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[57) ABSTRACT

A chelate of technetium-99m, cobalt-57, gallium-67,
gallium-68, indium-111 or indium-113m and substituted
iminodiacetic acid or an 8-hydroxyquinoline useful as a
radiopharmaceutical external imaging agent. The in-
vention also includes preparative methods therefor.

24 Claims, 5 Drawing Figures
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1

RADIOPHARMACEUTICAL CHELATES AND
METHOD OF EXTERNAL IMAGING |

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additwns made
by reissue.

BACKGROUND OF THE INVENTION

This is a continuation-in-part application of our co-
pending U.S. application Ser. No. 555,037, filed on Mar.
3, 1975, now abandoned.

Radiopharmaceutical imaging agents have been uti-
lized heretofore for the external imaging of various
portions of the anatomy. Only radiopharmaceuticals
“which emit gamma-photons are suitable for this utility.
The field of application is restricted due to the fact that
of the radionuclides which emit gamma rays, very few
meet the additional requirements imposed by the inher-
ent limitations of exiting imaging systems and by the
necessity of keeping the radiation dose as low as possi-
ble. Among these requirements are the need for a simple
gamma spectrum, a high yield of photons having an
energy sufficiently low to permit effective collimation
and efficient detection and a half-life sufficiently short
to permit the admininstration of millicurie quantities
without an excesstve post-test radiation dose.

The usual method of external imaging generally com-
prises labeling or tagging an organic compound suitable
for administration to a patient with a suitable radio-
isotope. More particularly, a biological agent known to
localize in the particular organ or anatomical section to
be imaged is labeled to a small extent with a radio-
isotope. The thus labeled biological agent then permits
external imaging of the desired organ utilizing conven-
tional radio scanning techniques.

The problems associated with prior art attempts in
this direction center mainly on combining the require-
ments (1) that the biological agent be specific to the
organ to be imaged (2) that a suitable radionuclide be
employed as the labeling agent (3) that the labeled agent
is sufficiently stable in vivo to permit effective imaging
‘and (4) that the labeled biological agent retains its organ
speciﬁcity.'

It is an object of the present invention to provide a
radiolabeled biological agent having a high degree of in
vivo stability and which is highly organselective. It 1s a
further ob_}ect of the invention to provide a method of
external imaging employing said agent. It is still a fur-
ther object of the invention to provide a method for the
preparation of said agent.

SUMMARY OF THE INVENTION

The above objects are achieved by providing a radi-
olabeled diagnostic agent which combines the high
target organ specificity of various drugs and biochemi-
cals with the excellent nuclear imaging properties of the
radiometals technetium-99m, cobalt-57, gallium-67, gal-
lium-68, indium-111 or indium-113m.

The invention is predicated on the discovery that
chelates of the above radiometals with a substituted
iminodiacetic acid or an 8-hydroxyquinoline have a
high degree of in vivo stability, are highly specfic to
certain organs or anatomical sections and posses excel-
lent nuclear imaging properties.
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2

The above chelates may be prepared by reacting the
desired radio-1sotope with the chelating agent.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph showing in vivo distribution of a
product according to the invention.

FI1G. 2 is a graph showing tn vivo distribution of
another product according to the invention.

FIG. 3 is an anterior imaging study, after injection of
a product according to the invention.
- FIG. 4 is an anterior imaging study at a later time
than FIG. 3.

FIG. S is an imaging study of a Rose Bengal product
vs. a product according to the invention.

DETAILED DESCRIPTION OF THE
INVENTION

Technetium-99m is commercially available either
from an isotope generator as a daughter product of
molybdenum-99 or as a direct product from a commer-
cial supplier. It is also available as a solvent extraction
product from molybdenum-99 solutions generally as
alkali metal pertechnetate solutions at 5-100 mCi. A
further discussion of preparative methods appears 1n
U.S. Pat. Nos. 3,468,808 and 3,382,152.

The technetium-99m chelate is most preferably pre-
pared by reducing a solution of a pertechnetate, e.g., an
alkali metal pertechnetate in the presence of the chelat-

- ing agent. The reduction is preferably effected utilizing

stannous chloride as a reducing agent. Any suitable
reducing agent may be employed including other stan-
nous salts such as stannous pyrophosphate. As a result
of this reduction step, the product will also contain a
significant proportion of the stannous chelate. It is to be
understood that the present invention includes the prod-
uct mixture containing both the radiometal chelate and
the corresponding stannous chelate.

