
The combination of high-pressure liquid chromatography
(HPLC) and massspectral analysis has provided an extremely
powerful method for the analysis and characterization of radio
pharmaceutical components. We have already demonstrated the
utility of field desorption (FD) as an ionization mode using both
positive-ion (1) and negative-ion detection (2). This in turn has
enabled us (a) to characterize new technetium complexes; (b) to
study the nature of reactions on coordinated ligands; and (c) to
determine the fate of technetium complexes after administration
into animals. In this communication we show that the relatively
new technique of fast-atom-bombardment mass spectrometry
(FABMS)(3) canalsobe usedto establishthe natureofwater
soluble technetium complexes separated from radiopharmaceutical
preparations.

MATERIALS AND METHODS

Long-lived technetium-99 as ammonium pertechnetate was
obtained as a gift and Tc-99m as sodium pertechnetate from a
commercial Mo-99â€”'@Tc-99mgenerator. In order to establish the
equivalence of the chemistry occurring at carrier-added (CA: Tc
= i0â€”@ M) and at no-carrier-added (NCA: Tc l08 M) con

centrations, Tc-99m as pertechnetate was added as a tracer so that
the HPLC separations could be monitored radiometrically as re
quired.

Received April 15, 1982; revision accepted Dec. 3, 1982.
For reprints contact: Professor Alan Davison, Dept. of Chemistry,

Rm. 6-435,MassachusettsInstituteof Technology,77 Massachusetts
Ave., Cambridge, MA 02139.

Racemic N,N'-( 1-carboethoxyethylene)-bis-(S-benzoyl-2-
mercaptoacetamide)(CO2DADSprecursor)wassynthesizedfrom
DL-ethyl-2,3-diaminopropanoate as described elsewhere (4). The
stannous HIDA complex was obtained from a commercial ra
diopharmaceutical kit.*

All ofthe reversed-phaseion-pair HPLC analyses and separa
tions were performed as reported previously (2) using a
@i@BondapaktC18column (30 X 0.39 cm). Solvent A was 0.05 M

ammonium sulfate in water, and solvent B HPLC-grade methanol.
Initial conditions were set at A 100, B 0, with a flow rate of
2.0 mI/mm. Upon injection, a 10-mm linear gradient to A 0, B
= iOO was applied, followed by a 5-mm hold at these condi

tions.
The mass-spectrometrystudies weredone on a MAT 731dou

ble-focusing mass spectrometert equipped with a combination
EI/FI/FD ion source that can be operated in either positive-or
negative-ion mode. The ion source was modified for FABMS by
fitting it with an Bi 1 Fine Beam neutral-atom gun.1 Xenon was
used as the reagent gas. An aqueous solution of the sample was
mixed 1:1 with glycerol and I @lof this was placed on the probe
tip.

Preparation of Tc-HIDA. No-carrier-added preparations were
made by reconstituting Lidofenin kits according to the manufac
turer's instructions, with 4.0 ml saline containing I mCi of Tc-99m.
Analysis of these showed a single radioactive component to be
present, with a retention time of I 1.1 mm.

Experiments showed that this component could be reproduced
at CA levels by the following procedure. To a Lidofenin kit con
taming iO mg of the ligand and SnCl2 (manufacturer's specifi
cation: SnCI2 0.80 mg minimum, maximum tin content 0.64 mg)
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wasaddeda further5.8mgof freshlygroundSnCI2.2H20,and
the kit was reconstitutedby adding 5 ml ofsaline containing1mCi
ofTc-99mand4.26 @imoleofTc-99asammoniumpertechnetate.
Theproductwasthenusedtocalibrateboththeultraviolet(UV)
(254nm) andradiometricoutputsof the HPLC.

For the sampleanalyzedby fast-atom-bombardmentmass
spectroscopy, the Tc-99m was omitted as follows. Freshly ground
SnCl2.2H20,6.5mg,wereaddedto a Lidofeninkit, followedby
2.0 ml H20. An aliquot (25 jzl) ofthis was taken for HPLC anal
ysis. To the remaining mixture, i.0 ml H20 containing 10.5 @ilof
0.406 M Tc-99 as ammonium pertechnetate (4.26 smole) was
added and another 25 @tlwithdrawn for analysis. The entire
preparation was then placedonto a C18SEP@PAKt(that had been
prewashed, first with methanol and then water) and then washed
with 10 ml 0.05 M (NH4)2S04. The complex was removed by
eluting with 5 ml MeOH, the solution then being passed through
a 0.5-@tmfilter and evaporated to dryness in vacuo. The residue
was dissolvedin 1ml MeOH, and 25 Mlwas taken for chromato
graphic analysis. The remainder was again evaporated to dryness
and sealedunderargonbeforemass-spectralanalysis.

Preparation of the epimeric mixture of Tc-CO@-DADS. The
protected ligand N,N'-(i-carboethoxyethylene)-bis-(S-benzoyl
2-mercaptoacetamide) (36.16 mg) was dissolved in a mixture of
1ml ethanol, 1ml H20, and 0.5 ml 1M NaOH, and heated to 80Â°
for 5 mm. After coolingto room temperature, 167 @sl0.443 M (74
@imole)Tc-99asammoniumpertechnetateand 3 mCiofTc-99m
in 2 ml salinewereadded, followedby 30 mg ofsodium dithionite.
Theclearyellowsolutionwasadjustedto pH6.9bythedropwise
addition of 1 M HC1, and passed through a 0.22-im filter prior
to chromatography. Two peaks were observedin HPLC analysis,
with retention times of 7.8 and 8.25 mm respectively and in a ratio
of approximately i:2.

