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The effect of drugs on thallium-201 biodistribution in the body has been studied
In dogs using a new functional imaging method. The calculation is based upon the
comparison of the activities of the two scintigraphic images obtained after two
successive Injections of thalllum-201 separated by an interval of at least 10 min,
during which some drug of interest can be administered. This imaging technique
was applied in control dogs (n = 8) and in animals treated with dipyridamole (n =
7) or grisorixin (n = 7). As expected, these two vasoactive drugs increased mainly
the myocardial uptake, whereas smaller variations were noted in the other organs
studied: liver, kidney, lungs, and skeletal muscles.

Thus this method should allow a rapid and reliable noninvasive assessment of

cardiovascular drugs with thallium-201.
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Thallium-201 has become a widely used radiotracer
for myocardial imaging because of its physical and
physiological properties (1-4). These are still not opti-
mal, given the low-energy (x-ray) emission leading to a
non-negligible attenuation in depth and the 73-hr half-
life of T1-201, which prevents the use of high injected
activities; nevertheless, its biological behavior is very
similar to that of potassium in the patient at rest, and its
myocardial distribution is proportional to the local blood
flow (5, 6). It is thus useful for the external detection of
myocardial ischemia and necrosis. However, non-neg-
ligible extramyocardial uptake by organs such as the
lungs, liver, spleen, kidneys, and muscles also occurs, and
to an extent that depends, furthermore, on the physio-
logical state of the recipient (7). No clinical interest has
yet been found in these extracardiac uptakes, except in
a recent paper where lung uptake was shown to be an
indicator of cardiac insufficiency (8). The main problem
in quantitating the regional uptake is the choice of a
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region of reference, since uptake in any particular region
varies from one subject to another and in the same
subject from one examination to another.

We introduce in this paper a new method, which en-
ables us to assess—point by point, with each point being
its own reference—the evolution of the regional uptake
of thallium-201 between two situations: first, the basal
state, and second, the state after pharmacological in-
tervention. This is done by the injection of two half-doses
of tracer separated by the injection of the drug under
study. The point-by-point computer processing of the
sequential scintigraphic frames stored during the study
produces a functional image in which the regional dif-
ferences in the thallium-201 uptake in the two situations
are expressed. A well-known coronary dilator, dipy-
ridamole, and a new one, the monocarboxylic ionophore
grisorixin (9), were used in this study to evaluate the
effectiveness of the method.

MATERIAL AND METHODS

Twenty experiments were performed in mongrel dogs
of either sex, weighing 10-20 kg and anesthetized with

921



MAUBLANT, MOINS, AND GACHON

FIG. 1. Functional image obtained in control dog; no significant
difference in contrast is observed between heart (H), liver (L), lungs
(Lg), muscles (M), or kidneys (K).

sodium pentobarbital (30 mg/kg i.v.). All injections were
performed intravenously through a cephalic vein. The
controls received two injections of thallium-201 chloride
(1 mCi/ml solution), with a 10-min interval between
them. The treated dogs first received a half-dose of
thallium-201, then a drug injection 10 min later, then
again TI-201 at half-dose, 3 min after a dipyridamole
injection (0.5 mg/kg), or 5 min after grisorixin* (100
ug/kg). Grisorixin was administered in a water/ethanol
mixture (70:30, v/v), 0.5 mg/ml. The mean total activity
injected was about 1 mCi per animal.

The dogs were positioned under a large-field (40-cm)
scintillation camerat equipped with a low-energy par-
allel-hole collimator. All images were left lateral.
Pulse-height selection bracketed the 69-83 keV x-ray
emission of the mercury daughter with a 25% window,
and the 167-keV gamma emission with a 12.5% window.
Starting from the first injection, sequential images of 30
sec each were stored in a computer for at least 20 min.
The memory disc used a 64 X 64 matrix.

The processing was done by dividing pixel by pixel the
addition of the first five files following the second T1-201
injection by the addition of the last five files preceding
the drug injection. A pixel-by-pixel correction of the
evolution of the activity during the ten minutes following
the first injection was then performed; this permitted an
estimate of the tail of the first injection, lying under the
initial part of the second injection, to be subtracted out,
leaving only the increase due to the second injection to
be taken into account. The value of each pixel of the
functional image was multiplied by 100 and corrected
from the ratio of the activities of the two injected doses,
calculated to include the whole body of the dog, so that
the normal resulting value for each pixel was about 100
in the control group.

