
Several investigators have synthesized bifunctional
radiopharmaceuticals that contain both a drug or
biochemical portion as well as a chelating group
capableof stronglybindingradioactivemetals.This
paper reports the development and testing of a new
chelating group, iminodiacetic acid, for incorpora
tion into drug and biochemical analogs. Sundberg
Ct al (1) coupled the chelating group ethylenediamine

tetraacetic acid (EDTA) to proteins and labeled
these bifunctional macromoleculeswith â€˜â€˜â€˜In.More
recently this type of analog formation has been cx
tended to smaller-molecule drugs and biochemicals
with the reported synthesis, radiolabeling,and tissue
distribution studies of bifunctional analogs of pal
mitic acid (2) and tolbutamide (3). The analogs
contained either DTPA, EDTA, or diethylene tn
amine (DTA), chelating agents known to bind 99@'Tc
strongly but not particularly suited for incorpora
tion into small molecules. We chose to evaluate the
chelating agent iminodiaceticacid (IDA) because of

its known chelating strength with transition metals
(4,5), its relatively small size, and the ease with
which it can be synthetically incorporated into bi
functional analogs.

Its utility was tested using two new radiophanma
ceuticals, â€œÂ°@â€˜Tc-methyliminodiaceticacid (@@@mTc@
MIDA) and â€œ1'@'Tc-N-(2,6-dimethyiphenylcarbamoyl
methyl)iminodiacetic acid (Â°Â°@Tc-HIDA)(Fig. 1).
We chose DDmTCMIDAfor evaluation because
MIDA is readily available and represents the sim
plest N-substituted derivative of iminodiacetic acid.
The HIDA was synthesized and labeled with l*9mTc;
its tissue distribution properties were expected to be
intermediate between those of the antiarrhythmic
agents, lidocaine and methyllidocaine (6). The rela
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A new approach to radiopharmaceutical design is demonstrated, in which
small chelating groups capable of binding gamma-emitting radiometals are
attached to biologically active molecules, thus producing radiopharmaceu
ticals based on bifunctional drug and biochemical analogs. The chelating
group iminodiacetic acid has been evaluated for this role by examining
two N-substituted iminodiacetic acids: methyliminodiacetic acid (MIDA)
and N-(2,6-dimethylphenykarbamoylmethyl)iminodiacetk acid (HIDA).
Radiochemical and biologic studies showed that both agents were obtained
in high radiochemical purity, were stable in vitro and in vivo, and possessed
biologic distributions governed almost exclusively by the N-substituted
group. These characteristics of 99â€•Tc-labeled N-substituted iminodiacetic
acids, prepared using an â€œinstant kitâ€• method, provide the basis for a valu
able new class of radiopharmaceuticals based on bifunctional drug and bio
chemical analogs.
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(B) in butanolâ€”acetic acidâ€”water (4: 1 : 1 ) ; and (c)

in acetonitrileâ€”water (3 : 1 ) . The Rf values for
911â€•Tc04, @â€˜@â€˜Tc-MIDA,M@@@Tc@H1DA,mM1Tc@DTPA,
and )@mTc@Sn@colloidwere recorded for each sot
vent system using a Packard radiochromatogram
scanner. Gel permeation chromatography was used
to study radiochemical purity and to assess the sta
bility of the chemical bond between technetium and
the N-substituted iminodiacetic acids. A Sephadex
G-25 column, 2.54 cm by 35 cm, was eluted with
phosphate-bufferedsaline (pH 7.2). Pertechnetate,
â€œTc-MIDA, and â€œâ€œTc-HIDAexhibited retention
volumes of 190, 78, and 99 ml, respectively. The
void volume was 40 ml. Sephadex's polysacchanide
support material was also employed to make a quali
tative differentiationof the stability of the bond be
tween technetium and the N-substituted iminodi
acetic acids. The fractions of â€˜@â€˜Tc-HIDA,fh)mTc_
MIDA, â€˜â€œâ€˜â€œâ€˜Tc-DTPA,ftomTc@pyrophosphate,and
â€˜@â€œTc-glucoheptonateeluted from the Sephadex cot
umn were measured, compared, and used to assess
relative chelate stability.

