
Indium-113m complexed with polyfunctional
phosphonates EDTMP (an analog of EDTA
with carboxylic groups replaced by phosphate
groups) and DTPMP (an analog of DTPA)
showed preferential skeletal localization in ex
perimental animals. Excellent images of the
rabbit skeleton were obtained with both @mIn
and 1111n complexes using the scintillation
camera. In tissue radioassay using 85Sr as a
simultaneous biologic standard, hlsmIn@EDTMP
compound showed higher concentration in
the skeleton than the DTPMP complex and its
bone uptake was comparable to that of 85Sr.
Renal excretion was greater for the DTPMP
complex (70% vs. 50% for EDTMP at 4 hr)
and its blood clearance was faster than EDTMP.
EDTMP was found to be the superior agent also
to two other polyfunctional phosphonates,
NTMP and HMDTMP. Because of the excellent
skeletal localization with minimal soft-tissue
levels, llSmln..EDTMp may find use in bone scan
ning in hunurns wherever ssmTc bone-imaging
agents are not available. These compounds may
prove useful also in demoiutrating acute myo
cardial infarcts, particularly for repeat studies
after eDmTc bone agents have already been ad
ministered.

Indium-i 13m is a short-lived radionuclide with
excellent physical characteristics that include a
monoenergetic gamma emission of 393 keV and a
physical half-life of 100 mm (1) . This isotope is
available as the daughter nuclide of its long-lived
parent 113Sn.Generators for this nuclide have been
developed (2,3) and are commercially available. This

radionuclide has been previously used in nuclear
medicine for imaging most major organs in man
(4â€”9)exceptthe skeleton.

This report presents methods for the preparation
of indium chelates of phosphonate analogs of EDTA
and DTPA, which appear to be promising as suitable
agents for skeletal imaging.

MATERIALS AND METHODS

Ethylenediaminetetra (methylene phosphonic)
acid (an analog of EDTA, herein called EDTMP),
hexamethylenediaminetetra (methylene phosphonic)
acid (another analog of EDTA with six methylene
groups in the center instead of two, herein called
HMDTP), and diethylenetriaminepenta (methylene
phosphonic) acid (an analog of DTPA, herein called
DTPMP) were obtained as sodium, potassium, or
ammonium salts in water solution from Calgon

Corp., Pittsburgh, Pa. Nitrilotris (methylene) phos
phonate [an analog of NTA, herein called NTMP
and also known as aminotris (methylene phos
phonic) acid] was obtained from Pfa1tZ & Bauer
Chemicals, New York, N.Y. as 50% acid solution
in water. Structural formulas for these chemicals are
available elsewhere (10,11 ). Diluted solutions of
these chemicals were further purified in our labora
tory by crystallization methods. All other chemicals
used in this study are standard laboratory chemicals.

Indium-i 13m was obtained from a sterile gener
ator (NEN Pharmaceuticals, North Billerica, Mass.)
in 0.05 N HG solution and contained less than
10@% of 118Sn and 5 pig/mi of zirconia as im
purities.

The indium chelates of the above phosphonates
were prepared by mixing required amounts of either
ilamln or 1111n with 25â€”50 mg of the desired phos

phonates in a volume of 4â€”S ml. The pH was ad
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FIG. 1. Compositeposteriorimagesof
rabbits obtained with both @mlnand mln
chelates of EDTMP and DTPMP after in.
jection of 3â€”5mCi of each chelate con
taming s-.io mg of phosphonates.A 410-
keV parallel-hole collimator was used for
â€˜@lnand the 250-keY parallel-hole col
limator for mm. Whole-body image of
each rabbit was constructed from three
separate images collecting 300,000 counts
each.

3hr 3hr
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justed to 7.5â€”8.0with dilute (0.1 N) sodium hy
droxide or dilute (0. 1 N) HC1 as required since the
phosphonate salts dissolved in water exhibited high
pH as expected and the initial pH of the mixture
varied depending on the volume of the acidic indium
solution used. The preparation was sterilized by
membrane ifitration through 0.22-micron-size ifiters
(Millipore Corp., Bedford, Mass.) . The amount of
free indium in the preparation was determined by
paper electrophoresis (Whatman No. 1 paper, bar
bitol buffer, pH 8.6, Beckman electrophoresis unit).
In this system the free indium stayed in the origin
while the chelates migrated from the origin toward
the anode. In all the above preparations less than
2% of free indium was present as determined by
gamma counting of the electrophoretic strips.

