
he rareearth element gadolinium (Gd), when che
lated to diethylenetriaminepentaacetic acid (DTPA), is
showing promise as a magnetic resonance imaging
(MRI) contrastagent because it is a strongparamagnetic
complex, has good chemical stability, and produces
minimal toxicity (1,2,3). Optimizing the use of this
contrast agent for MRI is dependent on an understand
ing of its biodistribution and clearance. We decided to
evaluate its distribution in comparison with that of
technetium-99m DTPA ([@mTc]DTPA)for two rca
sons: a) 99mTcis an easily employable radioactive tracer
without the considerable radiation protection problems
associated with â€˜53Gd(the only radioisotope of gadolin
ium easily employed for radiotracerinvestigations)and,
b) since a considerable amount is known about the
biodistribution [@mTc]DTPA (4), much could be in
ferred regarding [Gd]DTPA if the distribution of these
two chelates were quantitatively similar, e.g., gamma
camera imaging could be employed for the evaluation
of the clearance of these chelates from a variety of
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tissues. Others have suggested that the biodistribution
of[Gd]DTPA is similarto the biodistribution of[@mTc]
DTPA, i.e., it distributes into the extracellular space
and is cleared by the kidneys through glomerular ifitra
tion (5-8). However, these data are more qualitative
than quantitative. Therefore, we decided to investigate
the biodistributionfollowing a bolus injection of['530d]
DTPA, [99mTc]DTPA,and [GdJDTPA.

MATERIAlS AND METhODS

Preparation of DTPA Solutions
Gadolinium DTPA was provided to us by Schering-Berlex,

Berlin, West Germany. The radioactive tracer [â€˜53Gd]DTPA
was made in our radiopharmaceutical laboratory from â€˜53@@j
chloride and a stock solution ofDTPA by a technique similar
to that published by Weinmann et al. (1). The [@â€œTc]DTPA
was prepared from an in-house radiopharmaceutical kit for
mulation. The freeze-dried DTPA kit contains 25.3 mg
CaNa3-DTPA and 1 mg stannous chloride dihydrate.

Instant thin layer chromatography of the radioactive che
lates done at 1, 45, 60, 75, 90, and 105 mm after mixing
[â€˜53Gd]DTPA,[@Tc]DTPAand [Gd]DTPAindicatedthat
the amount of free @mTcand wGd was <2% and 1%,
respectively.
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Twenty-three mature Sprague-Dawley male and female rats were simultaneously injected
with trace quantities of [1@Gd]DTPAand [@â€œTcJDTPAand 0.5 mmol/kg of nonradioactive
gadolinium DTPA. Rats were killed at 1 mm, 5 mm, i 0 mm, 15 mm, and 30 mm after the
intracardiac bolus injection. The heart, lungs, liver, brain, kidney, and blood were excised and
countedin a well-counterto determinethe amountof the injectedmaterialin eachorganand
blood.Inorderfor the percentof total injectedactivityto bedetermined,a techniquewas
developed which allowed discrimination of the 140 keV gamma-ray of @Tcfrom sum peaks
of â€˜%dwhenthelatteriscountedina well-counterwith4irgeometry.Althoughthe
distribution of the two DTPA compounds was qualitatively similar, statistical analysis indicated
that the amountof @â€œTcdepositedin the lungswas higherthan153@j(p 0.03),the amount
of @â€œTcdeposited in the kidneys was lower than 153@3@J(p 0.0004) and the amount of @â€œTc
in the bloodwas higherthan1@Gd(p = 0.0022).Thismaybedueto the greaterbindingof
[@â€œTc1DTPAor itsminorimpuritiesto plasmaproteins.
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Biodistribution
Twenty-three mature (â€”300g in weight) Sprague-Dawley

rats were initially anaesthetised with an intraperitoneal injec
tion of pentobarbital (50 mg/kg). They were then injected
with 0.5 mmolper kgofgadolinium DTPA [thisis comparable
to that employed for MRI (2,6,7)] and 150 @tCiper kg of
[99mTc]DTPAand 60 @iCiper kg of [â€˜53Gd]DTPAby direct
intra-cardiac injection. All three chelates were mixed together
prior to the injection so that the biodistribution of [@â€œTc]
DTPAand [â€˜53Gd]DTPAcould be obtainedfromthe same
injection. Animals were then killed by an intra-cardiac injec
tion of potassium chloride (5 mEq in 1 ml) at 1, 5, 10, 15,
and 30 mm afterthe bolus injection. Heart, lungs, liver, brain,
kidney, and blood were immediately harvested and placed
into 10 mm internaldiameter conical test tubes for the deter
mination of the amount of @mTcand â€˜53Gdpresent using
NaI(Tl) scintillation counting. In all cases but the liver, the
entire organ was counted. For the liver, only one part was
counted and then the counts were multipliedby the ratio of
the total liver weight to the weight ofthat portion of the liver
which was counted. Only 1 ml of blood was counted and
therefore the reported percent injected does not reflect the
total amount in the blood.