The biodistnibution of DomTc@HIDAand Â°â€œTc
MIDA was determined in mice (20â€”30gm) by inject
ing 0. 1 ml of the appropriate radiopharmaceutical
at a concentration of 15â€”60mg/kg body weight and
at a specific activity of 10 ,@Ci/cm3. The mice were
killed at times ranging from I mm to 9 hr after injec
tion. At least two and as many as six mice were used
for each data point. At the time of death, the liver,
kidneys, heart, intestines, spleen, stomach, and car
cass were wet-weighed and counted; blood was col
lected in 100-A capillary tubes, which were rinsed
with water into the counting tubes. The radioac
tivity of each was expressed as a percentage of the in
jected dose per gram of tissue.

The in vivo stability of â€œ9â€•Tc-HIDAwas evalu
ated in another series of experiments in which five
mice were killed I hr after injection, the contents
of the urinary bladder and gallbladder were with
drawn, and the material was then reinjected for com
parison with the findings in the original study.

Kinetic and nuclear imaging studies were per
formed using fasted mongrel dogs anesthetized with
sodium pentobarbital (30 mg/kg). Each dog re
ceived a 2O0-@tCi/kgdose of either â€œâ€œTc-HIDAor
â€œâ€œTc-MIDA.Blood and urine samples were cot
lected over a 3-hr period. The animals were simul
taneously imaged with a Pho/Gamma III camera
using a parallel-hole high-sensitivity collimator;
I50,000 counts were accumulated for each image.

RESULTS

In vitro studies. Both HIDA and MIDA were
labeled with @bTcin yields consistently greater than
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tive chelate strength, the in vivo and in vitro sta
bility, and the effect of N-substitution on target organ
specificity are reported for both the new radiophar
maccuticals.

PREPARATION

The MIDA was commerciallyavailable (Aldrich)
and was used withoutfurther purification.The HIDA
was synthesized by the reaction of equimolar
amounts of .@-chloro-2,6-dimethylacetanilide(7) and
IDA ( Aldrich) in refluxing EtOHâ€”H@Osolution
(3:I ). Spectraldataandelementalanalysiswere
consistent with the assigned structure for HIDA. Dc
tails of the synthesiswillbe publishedelsewhere (8).

Both compounds were made into instant kits by
adding 0.1 cm:)of a 2-mg/mI solution of SnCl@(pH
1.0) to I.0 cm@of physiologicsaline (pH 6.0) con
taming either 15 mg of HIDA or 20 rng of MIDA.
The final radiopharmaccuticalkits had pH 5â€”5.5and
were stored under nitrogen until needed. Labeling
with â€˜â€œâ€˜@â€˜Tcwas accomplished by adding pertechne
tate obtained from a molybdenum generator (HiCon.
Squibb, Princeton, N.J.).

Labeling yields and radiochemical purities were
studied using paper chromatography (A) in saline;
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-I 99% , as judged by paper chromatography in the
three solvent systems. The â€œ9@'Tc-HIDA,DomTc_
MIDA, and â€˜9â€•Tc-DTPAexhibited R@values of unity
in saline, while â€œ@TcO4 and DomTc@Sn@colloidgave
R@values of 0.75 and 0, respectively. The ftIImTc..
HIDA migrated in butanolâ€”aceticacidâ€”water(4: 1 : 1)
with an Rf value of 0.34, whereas @â€œTc-MIDA,
â€œ@â€˜Tc-DTPA,and 9OmTc..Sn.colloid all remained at
the origin. The acetonitrileâ€”water(3 : 1) solvent system
resolved the three chelates, with Â°â€œTc-HIDA,9omTc_
MIDA, and ))DmTCDTPAhaving Rf values of 0.8,
0.38, and 0.1 8, respectively. Pertechnetate migrated
with an R@value of 0.9â€”1.0. Each of the radiophar
maceuticals yielded a single well-defined chroma
tographic spot in all three solvent systems.

The results of the radiochemical purity studies
using Sephadex gel permeation chromatography are
shown in Table I . Ninety-eight percent of OOmTc.
HIDA and 94% of D9mTcMIDAwere eluted from
the column in their respective chelate fractions. Less
than I % of either radiopharmaceutical was found
in the IIDmTcO4_fraction (190 ml) . No radioactivity
was present in the void volume (40 ml). Table 1 also
gives the percentage of technetium that was removed
from each radiopharmaceutical and bound to the
Sephadex 0-25 column. Elution of DamTc@HIDAand
â€˜Â°â€œTc-MIDAfrom the column was analogous to
that obtained with the strong chelating agent DTPA.
In contrast, for the weak chelating agents pyrophos
phate and glucoheptonate, most of the oornTcbecame
bound to the Sephadex G-25 column.

