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Newly synthesized Tc-99m dichlorobis( 1,2-dimethyiphosphino)ethane (DMPE)
was investigated as a myocardial imaging agent with respect to its kinetics (de-
pendent on both time and on regional coronary blood flow), its percent organ up-
take, and its imaging characteristics in the anesthetized dog. Most of these data
are compared with those of TI-201. Blood clearance of the two agents is essential-
ly the same. Compared with TI-201, Tc-99m DMPE shows faster overall kinetics,
higher heart-to-lung ratio, equally good correlation with a wide range of regional
blood flows, and higher liver uptake. At the time of peak myocardial uptake, the
mean heart uptake of TI-201 is 4.3 %, compared with 2.9 % for Tc-99m DMPE, yet
only 0.9 % uptake of Tc-99m DMPE Is found in the lung as compared with 3.3 % for
Ti-201. These differences result in a heart-to-lung ratio of 2:1 for Tc-99m DMPE
and 1:1 for TI-201, based on the data obtained from the time-activity curve. The
quantitative findings are supported by the superior quality of Tc-99m DMPE images
of both normal and infarcted dog heart. The high hepatic uptake of Tc-99m DMPE
is not a serious problem If images are obtained within 5-60 min after dose. These
basic kinetic studies suggest that Tc-99m DMPE is a promising myocardial imaging

agent.
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The early results of our continuing search for Tc-
99m labeled myocardial imaging agents have been de-
tailed (7). This work led to a series of agents, the Tc-99m
o-phenylene-bis(dimethylarsine) (DIARS) compounds,
which successfully imaged the dog myocardium, but
were not soluble in water. More recently we have de-
veloped the water soluble compound, trans-dichloro-
bis[Tc-99m (III) DMPE], where DMPE = bis(1,2-
dimethylphosphino)ethane, hereafter referred to as
Tc-99m DMPE. The chemical properties, structure and
preliminary description of Tc-99m DMPE in the dog
myocardium have been reported recently (2). The de-
velopment of Tc-99m DMPE has resulted from a pro-
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gram aimed at generating monocationic Tc-99m com-
plexes of known chemical structure, this structure being
established by classical chemical techniques applied to
the analogous Tc-99m complex (2).

The purpose of this communication is to report
properties of Tc-99m DMPE as a myocardial imaging
agent based on an experimental animal study. We report
time-dependent kinetics, percent organ uptake, blood-
flow-dependent kinetics and imaging characteristics in
anesthetized dogs in the resting state. These basic kinetic
and imaging data are compared with those of TI-201,
some of which were reported previously using a similar
experimental design (3).

MATERIALS AND METHODS

Tc-99m DMPE. The preparation and chemistry of
this agent have been detailed in a recent report from our
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institution (2). This preparation employs " TcO4~ from
a Mo0-99/Tc-99m generator, excess DMPE ligand to
reduce 99™TcO,4~ and stabilize the technetium(III)
product, HCI to keep the pH of the reaction medium ca.
2, an ethanol/water reaction medium to maintain all
species in homogeneous solution, and high temperature
to drive the reaction to completion. Each preparation was
analyzed before use by reversed-phase, high-perfor-
mance liquid chromatography to assess its radiochemical
purity. The typical Tc-99m DMPE purity was over 95%,
but occasionally it fell as low as 87%; all preparations
were used directly, no attempt being made to separate
the major Tc-99m DMPE component from the minor
amounts of impurities.

Time-dependency. This study of time-dependency
consisted of two parts: (a) time-activity curves obtained
over the heart, lung, and liver to evaluate the changing
heart-to-nontarget ratios; and (b) blood clearance. Six
normal mongrel dogs weighing 26-35 kg were studied.
Each dog was anesthetized and placed under a gamma
camera with a high-resolution collimator in the 60° left
anterior oblique view. Five to seven mCi (185-259 MBq)
of Tc-99m DMPE were given intravenously as a bolus.
The beginning of the intravenous administration was
designated as time zero, and data were stored contin-
uously in a computer in one-min frames for the first 30
min. Thereafter, data were obtained every 10-20 min in
two consecutive one-min frames until 120 min after dose.
Time-activity curves were generated from the stored data
by defining the region of interest over the myocardial
wall and the backgrounds over the lung and liver. The
digital image of the initial one-min blood-pool phase was
used to define the lung background in the area located
between the aorta and ventricular cavity (3). Digital
images acquired after the blood-pool image were used
to designate the region of interest over the anterior
myocardial wall and the liver background, which was
selected as an area at the upper edge of the liver. The
lung background was subtracted from the count of the
anterior wall at each data point and the maximum net
count was considered to be 100%. The remainder of the
net counts at each data point, including the background,
were expressed relative to this 100% value of the anterior
wall. Polaroid images were obtained at frequent inter-
vals.