Indeed, the composition of the invention is most con-
veniently provided as a sterile kit consisting of non-radi-
oactive chemicals for mixing with the radiometal source
prior to use. The kit preferably contains a stannous salt
solution, pH buffer solution or combinations thereof.
Using sterile reagents and aseptic techniques, the re-
spective solutions would be mixed with each other in
any desired order and then with the radiometal source
solution. The resulting solution containing the radiom-
etal chelate, te stannous chelate and any free chelate
may then be employed directly for imaging purposes.

Generally, a solution adapted for intravenous admin-
istration containing up to 15 mCi of radioactivity 1s
administered to the patient. Generally, this may be ac-
complished by administering 0.2-1 ml of a solution
containing from about 2 to about 100 mg of combined
chelate product. Radioassay of the radio-isotope mn the
desired organ may be accomplished utilizing equ1p—
ment, such as a scintillation camera, etc.

Organ specificity is determined by the particular
chelating agent employed. All of the chelates according
to the present invention, however, are cleared through
either the kidneys or liver. Therefore, the chelates of
the above radiometals with most substituted iminodia-
cetic acids and 8-hydroxygquinolines may be utilized for
the imaging of these organs.

Preferably, the chelating agents are of the formulae
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CH;—COOH

/
R—N

wherein R may be alkyl of up to about 24 carbon atoms
nreferably about 14 carbon atoms, alkenyl, aryl alkyl or
cyclo-aliphatic groups substituted with halogen, hy-
droxy, carboxy, nitro, amino, keto or heterocyclic
groups. The groups may be interrupted by ether or
thio-ether linkages.

The most preferred chelating agents are the substi-
tuted iminodiacetic acid and 8-hydroxyquinoline ana-
logs of drugs and biochemicals whose organ specificity
characteristics are known.

Other specific chelating agents suitable for use in the
practice of the invention are N-methyl-iminodiacetic
acid, N-(10-carboxydecyl) iminodiacetic acid, N-[N'-
(2,6-dimethylphenyl) carbamoylmethyl] iminodiacetic
acid, N-{(o-bromobenzyl) iminodiacetic acid, N-{3-(1-
naphthyloxy)-2-hydroxypropyl] iminodiacetic acid,
nitrilotriacetic acid, or 5,7-diiodo-8-hydroxyquinoline.

It is to be understood that the term *substituted
iminodiacetic acid” is intended to include those com-
pounds wherein R in the above structural formula com-
bines with each methylene group to form a heterocyclic
ring. An example of such an acid is 2,6-pyridinedicar-
boxylic acid.

The gallium and indium chelates ae prepared by the
addition of either GaCljs or indium chloride in Q.05 M
HC! to the appropriate chelating agent at pH 3.5. After
a 25-minute incubation period, the pH ts raised to be-
tween 5 and 7.

The invention is illustrated by the f{ollowing non-
limiting examples.
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EXAMPLE |

2 grams (0.01 moles) of alpha-chloro-2,6-acetylxyli-
dine and 2 grams (0.01 moles) of iminodiacetic acid
(disodium salt) were refluxed in 200 ml of a 3:1 ETOH/-
H>O mixture for 48 hours. The mixture was evaporated
to dryness to yield a yellow residue. 25 ml of H;0 were
added to the residue. That which failed to go into solu-
tion was collected by vacuum filtration. To the filtrate
concentrated hydrochloric acid was added drop-wise
and the pH monitored. At pH 3 the clear solution be-
came cloudy and was cooled overnight. An off-white
precipitate was collected which was recrystallized from
boiling water. The product was identified as N-[N'-(2,6-
dimethylphenyl) carbamolymethyl] iminodiacetic acid.
m.p. 201°-203". Percent yield 20% of theoretical.