In vivo studies in mice. Figure 2 shows the tis
sue distribution of â€œTc-MIDA in mice as a func
tion of time. The 99@'Tc-MIDA is cleared rapidly
from the blood into urine with only transient con
centration in the kidneys. By 30 mm, over 60% of
the injected â€œTc-MIDA is cleared through the kid
neys, with less than 2.5% and 0.4% localizing in
the liver and stomach, respectively.

The tissue distribution of S9mTcHIDA in mice
(Fig.3) wasfoundto beradicallydifferentfrom
that of â€œ@â€˜Tc-MIDA,with an overall distribution
indicative of hepatobiliary clearance. The osmTc@
HIDA exhibited a very rapid blood clearance: at 5
mm only 3% of the injected dose remained in the
blood, and at 30 mm, less than I % . Radiopharma
ceutical uptake was primarily hepatic: by 3â€”5mm
total activity in the liver and intestines accounted
for 70% of the injected dose. This increased to
approximately 80% by 30 mm and remained at that
level until defecation occurred. The uptakes in the
kidney, stomach, and spleen were negligible.

The results of the biodistribution data of the re
injected urine and bile substantiated the in vivo sta
bility of 9ftmTc.HIDA (Table 2). In addition, prior

OFSELECTEDRADIOPHARMACEUTICALSPercentPercentPercentininboundchelateTcO,toRadiopharmaceuticolfractionfractionSephcidex'

510 15 30 4560TIME
(MINUTES)

TABLE 1. GEL PERMEATION CHROMATOGRAPHY

â€œtmlc-MIDA 94 <1 6 Â±4â€œmTc-HIDA
98 <12Â±2â€˜Â°mTc-DTPA
97 0.95 2 Â±2emTc.pyrophosphate

9.7 0.390â€œmTc.glucoheptonote
<1 <199.

This fraction is due to competition for the reduced tech

netium between the chelating moiety on the radiophorma
ceutical and the polysaccharidecolumn material.
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FIG. 3. Tissuedistributionof â€œmTc.HIDAin mice.

TIME (MINUTES)

to reinjection, samples of bile and urine exhibited
an R@of unity when rechromatographed on paper
using a saline solvent.

In vive studies in dogs. Imaging and kinetic stud
ies in dogs substantiated the biodistribution data
obtained in mice. After intravenous administration
of @â€œTc-MIDA,5 1% of the injected dose was cx
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creted into the urinary bladder by 30 mm. The blood
clearance was rapid : 21 % of the injected dose re
mained in the blood at 5 mm, and 12% at 30 mm.
Images obtained with 09@'Tc-MIDAin dogs showed
initial rapid uptake of the radiopharmaceutical by
the kidneys, followed by prompt excretion into the
urine.

The ftDmTc@HIDAalso exhibited rapid blood clear
ance in dogs, with 3% of the injected dose remain
ing in the blood at 30 mm (Fig. 4). The cumulative
urinary clearance at 5 hr after injection accounted
for approximately I 7% of the injected dose, with
82% of this occurring during the first hour.

Figures 5A and SB show liver scintigrams oh
tamed in a fasted dog at 5 and 50 mm after intrave
nous injection of 1 mCi of @mTc@HIDA.By 50 mm,
more than 80% of the injected dose was concen
trated in the gallbladder. Figures 5C and SD show
the gallbladder activity at 1 and I 0 mm after ad
ministration of cholecystokinin. The gallbladder ac
tivity was seen to diminish promptly while the radio
activity concurrently appeared in the small intestine.

DISCUSSION

This paper represents the first time a small-mole
cule chelating agent has been evaluated for syn
thesis into drug and biochemical analogs. Since
iminodiacetic acid (IDA) strongly binds transition
metals (4,5), IDA functional groups can be incor
porated into a styreneâ€”divinylbenzeneresin and used
for the analytic separation of metals (9). In addi
tion, compounds similar to, though larger than IDA
are known to bind reduced oomTcstrongly ( 10) . In
addition, IDA readily undergoes nucleophilic sub
stitution reactions replacing such good chemical
leaving groups as C1, Br, 1, and tosylate.

