
XA9847974
SODIUM METABISULFITE: A NEW REDUCER AGENT FOR
DIRECT LABELLING OF IMMUNOGLOBULINS WITH 99mTc

F. ZAYAS*, A. PERERA**, L. HERNANDEZ***, T. HERNANDEZ*,
M.E. RODRIGUEZ*, M. VALDES****

* Institute of Nephrology
** Center of Clinical Research

***Institute of Nuclear Sciences
****Faculty of Biology

Havana, Cuba

Abstract

A method for direct labeling of antibodies with 99mTc is described. Sodium Metabisulfite
(SMB) was evaluated as a new reducing agent of disulfide bridges of the IgG molecule.
Under selected experimental conditions, radiochemical purities of the label higher than 90.0
% were achieved in most of the experiments. On the basis of the obtained yields an empiric
equation which describes the system was computed as : Y = 93.6 + 2.1X5 - 1.36X6 +
0.9X7. The absence of X4 indicated that the purification on Sephadex of the reduced IgG
was not relevant to the labeling process. The most important variables were tin ion
concentration (X5), the volume of Tin-Tartrate solution (X6) and the incubation time
between reduced IgG and Tin-Tartrate solution (XT). A low aggregation and fragmentation
of the IgG molecule was obtained when a SMB/IgG molar relation of 750/1 was used.The
stability of the 99mTc-IgG was assessed by DTPA, HSA and L-Cysteine challenge studies.
An acceptable level of dissociation was observed in presence of DTPA and L-Cysteine,
when the Tartrate anion was used. However the transchelation level for HSA was about
80.0 per cent These preliminary results showed that SMB could be a useful reducing agent
for direct labeling of IgG. Further studies are needed to correctly evaluate it.

1. Introduction.

Nowadays the polyclonal and monoclonal antibodies are widely used for
immunoscintigraphic diagnosis of different diseases. Initially these molecules were labeled
with iodine 131 or 123 and indium 111. Although 99mTc is often considered to be the
superior label for radioimmunodiagnosis for reasons of cost, availability and imaging
properties, in spite of its relatively short physical half-life. The existing labeling methods
may be classified into two types : indirect and direct approaches (1). Direct methods
employ a reducing agent in order to transform a number of disulfide bridges in the protein
to free thiols, which are able to bind technetium very efficiently due to their strong
chelating capacity. These approaches are appealing because the antibody conjugation is
avoided, the reduction is easily controlled, a higher specific activity is obtained, the
procedures are simple to perform and offer easy product formulation. Several groups have
employed different reducing agents such as stannous ion (2), 2-Mercaptoethanol (3,4),
dithiothreitol (5) and others.

Each of these procedures for direct labeling have their advantages and drawbacks. There is
no consensus about which of the methods is superior (6). Therefore the development of
faster and easier methods in the labeling of monoclonal antibodies keeps on (7,8).

The aim of the present work is to evaluate Sodium Metabisulfite (SMB) as a new reducing
agent for the direct labeling of antibodies with technetium-99m because is non-toxic (9).
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2. Materials and methods.

Lyophilized human polyclonal non-specific IgG was supplied by the Center for
Hemoderivatives (Havana, Cuba).

A non-saturated (10) factorial design 2 (7"4) was performed to study the influence of
seven independent variables (Xi) on the labelling efficiency (Y). It was used for Xi a low
level (-) and a high level (+) for the initial 16 experiments, which were done at least twice.
The Xi include : XI- mg IgG/ml (2 and 5), X2- SMB/IgG (500/1 and 1000/1), X3-
reduction time (30 and 60 minutes), X4- Sephadex chromatography (No and Yes), X5-
Sn+2 concentration (0.14 and 0.56 ug/ul HC1-0.02 N), X6- ul of Sn-Tartrate solution (100
and 200) and X7- incubation time of reduced IgG and Sn+2 (0 and 15 minutes). The Sn+2
(X6) has 50 umoles of Tartrate/ml of solution and the selected concentration of Sn+2 (X5).