45
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335
NMR: DMSO-dg & = 7.11 (5,3, aromatic protons)
5 = 3.63 (s,4, CH,—CO0—)
5 = 3.57 (5,2, —CH»—N <)
6 = 2.20 (5,6, CH3)
CHN: 57.13 C 6.16 H 9.52 N Theor
5710 C 6.23 H 943 N Exp 60

EXAMPLE 2

The N-[N’-(2,6-dimethylphenyl) carbamoylmethyi]
iminodiacetic acid prepared according to Example 1 in 65
an amount of 150 mg (0.51 mmoles) was dissolved in 3
ml of 0.1 N NaOH. The pH of the solution was adjusted
to 3.5 with 1 N HCl. Extra 0.1 N NaOH was added

4

thereto to compensate for the acidic SnCl; solution
which follows. 0.3 cc of a solution of SnCl; (20 mg. 0.11
mmole in 10 ml of 1 N HCI) was added. After a five-
minute wait 80 microcuries of technetium-99m as so-

‘dium pertechnetate was added. The product was chro-

matographed in saline and recorded on a radio-
chromatogram scanner. The resulting graph showed a
peak at the solvent front, R~—1 due to the chelated
compound. There was little colloid formation. There
was substantially no free technetium-99m (TR /=73).

EXAMPLE 3

Methyl iminodiacetic acid in an amount of 150 mg
was dissolved in 3 ml of 0.1 N NaOH. The pH of the
solution was adjusted to 3.5 with 1| N HCL Extra 0.1 N
NaOH was added thereto to compensate for the acidic
SnCl> solution which follows. 0.3 cc of a solution of
SnCl> (20 mg. 0.11 mmole in 10 ml of 1 N HCI) was
added. After a five-minute wait 80 microcuries of tech-
netium-99m as sodium pertechnetate was added. The
product was chromatographed in saline and recorded
on a radiochromatogram scanner. The resulting graph
showed a peak at the solvent front, R/—1 due to the
chelated compound. There was little colloid formation.
There was substantially no free technetium-99m

(TR~=0.75).
| EXAMPLE 4

2 u Ci(technetium-99m) of the product of Example 2
were injected intravenously into mice. The anmmals

were sacrificed serially after injection and the activities
in major organs were determined by counting multiple
samples from each organ in a scintillation counter. The
in vivo distribution of the product of Example 2 in the

mice were plotted as a function of time as shown 1n
FIG. 1.

EXAMPLE 5

The procedure of Example 4 was followed utilizing
the product of Example 3. The in vivo distribution of
the product in mice as a function of time were plotted as
shown in FIG. 2.

EXAMPLE 6

4 mCi (technetium-99m) of the product of Example 2
were intravenously injected into laboratory dogs. One
animal was selected for imaging at various time inter-
vals utilizing a scintillation camera. Camera images
were obtained in multiple exposures and demonstrated
the localization of technetium-99m in the liver. See
FIG. 3, which depicts anterior imaging studies and
demonstrates the rapid uptake by the liver which is
clearly identified at 5 minutes. (Frame A). The gall
bladder appears as a cold defect. Sequential images
taken at 25, 40 and 50 minutes are shown in Frames B,
C, and D, in which clearance from the liver 1s demon-
strated with progressive accumulation of the radiophar-
maceutical in the gall bladder. Less than 10% and 3% of
the injected dose remained in the blood at 10 minutes,
respectively. Sufficiet cholecystokinin was injected into
the dog intravenously to effect contraction of the gall
bladder. Sequential studies revealed radiopharmaceuti-
cal activity progressing through the small intestines,
seen in FIG. 4. Within 1 minute of the injection of cho-

lecystokinin the technetium-99m labeled product is seen
leaving the gall bladder (Frame E). Frames F, G and H
taken at 5, 10 and 35 minutes show a bolus of activity
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moving progressively through a small intestine. The
images were obtained using a gamma scintillation cam-
era (Pho Gamma III) and a parallel hole high sensitivity
collimator.

EXAMPLE 7

The procedure of Example 6 was carried out and the
results compared with those obtained following injec-
tion of the same dog at a later time with I-131 Rose
Bengal. Both before and after plasma loading with
bromosulphthalein (BSP) to simulate hyperbilirubine-
mia, BSP levels of 4-7 mg percent did not substantially

alter the plasma clearance or imaging characteristics of

the techmetium-99m labeled product. These images
were of much better quality when compared to those
obtained subsequently in the same dog using I-131 Rose
Bengal, as shown in FIG. §.