Chelates were first prepared with 3â€”5 mCi of

llsmh and 5â€”10 mg of these phosphonates and in

jected intravenously into adult albino rabbits weigh
ing 3.5â€”5kg. One to three hours after injection the
animals were imaged in the posterior projection with
a scintillation camera (Searle Radiographics HP, Des
Flames, ill.) fitted with a 410-keV parallel-hole colli
mator. Because of the poor imaging characteristics of
llsmln with the scintillation camera, the same studies

were repeated with 1111nand the higher gamma peak

of 247 keV was used for these imaging studies. Of the
four compounds studied by imaging, only EDTMP
and DTPMP were selected for tissue radioassay and
organ distribution since they demonstrated better
skeletal imaging characteristics compared to the
other two compounds. One-half to one millicurie of
llSmJ@ labeled with either EDTMP or DTPMP con

taming 2â€”5mg of the phosphonate was administered

intravenously to adult albino rabbits weighing 3.5â€”5
kg along with 10â€”20@&Ciof 85Sr (used as a biologic
standard, administered simultaneously) . Organ dis
tribution of these compounds was determined after
sacrificing the animals from 1 to 4 hr after injection

using methods previously described for 9omTc@labeled
bone-imaging agents (11â€”13). No serious problems
were encountered between the 5 14-keV 85Sr peak
and the 393-keV liamln peak during tissue radio
assay. Appropriate correcfions were made for Â°@Sr
photons in the ilamln window.

RESULTS

Figure 1 illustrates the images obtained with
lI3mIn and 1111n chelates of EDTMP and DTPMP.

The whole-body image for each rabbit was con
structed from three separate posterior view scintilla
tion camera images (300,000 counts/image) . These

Volume 16, Number 11 1081



11.2
29.0
40.2

EDIMP: Ethylenediaminetetra
(Methylene phosphonate)DTPMP:

Diethylenetriaminepenta
(Methylenephosphonate)lhr

2hr4hrlhr2hr4hrOrgan

â€˜@lntmSr @@mlntmSr @In tmSrâ€œ@ln0Sr â€˜@ln â€˜@Sr @ln tmSr

10.8
24.4

108

SUBRAMANIAN, MC AFEE, ROSENSTREICH, AND COCO

TABLE 1. INDIUM-i 13m-LABELEDEDTMP AND DTPMP IN RABBITS:SIMULTANEOUS STUDY WITH 85Sr

Percentdose in whole organ
Blood
Liver

12.6
1.57
6J5
1.62
0.965

34.1
0.94
0.725

10.6
1.60

13.3
0.681
0345
3.43
1.08
0.836

8.49
0369
4j9
1.41
0.645

48.2
1.04
0.814

6.58
1.05
9.96
0.560
0.537

14.9
1.37
1.12

4.88
0.483
3.29
0.812
0.877

49.1
1.25
0.951

4.12
0.593
6.50
0.332
0.641

30.7
1.53
1.17

8.61
0302
4.61
2.43
0j10

31.2
0382
0.641

11.9
1.69

13.1
0.860
1.10
5.58
1.13
0.918

3.88
0.453
1.92
1.09
0.340

653
0.648
0.519

6.66
1.02
9.59
0.643
0.477

17.1
1.27
1.03

3.08
0.354
1.92
1.03
0.432

69.9
0.621
0.471

5.06
0.675
8.65
0.401
0.616

193
1.40
1.06

Muscle
Kidney
Marrow
urine
One femur
One tibia

Percent dose/i % body weight
Blood 1.80
Liver 0.673
Muscle 0.157
Kidney 3.85
Marrow 0.438
Femur 3.73
Tibia 3.29
Pelvis 6.71
Spine 4.96
Average bone 5.06

0.952
0.405
0.223
1.38
0.217
6.00
5.76
8.34
7.61
7.27

0.441
0.184
0.044
2.28
0.196
2.97
2.76
6.37
5.16
4.79

0323

0.335
0.201
0.886
0.279
6.65
6.12
835
9.13
8.10

152
ojil
0.309
1.60
0.339
4.32
3.82
6.09
5.36
5.17

1.21
0.306
0.111
2.68
0.305
4.50
4.12
8.21
5.87
6.12

0.941
0.416
0.231
1.08
0.244
5.95
5.69
8.06
7.11
6.99

0.696
0.216
0.076
2.17
0.399
5.45
5.16
8.86
6.31
6.82

0.589
0.267
0.151
0.900
0.291
6.57
6.09
6J5
7.04
6.70

1.23
0.276
0.107
562
0.322
3.57
3.39
7.15
4.80
5.14

130
0.665
0.305
1.96
0.500
5.17
4.86
8.41
7.11
6.83

0.555

0.173
0.044
2.40
0.154
3.07
2.92
6.15
4.59
4.58

Ratios
Bone-to-blood
Bone.to-marrow
Bone-to-muscle

4.17 4.01 8.25
15.9 13.6 29.7

48.0 22.3 104

7.63

33.5
32.6

2.81
11.55
32.2

3.40
15.25
16J

5.05
20.10
55

7.43
28.65

30

9.80 11.37
17.1 23.02
90 44

images demonstrate preferential localization of these
complexes in the skeleton with considerable urinary
excretion of the radioactivity.