For the withdrawal of blood samples, in the first four
dogs an indwelling catheter was fed into the superior
vena cava through a jugular vein, and the total activity
administered was measured with a calibrated Ge(L1i)
detector. Each blood sample was weighed, counted in a
well counter, and corrected for decay to the time of
withdrawal. Finally, the sample was expressed as activity
per ml using the conversion [one gram would occupy
1/1.06 ml] factor of 1.06 from cpm/g to cpm/ml (4).
Known activity administered at time zero was considered
as 100% activity, based on the assumption that an even
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distribution of the agent had occurred throughout the
blood, whose volume was later measured with Cr-51-
labeled red blood cells and I-125-labeled human serum
albumin.

Organ uptake. Two normal dogs, weighing 26 and 27
kg, were anesthetized and the chest opened. A catheter
was introduced into the left atrium for subsequent ad-
ministration of microspheres, and the chest closed. For
the dual-tracer study of organ uptake, it was important
to collect samples at the times of maximum heart uptake.
Accordingly, referring to the time-activity curves, T1-201
was injected i.v. at 40 min before sacrifice (3), and
Tc-99m DMPE only 15 min before. Then, at 5 min be-
fore sacrifice, a flow marker of Sr-85 microspheres (8
to 10 million particles, 10 um diam) was delivered into
the left atrium through the catheter. Homogeneous
distribution of the microspheres was assured by at least
S min in a vortex mixer just before injection, and they
were delivered slowly to avoid disturbing cardiac func-
tion. The dog was then killed, and the heart removed and
freed from the roots of the great vessels and excess fat.
It was counted in the whole-body counter room, with a
20- by 10-cm Nal(T1) detector and 4000-channel ana-
lyzer. On the basis of a phantom study, to be described
immediately, the uptakes in the heart, lungs, liver, spleen,
and kidneys were calculated as percentages of admin-
istered activity.

The organ phantom, a 400-ml plastic container, was
filled with water to approximately the volume of each
organ to be counted. Known activities of Tc-99m, T1-201,
and Sr-85, measured with a Ge(Li) detector, were placed
in the water and counted for 3 min. After background
subtraction and correction of Compton scatter, the cal-
ibration factors (cpm/mCi or cpm/37 MBq) were de-
termined for each radionuclide. Whole organs were
placed in the 400-ml container and counted under similar
conditions. The liver was weighed and a known fraction
counted. The net counts in each organ were decay-cor-
rected to the time of radionuclide administration, and
the activity was calculated using the calibration factor.
This was then expressed as the percent of the known
administered dose.

The organ uptake study was carried out on two dogs
with normal hearts. Two others, of similar weight, were
anesthetized and the chest opened. To induce an acute
myocardial infarct, the circumflex coronary artery was
totally occluded for 45 min, then released. The chest was
then closed (5). Organ uptakes were determined in these
dogs as in the normal ones.

Flow-dependency. The flow-dependency study was to
determine the relationship between coronary blood flow
and uptake of both Tc-99m DMPE and TI-201. After
measurement of the percent organ uptake in each of the
four hearts described above, the right ventricular wall
and atria were removed. After removal of the apex en
bloc, five nearly equal cross sections of the left ventricle
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were made by slicing from the apex to the base. Each
segment exclusive of the apex was divided into eight
nearly equal transmural blocks, each of which was fur-
ther subdivided into endocardial and epicardial halves.
The apex was divided into four longitudinal samples. The
84 samples from each heart (5 segments X 8 blocks X
2 transmural halves + 4 apical samples) were then
counted for Tc-99m, TI-201, and Sr-85 in the well
counter equipped with a 2,000-channel analyzer. After
appropriate correction for background and Compton
scatter, the counts obtained from each radionuclide were
corrected for decay to the time of death, and the final
count was expressed per gram of tissue. For each ra-
dionuclide; the three samples with the highest counts per
g in each heart were averaged and designated as 100%.
The percent counts in the other samples were normalized
to these 100% values for each of the three radionuclides.
Then, a linear regression analysis was applied to the flow
marker and two myocardial imaging agents.