EXAMPLE 8

The procedure of Examples 2 and 3 was followed to
prepare the technetium-99m chelate of 8-hydroxyquino-
line, employing a 7 m-molar solution of 8-hydrox-
yquinoline and an acidic stannous chloride reducing
solution. The chelate was recovered by chloroform
extraction at a yield greater than 90%.

Biodistribution studies were undertaken utilizing the
procedure of Example 4. 2u Ci (technetium-99m) of the
above chelate were injected intravenously into 25 g
mice. The animals were sacrificed after 60 minutes and
the activities in major organs were determined by
counting multiple samples from each organ in a scintil-
lation counter. It was determined that on an average,
40% of the injected dose appeared in the liver and 20%
in the intestines.

EXAMPLE 9

The gallium-67 chelate of 8-hydroxyquinoline was
prepared by adding Ga%’ Cl3in 0.05 M HCI to an aque-
ous 7 m-molar 8-hydroxyquinocline solution having a pH
of 3.5. Following a 25 minute incubation period the pH
is raised to 6. Chloroform extraction of the reaction
product produced a >90% yield of the chelate. Biodis-
tribution studies were undertaken according to the pro-
cedure outlined in Example 8. Following intravenous
injection of the chelate into 25 g mice, 25% of the in-
jected dose was found in the liver, 13% in the intestines
and 20% in the blood after 60 minutes.

EXAMPLE 10

The technetium-99m chelate of nitrilotriacetic acid
was prepared according to the stannous chloride reduc-
tion method outlined in Examples 2, 3 and 8. The che-
late is water-soluble with >95% migration in saline
employing paper chromatography. Biodistribution
studies were carried out according to the procedure
outlined in Example 8. The chelate was found to rapidly
clear through the kidneys to urine (40% eliminated in
urine after 60 minutes) with less than 5% of the injected
dose found in the liver and intestines.

EXAMPLE 11

The cobalt-57 chelate of N-[N'-(2,6-dimethylphenyl)
carbamoylmethyl] iminodiacetic acid was prepared by
heating 2-5u Ci of Co3’Cl; in the presence of 1 ml (20
mg/ml) of a solution of the compound (pH 4-5) for 1
hour at 100° C. The chelate was chromatographed and
biodistribution studies carried out using the procedure
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6
of Example 8. At 30 minutes, 28% of the injected dose
appears in the liver and 12% in the intestines.

EXAMPLE 12

The technetium-99m  chelate of 10-carbox-
ydecyliminodiacetic acid was prepared according to the
stannous chloride reduction method of Examples 2, 3
and 8 The product was chromatographed in saline.
>98% the material had an R/~—1. Biodistribution stud-
ies of the chelate according to Example 8 1n ten 25 g
mice showed rapid blood clearance with less than 6% of
the injected dose remaining in the blood at 60 minutes.
Radioactivity was eliminated through both kidneys and
liver with persistent activity noted in the liver and
lungs.

EXAMPLE 13

The technetium-99m chelate of N-(o-bromobenzyl)
iminodiacetic acid was prepared by the stannous chlo-
ride reduction method described in Examples 2, 3 and 8.
The product was paper chromatographed in saline
(98% had an R—1.) Biodistribution studies carried out
on twelve 25 g mice according to the procedure of
Example 8 showed rapid blood clearance (less than 5%
remainig at 60 minutes) with a high uptake in the liver
(40%) and intestines (30%) at 30 minutes.

EXAMPLE 14

The procedure of Example 11 was followed to pre-
pare the cobalt-57 chelate of methyliminodiacetic acid.

EXAMLPE 15

The procedure of Example 9 was followed to prepare
the gallium-67 chelate of methyliminodiacetic acid.
Biodistribution studies carried out according to the
procedure of Example 8 showed rapid renal clearance.

EXAMPLE 16

The stannous chloride reduction procedure of Exam-
ples 2, 3 and 8 was employed to prepare the technetium-
99m chelate of 5,7-diiodo-8-hydroxyquinoline.

EXAMPLE 17

The stannous chloride reduction method of Examples
2, 3 and 8 was used to prepare the technetium-99m
chelate of 2,6-pyridinedicarboxylic acid.