Organ distribution studies are summarized in Ta
ble 1 for llamln.EDTMP and Il3mInDTp@4J@For
each time interval three animals were used and only
average values are shown. The average bone con
centrations expressed as percent dose per 1 % body
weight are the mean of the concentrations in bone
samples from femur, tibia, spine, and pelvis. This
value was calculated for individual rabbits and only
the mean value of these averages is shown. The
values of ratios were calculated in a similar manner.
The percent dose per 1% body weight is equal to:

Percent injected dose in sample or organ

. weight of sample or organ

-;- body weight X

= (Percent dose/gm) x body weight in gm

DISCUSSION

(HMDTA), and diethylenetriaminepentaacetic acid
(DTPA), with the carboxylic group of the acetic acid
replaced by a phosphate group. In effect, the phos
phorus atom in the polyfunctional phosphonates is
linked to the nitrogen through a methylene group, in
contrast to the Pâ€”Oâ€”P bond in pyrophosphate,

Pâ€”Câ€”Plinkage in diphosphonates, and Pâ€”Nâ€”P
structure in imidodiphosphate, all known bone
seeking agents. These multidentate ligands retain the
metal chelating ability of their analogs particularly
for divalent and trivalent cations. One (EDTMP)
was noted for its chelating ability of calcium, copper,
manganese, and iron as early as 1956 (14). In addi
tion, these polyphosphonates have been shown to
inhibit calcification and crystal growth on synthetic
hydroxyapatite from supersaturated calcium phos
phate solutions (10) similar to EHDP (HEDP), a
known bone seeker. Meyer and Nancollas (10) have
also shown that the multidentate ligands EDTMP
and DTPMP are more effective than either NTMP
or even EHDP in preventing crystal growth on
hydroxyapatite, since the former compounds form
stronger chelating bonds with calcium on the hy
droxyapatite than the latter two.

This phenomenon led us to the development of
o9mTc@labeledbone-imaging agents with these poly
functional phosphonates using stannous ion (11,12).

100

The chemical compounds (NTMP, EDTMP,
DMDTMP, and DTPMP) used in these studies are
analogs of well-known metal chelating agents, nitrilo
triacetic acid (NTA) , ethylenediaminetetraacetic
acid (EDTA), hexamethylenediaminetetraacetic acid
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Since EDTMP also chelates trivalent metals (14)
these indium complexes were prepared and evalu
ated. In preliminary studies, divalent metal chelating
compounds such as EHDP, MDP, IDP, AEDP,
pyrophosphate, and polyphosphate that have been
used with OOmTcfor bone imaging (12) were tried
with indium radionuclides. Even though in vitro
chelate formation occurred (as determined by lack
of precipitation with nonradioactive indium at neu
tral or alkaline pH and quantitative passage of
llamh..@helate at pH > 7 through 0.22-micron mem
brane ifiter) these compounds disintegrated in vivo
and no appreciable bone localization occurred. The
same phenomenon was also observed with NTMP
probably because of its low chelate stability (10).
This is understandable from the fact that its parent
compound, NTA, has a lower stability constant with
metal ions compared to EDTA or DTPA. There
fore, flamIn@NTMP or 111In-NTMP gave very poor
skeletal localization in imaging studies in rabbits.
On the other hand, hlamIn@HMDTPprovided excel
lent skeletal images in rabbits (not shown here) but

the count rates were very low for the same injected
activity compared to that of flamIn@EDTMP and
therefore its quantitative biologic distribution was
not studied.