Both MIDA and HIDA formed strong chelates
with reduced DUmTcand yielded radiopharmaceuticals
that chromatographed as a single radiochemical in
three solvent systems. Paper chromatography in
saline confirmed the absence of technetium in both
pertechnetate and colloidal form, but it yielded little
information about the radiochemical purity of the
chelate itself since all chelate-type radiopharmaceu
ticals exhibited an R@ of unity in saline. In this
regard, acetonitrileâ€”water (3 :I ) proved to be an cx
cellent solvent system since it distinguished UUmTc_
DTPA, 99@'Tc-MIDA,and OOmTc..HIDAfrom one
another. In addition, its radiochromatogram devel
opment time was short (less than 10 mm), and the
paper strips themselves dried quite rapidly. Both
Â°Â°@â€˜Tc-HIDAand Â°9@Tc-MIDAchromatographed in
both organic solvent systems as a single well-defined
spot with Rf values between 0 and I , indicating that
the chelate fractions of OSmTCMIDA and oSmTc_

TABLE 2. TISSUE DISTRIBUTION OF 99rnTc@HIDA
BEFOREAND AFTER EXCRETION INTO THE

URINARY BLADDER AND GALLBLADDER

1.04 Â±0.08
0.64 Â± 0.08

72.60 Â±0.35
0.58 Â±0.17
0.40 Â±0.57

4J9Â± 3.50
1.80Â± 1.37

53.27 Â±14.66
2.43 Â± 3.35
0.18Â± 0.19

4.56 Â±3.21
0j1 Â±0.40

72.97 Â± 4.32
1.81 Â±1.59
0.25 Â± 0.18

Liver

Kidney
Intestines
Stomach
Spleen

. Resultsare expressedas percentof injecteddose.In all
instances,the animals were killed 1 hr aMer iniection. Error
limits represent one standard deviation.
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FIG.4. Bloodclearanceofâ€˜Â°mTc.HIDAin ninedogs.

HIDA were present in only one radiochemicalform.
The difference in R@values between sUmTc@MIDAand
OOmTc..HIDAfurther showed that each represents a
different N-substituted iminodiacetic acid. The ra
diochemical purity for both compounds, judged by
paper chromatography in all three solvent systems,
was sufficient to obviate any need for subsequent pun
fication before administration. This factor, combined
with the â€œinstantkitâ€•method of preparation, should
make this class of tracers well suited to radiophar
macy practice.

Gel permeation chromatography (Table I ), in
addition to confirming the radiochemical purities of
Â°Â°mTcMIDAand 99@'Tc-HIDA,revealed that both
radiopharmaceuticals were more stable in vitro, when
compared in one competitive situation, than are two
currently used radiopharmaceuticals, O9mTc_pyro
phosphate and Â°Â°@â€˜Tc-glucoheptonate.The polysac
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N)hhTc@HlDAcan be taken as indirect evidence for
the in vivo stability of both radiopharmaceuticals.
If the bond between â€œâ€œTcand the N-substituted
iminodiacetic acids were to dissociate and the @ttmTc
to transfer to another endogenous ligand, then one
would expect the two radiopharmaceuticals to have
similar tissue distributions.

More direct evidence for the in vivo stability of
1tâ€•Tc-HIDAwas obtained when the contents of the
urinary bladder and gallbladder were reinjected. The
results for that study (Table 2) suggest that â€œ9@'Tc
HIDA is excreted in its original radiochemical form,
having been neither dissociated nor metabolized.
Furthermore, the contents of the urinary bladder
and gallbladder appear to be identical, once again
indicating that the chelate fraction consists of a sin
gle radiochemical. Neither radiopharmaceutical con
centrated in the stomach or spleen, the sites of uptake
for pertechnetate and radiocolloid, respectively.

While a change in the chemical nature of the
N-substituted group did not diminish in vivo sta
bility, it does profoundly alter the biologic distribu
tion of these N-substituted iminodiacetic acids. This
consideration is important in the design of new radio
labeled bifunctional analogs. The ability to predict
the radiopharmaceutical tissue distribution from that
of the parent drug or biochemical would also be of
great value. That structural similarities may serve
as a useful guide is shown in the case of tâ€•'@'Tc-MIDA,
where renal clearance could be anticipated on the
basis of comparison with 0â€•Tc-EDTA and Â°9@Tc
DTPA.