Imaging. Five mongrel dogs weighing 25-31 kg were
prepared by induction of an acute myocardial infarct (5).
Images were obtained in the anterior, 45° left anterior
oblique, and left lateral views on three occasions in each
dog; first with T1-201 and then with Tc-99m DMPE,
collecting total counts of SO0K per view. Activities used
were 5-7 mCi (185-259 MBq) for Tc-99m DMPE and
about 2 mCi (74 MBq) for TI-201, administered intra-
venously. The optimal imaging time for Tc-99m DMPE
was determined from the time-dependency study de-
scribed above. The optimal imaging time for T1-201 calls
for starting at 20-25 min after administration, as pre-
viously reported (3). Upon completion of the third
imaging study, the dog was killed with an overdose of
pentobarbital and the heart was removed. It was sliced
horizontally, parallel to the base, into six segments, and
stained with triphenyl tetrazolium chloride (TTC) for
identification of the infarct (6). These stained segments
were then compared with the previously obtained scin-
tigrams.

RESULTS

Blood clearance. Figure 1 shows the average blood
clearance through 40 min after dose, based on four dogs
for Tc-99m DMPE and on three for T1-201 (3). The
remaining mean percent activities in the blood pool for
Tc-99m DMPE and TI-201, respectively, were: at 1 min
after dose 32.4 (range: 27.0-37.0) and 23.9 (20.5-27.2);
at S5min 5.3 (5.0-5.8) and 8.1 (5.9-11.4); at 20 min 3.0
(2.7-3.3) and 2.4 (2.2-2.7); and at 120 min 1.8 (1.5-2.0)
and 1.4 (1.4-1.6). Although these data suggest a some-
what faster blood clearance for T1-201, the rates for the
two agents can be considered essentially the same.

Time-activity curves. These curves are shown in Fig.
2. Because the image characteristics were defined as a
function of real time, the time-activity curves are not
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FIG. 1. Blood clearance of Tc-99m DMPE and TI-201 (semilog).

(- - © - -) Indicates values after Tc-99m decay correction.

decay-corrected. If the Tc-99m activity were decay-
corrected, the mean Tc-99m DMPE would be 60.8% at
120 min, compared with the uncorrected value of 49.0%.
The peak myocardial uptake of Tc-99m DMPE was
observed at 15 min after dose. Similar data for T1-201
obtained under the same conditions are also shown in
Fig. 2. The maximum uptake was observed 40 min after
dose, and 90.3% of the maximum remained at 120 min
(3). The salient difference between the two agents is the
substantially faster kinetics of Tc-99m DMPE.

The lung background is considered to have a major
effect upon the image quality. Figure 3 shows the time-
activity curves of Tc-99m DMPE observed in the ante-
rior myocardial wall, lung, and liver. At the time of
maximal myocardial uptake, the lung background is
about half of the myocardial activity and the target-
to-nontarget ratios thereafter remain approximately 2:1.
On the other hand, the liver background increases rap-
idly to a level approximately three times that of the
myocardium at 10-15 min after dose, followed by a slow
washout. In fact, when the Tc-99m counts in the liver
background are decay-corrected, the mean liver back-
ground becomes almost constant beginning about 80 min
after dose.

BACTIVITY

(4 % ® 0 00 20

TIME (minutes)

FIG. 2. Time-activity curves of Tc-99m DMPE (mean + s.d.) and
TI-201 (mean) in normal myocardium are compared. Note faster

kinetics of Tc-99m DMPE. No correction for decay is included.
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FIG. 3. Lung and liver backgrounds obtained from Tc-99m DMPE
study are shown in relation to myocardial activity (semilog, mean
%+ s.d.). On average, activity in liver over a unit area is about three
times the activity in myocardium. Low lung background leads to
target-to-nontarget ratios of about 2:1.

