
occur. The significance of this or other possible mecha
nisms cannot realistically be assessed without further char
acterization of the radiopharmaceutical and its chemical
behavior.

It is quite plausible to suggest that the radiopharmaceu
tical does indeed contain technetium in the pentavalent
state, because complexes containing pentavalent techne
tium coordinated by l,2-dithiolate ligands are stable and
well-characterized structurally and spectroscopically using
the isotope 99Tc (12â€”25). The 99Tc complexes exist as
[99TcO(dithiolate)2] with pentavalent technetium coordi
nated by four thiolate groups and an oxo-ligand in a square
pyramidal configuration. l,2-Dithiols shown to form such
complexes include 1,2-ethanedithiol ( 12,14,19,20), di
thioglycollic acid ( 12,13), dithiooxalic acid ( 12), maleo
nitrile-2,3-dithiol ( 12,16,19), toluene-3,4-dithiol (12,19),
propane- 1,2-dithiol (20), DMSA (1 7,18,20), rac-dimer
captosuccinic acid ( 18,19), DMSA dimethylester (19,22,
23,25), rac-dimercaptosuccinic acid dimethylester(1 9,23),
2,3-dimercaptopropanol (1 7), 1,2-dimercaptoethylenetri
thiocarbonate (19), and 1,3-dimercaptopropanesulfonic
acid (24).

However, DMSA contains, as well as thiol groups, car
boxylate groups which are also potential donors, so there
may be alternative coordination modes and oxidation
states for its complexes, depending on the preparative
conditions. Indeed, stannous reduction of [99mTc]pertech@
netate in the presence of DMSA gives under different
conditions a number ofdifferent complexes (26), none of
which have been explicitly identified. One of these is the
tumor-targeting complex referred to here as
99mTc(V)DM5A and is osteotropic in rodents, while an
other, believed to contain technetium in an oxidation state
below five and referred to here as @@99mTc(III)DMSA,@is
the basis of the widely used renal imaging agent (26).
Studies with 99Tc indicate that one ofthese [the osteotropic
agent, according to Ikeda et al. (26) or the renal agent
according to Vanlic-Razumenic et al. (27)] has an absorp
tion maximum close to 400 nm. Because of the multiplic
ity ofpossible complexes it is necessary to exercise caution
in extrapolating structural conclusions obtained from mac
roscopic samples of99Tc complexes to the no-carrier-added
99mTc radiopharmaceutical. Despite the extensive studies
of 99Tc(V) dithiolate complexes, including partial charac

The tumor-targeting radiopharmaceutical known as pentava
lent technetium-99m-meso dimercaptosuccinic acid (DMSA)
has been studied by a variety of techniques in order to
elucidate its structure and chemical behavior. The radiophar
maceutical is identical with a chemicallycharacterized sample
of [9@TcO(DMSA)2]when studied by mobility methods includ
ing thin-layer chromatography, reversed-phase high-perform
ance liquid chromatography, gel filtration, and electrophore
sis. The technetium is pentavalent and coordinated by an
oxo-ligand and four thiolate sulfurs of two DMSA ligands. No
carrier-added preparations consist of mixtures of three ster
eoisomers of the square pyramidal, mononuclear complex.
The isomers arise from differing orientations of the carboxyl
ate groups in the DMSA ligands and may be designated syn
endo, syn-exo, and anti. All three isomers are significant
components of the radiopharmaceutical, raising the question
of which are tumor-specific. The carboxylate groups in the
complex are almost completely ionized at pH 7, thus the
average charge on the complex at this pH approaches â€”5.

