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14 new method is described in which Ptâ€”Sn or

Snâ€”Snelectrodes are used to activate 99mTc04_.
The sImTc is incorporated into phytic acid by
stannous ion released from a tin anode by the
corrosive reaction. The most suitable pH for
labeling phytic acid by this method was below
S and the aPmTcphytate formed could be precipi
toted with Ca+S at a pH above 3.5. Though 99mTc

phytate is soluble in aqueous solution, it forms

an insoluble species with Ca@2 in vivo and is
trapped in the reticuloendothelial system. More
than 93% of the ssmT@phy@g@ localized in the
liver of mice; here its biologic half-time is about
112 hr. The ssmTc..phyt@,teprepared by this
method promises to be useful as a liver-scanning
agent. Since our method does not require an
applied electric potential, it appears to be one
of the most convenient methods for labeling
compounds with 9smTc.

The electrolysis method using a zirconium or tin
anode for labeling compounds with o9mTchas been
studied by several investigators (1â€”4). Further stud
ies indicate that the labeling efficiency depends upon
the amount of stannous ion formed during the elec
trolysis (5) . Stannous ion can also be formed in an
electrolyte solution by a corrosive reaction on a
metallic tin electrode without an applied c@ctric
potential. We have found that the small amounts
of stannous ion formed in this manner are su.fficient
to reduce the low levels of pertechnetate ion typi
cally present in the eluate from a o9Mo@9omTcgen
erator to a lower oxidation state for the labeling of
some potential radiopharmaceutical compounds. The
basicprincipleof thecorrosionmethodis essentially
the same as the other conventional reductive meth
ods, such as the use of stannous chloride and dcc
trolysis.

Labeling phytic acid with OOmTcrequires only a
small amount of stannous ion and lends itself to this

corrosion method. In the corrosion method, which
we will call the electrochemical method, Ptâ€”Snor
Snâ€”Snelectrodes are used to label phytic acid, which
forms an insoluble salt with Ca@2 in the blood and
localizes in the liver. The possible use of Â°Â°Â°@Tc
phytate prepared by this method in liver scanning
was examined in animal experiments.

MATERIALS AND METhODS

The Ptâ€”Sn and Snâ€”Snelectrodes were made by
attaching pieces of analytic-grade platinum or tin
to the ends of magnetic stirring bars and coating
them with polypropylene as shown in Fig. 1. The
sodium phytate was obtained from Sigma Chemical
Co. (St. Louis, Mo.), and the oBmTcwas eluted from
the generator of Dainabot Radioisotope Laboratories
(Tokyo, Japan) as a 0.9% NaCl solution of sodium
pertechnetate.
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polypropylene

Sn-@-Pt(Sn)

magneticstirring bar

anode reaction

1) Sn - Sn24@.2e
2) Sn@ 2K,0 â€”@Sn(OH)@@ 2H@t2e

Sn(OH)2@2HClâ€”@SnCI@@H@

cathode reaction
1) 2H*+ 2e â€”@H2

FIG.1. MagnetIcstirringbarwithPtâ€”SnorSnâ€”Snelectrodes
for electrochemical reaction. Anode and cathode reactions show
processesfor stannous-ionformation in electrolyte solution.
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This NaC1 solution, contained in a 10-mi glass
vial, was used as the electrolyte. Its pH was adjusted
with 0. 1 N HC1 or 0. 1 N NaOH before adding the
magnetic bar with the Ptâ€”Snor Snâ€”Snelectrodes to
the reaction vial. The vial was then placed on a
magnetic stirrer and stirred gently. The amount of
stannous ion dissolved from the tin anode was deter
minedasa functionof time.

Quantitative analysis of the total tin. The total tin
dissolved from the anode was measured by a moth
fication of the method of Ross and White (6) . One
half milliliter of 0. 1 N HC1, 1 ml of pyrocatechol
violet solution (0.05% W/V), and 5 ml of 0.2 M
acetate buffer solution (pH 4.5) were added to 0.5
ml of the sample. After the samples were allowed to
stand for 30 mm, the optical density was determined
at 555 nm using a Hitachi-i 24 spectrometer (Tokyo,
Japan).

