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Technelium-99m-kethoxal-bis(thiosemicarbazone) complex (99mTc@KTS),
a potentially useful radiopharmaceutical for cholescintigraphy, is prepared
by the reaction of KTS with ssmTcO4 in the presence of stannovu chloride.
Under the described condilions, a complex extractable with organic sotveni
was detected. Thin-layer chromatography, electrophoresis, and spectromet
nc analysis indicate the formation of an uncharged s9mTc(W) complex.
Organ distribution and biliary excretion studies are described. The complex
showed a marked highly reproducible accumulation in the gallbladder.
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Several reports describe thiol compounds labeled
with 9omTc as potentially useful cholescintigraphic
agents. Among the thiols studied are oomTc@penicil@
lamine (I ), oomTc_f3@mercaptoisobutyricacid (2),
9OmTc..thioctoic acid (3), and o9mTc_mercaptopurine

(4) . Thus, the excretion of technetium into the bile
has been uniquely linked to oomTc@thiolcompounds,
and the Tcâ€”Scoordinating bond appears to relate
closely to the behavior of technetium in vivo. Un
fortunately, preliminary experiments have failed to
show the expected accumulation of oomTc in the
gallbladder, even in animal studies. This curious
failure might be caused by some chemical charac
teristic of the various 99mTc_labeled compounds,
which are produced through a complicated mecha
nism involving complex formation, hydrolysis, and
oxidation of the reduced OOmTcspecies. Although this
controversial reaction has been discussed by several
authors (5,6), a clear explanation for it has not
been offered.

In our laboratory, studies on various methods of
u9mTc labeling have suggested that a monomeric

ODmTc(IV) ion, TcO+2, is produced as a first step
in the labeling reaction, after which a chemically
stable complex can generally be obtained, provided
that the 2 ion reacts without being hydrolyzed
or oxidized. A thiol compound whose chemical struc
ture permits a stable complex with TcO+2 would be
of interest as a means of studying the chemical char

acter of 9omTc4abeled compounds and the possible
correlation of the label's chemical state with its bio

logic behavior.
Kethoxal-bis(thiosemicarbazone) (KTS) has been

introduced as an antivirus and anticancer drug with
low toxicity (7). As shown in Fig. 1, the thiol group
of KTS reacts with such bivalent metal ions (Me+2)
as Cu+2 and 7j@+2 to form a stable uncharged corn
plex with a conjugated chelate ring system (8). If
99mTc were coordinated with KTS through a bi
valent DomTcion, OOmTcO+2,a chemically stable un
charged OOmTccomplex would be expected.

In this study, the preparation of the uncharged
9OmTcKTS complex is described and its biologic be
havior examined.

MATERIALS AND METHODS

The KTSwassynthesizedaccordingto the method
described by Tiffany (9). The oomTcgenerator was
obtained from Mallinckrodt Inc. (St. Louis, Mo.),
and the long-lived 99Tc came from New England
Nuclear Corp. (North Billerica, Mass.). All chemi
cals and solvents used were of reagent grade.

The analytic systems employed included thin
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FIG.1. ReactionofKTSwithbivalentmetalion(M.@')toform
uncharged KTS complex (Meâ€”KIS).

layer chromatography (TLC) and electrophoresis.
The TLC was performed with Merck silica gel with
methanolâ€”1O% ammonium acetate ( 1: 1) as the
solvent. The electrophoresis was carried out with
Toyo No. 50 filter paper on a Toyo C electrophoretic
apparatus at constant voltage (500 V, 1 hr) with

0.2 M phosphate buffer (pH 7.0). A Fujitsu paper
chromatoscanner was used for the analysis. Spectro
metric measurements were carried out with a Shi
madzu Spectrophotometer Double 40-R.