2.1. Radiolabeling.

The procedure was started taking an amount of dried SMB and put it in a flask. The
required volume of IgG dissolved in 0.1 M Phosphate Buffer, pH-7.4 or Saline (NaCl-0.9
% ) was added and mixed .Solution was previously degassed by boiling in a gaseous
nitrogen. The flask was closed and incubated a selected time. The mixture was not applied
on a small column of Sephadex G-50 (previously calibrated and equilibrated with
degassed Phosphate Buffer ) or was applied. In the last case it was taken the fractions with
reduced IgG. An amount of Sn-Tartrate was added and immediately or 15 minutes later 370
MBq of 99mTc was added Purity was determined by Ascending Paper Chromatography
(APC) with Metil Etil Ketone and Saline on strips of Whatman 3MM paper. Strips were cut
in the middle point, radioactivity was measured and expressed as per cent of radioactivity at
the origin (Rf-0.0). Finally five more experiments (17 to 21) were done with Xi in the
middle level (0), excepts X4 which was kept at low level (No Sephadex purification).

2.1.1. FPLC and SDS-PAGE studies.

The reduced IgG obtained in this last condition (750/1) was analyzed by means of FPLC
(11) and SDS-PAGE (12). Briefly, a sample of native IgG was applied on a Superose 12
column previously calibrated and equilibrated with Phosphate Buffer. Flow was adjusted at
0.53 ml/minute and several fractions were collected and their absorbance at 280 nm was
determined. The column was washed extensively with buffer and the correspondent
reduced IgG was applied, several fractions were collected and their optical density was
measured. A SDS-PAGE study was performed under nonreducing conditions on the
native IgG and reduced IgG (750/1). Briefly, samples for assay were prepared at a SDS
concentration of 0.5 % and were not immersed in a boiling water bath prior to gel loading.
Molecular weight standards were prepared in the same manner. Samples were resolved in a
3.5 % acrylamide stacking gel and a 8.0 % running gel. Gels were run at 7.5 mA/gel until
the tracking dye reached the bottom. Each gel was fixed with 10 % trichloroacetic acid,
stained with Coomassie Brilliant Blue G-250 and destained in 25.0 % methanol. Gels
were read by means of Molecular Analyst Software provided by Bio-Rad firm.

2.1.2. Sephadex G-25 M study.

The 99mTc-IgG was applied on Sephadex G-25 M to determine the fraction of
radiocolloids (13). Briefly, a sample was applied in a closed (1x7 cm) column and it was
measured in a dose calibrator. The elution was performed with 10 void volumes of Saline
solution. The column was closed and the radioactivity was measured again. The remained
radioactivity was considered the percent of radiocolloids.
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2.1.3. Assay of different Iigands for the tin solution.

The influence to exchange the Tartrate anion for Gluconate (BDH), MDP and Citrate
(BDH) was studied. The ligand concentration was maintained at 50 umoles/ml of solution,
excepts for MDP, because in this case we used the Sn-MDP Kit provided by
AMERSHAM Int., and was not possible to adjust the Sn+2 and MDP concentrations at the
same time. We preferred to adjust Sn+2 concentration to the middle level (0.35 ug/ul HC1-
0.02 N) and MDP concentration was not adjusted as we did to the others ligands.

The labeling was performed as described previously in the middle level for all the
independent variables, excepts X4, which was kept at low level (No Sephadex).

2.1.4. Challenge studies in presence of DTPA, HSA and L-Cysteine.

Challenge studies in presence of DTPA (2000 fold molar excess), HSA (100 fold) and
Cys (3000 fold) were performed in order to investigate the stability of the label. 99mTc-
IgG was incubated in the transchelating solution at room temperature, samples were
removed at different times and applied on Whatman 3MM using as eluant Saline following
the procedure previously described. In this system the labeled IgG remain at the origin
while DTPA, HSA and Cys migrate. The IgG was labeled according to the conditions
described for the middle level (excepts X4-No Sephadex) of the experimental design.

2.1.5. Thiol assay.

Fifty ul of reduced and purified IgG sample was mixed with 50 ul of 5,5 dithio bis-(2-
nitrobenzoic acid) 3.96 mg/ml (Ellmans reagent) and diluted to 3.0 ml with 0.1 M
Phosphate Buffer pH-8.0. The mixture was incubated at room temperature for 15 min and
absorbance measured in an UV spedrophotometer at 412 nm. The number of thiols was
obtained by comparison with a standard curve obtained by the assay of a series of cysteine
standards ranging from 0.01 to 1.0 mM.