All the imaging studies were performed with the
scintillation camera since a rectilinear scanner was
not available. Since the 393-keV gamma peak of
hismInis too high an energy for the scintillation cam
era to give excellent images similar to that of @mTc,
111In was chosen and the higher energy peak (247
keV) was used for the imagingstudies.The distinct
difference in definition of the vertebrae and ribs is
obvious between flamIn and 1111n for the same che

lating agent (Fig. 1) . This is mainly due to better
imaging characteristics of lower energy gammas of
1111n.Since the blood clearance of DTPMP is faster
than EDTMP, the DTPMP images are clearer be
cause of lower body background. Count rates for
llamInED@fl@,4Pwere approximately twice that for
llam@fl4flp@p with the same amount of injected

activity for similar areas in the same rabbit (on sepa
rate days) indicating EDTMP complex concentrated
more in the skeleton. This is further documented
in Table 1. Although the scintillation camera images
of the ilamln agents are poor, rectilinear scans should
produce better images. The large accumulation of

activity in the pelvic area of the rabbits reflects uri
nary excretion of these complexes (Fig. 1) . It is
significant that larger quantities of the DTPMP corn

plex accumulated in the bladder than the EDTMP
did. None of the rabbits urinated during the imaging
experiments.

The data in Table 1 are self-explanatory. Stron
tium-85 was used as a biologic standard to compare

the uptake in various organs of individual groups of
animals. In the quantification of bone uptake one
should not compare just indium concentration from
one group to another but also the indium-to
strontium ratios from each group because of the mdi
vidual variation of bone uptake in animals. With
EDTMP, the femur and tibial bones concentrate nine
tenths of strontium activity up to 4 hr whereas this
ratio ranged from 0.7 at 1 hr to 0.46 at 4 hr for
DTPMP, indicating that fl3mIn@DTPMP leaves the
skeleton after initial concentration. At 4 hr only
49 % of the EDTMP complex was excreted in the
urine, compared to almost 70% for the DTPMP
complex; however, the blood levels of DTPMP were
lower than that for EDTMP at all time intervals
studied.

The liver and soft-tissue concentrations of the in
diurn complexes paralleled the blood levels and as
expected the 85Sr concentration in the soft tissue is
much larger than indium complexes. The bone
marrow concentration is low for both agents. The
bone-to-blood, bone-to-marrow, and bone-to-muscle
ratios are comparable to those for @Srfor both corn
plexes. Because liamln has a half-life of only 100
mm, these studies were carried out only up to 4 hr.

Indium-i 1 1 is not recommended for bone imag

ing since it offers no advantages over 9Â°â€•Tc.Even in
remote locations, it is not more convenient since its
physical half-life is so similar to that of Â°9Mo, the
parent radionuclide of 99mTC

The above studies indicate that indium-labeled
polyfunctional phosphonates, EDTMP and DTPMP,

indeed selectively concentrate in the skeleton of
experimental animals and appear promising as bone
scanning agents in humans wherever oomTc is not

available. Of the two compounds, flamIn@EDTMP
appears to be a better agent because of its greater
concentration and longer retention than the DTPMP
complex even though the latter has a faster blood
clearance. Another important use of these corn

pounds could be in repeat studies for localizing acute
rnyocardial infarcts in man after the technetium stud
ies. These new indium compounds also localize in
experirnental infarcts in animals as demonstrated in
our preliminary studies.
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GREATERNEW YORK AREA CHAPTER

THE SOCIETYOF NUCLEARMEDICINE
FIRSTANNUAL SCIENTiFICMEETiNG

The Greater New York Area Chapter of the Society of Nuclear Medicine will hold its first annual meet
ing on November 21â€”23,1975, in the Empire Room of the Waldorf Astoria. The program will include scien
tific sessions, teaching sessions, and commercial exhibits.

A unique approach to be utilized at this meeting will be the format of panel discussionson major sub
ject areas in nuclear medicine. Each panel will be conducted by a group of experts in that specific area,

including members of the Chapter and outside speakers. The subjects chosen for this meeting include: Ra
dionuclide Procedures in the Detection of Neoplasms; Radioimmunoassay;Cardiovascular Nuclear Medicine;
The Role of Nuclear Medicine in Benign Bone Disease; Trauma; and New Concepts and Developments in
the Field of Nuclear Medicine Instrumentation.

Formal teaching sessionsconducted by invited experts will cover the fields of: Tracer Kinetics, Federal
Regulatory Agencies, Computer-Aided Axial Tomography and Brain Scanning, Quality Control, Radiophar
maceuticals, Ultrasound and Nuclear Medicine, Thyroid Therapy and Diagnosis, and Pediatric Nuclear
Medicine.

Registration fees for the meeting will be $15.00 for technicians who are members of the New York
Chapter, medical students and house officers with supporting letters; $25.00 for full members of the New
York Chapter and for technicians who are not members of the New York Chapter; $50.00 for all other mdi
viduals.

Members of the New York Chapter will be admitted to the business meeting without charge.

For further information concerning programs and exhibits, contact Society of Nuclear Medicine, 475
Park Avenue South, New York, N.Y. 100@6.