J NucI Med 1991; 32:845â€”849

entavalent technetium-99m-meso-dimercaptosuc
cinic acid (99mTc(V)DMSA) recently has become estab
lished as a useful radiopharmaceutical for imaging a num
ber of tumors (1â€”7).It is particularly avidly accumulated
by medullary thyroid carcinoma (4,5) and bone metastases
(6) in a wider range of cancers. Despite its widespread
routine use, the mechanism of its uptake in tumors has
not yet been identified, neither has its common description
as â€œpentavalentâ€•been experimentally justified. The radio
pharmaceutical was originally designed as a metabolic
mimic of phosphate, able to localize in cancer cells by
virtue of a supposed hydrolysis of the pentavalent DMSA
complex within cancer cells to yield the phosphate-like ion
TcO43 (8â€”11). The pentavalent technetium-DMSA core
was selected as offering sufficient stability to survive in
plasma until delivered to the target site at which the
hydrolysis to Tc043 and subsequent metabolism could
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terization of [99TcO(DMSA)2] (1 7,18,21,25), no direct
evidence has been presented to identify the latter complex
with the radiopharmaceutical 99mTc(V)DMSAprepared on
the no-carrier-added scale. Indeed, a number of differing
stoichiometries and structures for 99mTc(V)DMSA have
been proposed in the literature. Horiuchi et al. (8) propose
a polynuclear complex (on the basis ofgel filtration behav
ior) containing pentavalent technetium, while Ikeda et al.
(26) conclude from radiometric redox titration experi
ments using 99Tc that the complex contains tetravalent
technetium. Other authors (22) assume for discussion
purposes a mononuclear pentavalent technetium core
[TcO(DMSA)2] on the basis ofthe recognized stability of
thiolate-coordinated 99Tc(V). On the other hand, elsewhere
the latter structure has been assigned (28) to the renal
agent, again by analogy with pentavalent 99Tc complexes.
There is thus considerable uncertainty as to the structure
of carrier-free technetium-DMSA radiopharmaceuticals.
In this paper, we attempt to shed light on the structure of
the tumor agent by comparing 99mTc(V)DMSA with the
spectroscopically characterized complex [@TCO(DMSA)@]
using a variety of chromatographic and electrophoretic
techniques. The results will assist in proposing plausible
mechanisms for accumulation in tumors and in the future
design of tumor-targeting radiopharmaceuticals for imag
ing and perhaps therapy of cancer.

MATERIALSAND METHODS
Technetium-99, as ammonium pertechnetate, and DMSA kits

for renal imaging were purchased from Amersham International
plc, UK. Other chemicals were obtained from Sigma or Aldrich
Chemical Co., UK, and used as received. Technetium-99m was
obtained as pertechnetate by elution of a Mallinckrodt Diagnos
tica generator.

ChemicalAnalysisand Spectroscopy
Microanalysis (C, H, N) was carried out by Butterworth Lab

oratories, UK. IR spectra were of Nujol mulls between sodium
chloride windows. Optical spectra were determined in aqueous
solution. Spectra (270 MHz â€˜HNMR) were obtained with use of
d6-dimethylsulfoxide as solvent and tetramethylsilane as internal
reference.

Preparationof (Bu4N](@TcO(DMSA)@]
Sodium dithionite (0.08 g, 0.46 mmol) was dissolvedin de

gassed water (25 ml). To this solution were added DMSA (0.151
g, 0.83 mmol) and ammonium pertechnetate (0.48 ml ofO.35 M
aqueous solution, 0. 17 mmol). The solution was made alkaline
by addition of a few drops of aqueous sodium hydroxide and
stirred at room temperature. An orange coloration developed.
After 3 hr, the solution was acidified with dilute hydrochloric
acid, filtered to remove the resulting precipitate of DMSA acid,
and treated with an excess of tetrabutylammonium bromide.
After three days, orange-red crystals ofthe complex were collected
by filtration and washed with water. Microanalytical data: found:
C 40.5%, H 6.0%, N 1.9%; calculated for C24H44NO9S4Tc,C
40.2%, H 6.2%, N 2.0%.

Preparation of @â€˜Tc(V)DMSA
Amersham DMSA kits were used to prepare no-carrier-added

solutions of the radiopharmaceutical using a literature method
(29).

Thin-layer chromatography (TLC)
Merck 60F254silica gel TLC plates were used with various

solvent systems to check the purity of **mTc(V)DMSAand to
compare its behavior with that of [99TcO(DMSA)2]. Solvent
systems in which **mTc(V)DM5Ahas an Rf value of zero were
rejected. Plates were developed a distance of 5 cm from the origin.
The 9*mTccompounds were visualized by scanning with a gamma
camera.