The pictures were then displayed in black and white
on a TV screen. From regions of interest drawn by hand
delineating areas for the heart, lungs, liver, kidneys, and
skeletal muscle, the global effect of the drug under in-
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vestigation upon their respective T1-201 uptakes could
be compared and quantitated. In practice, the display
of the first image of the series, including the first pass of
the tracer in the lungs, allowed easy drawing of the re-
gion of interest including this organ; heart, liver, and
kidneys were delineated on the last image of the series,
where they were always clearly seen. The muscular ROI
was located in the anterior thoracic region between the
lungs and head (Fig. 1).

RESULTS

Figure 1 shows a functional image obtained in the
basal state, with the regions of interest outlined for cal-
culation of the relative uptake of thallium-201 between
the two injections. The very similar values obtained,
whatever the region of interest, are reflected by the
low-noise, smooth aspect of the surface on the functional
image.

By contrast, in a dog treated with dipyridamole (Fig.
2), the myocardium shows the highest relative post-
treatment increase in uptake; the areas for the lungs and
kidneys show relatively low values. When treated with
grisorixin (Fig. 3), the same dog gives a similar but
stronger myocardial picture, together with enhanced
uptake in the skeletal muscles.

The complete results are presented in Table 1. In the
basal conditions, all the calculated mean values are very
near 100%, with a standard deviation that exceeds 3.1%
only for muscle. However the mean =+ 1 s.d. interval al-
ways includes 100%. With dipyridamole, the myocar-
dium shows the highest increase, followed by the liver.
With grisorixin, the highest value of the study is observed
in the myocardium, but the T1-201 uptake also increases
in the skeletal muscles. With both treatments, the kid-
neys show a significant decrease.

DISCUSSION

The values obtained in the basal state show that this
technique can yield accurate results for the study of
thallium-201 uptake in all the organs tested. This is

FIG. 2. Functional image in dog treated with dipyridamole (0.5
mg/kg), showing predominant cardiac effect (H).
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achieved by using a very simple procedure for the pro-
cessing, in which the intervention of the operator has very
little effect on the final resulting picture. An alternative
method for normalization with respect to the two injected
doses of thallium-201 would have been to measure the
syringes in a well counter just before and after each in-
jection. However, this would require more manipulations
and we had found in a preliminary study that the slightly
nonlinear response of the camera to the activity led toa
small but significant bias in the results. The present data
in the basal state show that the technique gives results
that are very close to optimal. Thus, it provides repro-
ducible results that may easily be obtained in different
laboratories and may then be compared.

One advantage of this method is that the possible re-
distribution of the thallium first injected has no effect
on the final functional image, since after the first injec-
tion of T1-201 the drug effect is assessed by taking into
account only the absolute cell-by-cell increase in activity
following the second injection, but not the absolute
cell-by-cell total activity. This is done by comparing the
activity observed just before the second injection with
the activity observed two to three minutes after it. The
time interval between these two measurements is that
necessary for sufficient blood clearance of the tracer and
significant organ uptake. Thus, the final result could be
affected only by some rapid effect (unlikely and in fact
never observed) that could induce a significant redis-
tribution of the first dose of thallium during the 2- to
3-min distribution period of the second dose.

The myocardial uptakes observed with grisorixin are
of the same order as those obtained in an experimental
measurement of the true myocardial uptake of thal-
lium-201 in the guinea pig (10). Even if this remains to
be proven in the dog, it suggests that this technique could
provide, atraumatically, results similar to those of a
postmortem count of the dog’s myocardium. This could
be of great interest in the screening of new drugs or for
rapidly and comparatively studying, in the same animal,
the multiorgan effects of incompletely known drugs or
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FIG. 3. Functional image in dog treated with grisorixin (100 ug/kg).
Both heart and muscles exhibit an improvement in tracer uptake:
concurrently, other organs (particularly liver) show decreased up-
take.

of certain combinations. Since it is also a safe procedure,
it could be used in man to study the effect of known drugs
and to test individual reactions.

FOOTNOTES

* Grisorixin was a gift from Dr. G. Jeminet, Laboratoire de Chimie
Organique Biologique, Université Clermont II, France.
t General Electric 400T.
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TABLE 1. NORMALIZED RATIO OF THE VARIATION IN ACTIVITY FOLLOWING TWO SUCCESSIVE
INJECTIONS OF THALLIUM-201 IN PROJECTION OF DIFFERENT AREAS IN UNTREATED AND TREATED
DOGS. RESULTS ARE EXPRESSED AS MEAN PERCENTAGE DEVIATION, =t STANDARD DEVIATION OF THE
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CONTROLS USING STUDENT'S T-TEST FOR UNPAIRED VALUES.