Thefirstcomponentwascollectedfrom40repetitive25-jzlin
jections (fraction collected 7.7-8.1 mm) and the second from 42
such injections(fractioncollected8.1-8.6 mm). Each ofthe pooled
fractions were then treated to remove the excess ion-pairing agent
usinga C18SEP-PAK as follows.Each wasseparately evaporated
to dryness in vacuo, the yellowresiduedissolvedin 5 ml H20 and
placed onto a C18SEP-PAK (prepared as above) in order to re
moveexcession-pairingagent. The flaskwas rinsedwith 5 ml H20
and thewashpassedthroughtheSEP-PAK.Thecomplexeswere
each eluted with 5 ml MeOH and kept for mass-spectral anal
ysis.

RESULTS

Tc-HIDA.Theretentiontimeofthesoleradioactivecomponent
in a standard NCA kit preparation of Tc-Lidofeninwas I 1.I mm
under the conditions ofanalysis. The spiked CA preparation also
showed a single component in both the UV and radiometric traces,
with the same retentiontime.A numberof priorexperiments,using
different CA syntheses and analyzed chromatographically under
a variety of conditions, had shown it was possible to produce a
number ofcomplexes simultaneously, none ofwhich was ever de
tected in standard NCA kit preparations. Furthermore, degra
dation over hours was noted even in sealed vials with the CA species
having the same retention times as the kit product. For this reason
all stages ofthe manipulations were monitored by HPLC.

Additionally, solutions of the CA Tc-HIDA species de
graded more rapidly in air over a period of hours after synthesis.
The samples prepared for mass-spectrometric analysis were
therefore prepared using Tc-99 only, in the manner described, the
preparation being immediately evaporated to dryness and kept
under argon. A sample ofeach was analyzed by HPLC using the
UV(254nm)outputtoconfirmthe retentiontimeofthe techne
tium-HIDA species. Figure 1 shows the positive-ion FAB mass
spectrum of this preparation. Ions are seen at m/z 685 and a
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FIG.1. Positive-Ionfast-atom-bombardmentmassspectrumofthe
TC-HIDA (Tc) and Sn-HIDA (Sn) complexes recovered from a LI

dofeninkit Fordetailsof sample preparationsee text [reagent gas
xenon,matrixglycerol(G)1.

cluster at m/z = 701 -709, demonstrating the presence of two
distinct species, a technetium-HIDA and a tin-HIDA complex.
The peak at 685 (A+ 2H@) is attributed due to the species
{[H]2[Tc(Ill)(HIDA)2Jl@(calculated for l[H]2[Tc
(C14H16N2O5)2])@685).

The cluster at m/z 701â€”709has the intensity distribution
expected for the speciesl[H][Sn(IV)(HIDA)2]l@.Thus the most
intense peak at m/z 705 is due to the Sn-l20 isotope, which has
a natural abundance of 32.4% (calculated for l[HJ['2Â°Sn(IV)-
(C14H16N2O5)21l@705).Theclusterat m/z 645isdue to the
glycerol matrix; it consists of seven glycerol molecules and one
proton.

Using negative-ion FAB, a more complex spectrum resulted.
However, a peak was observed at m/z = 683, corresponding to the
anion [Tc(C14H 6N205)2].

Tc-CO@DADS. The reaction of N,N'-(i-carboethoxyethy
Iene)-bis-(S-benzoyl-2-mercaptoacetamide) with pertechnetate
and dithionite in aqueous ethanolic base leads to the detection of
two distinct peaks under HPLC analysis at both NCA and CA
levels. The negative-ion FAB mass spectrum of each fraction
showed a peak at m/z 363 (Aâ€”)corresponding to the oxotech
netium(V) anion [TcC7H8N2O5S2J. Attempts to record nega
tive-ion field-desorption mass spectra with these materials provided
only very weak signals and transient ion currents.

DISCUSSION

The experiments of Loberg and Fields (5â€”7)showed that Tc
99m H IDA could be produced in greater than 95% yield by re
duction of pertechnetate ion with stannous tin in the presence of
excess ligand. They also demonstrated that the ligand-to-metal
ratio in the resulting technetium complex was 2:1 and that it did
not contain tin. Electrophoretic studies (8) confirmed the Ii
gand-to-metal ratio and suggested a net charge of â€”1. The complex
was assumed to be monomeric, with the two dianionic ligands
functioning as tridentate iminodiacetates bonding in the triangular
faces of an octahedron. With a bis-ligand structure, their as
sumptions led to a formal charge of +3 on the technetium center.
In the light of the then existing body of knowledge, the most
straightforward choices were Tc3@(oxidation state III) and TcO3@
(oxidation state V).

The mass-spectral results here clearly show that the form pro
posed by Loberg is correct: a bis-dianionic ligand complex of
technetium(lll), presumably octahedral in structure. Note that
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the result also provides an independent verification of the dcc
trophoretic techniques developed by Burns et al. (8).

The reactions of the fully protected (carboxy and both thiols)
ligand N,N'-( I-carboethoxyethylene)-bis-(S-benzoyl-2-mer
captoacetamide) evidently lead to the production of an epimeric
mixture of the oxo[N,N'-(l-carboxyethylene)-bis-(2-mercap
toacetimido)]technetate(V) anions. The mass spectra of the two
fractions seen in the HPLC analysis both showed a single peak at
m/z 363, corresponding to the anions [TcC7H8N2O5S2]. Thus
not only are the benzoyl protecting groups lost during hydrolysis,
but also the ester functionality is hydrolyzed completely under the
conditions of synthesis. The epimers result from the syn and anti
disposition of the carboxylate group on the ethylene bridge with
respect to the technetium-oxo bond (4).

Theseresultsshowclearlythat it ispossible,usinga combination
of HPLC and mass spectrometry, to characterize discrete radio
labeled species present in radiopharmaceutical preparations.
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