2.1.6. Statistical analysis.

All data were processed by using SPSS for Windows. Its mean and standard deviation
were calculated. The statistical tests were performed with a significant level a = 0.05 .

3. Results.

3.1. Influence of the studied variables.

Table I shows the experimental design and mean values of purity (Y) for the initial 16
experiments . On the basis of the obtained yields the empiric equation which describes the
system behaviour was computed as : Y = 93.6 + 2.1X5 - 1.36X6 + 0.9X7

The absence of X4 means that the presence or not of SMB in the labeling process was
irrelevant, however the concentration of stannous ion (X5) and the incubation time (X7)
affect positively the yield improving the labeling efficiency. On the other hand the volume
of the tartrate solution (X6) affects negatively the yield. The rest of the studied variables
have no significant influence on the labeling of IgG under the selected experimental
conditions (p>0.05).

The radiochemical purity of the 99mTc-IgG was higher than 90.0 % , except for the
experiment number 14 (85.3 %). It demonstrates a reasonable binding of Tc99m into the
IgG molecule under selected conditions and the efficiency of SMB as a reducing agent The
percents of free 99mTc-pertecnetate and 99mTc-Tartrate were lower than 1.0 % and 5.0 %
respectively for all the experimental points.
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Table I
Experimental design and results of yields (Y) expressed in per cent

Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

XI
+
-
+
-
+
-
+
-
+
-
+
-
+
-
+
-
0
0
0
0
0

X2
+
+
-
-
+
+
-
-
+
+
-
-
+
+
-
-
0
0
0
0
0

X3
+
+
+
+
-
-
-
-
+
+
+
+
-
-
-
-
0
0
0
0
0

X4 X5
+ +
-

+
+
+

+ ,
-
+ +

; -
+ +
+

+
+

+
+ +
-

0
0
0
0
0

X6
+
+
-
-
-
-
+
+

-
+
+
+
+
-
_
0
0
0
0
0

X7
+

-
-
-
+
+
-

+
+

+
-
-
-

0
0
0
0
0

Y(%
98.3
90.3
95.2
95.5
89.9
96.6
90.9
93.6
95.0
94.0
90.0
95.4
95.0
85.3
97.3
95.6
91.6
91.7
92.0
92.6
93.2

Table II
Molecular especies obtained for Native (Na) and Reduced (Re) IgG by SDS-

PAGE

Fraction mm Rf Molecular mass (kDa) Percentage

1
2
3
4
5
6

11,3
19,9
35,7
44,2
51,3
80,9

0,12
0,21
0,37
0,46
0,53
0,84

121,9
104,4
77,4
65,1
55,7
25,6

Na
88,3

2,6
1,3
6,3
0,5
0,5

Re
78,6
12,3

3,9

5,2

3.1.1. FPLC andSDS-PAGE studies.

Figure 1 shows chromatograms obtained by FPLC on Superose 12 of native and reduced
IgG. There are two main peaks, the first corresponds to protein aggregates present in the
native IgG and the second properly to the IgG. The reduced IgG has a similar profile to the
native IgG. There is no increase in the formation of aggregates and no fragmentation was
detected by U V measurements. Table II presents the fractions, their molecular mass and
respective per cents for native and reduced IgG obtained by SDS-PAGE. A molecular
fragmentation of the native IgG is seen. This corresponds to a decrease of 9.7 % in fraction
number 1 and a similar increase in fraction number 2 in the reduced IgG.
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0,25-1

Native IgG
Reduced IgG

_. 0 .15-

0.05-

6 7 8

Number of fractions
10 11 12 13

Fig. 1 FPLC chromatograms of Native and Reduced

3.1.2. Sephadex G-25 M study.

The amount of radiocolloid detected by Sephadex G-25 M was lower than 3.0 % for the
most of the sixteen experiments. In some cases the dose calibrator was unable to detect
residual radioactivity. These results confirmed the hypothesis that almost all the
radioactivity at the origin in Saline was associated to IgG and not to radiocolloid.