High-performance Liquid Chromatography (HPLC)
A 15-cm Hamilton PRP-1 column was used, in conjunction

with several linear gradient systems with differing pH, including
acetate buffer (pH 4)/propan-2-ol, tetrabutylammonium chloride
(pH 2.5 â€”6)/acetonitrile, tetrabutylammonium phosphate (pH
7.4)/acetonitrile, and 0. 1% trifluoroacetic acid in water/0. 1%
trifluoroacetic acid in acetonitrile. Samples of **mTc(V)DMSA
were filtered through silica gel sample preparation columns (Jones
Chromatography, UK) before injection onto the HPLC column.
The effluent from the column was monitored by UV absorbance
at 420 nm and by radiometric detection using a gamma flow cell
with Na(T1)I crystal detector constructed in-house. A dual-pen
strip chart recorder was used to record simultaneously the output
from the gamma and UV detectors using mixed samples.

Electrophoresis
Electrophoresis experiments were carried out using Whatman

no. 1 paper, 46 x 20 cm, in a Shandon electrophoresis apparatus
for I hr at a constant voltage of300 V. A range ofbuffer solutions
was used (KC1/HC1,citrate, phosphate, bicarbonate), varying the
pH from 2.0 to 9.2. Spots were visualized as described for TLC
plates.

RESULTS

Reaction of aqueous [99Tc]ammonium pertechnetate
with sodium dithionite and DMSA at alkaline pH affords
a yellow solution from which an orange-red crystalline
tetrabutylammonium salt can be isolated following acidi
fication and addition of tetrabutylammonium bromide.
This material was characterized by microanalysis and in
fra-red, ultra-violet/visible, and proton magnetic reso
nance spectroscopy. The combined data suggest, and are
fully consistent with, a mixture of three isomers of the
compound [Bu4N][TcO(DMSA)2] (Fig. 1).

The infra-red spectrum shows bands attributable to the
tetrabutylammonium ion and also a sharp band at 958
cm' assignable to a terminal Tc=O bond. This value is
comparable with those of related [TcO(dithiolate)2] com
plexes (range 925â€”980cm') (12,13,16,19,20), but differs
from the value quoted by Byrne and Smith for
[99TcO(DMSA)2] of 940 cm' (20). This difference may
be a result of solid-state/counter ion effects (the counter
ion was not named in the study). Also present are bands
at 3,000 cm' (broad)and 1,700cm' assignedto the 0-
H and C=0 bonds offree (uncoordinated) carboxylic acid
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ple of [Bu4N}[99Tc0(DMSA)2] was subjected to the same
analyses, usually simultaneously on the same plate, col
umn, or paper.

When studied by silica gel TLC with various solvent
systems, 99mTc(V)DM5A, 99mTc(III)DM5A and pertech
netate were readily distinguished (e.g., n-butanol/acetic
acid/water 3:2:3 gave Rf values of 0.56, 0.07, and 0.88,
respectively). However, no systems were found to separate
99mTc(V)DM5Afrom [99Tc0(DMSA)2].

All of the HPLC gradient systems used in this study
separated 99mTc(V)DM5A 99mTc(III)DM5A and
99mTc04_ Technetium-99m(III)DMSA failed to elute

from the column. (Following this observation, all samples
of99mTc(V)DMSAwere passed through a silica-gel sample
preparation column prior to HPLC analysis to avoid con
taminating the HPLC column.) Pentavalent technetium
and [Bu4N][99Tc0(DMSA)2] were compared both sepa
rately and by analyzing mixtures of the two. Under all
conditions, elution times for [99TcO(DMSA)2] were iden
tical to those of 99mTc(V)DMSA when recorded on a dual
pen recorder. However, only systems capable of separating
the three isomers of [99Tc0(DMSA)2] were regarded as
sufficiently discriminating to prove that 99mTc(V)DMSA
and [99Tc0(DMSA)2] share the same structure. This sep
aration was achieved with the Hamilton PRP-1 column
and a gradient consisting of 0. 1% trifluoroacetic acid in
water/0. 1% trifluoroacetic acid in acetonitrile. The results
with this system (Fig. 3) confirm the identity of
99mTc(V)DM5Aand [99TcO(DMSA)2] and show that all
three isomers are present in significant relative concentra
tion in both.