Reduction yields of 9omTcO4_. One milliliter of
sodium phytate solution ( 10 mg/mi) was added to
4 ml of OOmTcO4â€”solution (0.5â€”10mCi), and the
pH was adjusted with 0. 1 N HC1 or 0. i N NaOH.
A magnetic stirring bar with Ptâ€”Snelectrodes was
placed in the solution and stirred gently. Further,
the same experiment was performed without sodium
phytate or Ptâ€”Snelectrodes in order to evaluate the
reduction of 9OmTcO4â€”. The reduction yields of
9OmTcO4â€”were determined by thin-layer chroma
tography on Eastman silica-gel sheets, using acetone
as the developer. In this system the R@ value of
oomTcO4 was 0.95, and various reduced species
(oomTc@phytate, unidentified o9mTc@complex, oomTc@
stannous colloid, or OOmTcO2)remained at the origin.

Yield of phytic acid labeled with eomTc.The oomTc@
stannous colloid and/or 99mTc02 formed in the re
action mixture of technetium and phytic acid was
measured by filtration through a O.O25-@tm mem
brane ifiter. More than 99% of 9omTc@stannous col
bid and/or O9mTcO2remained on the filter, whereas
more than 99% of O9mTcO4â€”solution or oomTc@
phytate passed through the filter. Then, 1 ml of cal
cium chloride solution (100 mg/mi in barbital buffer
solution at pH 7.5) was added to the filtrate and
stirred for 5 mm to precipitate oomTc_phytate corn
pletely. The reaction mixture was filtered again
through a 0.45-sm membrane filter and the radio
activity of the precipitate was attributed to oomTc_
phytate. The OOmTcO4â€”and unidentified 9omTc
complexes in the final ifitrate were determined by
thin-layer chromatography. More than 99% of the
initial OOmTcactivity could be recovered in the final
filtrate. Thus, neither change of the chemical form
of unreacted 9OmTcO4â€”nor coprecipitation with
Ca+2 occurred during the separation procedure.

Reactivityof BBmTc..phytatewith Ca@2.Pure @@mTc@
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FIG. 2. Anodicdissolutionof tin fromSnâ€”Snelectrodesin
acidified 0.9â€•/.NaCI solution as function of reaction time. (S) pH
1.0; (L@@.)pH 1.5; (X) pH 2.0, (0) pH 2.5; (A) pH 3.0.

FIG.3. Anodicdissolutionof tin
function of pH (reaction time, 20 mm).
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in 0.9% NaCI solution as

phytate was prepared by the stannouschloride
method as follows. After adding 1 ml of sodium
phytate solution (10 mg/mI) to 4 ml of 9omTcO4
solution, the pH was adjusted to 1.0. One milliliter
of stannous chloride solution ( 1 mg/ml) was added
and the solution was stirred gently for 5 mm. The
reaction mixture was filtered through a O.O25-@tm
membrane filter to remove the oomTc_stannous coi
bid. The labeling yield was checked as above: more
than 99% of oomTc was found to be incorporated
into phytic acid. One milliliter of calcium chloride
solution (100 mg/mi) at pH 1.0 was added, the
solution was brought to the desired pH with 0.5 N
NaOH, and the amount of 9omTc@phytate precipitated
by the Ca+2 was determined.
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Animal experiment. Female d-d mice (7), weigh
ing 20â€”25gm (Shiraishi Co., Japan), were used in
all the animal experiments. One-twentieth milliliter of
O9mTc..phytate was injected intravenously within 30
mm of preparation. The mice were killed from 5 mm
to 24 hr after injection, and the radioactivities of the
liver and lung measured.Three micewereusedin
each determination. The biologic half-time in the
liver was calculated by the least-squares method from
the liver clearance curve.

RESULTS

As shown in Figs. 2 and 3, anodic dissolution of
stannous ion depends on the pH of the electrolyte.
Tin is easily dissolved in the pH range of less than
4 or more than i 1. Below pH 4, the stannous ion
can be utilized to label compounds. In the pH range
of physiologic saline solution, the anodic dissolution
takes place more slowly.

Table I shows the yields for pertechnetate reduc
tion in solutions of various pH. Though the amount
of stannous ion dissolved from the tin anode depends
upon the pH of the solution, the rate of oomTcO4_
reduction is not critically dependent on pH equilib
rium within 10 mm. Without sodium phytate in a
reaction vial, only a few percent of oomTcO4 was
reduced in 10 mm, and technetium was not reduced
without the Ptâ€”Snor Snâ€”Snelectrodes in the sodium
phytateâ€”technetium mixture.

