
A new technique of technetium labeling using
stannous pyrophosphate instead of stannous
chloride as reducing agent for pertechnetate has
been applied to red blood cells and bleomycin.
Results are so encouraging that this technique
could be extended to other compounds capable
of forming stable complexes with reduced tech
netium. No saline washes of red cells are neces
sary before or after the addition of pert echne
tate. No purification step is performed after
labeling of bleomycin.

In order to use 9nmTcas a tracer for the visualiza
tion of organs or regions, the radionuclide should be

in a reduced state for labeling various compounds.
Among the agents used to reduce pertechnetate into
a lower valence ( 1â€”3), stannous chloride is the most
widely used. All the corresponding techniques must
include the following: (A) daily preparation of an
acid solution of stannous chloride, (B) mixing of the
compound to be labeled with the previously men
tioned solution followed by an adjustment of pH, and
(C) in order to prevent the presence of colloidal tin,

the compound must always be a complexing agent
of stannous ion or excess tin should be eliminated
before adding pertechnetate as is generally the case
for red cell labeling.

The present work is a tentative proposal to sim
plify these problems. If the acid solution of stannous
chloride could be replaced by a weak stannous com
plex stable in the neutrality zone and forming a rather
labile complex with â€œreducedtechnetium,â€• it would
be sufficient to add this complex to the compound
to be labeled just before or after the addition of
DDmTcO to obtain a complete labeling. Neutraliza

tion and purification steps would then be unneces
sary.

We arrived at this idea by studying the technetium
tinâ€”pyrophosphate complex (4) . Mesmer, et al (5)
have shown that, according to the concentration of
pyrophosphate, the complexes formed with Sn2+

were different in their constitution, stable in the pH
range 5â€”7,and of relatively weak force (K, = 6 X
l0@, K, = 2 X 108). A simple qualitative method of
determining the weakness of a technetium complex
is to follow its behavior on a Sephadex G-25 column.

HÃ©gÃ©sippe,et al (6) have already shown that in the
case of technetiumâ€”tinâ€”pyrophosphate, the radioac
tivity is almost completely adsorbed on the column
top (> 95%). The Sephadex gel in this particular
case destroys the complex. Valk, et al ( 7) and Rich
ards, et al (8) have complained recently that the poly
saccharide gel not only fixes the free reduced techne
tium but also displaces it from weak radioactive corn
plexes. The replacement of stannous chloride by a
weak stannous complex of this type could be applied
to the labeling of noncomplexing tin compounds.
This assumption has not yet been experimentally
verified.

Choosing an appropriate concentration ratio be
tween stannous pyrophosphate and the agent to be
labeled, we have tried to label some compounds, i.e.,
DTPA, bleomycin, and also some red blood cells.

MATERIALS AND METHODS

Stannous pyrophosphate solutions. A commercial
kit of stannous pyrophosphate can be used, i.e., the
CIS kit which contains 0.28 mg tin per milliliter.

Red cell labeling. For 2 ml of blood (or 1 ml of
red cells) we used the following quantities of stan
nous pyrophosphate containing: (A) 280 @gof tin,
corresponding to 1 ml of the kit; (B) 28 @gof tin,

corresponding to 0. 1 ml of the kit; and (C) 7@ of
tin, corresponding to 1 ml of a 1/40 dilution of the
kit.

For smaller quantities of stannous pyrophosphate,
a convenient kit has been prepared so as to obtain
0.28 @@tgof tin, corresponding to 0. 1 ml of this new
kit.

Bleomycin labeling. For the bleomycin labeling we
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TABLE1. TECHNETIUM-99mFIXEDON THE REDBLOODCELLSAS FUNCTIONOF STANNOUS
PYROPHOSPHATE QUANTITY AND OF NUMBER OF WASHINGS PERFORMED BEFORE ADDITIONOFTc04Percent

technetium fixed on the red blood cells for different quantities of stannouspyrophosphateWashings

(No.)expressed

by their tin content(pg)280

28 7 2.8 1.4 0.56 0.28 0.14 0.028 0.0140

94.3 98.3' 96.4 81.9 31.9 5.6

BARDY, FOUY@,GOBIN, BEYDON, DE TOVAR, PANNECIERE, AND HEG@SIPPE

None 5.6 32.4 44.5 73.3 77.8
1 25.8 81.5 86.9 89.4 91.2
3 96.8 98.1 98.3 98.3 98

* Mean value of 1 8 assays.

used the following quantities: (A) 4.2 @gtin, (B)
7 JLg tin, and (C) 1 1 @gtin, corresponding, respec
tively, to 0.3â€”0.5â€”0.8ml of a 1/20 dilution of the
CIS kit.

Labeling procedure. Red blood cells. Two milli
liters of blood were withdrawn from the patient into
a sterile tube with heparin as anticoagulant. Two
labeling techniques and a system of determining la
beling yield have been employed.

1. The first techniqueusedthe CIS kit as a
source of stannous pyrophosphate. The
quantities of stannous pyrophosphate men
tioned before were added under sterile
conditions to the tube containing the sam
ple. The mixture was incubated 5 mm at
room temperature after short and slight
mixing by hand. Centrifugation was then
performed and, after separation from the

supernate, the cells were washed one to
three times with 5 ml of 0.9% NaCl. The
red cells were resuspended in 2 ml of a
sterile pertechnetate solution containing the
desired quantity of radioactivity (Table 1).

2. The second technique employed the new kit

of stannous pyrophosphate. After adding the
necessary quantity of stannous pyrophos
phate to the tube containing the sample, the
suspension was gently mixed by hand. After
5 mm incubation time, centrifugation was
performed, the supemate discarded, and ra
dioactive pertechnetate solution added with
out any subsequent centrifugation or wash
ing steps (Table 1).