Paper electrophoresis clearly demonstrated that
99mTc(V)DM5Ais anionic over a range of pH values and
confirmed its similarity to [99TcO(DMSA)2]. Migrations
of the two complexes (relative to pertechnetate on the
same paper, i.e., migration distance of complex/migration
distance ofpertechnetate) for a range ofbuffers are plotted
in Figure 4. The relative migration rises steeply between
pH 2 and pH 7, indicating a dramatic increase in negative
charge on the complex as pH is raised (the charge on the
pertechnetate anion is unaffected over this range), but then

FIGURE 1. Geometricalisomersof [TcO(DMSA)2].

groups. There is no evidence of absorptions characteristic
of S-H bonds.

The â€˜HNMR spectrum shows resonances due to the
counter-ion protons and the protons of the DMSA ligand
(12 ppm, acidic protons; 4.19â€”4.34ppm, protons bound
to carbon), although again there is no evidence of S-H
bonds. The C-H signal is split into four peaks (Fig. 2),
comprising a strong singlet (4. 19 ppm, 2.9H), a weak
singlet (4.34 ppm, 0.2H) and two singlets of 1: 1 integral
ratio (4.25 and 4.3 1 ppm, 0.45H each) of intensity inter
mediate between the other two. This pattern is consistent
with the presence of three isomers (Fig. 1).

The electronic spectrum shows peaks at 223 nm (9850
cm'mol'l) and 418 nm (1830 cm'moF'l) with shoul
ders at 240 and 277 nm, which is very similar in the visible
region to the spectrum (12,20) of the crystallographically
characterized (14) complex [99TcO(ethanedithiolate)2]
and further confirms the presence of the Tc(V)0S4 core.
These absorptions are tentatively assigned to sulfur-to
metal charge transfer transitions.

Preparation of no-carrier-added 99mTc(V)DMSA under
alkaline conditions by the method of Sampson (29) con
sistently gave a radiopharmaceutical that was distinct from
the renal agent 99mTc(IIflDM5A which is prepared under
acid conditions. The latter was shown to be absent (i.e.,
<1 %) from the preparation by silica-gel TLC. Since the
concentration of complex in these solutions is so low,
spectroscopic methods of characterization are impractical
and the material was therefore characterized by various
types of mobility studies, including TLC, HPLC, and
electrophoresis. The spectroscopically characterized sam

FIGURE 3. HPLC chromat
ograms of complexes show
ing separation of isomers. (A)

@Tc(V)DMSA, no-earner
added, detected by gamma
radiation monitoring. (B)
[@TcO(DMSA)2] detected
by UV monitoring at 420 nm.
Solvent A: 0.1 % trifluoroace
tic acid in water. Solvent B:
0.1% trifluoroaceticacid in
acetonitrile; flow rate 2 ml
min1 . Gradient (t, %B): 0, 0;
1 mm, 0; 20 mm, 50; 24 mm,
50.

FIGURE 2. 1H NMR spectrum of
C-H proton region (4â€”5ppm) of
[99TcO(DMSA)2]5 . ppm@
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quire crystallographic confirmation. The presence of three
isomers is confirmed by HPLC using the aqueous trifluo
roacetic acid/acetonitrile gradient system. The radiophar
maceutical preparations described in this paper appear to
give two major isomers and one relatively minor isomer.
It is not possible with the present data to assign specific
isomers to these HPLC peaks, and the relative concentra
tions are such that any of the isomers could be tumor
specific. Similarly, any one or two of the isomers may
significantly degrade images.