Scintillation Counting Technique
The percentoftotal injectedactivityof â€˜53@3@Jand @â€œTcin

the five organs and per ml of blood were determined using
the following counting techniques. Initially, to determine the
amount of radioactivityinjected, a 2-in NaI(Tl) scintillation
probewas used to count the syringecontaining the radioactiv
ity prior to and after injection. This was done in a fixed
geometry with the detector some 20 cm remote from the
syringe. The detector was cross-calibrated with standards to
the NaI(Tl) well-counter used to count the tissue and blood
samples. The same geometry in the well-counter was used to
count these standards as was used for the tissue and blood
samples.

The harvestedsampleswere then counted in this well
counter (LKBWallac, 1282Compugamma,Turku, Finland)
which employed a 3 in X 3 in NaI(Tl) crystal with a well
20 mm in diameter and 50 mm deep having an aluminum
wall thickness of 0.3 mm. The technical difficulty associated
with simultaneous counting of@mTcand â€˜â€œGdin 4r geometry
is that the â€˜53Gdgamma-rays and 40 keV europium x-rays
coincidence sum to produce a strongpeak at -@â€˜l40keV which
is then confused with the 140 keV gamma-ray of @Tc.A
coppersleevewith a wall thicknessof 1.5-mmwas placed
between the sample 1.5-mm and the NaI(Tl) well-counter.
The attenuation coefficient for copper for 40 and 100 keV
photons (9) indicates that the intensitiesof the coincidence
summing will be significantly reduced with the copper sleeve.
Figure 1 shows two spectra of â€˜53Gdobtained with the well
counterwith and without the coppersleeve.The lowerenergy
window was set between 40 and 120 keV and the upper energy
window was set between 144 and 193 keV. The presence of
the copper sleeve reduced the events in the upper energy
window as a percent of those in the lower energy window
from 32 to 3%. This setting of the lower bound of the upper
energywindow insuredthat no â€˜53Gdgamma-rays(maximum
energy ofgamma-ray with appreciable abundance is 103 keV)
would be counted in the @â€œTcwindow. This was found to be

effective even though the number of 140keY photons of@mTc
detectedwasreducedby approximatelya factorof two.

Prior to counting the tissue and blood samples in the well
counter, two reference samples, one containing only â€˜53Gd
and one only 99mTc,were counted to allow calibration of
down-and up-scattercorrectionusingstandardmethods(10).
All these reference samples and all the tissue and blood
samples were counted with the copper sleeve in place. In this
waywehavebeenableto determinethe percentofthe injected
dose of@mTcand 153(3@Jsequesteredin the organsand per ml
of blood of the killedrats We have further assumedthat the
ratioof [â€˜53Gd]DTPAand [Gd]DTPAin the injectionis the
same in the organ and blood samples.

Statistical Analysis
Five ratswere killed at 1 mm, 5 mm, 10 mm, and 15 mm

and three rats were sacrificedat 30 mm after the intracardiac
bolus injection. For each tissue, or, for each 1 ml of blood
from each rat, the percent @Tcinjected and the percent
â€˜â€œGdinjectedwas determined.Student'spairedt-test was
used to determine ifthe difference between the percent of the
injecteddosedistributedin each organor blood wasdifferent
for â€˜53Gdand @â€œTc.With only five or three animals per time
period, it was not statisticallysound to evaluate differences
within a particulartime period. However, thereweresufficient
numbers to determine whether there were significant differ
ences in deposition when all the results of percent injected
dose were grouped together for a particular organ or blood
independentofthe time ofthe killing(11), i.e., the difference
in the percent injected within the same animal was compared
for all 23 animals independent ofthe time of sacrifice. In this
way, it was possible to determine if the percent of injected
99mTcis significantly different from the percent injected â€˜53Gd
sequestered in any organ or blood independent of the time
after injection.