The 11@'Tc-HIDA was developed as a bifunctional
drug analog with structural similarities to both
lidocaine and methyllidocaine and with expected
lipophilic properties intermediate between the two.
Figure 6 includes a schematic representation of
â€œâ€˜@â€˜Tc-HIDA,showing that the two electrons on the
imino nitrogen take part in the chelate formation,
which results in a partial positive charge of the nitro
gen. (The schematic is not intended to represent the
exact radiochemical structure of â€˜9â€•Tc-HIDA,which
is currently under investigation. ) The hepatobiliary
clearance of â€˜1t@'Tc-HIDAmay be explained by the
fact that certain lipophilic chelating groups are elimi
nated through the bile (13). This suggestion is sup
ported by the radiochromatographic data in less
polar organic solvents, where tNt1Tc@HlDA has a
larger R@value than either â€˜@â€œTc-MIDAor ttumTc_
DTPA. A structural comparison of HIDA and
MIDA supports the same conclusion since the aro
matic ring in HIDA adds substantial lipophilicity to
the overall molecule. Lipophilicity is probably not
the complete answer, however, because both 6TGa-8-
hydroxyquinoline and 1t1t@'Tc-8-hydroxyquinolineare

A B
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p

FIG.5. Liverand gallbladderimagesin fasteddogsobtained
with scintillation camera and parallel.hole collimator 5 mm (Frame
A) and 50 mm (Frame B) after intravenous injection of 1 mCi of
â€œmTc.HIDA.Frames C and 0 show gallbladder emptying and ac
tivity entering small intestine 1 mm and 10 mm after intravenous
administrationof cholecystokinin.

charide support material of Sephadex G-25 has pre
viously been shown to remove D9mTccompetitively
from such weak chelating agents as glucoheptonate
and pyrophosphate but to be ineffective against such
strong chelating agents as DTPA ( 11 ). Thus, the
percentage eluted from a Sephadex G-25 column can
be used to make a qualitative distinction regarding
the stability of the bond between reduced â€œ11@'Tcand
any chelating agent. The results shown in Table 1
indicate that otN)Tc@MIDAand â€œ5Tc-HIDA are
eluted from the column to the same degree as â€œ@5Tc
DTPA. These data do not detract from the diagnos
tic efficacy of either tNfhTc@pyrophosphate or @9@'Tc
glucoheptonate, but they do indicate the in vitro
stability of N-substituted iminodiacetic acids. This
bond strength between technetium and IDA should
be fairly independent of the chemical structure of
the N-substituted group, provided that the group was
not electron-withdrawing. Delocalization of the elec
trons on the imino nitrogen is known to reduce the
formation constant between N-substituted iminodi
acetic acids and various transition metals ( 12).

The animal distribution studies in both mice and
dogs (Figs. 2â€”5) showed striking differences be
tween the two radiopharmaceuticals : UnmTc@MIDA
was rapidly eliminated through the kidneys, while
approximately 82â€”87%of 99@'Tc-HIDAwas cleared
through the hepatobiliary system. This difference in
biologic distribution between uomTc@MIDA and

C
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with 9'@'Tc to yield radiopharmaceuticals of high
radiochemical purity. The resultant radiopharmaceu
ticals possess in vitro and in vivo stability and cx
hibit tissue distributions that are functions of the
chemical nature of the N-substituted group. Thus, the
N-substituted iminodiacetic acids represent a prom
ising new approach to labeling drug and biochemical
analogs with radioactive metals.
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FIG.6. Structuresoflidocaineandmethyllidocoineandsimâ€¢
plifled geometric con@gurationfor mmTc.HIDA.

greater than 98% extractable into chloroform, yet
exhibit only 43% and 56% , respectively, of the
hepatobiliary clearance of Â°9â€•Tc-HIDA(14).

Perhaps the most important factor in predicting
the distribution of bifunctional radiopharmaceuticals
is the chemical composition of the chelate. Techne
tium(IV) is usually surrounded by six ligands in an
octahedral environment (15), and the quatridentate
chelating agent nitrilotriacetic acid, which is struc
turally similar to IlOmTc..HJDA,is known to form a
stable dimer with technetium(IV) ( 10). It would
be reasonable, therefore, to consider that oomTc@
HIDA may exist as a dimer, with two molecules of
the tridentate chelatingagent [N-(2,6-dimethylphenyl
carbamoylmethyl)iminodiacetic acid] reacting with
each atom of Â°â€œâ€œTcClearly, before the distribution
of radiolabeledbifunctional analogs can be predicted
with any certainty, the chemical structure of the
radiolabeled chelate must be known.

In summary, N-substituted iminodiacetic acids
have been manufactured into instant kits and labeled
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