CONCLUSIONS

Technetium forms a stable complex [99Tc0(DMSA)2]
when pertechnetate is reduced by dithionite in the presence
of DMSA in alkaline solution. This complex contains
pentavalent technetium coordinated by four thiolates of
two DMSA ligands and an apical oxo group. Despite
extensive attempts to show that this complex is different
to the tumor-imaging agent 99mTc(V)DMSA using a variety
of chromatographic and electrophoretic techniques, we
have not been able to demonstrate any differences in
behavior. Thus, 99mTc(V)DM5A has the formula
[TcO(DMSA)2]. On the other hand, 99mTc(III)DMSA, the
widely used renal agent, clearly does not have this structure
despite assumptions to the contrary in the review literature
(28). There is no evidence for significant interaction of the
carboxylic acid groups with the metal center, and at pH
values above 7, they approach complete ionization, im
parting an average overall charge of up to -5 to the corn
plex. As expected from structural considerations, three
geometrical isomers coexist in the present sample of
[99TcO(DMSA)2]. All three are also present in the no
carrier-added preparations, raising the question of which
constituents are tumor-specific. Further work aimed at
resolving the in vivo behavior of individual isomers may
therefore significantly improve the sensitivity and specific
ity of the radiopharmaceutical and help illuminate its
mode of action.

ACKNOWLEDGMENTS
This work was financed by the Cancer Research Campaign

and the SmithKline Foundation. We thank Mr. N.J. Carter for
assistance in obtaining gamma camera images.

REFERENCES

1. Ohta H, Endo K, Fujita T, et al. Imaging of head and neck tumors with
technetium 99m-(V) DMSA, a new tumor-seeking agent. C/in NucI Med
1985; 10:855â€”860.

2. Endo K, Ohta H, Sakahara T, et al. Distinctive behavior of @mTc@dimer@
captosuccinic acid as a tumor seeking agent. IAEA Proceedings Series
1985; IAEA-CN-45/58:20iâ€”209.

3. Watkinson JC, Lazarus CR, Mistry R, Shaheen OH, Maisey MN, Clarke
SE. Technetium-99m-dimercaptosuccinic acid uptake in patients with head
and neck squamous carcinoma: experience in imaging. J Nucl Med
l989;30:l74â€”180.

4. Ohta H, Yamamoto K, Endo K, et al. A new imaging agent for meduliary
carcinoma ofthe thyroid. J NuclMed 1984;25:323â€”325.

5. Clarke SEM, Lazarus CR, Wraight P. Sampson C, Maisey MN. Pentavalent

C

C

FIGURE4. Plotofratioofmigrationdistanceof @â€œTC(V)DMSA
to that of @â€œTcO4versuspH upon paperelectrophoresis.

levels off. No evidence of separation of isomers was found
by electrophoresis.

DISCUSSION

The spectroscopic properties ofthe crystalline 99Tccorn
plex show that it contains the complex ion
[99TcO(DMSA)2] with the isomeric structures shown in
Figure 1. The existence of [99TcO(DMSA)2] gives cre
dence to the suggestion that one of the complexes formed
by stannous reduction of carrier-free @TcO4contains
pentavalent technetium. The question of whether either
99mTc(V)DMSAor 99mT@(III)DM5Acan be identified with
this complex was addressed by exhaustive comparison of
the complexes by a range of mobility studies as discussed
below.

Thin-layer chromatography under various conditions,
although clearly distinguishing 99mTc(III)DMSA,
99mTi@(V)DMSA,free DMSA, and @mTcO4_,failed to dis
tinguish 99mTc(y)DMSAand [99TcO(DMSA)2f. These ob
servations are substantiated by the more discriminating
HPLC methods over a wide pH range. Similarly, electro
phoresis over a wide pH range failed to distinguish the two
complexes. The electrophoresis results imply that they
share the same ionizable groups (i.e., carboxylic acid) with
the same plc values and the same charge even when the
carboxylate groups are fully associated (-1) and fully dis
sociated (-5). The mobility ofthe complex (in ratio to that
of pertechnetate) plateaus at pH values above 7, implying
that at physiologic pH the complex is fully ionized with
an average overall charge approaching -5.

â€˜HNMR spectroscopy on [99TcO(DMSA)2] suggests
the presence of all three possible isomers of the square
pyramidal complex. The pattern of chelate ring proton
resonances observed (Fig. 2) is similar to that observed for
[@TcO(DMSA-dimethylester)2] (23). The dominant iso
mer in this sample is clearly one of the symmetrical
isomers, probably the syn-endo by analogy with the
DMSA-dimethylester complex (22), although this will re

848 The Journal of Nuclear Medicineâ€¢Vol.32 â€¢No. 5 â€¢May 1991



[9@mTc]DMSA,[â€˜3I]MIBG,and [99â€•Tc]MDPâ€”anevaluation ofthree im
aging techniques in patients with medullary carcinoma of the thyroid. J
NucIMed 1988:29:33â€”38.