RESULTS

The results are shown in Table 1. For each time
period, the percent injected dose is shown as a mean
plus/minus one standard deviation (Â±s.d.)for the five
or three animals at that time period. The mean Â±s.d.is
also shown for all 23 animals for each organ and
isotope. The results of the Student's paired t-test along
with the significancelevel is shownin the last two
columns. Under the difference column, is the mean Â±
s.d. ofthe difference between the percent injected â€˜53Gd
less percent injection @mTccomputed for each animal
for each organ or blood. Note that the s.d. for the
differences are much lower than that for either @mTcor
â€˜â€œGd.This implies that the large s.d. in the percent
uptake is related to differences between each animal
which probably relate to differences in actual time of
death (cessation of cardiovascular function), error in
the determination of the total amount injected (some
of the injected material may not have been intra-car
diac) or variation in glomerular filtration (effects of
animal anaesthesia). The advantage of our technique is
that such errors in the determination of the amount
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injected is eliminated when comparing the amounts of
â€˜53Gdand 99mTcwithin the same animal. The differ
ences in percent deposited in the heart, liver, and brain
were found not to be statistically significant, whereas
the amount of 99mTcdeposited in the lungs was signifi
cantly higher than â€˜53Gd(p = .030). The amount of
99mTcdeposited in the kidneys was significantly lower
than â€˜â€œGd(p = .0004). However, in the blood, the
amount of 99mTcwas significantly higher than â€˜53Gd(p
= .0022).

DISCUSSION

The greater 99mTcin the lung and the blood as
compared to â€˜â€œGd,along with the smaller amount seen
in the kidneys, may be due to a greater plasma protein
binding of [99mTc]DTPA as compared to [Gd]DTPA
and [â€˜53Gd]DTPA.Other investigators have reported
that the blood clearance of [@mTcJDTPAis slightly less
than that found for [â€œIn]DTPA(12), [51Cr]EDTA
(13), and [â€˜6@Yb1DTPA(14). Most authors postulate
that the slower clearance is due to a greater plasma
protein binding found for the [@â€œTc]DTPApreparation
possibly due to impurities (15). An increased plasma
protein binding for our [@TcJDTPA would decrease
the amount cleared by the kidney compared to [GdJ
DTPA and thereby lead to the higher blood levels that
we have observed.

However, it should be stressed that the distribution
of [GdIDTPA is very similar to that of [@mTcJDTPA,
implying that it distributes to the extracellular space,
i.e.,boththevascularandextravascularspace.Thisis
consistent with what has been reported in a canine
model (8) in which [â€˜53GdJDTPAconcentrations in
liver and blood were measured after a bolus injection
but somewhat at odds to what has recently been re

ported in work performed on rats (16). In this work,
[GdJDTPAconcentrations in rat plasma, liver, kidney,
and spleen were determined using x-ray fluorescence.
Barnhardt et al. (16) report kidney and plasma clear
ances of a bolus injection of [Gd]DTPA at 5, 15, and
30 mm similar to our results but measure very little
activity in the liver. In fact, they propose that [Gd]
DTPA is distributedprimarilyin the vascularcompart
ment and do not comment about its possible distribu
tion in the extracellular/extravascular space. In con
trast, Boudreau et al. (8) show a liver clearance curve
of [â€˜53Gd]DTPAsimilar to ours at 1, 15, and 30 mm.
It is difficult to reconcile these differences based on the
contrary material presented in these reports. However,
it should be pointed out that Pettigrew et al. (7) have
shown that a bolus injection of [Gd]DTPA does alter
the signal intensity in MR images of the liver and
consequently state that [Gd]DTPA has value as a he
patic contrast agent. This is contrary to the work of
Barnhardt et al. (16) who claim that [Gd]DTPA has no
potential as a livercontrastagent. We can only speculate
that [Gd]DTPA liver concentrations may not be accu
ratelydetermined using x-ray fluorescence.

We believe that [Gd]DTPA distributes to the entire
extravascular space. Therefore the contrast enhance
ment of MR images after a bolus injection of [Gd]
DTPA will initially be related to the amount of [Gd]
DTPA delivered to that organ (i.e., contrast dependent
on organ blood flow) and as time progresses, will be
relatedto the size ofthe organ's extracellularspace and
the excretionof [Gd]DTPA from the body by renal
filtration (i.e., glomerular ifitration rate).

In summary, the biodistribution of [Gd]DTPA is
similarto [@mTc]DTPAin heart, liver, and brain. How
ever, some deviation in the biodistribution of these
compounds has been seen in lung, kidney, and blood.
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This is probablydue to greaterplasma protein binding
of [@mTc]DTPAitself or some contaminant associated
with [99@Tc]DTPA(15) in comparison to [Gd]DTPA.
Therefore, it is inappropriate to determine the biodis
tribution of [Gd]DTPA using the tracer [@Tc]DTPA
in thelung,kidney,andblood.
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