Although the liver uptake of Tc-99m DMPE is high,
this detracted little from the image quality, presumably
because of the excellent target-to-nontarget ratio.
Thallium-201 also shows activity in the liver, but not to
the degree observed with Tc-99m DMPE. The rela-
tionship between lung background and myocardial ac-
tivity in these two agents is shown in Fig. 4. The heart-
to-lung ratios for TI-201 remain approximately 1:1 be-
ginning 40 min after dose, when the maximal myocardial
uptake of T1-201 is observed (3). The heart-to-lung ratios
found in this study agreed with the T1-201 values found
by other investigators (7,8). These relationships are
reflected in the myocardial images obtained at various
time intervals, shown in Fig. 5. We conclude that the
optimal imaging time for Tc-99m DMPE is ~10-40 min
after dose, but satisfactory images are consistently ob-

* ACTIVITY

0 A A P

0 20 40 60 80
TIME (minutes)

100 120

FIG. 4. Target-to-nontarget ratios computed on mean values for
Tc-99m DMPE and T1-201, are compared. With T201, T/NT remains
at ~1, following its peak myocardial concentration at 40 min after
dose.
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tained as early as 5 min and as late as 60 min after
dose.

Effective and biological half-times. From the kinetic
data, both effective (t,, eff.) and biological (t, /> biol.)
half-times were calculated by fitting the activity curves
to the least-squares model, Y = Ae~"X, where 7 is the
decay constant and ¥ is the time after dose. The results
are shown in Table 1. These curve fittings were based on
data points observed after the time of maximal activity
in each organ. The data showed a marked difference in
myocardial retention time between two agents. Although
the t; /2 biol. of Tc-99m DMPE in the liver was infinite
based on the limited data points, this did not truly reflect
the biological pathway of Tc-99m DMPE, since activity
was eventually excreted from the gall bladder to the in-
testine. It is also excreted by the kidneys, as evidenced
by activity in the kidney and urinary bladder.

Percent organ uptake. The percent organ uptakes for
the heart and other organs, relative to the maximum
myocardial uptake of the respective agent, were exam-
ined first in the two normal dogs and then in the two dogs
with infarcts. The values in these two groups showed
little difference for each organ, including the heart.
Accordingly, data obtained from all four dogs were
combined and the results are shown in Table 2. At
maximal uptake, and on average, T1-201 concentrates
in the heart 50% better than Tc-99m DMPE at maxi-
mum, both as fractions of total administered activity.
However, TI-201 shows 3.7 times the lung uptake of
Tc-99m DMPE. These data further support the finding
of a high target-to-nontarget ratio of Tc-99m DMPE.
The mean percent activity of Sr-85 microspheres re-
covered in the heart is 4.7% (range: 3.1-6.3%) in four
dogs. This generally accepted normal value indicates that
the myocardial blood flow is not altered during the ex-
periment. The higher percent liver uptake of Tc-99m
DMPE is in agreement with the higher liver back-
ground.

Flow-dependency. The study of blood-flow dependency
was designed to ensure that the maximal myocardial
uptakes of the two agents coincided, based on the find-
ings of the time-dependent kinetic study. That is, T1-201
was administered first, and then 25 min later, Tc-99m
DMPE was administered. The dog was then sacrificed
15 min later. In this manner, the requirement that the
maximal myocardial uptakes of TI-201 (40 min after
dose) and of Tc-99m DMPE (15 min after dose) coin-
cided. Dogs also received Sr-85 microspheres in order
to correlate the regional myocardial blood flow with the
regional myocardial distributions of these two agents.
Results based on the 168 samples obtained from the two
normal hearts showed correlation coefficients (r) for flow
vs. uptake of 0.98 for Tc-99m DMPE and 0.97 for TI-
201. Another 168 samples from two infarcted hearts
showed r = 0.97 for Tc-99m DMPE and 0.96 for T1-201.
This relationship between regional flow and uptake was
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FIG. 5. For Tc-99m DMPE, good-quality images are obtained 5-60 min after dose. Note good definition of myocardial wall, low lung
background, but high liver background. Also note increasing activity in dog's biliary system with time. TI-201 images are shown for
comparison. Falling quality of Tc-99m DMPE image with time is due to faster washout from myocardium, but relatively slower washout

from lung and liver.