6. Ohta H, Endo K, Fujita T, et al. Clinical evaluation of tumour imaging
using 99mT@(V)@jimerraptosuccinicacid, a new tumour-seeking agent. NucI
MedComm l988;9:105â€”l16.

7. Hata N, Yokoyama A, Horiuchi K, Saji H, Morita R, Torizuka K. New
@mTC(V)DMSAtumor imaging radiopharmaceuticals with distinctive be

havior from renal 99mTcDMSA [Abstract]. J NucI Med l983;24:Pl26â€”
P127.

8. Horiuchi K, Yomoda I, Yokoyama A, Endo K, Torizuka K. TC(V)-DMS
tumour imaging agent: Tc-complex dissociation equilibria, a relevant factor
in tumour localisation. In: Nicolini M, Bandoli G, Mazzi U, eds. Techne
tium in chemistry and nuclear medicine 2. New York: Raven Press;
1986:155â€”159.

9. Yokoyama A, Hata N, Saji H, et al. Chemically designed â€œ@mTcradiophar
maceuticals, for the tumor diagnosis [Abstract]. J NucI Med 198l;22:P69.

10. Yokoyama A. Saji H. Tumour diagnosis using radioactive metal ions and
their complexes. In: Sigel H, ed. Metal ions in biological systems, volume
10. Basel/New York: Marcel Dekker, 1980:313â€”340.

I I. Yokoyama A. Hata N. Horiuchi K, et al. The design of a pentavalent Tc
99m-dimercaptosuccinate complex as a tumour imaging agent. tnt J NucI
Med Biol l985;12:273â€”279.

12. Davison A, Orvig C, Trop HS, Sohn M, DePamphilis By, Jones AG.
Preparation of oxobis(dithiolato) complexes of technetium(V) and rhen
ium(V). Jnorg Chem 1980:19:1988â€”1992.

13. DePamphilis BY, JonesAG, Davis MA, Davison A. Preparation and crystal
structure of oxotechnetiumbis(thiomercaptoacetate) and its relationship to
radiopharmaceuticals labeled with @mTc.J Am Chem Soc 1978;lO0:5570-
5571.

14. Smith JE, Byrne EF, Cotton FA, Sekutowski JC. A thiol complex of
technetium pertinent to radiopharmaceutical use of 99mTc.J Am Chem
Soc l9781005571â€”5572.

IS. Jones AG. Orvig C, Trop HS, Davison A, Davis MA. Survey of reducing
agents for the synthesis of tetraphenylarsonium oxotechnetium
bis(ethanedithiolate) from [99Tc]pertechnetate in aqueous solution. J NucI
Med l980;21:279â€”281.

16. Spies H, Johannsen B. Preparation and characterization of tetraethylam

monium bis(l,2-dicyanoethylenedithiolato)oxotechnetate(V). Inorg Chem
1979;33:Ll 13.

17. Nedon P, Munze R. Formation of mercapto group containing technetium
(V) complexes. Zentralinst Kernforsch. Rossendorf Dresden, Jahresbericht
l977;l 18â€”119.

18. Johannsen B, Spies H, Syhre R. Meso- and rac- 2,3-dimercaptosuccinato
technetate(V). Radiochem Radioanal Lett 1978;36: 111â€”116.

19. Spies H, Johannes B. Oxotechnetium(V)bis(dithiolato) complexes. Jnorg
Chim Acta 198l;48:255â€”258.

20. Byrne EF, Smith JE. Technetium complexes of aliphatic thiols. Synthesis
and characterisation ofoxobis( 1,2- and l,3-dithiolato)technetate(V)anions.
!norgChem l979;18:1832â€”1835.

21. Spies H, Johannsen B, Munze R. Zur darstellung von bis(1,2-dithiol
ato)oxotechnetat(V)-komplexen. Z Chem 1980;20:222â€”223.