3.1.3 Assay of different ligands for the tin solution.

Figure 2 shows the influence to use gluconate (GLU), MDP and citrate (CIT) in the tin
solution on the labeling process. As a rule in MEK radiochemical purities between 91.0 and
99.5 per cent were achieved. In Saline, high differences were obtained according to the
anion used. The highest value corresponded to citrate and the lowest to MDP. Tartrate
(TAR) anion reached a 92.0-93.0 per cent of purity. This value was close to Gluconate and
approximately 4.0 % lower than the value achieved by citrate (CIT) anion.
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3.1.4. Challenge studies in presence of DTP A, HSA and Cysteine

The challenge studies were performed with the IgG labeled with Tc-99m under conditions
of the middle level of the experimental design. In the Figure 3 were shown the results of
the DTPA, HSA and Cys challenges at two different times. DTPA outcomes showed a low
level of dissociation for tartrate and gluconate anions, the MDP and citrate were higher in
comparison to these two previously mentioned. In the case of HSA a high level of
dissociation was seen, which was time dependent for tartrate and gluconate anions.
Cysteine showed a dissociation closed to 60.0 % for tartrate anion, the others assayed
anions produced higher levels which varied between 70.0 and 90.0 %.

3.1.5. Thiol assay

The native IgG presented only 2-3 free -SH groups per mol .Thiol assays demonstrated an
amount often -SH groups per mol when the human IgG was treated with a molar relation
of 750/1 (SMB/IgG) during 45 min .This represented an increase of 7-8 groups after the
reduction step.

4. Discussion.

Sodium metabisulfite (SMB) is a very common reducing agent in radioiodination (15), but
it has not been reported before to reduce the disulfide bridges in the IgG molecule.

The final empiric equation obtained through the experimental design revealed that the
presence of SMB was irrelevant on the labeling process. This fact and its toxicity of 10 g
as lethal dosis (9) permits to eliminate the purification step and makes the process shorter
and easier.

The empiric equation revealed that tin (II) ion concentration, the volume of Sn-Tartrate
solution and the incubation time were the most important studied variables. From the
equation it is observed that increasing the tin concentration and the incubation time of the
reduced IgG with the Sn-Tartrate solution a rise of the 99mTc-IgG is achieved, Rhodes
(16 ) reported the function of tin (II) in the prevention of the reactive sulfide groups created
by the reduction ofdisulfide moieties, according to the reaction R-SH + SnX R-S-
Sn-X. The determined high positive influence of these two parameters (+ 2.1X5 and +
0.9X7) for stannous ion concentration and incubation time respectively could be related to
the fact described above. The negative influence of the volume of the tartrate solution (-
1.36X6) might be in relation with the rise of the tartrate anion which may compete with the
reduced IgG for 99mTc.

Interesting was the fact that the variation of the SMB/IgG in the range of 500/1 to 1000/1
practically did not affect the labeling yield. No other molar ratios were studied. Further
studies should be performed to investigate better all these facts.

Results of FPLC and SDS-PAGE have demonstrated that molar relations SMB/IgG of
750/1 do not produce a high aggregation or fragmentation of the IgG molecule.
Unreported results showed us that when using a molar relation of 7500/1, this produced
an IgG fragmentation near to 50.0 %.

Challenge studies demonstrated that the 99mTc was bound to high affinity sites of the
protein molecule when the Tartrate anion was used. The dissociation levels in presence of
DTPA and Cysteine were in accordance with data reported by other authors (17,18). In case
of HSA the stability of the label was low. It could be attributed to the high molar ratio
employed. In the literature there is no consensus related to the HSA challenge (19,20) and
the authors use different molar relations of this chelator. Another factor which could
explain the high dissociation levels is the fact that we have used our own human serum
albumin and some of the preservative agents added, may affect the 99mTc affinity in the
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IgG molecule. Surprising was the high dissociation seen with Cys for gluconate, citrate and
MDP, especially for the two formers, because of they are weak ligands which should not
compete against reduced IgG for 99mTc. This fact is not easy to explain adequately on the
light of our present knowledge. For MDP, however, this result may be influenced for the
MDP concentration which was not possible to adjust as was made for the other ligands, and
an increased concentration of MDP could decrease the labeling of reduced IgG.

Achieved preliminary results suggest that SMB is able to reduce disulfide bridges in the
structure of IgG, allowing labeling efficiencies higher than 90.0 %. Since only human IgG
was evaluated further studies are necessary before affirming its use like a new reducing
agent for the direct labeling of antibodies with 99mTc.

5. Conclusion.

Sodium metabisulfite could be considered a promissing reducing agent for the direct
labeling of immunoglobulins with 99mTc.
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