further examined by selecting samples from the infarcted
hearts where the blood flow was less than 25% of the
maximum. Forty-seven samples met this criterion. The
correlation coefficients for these samples were 0.95 for
Tc-99m DMPE and 0.91 for T1-201 (Fig. 6). These re-
sults indicate that the regional flow dependency of Tc-
99m DMPE uptake at rest is at least as good as that of
TI-201.

Imaging. Five dogs with infarcts were imaged, col-
lecting 500K counts per image, with TIl-201 starting
25-30 min after dose, followed by imaging with Tc-99m
DMPE starting at 10 min after dose. The imaging
studies were timed in this manner to meet the optimal
imaging time for each agent. A clearer definition of the
myocardial wall was seen in every Tc-99m DMPE
image, compared with TI-201. Although the liver
background was high with Tc-99m DMPE, the dia-

TABLE 1. EFFECTIVE AND BIOLOGICAL HALF-

phragmatic region of the heart was reasonably well
separated in most of the projections. Ambiguity in the
diaphragmatic region was a problem in some of the
projections, but this was usually resolved by other pro-
jections. When the liver was poorly defined with TI-201,
the lung background appeared higher in all five dogs
studied repeatedly up to 168 hr after infarct. Since all
dogs were fasted overnight before each imaging study,
the metabolic state of the gastrointestinal system does
not appear to be a determining factor.

Figures 7 and 8 show Tc-99m DMPE and TI-201
images obtained in the infarcted dogs. Figure 9 is a
photograph of the slices of one heart stained with tri-
phenyl tetrazolium chloride (6). The heart was obtained
immediately after imaging study shown in Fig. 8. Al-
though the images in Figs. 7 and 8 demonstrate better
defined myocardial wall with Tc-99m DMPE, there is
little difference between the two tracers in the definition
of the infarcted region. In total, five infarcted dogs were
imaged each at three different times after infarct: be-
tween 4.5 and 24 hr, at approximately 72 hr, and be-

TIMES (HR)
Tc-99m DMPE TI-201
Organ __ tyzeff  tupbiol  tizeff tyblol TABLE 2. PERCENT ORGAN UPTAKE IN

Myocardium MONGREL DOGS (n = 4, MEAN AND RANGE)

(anlt;rior 1.9 2.8 7.2 8.0 Organ TI-201 Tc-99m DMPE

wa
Lung (Bkg-1) 2.6 45 6.8 7.5 Heart 4.3 (4.0-4.7) 2.9 (2.2-3.6)
Liver (Bkg-2) 6.1 * t t Lung 3.3(2.0-4.9) 0.9 (0.7-1.0)

Liver 13.6 (11.6-15.6) 21.5(13.3-33.4)
* See text for explanation. Spleen 2.3(0.7-3.1) 1.7 (1.1-2.0)
T Data were not obtained. Kidneys 12.0 (7.5-17.3) 6.5(3.8-9.4)
Volume 23, Number 12 1097
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FIQ. 6. Relationship between regional activity distribution and blood flow. Figure shows regions with blood flow less than 25% of maximum
in 47 samples among a total of 168 samples obtained from two dogs with infarcted hearts. Note better relationship with Tc-99m DMPE,
particularly in region with lower blood flow. Correlation coefficients in parentheses are based on all 168 samples obtained from both

infarcted dog hearts over 0-100% regional blood-flow range.

tween 144-168 hr. Thus, 15 pairs of images were ob-
tained for evaluation, both with Tl-201 and Tc-99m
DMPE. The evaluating scheme was based on how well
the images defined the uninvolved myocardium and the
infarct. Each pair of images was compared and classified
by the consensus of three experienced observers. In 13
of the 15 pairs of images, the Tc-99m DMPE images