Treated with Treated with

Normal dipyridamole grisorixin

n=26 n=7 n=7
Myocardium 100.7 + 3.1 129.0 + 12.2 (P < 0.001) 139.7 £ 8.1 (P < 0.001)
Liver 100,0 + 2.7 105.4 +£ 7.0(N.S.) 99.4 + 6.1(N.S.)
Kidneys 98.8 + 2.4 89.0 + 3.7 (P <0.01) 86.0 + 4.7 (P < 0.001)
Skeletal muscles 993+ 43 93.4 + 120 (N.S.) 112.1 + 14.5 (P < 0.05)
Lungs 99.2 + 1.7 90.1+ 7.6 (P <0.02) 90.9 + 6.9 (P < 0.02)

Volume 22, Number 10

923



MAUBLANT, MOINS, AND GACHON

lium-201 for myocardial imaging. Relation of thallium-201 uptake of thallim-201 during exercise myocardial imaging:

to regional myocardial perfusion. Circulation 51:641-645, Clinical, hemodynamic and angiographic implications in

1975 patients with coronary artery disease. Am J Cardiol 46:
6. L’ABBATE A, BIAGINI A, MICHELASSI C, et al: Myocardial 189-196, 1980

kinetics of thallium and potassium in man. Circulation 60: 9. MAUBLANT J, GACHON P, MOINS N, et al: Myocardial

776-785, 1979 imaging in dogs with thallium-201 and the ionophore griso-
7. GouLDp KL, WESTCOTT RJ, ALBRO PC, et al: Noninvasive rixin. J Nucl Med 21:787-789, 1980

assessment of coronary stenoses by myocardial imaging during /0. GACHON P, MOINS N, MAUBLANT J: The effect of the

pharmacologic coronary vasodilatation. II. Clinical meth- monocarboxylic ionophore grisorixin on myocardial uptake

odology and feasibility. Am J Cardiol 41:279-287, 1978 of thallium-201 in the guinea-pig. IRCS Med Sci 8:267,
8. BOUCHER CA, ZIR LM, BELLER GA, et al: Increased lung 1980

CALL FOR APPLICANTS

Journal of Nuclear Medicine Technology EDITOR

The Publications Committee of the Technologist Section, Society of Nuclear Medicine, is beginning the process of
recruiting, interviewing, and selecting a new Editor for the Journal of Nuclear Medicine Technology.

Technologist Section members are urged to take this opportunity to influence the Journal’s direction. The editorship
of the Journal is a three-year commitment to a very demanding butimmensely rewarding position. The current JNMT
Editor, Patricia Weigand, is serving the second year of her second three-year term; Technologist Section Bylaws limit
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Section involvement, a listing of your publications (as primary author only), a listing of papers you have presented
(include whether they were on the national, chapter, or local level). Note any awards or recognition you have received
from the Technologist Section.

Also provide information on what, if any, previous publishing experience you have, in nuclear medicine or related
areas; state your access to office facilities and secretarial assistance; provide a letter of support from yourimmediate
supervisor, which refers to your availability during work hours and your access to office support, and office supplies
and equipment.

Describe in 200 words or more how you view the position of the JNMT Editor. If you feel that the quality of the JNMT
can be improved, please expound. Finally, state your reasons for applying for this position.

This information must be submitted by December 31, 1981 to:
Vince Cherico, CNMT
4 Market St.
Foxboro, MA 02035
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10th ANNUAL MEETING
BRITISH NUCLEAR MEDICINE SOCIETY
April 19-21, 1982 Imperial College London, England
Announcement and Call for Abstracts

The British Nuclear Medicine Society announces its Tenth Annual Meeting, to be held from April 19-21, 1982 at
Imperial College, London.

The program includes review and original presentations, specialist sessions in radiopharmacy and computing, and
for technicians, poster sessions and a commercial exhibition.

Abstracts must be prepared for direct photoreproduction using the official abstract form.
For abstract forms and further information, contact:

Mrs. A.M. Taylor
22 Leinster Avenue
East Sheen
London SW14 7JP
England

Deadline for receipt of abstracts is February 1, 1982.
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