3. The labeling yield was determined by a sepa
rate measurement of the supernate and the
cells. The quality of technetium labeling was
ascertained by measuring the radioactivity
of the supernate obtained by centrifugation
after saline washes ( S ml) of the labeled
blood cells.

Bleomycin. The contents of a 15-mg vial of lyo
philized bleomycin (distributed by Laboratoire Roger
Bellon, Paris) were dissolved with pertechnetate so
lution ( 15â€”30 mCi) obtained from a CIS sterile

generator or a ready-to-use sterile pertechnetate so
lution. Then the diluted stannous pyrophosphate pre
viously described was added to the mixture.

The analytical methods used were paper chroma
tography with 85% methanol solvent on Whatman
No. 1 paper to determine the free TcO., percentage
and thin-layer chromatography on alumina or silica
gel with 10% ammonium acetate/methanol 1/1
(v/v) to separate bleomycin A and B (only with
silica gel plate) and also the sum of reduced techne
tium + pyrophosphateâ€”technetium (Table 2).

RESULTS AND DISCUSSION

Red cells. Data reported in Table 1 show that, as
the tin pyrophosphate quantity decreases, the yield
of labeling increases, passing by a maximum between
0. 1 @gand 0.5@ of tin. Furthermore, washings may
be avoided. For example, with 0.28 @gof tin, it is
no longer necessary to remove either excess reducing
agent or unreduced pertechnetate (less than 1.5%).
This procedure is short and the results are repro
ducible.

The stability of such a diluted stannous pyrophos
phate solution during storage is good if very careful
precautions have been taken in its preparation and
in the conditioning of the kits, insuring the presence
of nitrogen atmosphere during preparation, the use
of freshly prepared materials, and the storage of the
complex in lyophilized form under nitrogen.

The pyrophosphate complex seems in this par
ticular case to be more stable than the citrate men
tioned by Richards, et al (9) . Our results show at
present a shelf-life of over 2 months. Nevertheless,
the data mentioned in Table 1 show that a more con
centrated pyrophosphate solution can be used if
three washes of red cells are performed before the
addition of pertechnetate. The technique is longer
but is convenient for use in a small hospital.

Whatever the labeling procedure, the BBmTcis
firmly bound within the cell. Less than 1.5% of
radioactivity can be separated from the cells after
two saline washes. Technetium-99m is supposed to
be bound to hemoglobin as in the other labeling tech
niques (10).
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BBmTcLABELINGBY MEANS OF STANNOUSPYROPHOSPHATE

TABLE 2. TECHNETIUM-99m LABELING OF BLEOMYCIN AS A FUNCTION OF BLEOMYCIN QUANTITY,
PERTECHNETATE VOLUME, AND STANNOUS PYROPHOSPHATE QUANTITY

Percent of @mTcfixed on the different speciesf

TcO,
Bleomycin solution

(mg) (ml)

Stannous
pyrophosphate'

(ml) Tin (i@@)t
Reduced

technetium
Bleomycin Bleomycin Bleomycin

A B total Tc04

1.20
15
15
15

1.0 0.5 7.0
0.5 0.3 4.2
1.0 0.5 7.0
1.5 0.8 1.2

98.8
4.8
6.4
8.7

43.1
35.0
41.0

51.0
54.8
45.5

94.1
89.8
86.5

2.1
3.8
4.8

* Dilution 1 /20 of CIS kit.
t Stannouspyrophosphatequantitiesareexpressedbytheirtincontent.
:f:Theanalyticalmethodsusedwere:(A)paper chromatographywith85% methanolon WhatmanNo. 1 paper madeto deter

mine free TcO, percentage (Rr, 0.6â€”0.7);(B) thin-layer chromatography with 10% ammonium acetate/methanol 1/1 (v/v); either
on alumina to evaluate separately reduced technetium (Rf, 0.08), technetium-bleomycin (Rf, 0.6â€”0.7)and Tc04 (R,, 0.8), or on silica
gel to evaluate separately technetium-bleomycin A (Rt, 0.7â€”0.8)and technetium-bleomycin B ( Rf, 0.4â€”0.5).

Bleomycin. Recent studies published on the prob
lem of bleomycin labeling describe different proce
dures, nearly all requiring a purification step due to
the low yield [less than 50% of bleomycin-techne
tium (1 1â€”13)]. The present method allows quantita
tive labeling. Data reported in Table 2 show that the
radioactivity of the obtained solution is composed
of more than 85% bleomycin-technetium and a
small quantity of radioactivity at R@ = 0, not yet
chemically defined. Clinical experiments have never
shown any bone fixation (14).

We have not yet analyzed the nature of the tech
netiumâ€”bleomycin bond and possible chemical differ
ences between our complex and those obtained with
stannous chloride methods. However, we have ex
perimentally found by using SnCl2 that it is possible
to obtain comparable labeling yield with much less
reducing agent than the amount mentioned in the
literature (reduced Tc 9% for 1.3 @gSn2@) . The
reduced technetium fraction (R@= 0) increases with
the quantity of tin. This low quantity requires daily
preparation of stannous chloride. Stannous pyro
phosphate is consequently more convenient.

This new technique has been applied to other com
pounds capable of forming with reduced technetium
â€œstrongercomplexes than Tc-pyrophosphateâ€• (15).

In conclusion, we think that the data reported here
clearly demonstrate that in some cases stannous pyro
phosphate could advantageously replace chloride in
BOmTc labeling. Furthermore, it has the advantage of

decreasing the content of tin in radiopharmaceuticals.
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