The reactivity of o9mTc@phytatewith Ca@2 does
depend upon the pH. More than 98% of 9omTc@
phytate reacts with Ca@2 to form insoluble particles
in the pH range above 3.5 (Fig. 4).

The 9omTc@labelingreaction proceeds rapidly and
reaches its equilibrium state within 5 mm. Figure 5
shows the labeling efficiency of D9mTc@phytate,once
equilibrium has been reached, as a function of pH.
No oomTc@stannous colloid or oftmTcO2 was observed
in the reaction mixture. More than 99% of the ac
tivity in the reaction mixture filtered through a
0.025-sm filter. Labeling yields above 90% were
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FIG.4. Precipitaitonyieldofâ€˜Â°mTc.phytatewith@ fromic
lutions of varying pH.
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FIG. 5. Compositionof electrochemicalreactionmixtureas
function of pH (reaction time, 10 mm): (A) @Tc-phytate;(B) un
identifIed â€œIccomplex; (C) mmTcO,. Ptâ€”Snelectrodes and 10 mg
of sodium phytate in 1 ml of 0.9% NaCI solutionwere used.

obtained for pH below 6. Free oomTcO4_ gradually
increased as the solution pH was increased.

A large amount of unidentified oomTccomplex,
thoughtto be a reducedspeciesof oomTcO4_,was
produced at high pH values. The labeling efficiency

TABLE1. REDUCTIONOF PERTECHNETATE(% OF TOTALACTIVITY)*

. . pHl pH3 pH5 pH7 pH9 pHll
Reaction time _______________ _______________ _______________ _______________ _______________

(mm) A B C A B C A B C A B C A B C A B C

I 66.5 0 0 68.2 0 0 71.7 0 0 85.0 0 0 72.7 0 0 37.2 0 0
3 783 0 0 60.5 0 0 91.0 0 0 89.4 0 0 80.8 0 0 71.7 0 0
5 85.5 1.3 0 84.7 13 0 91.5 0 0 893 0 0 83.2 0 0 74.1 0 0

10 91.2 7.1 0 91.5 4.2 1.1 95.8 1.0 0 94.2 1.3 0 83.3 2.1 0 79.6 5.4 0
15 91.7 5.6 0 96.3 9.3 1.0 96.3 7.2 0 96.4 3.8 1.6 92.8 7.3 0 81.2 12.0 0

S Each value is the mean of three samples. (A) Reaction of sodium phytate and mmTcO4 with Snâ€”Sn electrodes; (B) reaction of
semTcO4_with Snâ€”Snelectrodes;(C) raction of sodium phytate and mmTcO@without electrodes.
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loft chloride solution for reduction labeling (8) ; how
ever, the stannous ion is unstable in aqueous solu
tion and is readily oxidized by small amounts of
oxygen. These characteristics can cause poor label
ing efficiencies. In the electrochemical method, the
tin is dissolvedinto the solution from both Ptâ€”Sn
and Sn-Sn electrodes (Fig. 3) . In the case of Ptâ€”Sn
electrodes (Fig. 1) , tin acts as the anode due to the
difference of electrode potential between tin and
platinum. In the case of Sn-Sn electrodes, however,
microscopic highly localized potential cells form at
inhomogeneities on the surface of metallic tin in
electrolytesolution. The corrosivereaction there
fore proceeds through anodeâ€”cathode couplets on
themetallictin surface,stannousion is releasedinto
the solution from the anode and can be used to
reduce the 9OmTcO4â€”. The amount of stannous ion
produced depends greatly not only on the pH of the
solution (Fig. 3 ), but also on the surface area of
the tin, the volume of the solution, and the speed
of stirring. Our labeling method is based on reduc
tion of 99mTc04â€”by stannous ion, which is essen
tially the sameas in more conventionalmethods.
However, since metallic tin is not oxidized readily
when it is stored in a reaction vial packed with nitro
gen gas, consistently high labeling efficiencies can
easily be obtained. When only trace amounts of stan
nous ion are needed, this electrochemical method
can be utilized for labeling with o9mTc.