We claim:

1. A chelate of technetium-99m, cobalt-57, gallium-
67, gallium-68, indium-111 or indium-113m and a substi-
tuted iminodiacetic acid [.]), said chelate, upon intrave-
nous administration, being liver and/or gallbladder selec-
tive.

[2. A chelate of technetium-99m cobalt-57, galltum-
67, gallium-68, indium-111 or indium-113m and an 8-
hydroxyquinoline. ]

3. A composition comprising a mixture of the tech-
netium-99m chelate of claim 1 and the stannous chelate
of said chelating agent.

4. A composition comprising a mixture of the tech-
netium-99m chelate of claim 1, the stannous chelate of
said chelating agent and said chelating agent.

5. The chelate of claim 1 wherein said iminodiacetic
acid chelating agent is N-methyliminodiacetic acid,
N-[N’-(2,6-dimethylphenyl) carbamoylmethyl]
iminodiacetic acid, N-(10-carboxydecyl) iminodiacetic
acid, N-(O-bromobenzyl) iminodiacetic acid, N-[3-(1-
naphthyloxy)-2-hydroxypropyl] iminodiacetic acid,
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[ nitrilo-triacetic acid} or 2,6-pyridinedicarboxylic
acid.

6. N-[N'(2,6-dimethylphenyl)
iminodiacetic actd.

7. A method of external imaging which includes the
intravenous administration of a solution adapted for
intravenous administration containing the chelate of
claim 1.

[ 8. A method of external imaging which includes the
intravenous administration of a solution adapted for
intravenous administration containing the chelate of
claim 2.)

9. A method of preparing the chelate of claim 1 com-
prising reacting said radio-isotope with said chelating
agent.

10. The method of claim 9 wherein said radioisotope
is technetium-99m. |

11. The method of claim 10 wherein said chelate is
prepared by reducing a pertechnetrate in the presence
of said chelating agent.

12. The method of claim 11 wherein said reduction is
effected utilizing stannous chloride as a reducing agent.

carbamoylmethyl]

[13. A method of preparing the chelate of claim 2
comprising reacting said radio-isotope with said chelat-
ing agent.}

14. A chelate of technetium-99m, coball-37, gallium-67,
gallium-68, indium-111 or indium-113m and 3, 7-diiodo-
8-hydroxyquinoline.

15. A method of external imaging which includes the
intravenous administration of a solution adapted for intra-
venous administration and containing the chelate of claim
4.

16. A method of preparing the chelate of claim 14 com-
prising reacting said radio-isotope with said chelating
agent.

n)
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17. A chelate of technetium-99m, cobalt-57, gallium-67,
gallium-68, indium-111 or indium-113m and a substituted
iminodiacetic acid of the formula:

RHy;— COOH

/
R—N
N
CH;—COQOH

wherein R may be alkyl having up to 14 carbon atoms.

18. A composition comprising a mixture of the techneti-
um-99m chelate of claim 17 and the stannous chelate of
said chelating agent.

19. A composition comprising a mixture of the techneli-
um-99m chelate of claim 17, the stannous chelate of said
chelating agent and said chelating agent.

20. A method of external imaging which includes the
intravenous administration of a solution adapted for intra-
venous administration containing the chelate of claim 17.

21, A method of preparing the chelate of claim 17 com-
prising reacting said radio-isotope with said chelating
agent.

22. A chelate of technetium-99m, cobalt-57, gallium-67,
gallium-68, indium-111 or indium-113m and N-{N'-(2,6-
dimethylphenyl) carbamoylmethyl] iminodiacetic acid.

23. A chelate of technetium-99m, cobalt-57, gallium-67,
gallium-68, indium-111 or indium-113m and me-
thyliminodiacetic acid.

24. A chelate of technetium-99m, cobalt-57, gallium-67,
gallium-68, indium-111 or indium-113m and 10-carbox-
ydecyliminodiacetic acid.

25. A chelate of technetium-99m, cobalt-57, galium-67,
gallium-68, indium-111 or indium-113m and N-(o-bromo-
benzyl) iminodiacetic acid.

26. A chelate of technetium-99m, cobalt-57, gallium-67,
gallium-68, indium-111 or indium-113m and 2,0-
pyridinedicarboxylic acid.

27. A chelate of claim 1 wherein said radioisotope is

technetium-99m.
¥ | i * &
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