Preparation of the OOmTcj('@ uncharged complex.
The KTS (2.76 mg) was first dissolved in I ml of
1 N NaOH; then 9 ml of 0.2 M acetate buffer (pH
5.6) was added to preparethe 1O@ M KTS solu
tion. After 1 ml of KTS solution was deaerated by

bubbling nitrogen gas through it for 5â€”10mm, 1 ml
of freshly prepared 1O@ M SnCl2 solution in 0.1
N HC1 (also deaerated by nitrogen gas) was added
and the mixture was stirred for 5 mm. Finally, 1 ml
of 99mTcO4â€”(500â€”1,000 MCi) was added. The
labeling solution was then purged with nitrogen for
15 mm and filtered through a 0.22-am Millipore
filter.

In vivo distribution study. Mice (ddy), weighing
25â€”30 gm, were injected with 0.3 ml of the oomTc@
KTS uncharged complex solution. At specific time
intervals, the mice were killed and autopsied. Ex
cised organs were collected in tared plastic counting
tubes and weighed immediately after removal. Blood
was collected by cardiac puncture, and the gall
bladder was carefully excised. All organs were
counted against a standard of one-hundredth of the
injected dose in a well scintillation counter.

Biliary excretion study. Male Wistar rats, weigh
ing 250â€”300 gm, were anesthetized by intraperitoneal
injection of sodium pentobarbital. The common bile

duct was cannulated with a polyethylene tube. Body
temperature was maintained at 37 Â± 1Â°C,monitored

by rectal probe during the experiment. Immediately
after the cannulation, 0.5 ml of o9mTc@KTSun
charged complex solution was administered through
the femoral vein. Bile samples were collected at
5â€”10-mm intervals for 1 hr into preweighed vials,

and the O9mTcactivity in each sample was counted
against a standard solution in a well scintillation
counter.

RESULTSANDDISCUSSION

Chemical character of the DOmTcK'I@complex. In
attempting to prepare the oomTc@KTS uncharged

complex, we postulated that the labeling should
be performed under such conditions that the re
duced OOmTcspecies (produced, we assumed, at the
initial step in the reaction) would then react with
KTS instead of undergoing hydrolysis, which it can
do very easily. As the concentration of the anionic
form of KTS increases, the complex-forming reaction
will tend to prevail over the hydrolytic reaction.
Thus, the KTS concentration and the pH become the
essential considerations. Accordingly, a highly con
centrated KTS solution, in which KTS is present as

its thioenol form, was prepared as above. An op.
timal pH range of 5â€”6was estimated from the acid
dissociation constant of KTS and the hydrolysis con
stant of TcO@2 (10).

Furthermore, the hydrolysis of the reduced 9omTc
species was found to occur faster with increasing
concentrations of SnCl2 reducing agent (10) . Know
ing this, we reasoned that using only a minute amount
of Sn+2 would be best to reduce the 99mTc04_, pre
vent the hydrolysis, and form the tetravalent monom
eric o9mTc complex. Under an inert atmosphere, the

KTSreactswiththe minuteamountof SnCI2to form
a Sn-KTS complex, following which the reaction with
99mTcO4_ will proceed smoothly in the desired di
rection. This prevents the hydrolysis as well as the

oxidation of the Sn +2 state.
The labeling solution was analyzed by TLC and

electrophoresis. As shown in Fig. 2A, on TLC more
than 95 % of the total o9mTc activity is detected over
a KTS spot (made visible by a chemical reaction)
at an R1 value of 0.7, whereas only minute activity
remains at the origin. The electrophoretic result
(Fig. 2C) shows that most of the oomTc activity re
mains at the origin and only a small portion migrates
to the positive side. This minute activity at the posi
tive side may correspond to that detected at the
origin by TLC. These results strengthened our as
sumption that the main labeling species produced
under the described conditions was an uncharged
tetravalent complex.

In order to confirm this assumption, an organic
extraction analysis was carried out with ethyl ace
tate. If the uncharged complex is the main product,
then a large part of the Â°9mTcactivity could possibly
be extractedwith this solvent. In fact, 90â€”95%of
the OOmTcactivity was transferred into the organic
phase. Moreover, this extract gave the same results

( KTS)

CHi-CHâ€”CN-N@-NH,

o@ SH
SH

HC:NN:CNH,

Volume 17, Number 9 817



YOKOYAMA,TERAUCHI, HORIUCHI, TANAKA, ODORJ, MORITA, MORI, AND TORIZUKA

migrate to the positive side in the electrophoresis,
we assume that a small part of the labeling reaction
proceeded toward 2 hydrolysis, resulting in
a negatively charged complex. Complexes with a
hydrolyzed technetium state are generally seen to
a greater or lesser extent in labeling reactions with
reduced OOmTc Investigation of the chemical char
acter of the present hydrolyzed product, along with
its biologic behavior, is now in progress.