We have previously reported labeling EDTA with
9OniTcby electrolysis (5) . In this case the electro
chemical method cannot be applied because EDTA
forms a stable complex with tin. Only a few percent
of 99mTc@EDTAwas obtained at pH 3.5 for a 30-mm
reaction time. The labeling probably fails here due
to the formation of a stannous ionâ€”EDTA complex
having a stability constant of log K = 22.3 (9).
Thus, labeling such strong chelating agents as EDTA
with 9omTc will require the addition of large amounts
of stannous ion. The electrolysis method is therefore
more effective for labeling EDTA because the
amount of stannous ion can easily be varied by con
troling the quantity of electricity passed through the
sample.

In the electrochemical method, o9mTc_phytatewas
easily prepared without formation of stannous col
bid. Though O9mTc..stannous colloid can also be
used for liver scanning, its particle size is difficult
to control because of aggregation after preparation.
Subramanian et al have shown the possibility of
using O9mTc..phytatefor liver scanning (10), but they
present little information regarding reactivity with
Ca@2, optimal labeling conditions, and organ distri
bution. We found that the labeling should be done
below pH 5 and that the 9omTc@phytateproduced is
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FIG. 6. Liverandlungclearancesof mmTc.phytateafterad
ministration to mice. Biologic half.time is â€˜Â°.â€˜l12 hr.

Time (hr)

FIG. 7. Stabilityof mmlc-phytate(electrochemicalmethod)as
function of temperature. (â€¢)10Â°C;(X) 20Â°C,(0) 28Â°C;(A) 37Â°C;
(L:@)50Â°C;(U)68Â°C.

was independent of both the amount of sodium phy
tate over the rangeof 1â€”50mg and the volumeof
OOmTcO4â€”solution over the range of 2â€”10ml (0.1â€”
20 mCi).

More than 93 % of DOmTc..phytatelocalized in the
liver 5 mm after intravenous administration in mice,
and less than 0.5% was found in the lungs. Figure 6
shows the clearance curves of oomTc_phytate from
the liver and lungs. The oomTc@phytatewas slowly
excreted from the liver with a biologic half-time of
about 112 hr. The unidentified reduced form of
OOmTcO4â€”, shown in Fig. 5, did not react with Ca@2

either in vivo or in vitro and was rapidly excreted
through the kidney when injected intravenously.

The stability of the o9mTc@phytatedepends upon
the temperature, with the amount of free o9mTcO4
increasing as the temperature rises (Fig. 7).

DISCUSSION

Thereare manymethodsfor labelingcompounds
with OOmTcMost chemical methods use stannous
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precipitated with Ca@2 quantitatively by adjusting
the pH above 3.5 (Fig. 4) Therefore, once the
labeled product is injected intravenously, insoluble
calcium salt forms immediately in the blood. How
ever, when Ca+2 solution is added to 99mTc@phytate
before injection, aggregates of oomTc_phytate and
calcium gradually form, and these can be trapped in
the lungs.

Although the chemical state is not proven for the
present, the unidentified reduced species (Fig. 5)
was not considered to be either oomTc@phytate or
OomTcstannous colloid because of its nonreactivity
with Ca@2,its filtration througha 0.025-smmem
brane ifiter, and its low affinity for the reticuloen
dothelialsystemin mice.

The biologic half-time for cleaning oomTc@phytate
from the liver is longer than that of 9omTc_stannous
colloid, used routinely for liver scanning. The o9mTc_
stannous colloid has a 32-hr half-time (5) ; it is
gradually oxidized in the liver and excreted. The
OOmTc..phytateprecipitated with Ca@2 is stable and
seemsto be metabolizedmore slowly.

The stability studies (Fig. 7 ) indicate that free
OOmTcO4â€”is released from the o9mTc_phytate pre
pared by the electrochemical method with increasing
time after preparation. However, Â°Â°Â°â€˜Tc-phytatepre
pared by either the electrolysis or the stannous chio
ride reduction method is more stable than that pre
pared by the electrochemical method ( 11 ) . This
phenomenon was also observed with 99mTc@tetra@
cycline ( 12 ) . Since the stability of 99mTc_phytate
increases as the amount of tin used for labeling is
increased and since the amount of stannous ion used
in the electrochemical method is very small, 99mTc@
phytate prepared by this method should be injected
within 2 hr after preparation.

Since the electrochemical method does not require
eitheranappliedpotentialor theadditionof a chemi
cal reducing agent, it should be a very useful method
for labeling certain compounds with oomTc.
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