structure information was ob
tained for an equivalent acquisition time for a full ring
detector of only 4 mm. With measurements of equivalent
quality on this time scale, the determinationof the time
course of this particulardistributionalso becomes feasible.

This real time capability is lacking in recently proposed
high-resolution pinhole (33,34) and slit (35) collimated
SPECT-based approaches. Although the achievable reso
lution is excellent (â€”1.5mm FWHM), the need, as with the
Sherbrooke PET simulator, to reposition the detectors se
riously limits the time resolution of each image. These
approaches achieve high resolution at the expense of sen
sitivity. They nevertheless have a cost advantage as con
ventional SPECT systems and conventional tracerscan be
used. They do not permit, however, the use of meta
bolically importantcompounds labeled with positron emit
ting isotopes.

CONCLUSIONS

In conclusion, we have demonstrated the suitability of
an avalanche photodiode detector-based PET imagingde
vice for in vivo quantitationof tracer tissue distributions.
The results obtained are compatible with dissection mea
surements and have a sufficientlyhigh resolution and sen
sitivity to be used on small laboratory animals. With the
current prototype PET system, sensitivity and acquisition
speed are severely limited by the absence of a complete
ring of detectors. Nevertheless, these preliminary data
demonstrate that images of equivalent or superior quality
can be obtained on a time scale sufficiently short for dy
namic in vivo pharmacokinetic studies on small laboratory
animals.
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r nuclear medicine not only to
survive, but also to prosper, it

must constantly seek out new radiop
harmaceuticals that yield more infor
mation about tissue physiology than
can be obtained by any other imaging
modality. This process of radiophar
maceutical development is difficult,
time-consuming and hindered by the
lack of suitable instrumentationto fa
ciitate evaluation of tracerpharmaco
kinetics (1,2).

Novel pharmaceuticals are rou
tinely being developed at considerable
cost. Human tumor lines have been
successfully replicated in animals.
Both these initiatives benefit from im
aging procedures that can determine
the interaction of drugs on regional
metabolism, blood flow, and receptor
occupancy and the extent of therapeu
tic intervention(3). Hence, radiophar
maceutical imaging is poised to play
an even greaterrole in diagnosis, char
acterization and management of dis
ease and dysfunction.

Two steps are entailed in the devel
opment of new radiopharmaceuticais
that foster this approach:(1) synthesis
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and purificationof a radiopharmaceu
tical, followed by (2) biodistribution
and imaging studies to determine re
gional localization of the tracer. The
easiest developmental path for new
agents is by PET, since these agents
are directly compatible with natural
and man-made biomolecules. Incor
poration of nuclides such as â€˜3N,11C
and â€˜8F,is usually more straightfor
ward than developing complex che
lates from classical nuclear medicine
nuclides such as @â€œFcand â€œIn.The
short half-life of PET nucides can be
helpful when utilized for human stud
ies (a lower patient dose is required
and repeatability of imaging proce
dures is good), but they can also
hinder successful tracer development
(specific activity is reduced over time,
rapid synthesis and quality assurance
procedures are required, long incor
poration times are not possible, and
biodistribution studies are very diffi
cult). But radiochemists have the
ability to develop many more PET
radiopharmaceuticais than can be
thoroughly tested. Why? Quite sim
ply, it takes too long to realistically
evaluate whether a new radiopharma
ceutical can be used to successfully
visualize the desired physiological or
biochemical parameter for which it
was designed. Animal biodistribution

studies must be performed for each
new agent priorto undertakinghuman
imaging (4â€”6).Numerous animals are
requiredto gather limited amounts of
kinetic data. The early uptake phase
of a rapidlycleared traceris difficultto
measure by these techniques. Inter
animalvariability further increases the
numberof animalsthatmust be killed.
The cost and more importantly, the
effort to collect biodistribution data
for a few time points along this uptake
process are significant, and become
even more difficult when short half
life PET nucides are used. Further
more, conventional biodistribution
methods of dissection provide no re
gional tissue uptake information.

In this issue of theJournal Marriott
and coworkers present information
about measuring biodistribution and
regional uptake of PET radiopharma
ceuticals in small animals (7). This
builds upon their previous work (8)
and employs avalanche photodiode
detectors coupled to conventional
BGO scintiliator material. This work
embodies two important issues,
namely use of a dedicated small PET
scanner for animal imaging and the de
velopment of new PET detector tech
nology. The unique feature of their to
mograph design is the application of
the avalanche photodiode as the main
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