Tc-99mDMPE

showed a better-defined myocardial wall, and in the two
remaining pairs, the Tc-99m DMPE images were as
good as those obtained with T1-201. In nine out of 15
pairs the infarct was defined better with Tc-99m DMPE;
in five pairs the infarct was equally well defined with the
two agents, and in one pair the T1-201 image was supe-
rior. None of the observers felt that the high liver back-

FIG. 7. LAO images from infarcted dog at different times after infarct. With Tc-9m DMPE, generally better defined outline of left-ventricular
wall is noted, together with low lung background but high liver background. Definition of infarct at 4.5 and 72 hr after infarct is judged
equally good with both agents. At 144 hr after infarct, infarct is judged to be better defined with Tc-99m DMPE.

1098

THE JOURNAL OF NUCLEAR MEDICINE



CLINICAL SCIENCES
INVESTIGATIVE NUCLEAR MEDICINE

Tc-99m DMPE

FIG. 8. Large transmural infarct in post-
eroinferior wall and apical region obtained
at 144 hr post-infarct. Both outline of left-
ventricular wall and definition of infarct are
judged better with Tc-99m DMPE.

ground of Tc-99m DMPE was a serious drawback. No
definite difference was noted with respect to image
quality and the imaging time after infarct.

DISCUSSION

We have attempted to compare the kinetics of Tc-99m
DMPE and TI-201 in the basal state of the mongrel dogs.

FIG. 9. Heart of dog from Fig. 8, removed immediately after imaging
study and stained with TTC. Six segments are shown by looking in
a base-to-apex direction. Note large inferior to posterior wall infarct
extending into apical region, agreeing well with images shown in
Fig. 8.

Volume 23, Number 12

Blood clearance and time-activity curves are essential
to define the imaging properties as a function of time.
For example, although the blood clearance rates are
essentially the same for Tc-99m DMPE and T1-201, they
do not predict the time after dose of the maximal
heart-to-lung uptake ratio, i.e., 15 min after dose for
Tc-99m DMPE and 40 min for TI-201. The percent
organ uptake was measured in vitro and the target-to-
nontarget ratios so obtained confirm the qualitative
differences noted in in-vivo studies. The relationship
between regional coronary blood flow and myocardial
uptake further clarified the kinetic properties of Tc-99m
DMPE, which are clearly dependent on regional flow,
asin TI-201.

Thallium-201 has been widely accepted as the agent
of choice for myocardial scintigraphy, based on its
myocardial distribution, which is closely proportional
to regional myocardial blood flow. In addition, TI-201
exhibits the unique feature of redistribution following
an exercise-induced perfusion defect. However, its
shortcomings include high cost and less-than-desirable
physical properties as an imaging agent (9,/0). Many
investigators have searched for possible alternatives, such
as I-123-labeled heptadecanoic acid (/1) and/or Te-
123m-labeled fatty acids (/2). These labeled compounds
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have at least one similar drawback. The radionuclide
must be produced by a cyclotron, and the resulting high
cost precludes its wide applicability. Technetium-99m,
on the other hand, has desirable physical characteristics
and is widely available from a low-cost generator. Thus,
Tc-99m DMPE has potential advantages in terms of
physical properties, cost, and the possibility of ready,
in-house availability.

The kinetics of Tc-99m DMPE are qualitatively
similar to those of T1-201, although the mechanism of
Tc-99m DMPE concentration in the myocardium is not
known. The known differences between Tc-99m DMPE
and TI-201 are the physical half-life (6 hr vs. 73), mo-
lecular weight (399 vs. 201), lipophilicity (Tc-99m
DMPE is more lipophilic), and structure (coordination
complex vs. hydrated ion). From our earlier work on
cationic Tc-99m complexes (1), distribution kinetics do
not appear to depend primarily on the molecular weight
of the complex, and the results with Tc-99m DMPE
agree with this generalization. The differences in kinetics
among those cations investigated earlier as myocardial
imaging agents (13) appear also to have little relation-
ship to molecular weight. Our preliminary data indicate
that approximately 18% of Tc-99m DMPE is excreted
in the urine in 24 hr, compared with 5% for T1-201 in the
dog and about 4% in man (/4). A high hepatic uptake
of Tc-99m DMPE resulted in 25-30% of excretion in the
feces in 24 hr, but with T1-201 this pathway in the human
appeared to be insignificant (/4).