In vivo distribution. The organ distribution of the
OOmTcKT5 uncharged complex, following intrave
nous injection, was studied in mice. The greatest
concentration of oomTcwas found in the gallbladder
(Fig. 3 ), much as in the data reported for o9mTc@
penicillamine (1 ) and o9mTc@f1@mercaptoisobutyric
acid (2). This Â°Â°mTcaccumulation in the gallbladder
was rapid and could be reproduced in every trial.

Excretion. In order to study the biliary excretion
CD) of theÂ°Â°â€œ@Tc-KTSunchargedcomplexin greaterde

tail, the common bile ducts of male rats were can
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FIG.2. Thin-layerchromatographyandelectrophoresisofmmTc
KTSlabeling solutionbefore and after extractionwith ethyl acetate.
(A,C) Original labeling solution; (B,D) extracted solution.
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as the original solution when tested by TLC and
electrophoresis (Figs. 2B and 2D), confirming that
the uncharged complex had moved into the organic
phase without any chemical change.

The role of tetravalent technetium in forming this
complex was investigated by spectrometric analy
sis using the long-lived Â°Â°Tc.The organic-solvent
extractable complex, which was detected at R@0.7
on TLC, showed an absorption maximum at 450 nm.
The same absorption maximum was observed in the
spectrum obtained after the reaction of KTS solution
with another tetravalent technetium species, TcC162,
prepared by the method described by Dalziel et al.
(1 1 ). According to the absorption data for tetra
valent technetium (12,13), this pronounced absorp
tion band belongs to a charge-transfer band of a
Tc(IV) complex. Recently, Hambright et al. re
ported that the tetravalent species is fairly general
in the OOmTccomplexes used in nuclear medicine;
the 9omTc(IV) is coordinated with a type of oxygen
donor hard-base ligand (6). Our results with the
OOmTc.KT5complex, in which o9mTcis coordinated
through nitrogen and sulfur donor groups, indicate
that the tetravalent state seems to be general for
u9mTc complexes, irrespective of hard- or soft-base

ligands.
The chemical character of the complex detected in

small amounts at the origin of the TLC strip and on
the positive side of the electrophoresis has not yet
been clarified. Nevertheless, since this oomTcspecies
was not extracted into the organic phase and did
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FIG.3. Distributionof0mTc-KTSunchargedcomplexinmouse
tissues at various times after intravenous injection. Each point is
mean for 4â€”6animals.
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In summary, an enterohepatic pattern of 99mTc
f@ excretion can be observed when tetravalent monoc mericOumTccomplexesareadministered,andthe

2OO@- chemical character of the molecule as a whole is

@,I50F@@ reflected in this excretion behavior. The lipophilic

i IOOF characteroftheDomTc@KTSunchargedcomplexmay
S be responsible for its rapid excretion, a desirable

@ property in an imaging agent.
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FIG.4. Comparisonof biliaryexcretionstudies(bycannula)
in rats for mTc.KTS uncharged complex and @mTc.p.nicillamine.
Tracer and total bile excretion rates are shown at various times
after intravenous injection of wmTc.labeled complexes. Each point
is mean for 4â€”6animals.

nulated and bile samples were collected as described
above. As shown in Fig. 4, oomTcis rapidly excreted:
within I hr, 45â€”50% of the total activity injected
is recovered from the bile. This excretion behavior
is observed with high reproducibility. A similar re
sult was obtained with a monomeric uftmTc@penicil@
lamine complex, shown for comparison in Fig. 4.
The oomTcin that complex is considered to be in the
same tetravalent monomeric state as in the uomTc@
KTS uncharged complex (10). The excretion of
O9mTc.KTS is more rapid than that of oomTc_penicil_
lamine.
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