22. Bandoli G, Nicolini M, Mazzi U, Spies H, Munze R. Synthesis and X-ray
crystal structure of tetraethylammonium bis[l,2-di(carbomethoxy)ethane
l,2-dithiolatojoxotechnetate(V). Transition Met Chem l984;9:127â€”l29.

23. Spies H, Scheller D. Stereoisomeric oxotechnetium(V) complexes of 2,3-
dimercaptosuccinic acid dimethylester. In: Nicolini M, Bandoli G, Mazzi
U, eds. Technetium in chemistry and nuclear medicine 2. New York: Raven
Press;1986;141â€”l43.

24. Vanlic-Razumenic N, Johannsen B, Spies H, Syhre R, Kretzschmar M,
Berger R. Complex oftechnetium(V)with 2,3-dimercaptopropanesulfonate
(unithiol): preparation and distribution in the rat. Int J AppI Radiat Isot
1979;30:661â€”667.

25. Spies H, Scheller D. Chemical and â€˜HNMR spectroscopic investigations
of stereoisomeric TC(V)DMSA complexes. Inorg Chim Acta 1986:1 16:1â€”
4.

26. Ikeda I, Inoue 0, Kurata K. Chemical and biological studies on @mTc@
DM5. II. Effect ofSn(II) on the formation of various Tc-DMS complexes.
IntfApplRadiat Isot 1976;27:68lâ€”688.

27. Vanlic-Razumenic N, Petrovic J. Preparation oftechnetium-99-DMS renal
complex in solution and its chemical and biological characterisation. mt J
ApplRadiat Isot l982;33:277â€”284.

28. Dewanjee MK. The chemistry of @Tc-label1edradiopharmaceuticals.
Semin NucI Med l990;20:5â€”28.

29. Sampson C. Preparation of@Tc(V)DMSA. NuclMedComm 1987;8: 184-
185.

I@ recent years, a great deal of
effort has gone into incorporat

ing various radiometals (e.g., â€˜â€˜â€˜In,
99mTc, @Â°Y)into macromolecules (par
ticularly monoclonal antibodies and
their fragments) for the purposes of
tumor diagnosis and treatment (1â€”3).
In these conjugates, targeting is ac
complished via the recognition of
some site on the tumor cell by a spe
cific domain on the labeled macro
molecule. A stable coordination site
must be provided for the metal ion in
such a way as to not interfere with
this recognition process. In parallel
(and somewhat in the background) to
this effort, progress is being made in
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finding â€œsmallâ€•(molecular weight Un
der 2 KD) coordination complexes
that localize in various tumors due to
the inherent structure and/or reactiv
ity of the complex. Examples of this
latter class include 67Ga-citrate (which
circulates through the body mostly as
the Ga-transferrin complex), 57Co,
â€ẫ€ẫ€˜In and 99mTcbleomycifl various

metalloporphyrin and phthalocy
anine derivatives,@
doxyl-5-methyltryptophan, 99mTc@
MIBI, metal complexes of phospho
nate ligands (e.g., â€˜53Sm-EDTMP),
and 99mTc(V)DM5A(4â€”12).

The tumor-imaging properties of
99mTc(V)DM5A were first described
by Ohta et al. in 1984 and the com
pound was formulated by Yokoyama
et al. as a polynucleartechnetium
complex on the basis of gel per

meation chromatography results.
These workers hypothesized that
99mTc(V)DMSAis metabolized within
tumor cells to the Tc(V) anion,
Tc043, which presumably mimics
the biochemistry of phosphate ion
(13,14). The polynuclear formulation
for 99mTC(V)DMSAwas further sup
ported by Horiuchi et al. who claimed
that the thin-layer chromatography
behavior ofthe complex was dilution
dependent (15). These results were
obtained for Tc(V)DMSA prepared at
no-carrier-added levels of technetium.

The great advantage of using mac
roscopic quantities of the long-lived
isotope (@Tc) in the study of radio
pharmaceutical preparations is that
compounds can be isolated and their
chemical composition and structure
determined by a variety of methods.
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