The long t,/; eff. and t; biol. of Tc-99m DMPE in
the liver raise the question as to whether the hepatocyte
or the reticuloendothelial system plays a dominant role
in its uptake and excretion. Participation by the reti-
culo-endothelial system is implied by the observation of
Tc-99m DMPE activity in the skeletal system, beginning
30-60 min after dose as the myocardial activity de-
creases. The outline of the ribs, scapulae, vertebrae, and
pelvic bones becomes increasingly clear with time, but
the distal portions of the humerus and femur are not
visible even after several hours. Thus the distribution of
Tc-99m DMPE is reminiscent of that of Tc-99m sulfur
colloid. In addition, the uptakes of Tc-99m DMPE in the
liver and spleen in Table 2 are in the ratio expected for
the function of the reticulo-endothelial system in these
two organs. Nevertheless, participation of the hepatocyte
system is also implied by the rapid accumulation of
Tc-99m DMPE in the gallbladder, and its subsequent
discharge into the intestine. This behavior is similar to
that observed for the Tc-99m imidodiacetic acid com-
plexes, except that the biological half-life of Tc-99m
DMPE is much longer (/5,16). It thus appears reason-
able to assume that Tc-99m DMPE in vivo consists of
both colloidal and noncolloidal forms. However, the
colloidal forms are probably produced in vivo since all
our preparations were passed through a 0.22 um Milli-
pore filter, and a typical Tc-99m DMPE preparation
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examined by laser scattering showed no detectable col-
loids in the range 1-200 nm*. We note that in vivo pro-
duction of colloids does not imply that Tc-99m DMPE
is chemically unstable. In fact, HPLC analysis shows
that the millimolar solutions of Tc-99m DMPE in 0.2
M aqueous NaCl undergo no detectable hydrolysis or
decomposition over a period of 3 wk.

The Tc-99m DMPE concentration in the liver (per
unit area) is, on the average, three times that in the
myocardium, and this is not a desirable feature for a
myocardial imaging agent. However, the clearer defi-
nition of the myocardial wall in Tc-99m DMPE images,
compared with that in T1-201 images, appears to com-
pensate for this potential drawback. Partially shielding
the liver in order to increase the contrast with the myo-
cardium did not noticeably improve the image quality
in our experience. However, this practice could be im-
portant when gated or single-photon emission computed
tomography studies are conducted. Currently we are
modifying the Tc-99m DMPE synthetic procedure in the
hope of reducing hepatic uptake, which would enhance
the relative myocardial uptake.

The absolute concentration of Tc-99m DMPE in the
myocardium is lower than that of TI-201, but the far
lower concentration of Tc-99m DMPE in the lung results
in a superior target-to-nontarget ratio and hence bet-
ter-quality images. Furthermore, the equally good cor-
relation between the regional myocardial blood flow and
Tc-99m DMPE concentration could likely provide an
additional advantage and may result in better definition
of ischemic regions. Early evaluation of patients with
possible acute myocardial infarction is important, since
early intervention may limit infarct size. Thus, the ready
availability of an in-house preparation would be desir-
able. If the Tc-99m DMPE proves useful, a kit form is
quite feasible.

Our initial experimental design was to synthesize
monocationic complexes of Tc-99m that would, we
hoped, mimic the known myocardial uptake of the mo-
nocationic species of T1-201, Rb-81, Cs-129, and K-43
(1,2). Technetium-99m DMPE is our newest agent
based on this rationale, and the resting distributions
reported herein show useful properties despite the fact
that they are not identical to those of TI-201. Since an
important property of any myocardial imaging agent is
its ability to evaluate the functional reserve of the coro-
nary artery under exercise conditions, studies designed
to assess Tc-99m DMPE kinetics under variable hemo-
dynamic conditions are under way. These studies should
further clarify the potential clinical role of this new
myocardial imaging agent.

FOOTNOTE

* The authors are grateful to Drs. Jim Benedict and John Lange of
Proctor & Gamble Company for conducting this experiment.
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