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Abstract

An alternative method for the preparation of human serum albumin
macroaggregates (MAA) labelled with 99mTc for lung scanning is described. The
method is based on the use of stannous methylene diphosphonate (Sn-MDP) as a
reducing agent. The use of MDP stabilizes Sn(II) against air oxidation and
hydrolysis- It may be also increase the number of binding sites in the MAA. The
different parameters affecting the labelling yield and in-vitro stability of 99mTc-
MAA have been studied in order to determine the optimum conditions for
labelling macroaggregates with "'"Tc. A high labelling yield (98.9%) was achieved
and more than 98% of 99mTc-MAA coated with Sn-MDP. The determined lung

uptake in mice was found to be > 90% which better than the reported data. A
particular procedure compared to the existing reported procedures, which is
recommended for the preparation of Sn-MDP coated MAA labelled with 99mTc for
lung perfusion imaging.
Key Words: Technetium-99m macroaggregates /Sn-MDP coated MAA /Labelling

/Ligand exchange/ Biodistribution / lung perfusion imaging.

Introduction

Technetium-99m macroaggregates and microspheres radiopharmaceuticals are
widely applicable for lung perfusion (1). A variety of methods have been described in
the literatures for the preparation of denatured albumin macroaggregates (1,2).
Preparation of albumin macroaggregates is based on the principle that protein solution
aggregates into particles with different sizes under specified conditions such as
temperature, pH, time and rate of stirring (3). Tagging of these albumin
macroaggregates with 99mTc has been achieved by different techniques. Eckelman, et al.
(4) outlined the three main approaches for the labelling of proteins and antibodies with
99mTc. The first approach is the direct labelling in the presence of reducing agent. The
second method is through the useof bifunctional group such as bicyclic anhydride of
diethylene triamine pentaacetic acid (DTPA) or mixed anhydride, which is covalently
bounded to the protein (5). The third method includes labelling via ligand exchange
using pre-labelled ligands. Stannous salts have been widely used to reduce pertechnetate
for preparing radiopharmaceuticals since it was first introduced by Alvarz, et al. (6).
Stannous ion (7) was used to both reduce disulphide bonds and convert them into
reversible coordination complexes\ preparatory for 9 mTc labelling. This method which
uses merely a stannous reductant is simple but it has disadvantage that the labelling of
protein occurs at a variety of different sites, termed high and low affinity, which have
different co-ordination atoms, thus variable stability. An adoption of this is the method
of Schwarz and Steinstrasser (8) and Brawer, et al. (9) who used methylene
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diphosphonate (MDP) as the transfer ligand after reducing of antibody protein with
P-mercaptoethanol or dithiothereitol (DTT) which serves to break S-S bond and thus
generate SH groups. These readily complex with the technetium ion and employ
phosphonate compound for transchelation.

This study describes an alternative procedure for the preparation of "mTc-MAA
via pre-labelled MDP ligand, following the procedure of EL-Kolaly, et al. (10) for the
preparation of albumin microspheres. Various parameters affecting the labelling yield,
like amount of protein, concentration of SnCl2.2H2O, concentration of MDP and pH
value have been studied. The biological distribution of 99mTc-MAA has been
determined in mice.

Experimental

Materials and Method:
Technetium-99m was obtained from sterile 99Mo-99mTc generator. Sterile,

pyrogen free human serum albumin (HS A) solution "Sero" poor in salt content Vienna,
Austria, was used in the preparation of albumin macroaggregates. Methylene
diphoshonate (MDP) was purchased from Sigma Chemical Co.. All other reagents were
of analytical grade. Solutions were prepared by using double distilled water purged with
N2 gas.
The stannous chloride reagent was freshly prepared by dissolving 100 mg SnCl2.2H2O
in 0.25 ml concentrated HC1 in 10 ml pencillin vial by gentle heating on hot plate till
clear solution was obtained. The volume was completed with N2 purged double distilled
water to 50 ml. The final concentration was 2 mg SnCl2.2H2O/ml of 0.05N HC1.

Preparation of albumin macroaggregates
In a 10 ml pencillin vial under positive N2 pressure, a mixture of MDP (0.1 mg),

0.1 ml of aqueous solution HSA (4 mg), 0.32 ml of 0.1 % Tween-80, 4.33 ml acetate
buffer of pH 5:5 and freshly prepared 0.25 ml SnCl2.2H2O (0.2 mg) were added. The
vial's content was stirred at a rate of 325 rpm for 10 min on a water bath at 80°C. The
suspension of the vial was cooled to room temperature and the particle size was
measured using a haemocytometer and a light microscope.

Labelling of albumin macroaggregates with 99mTc :
To a 1 ml ofMAA suspension, 1-2 ml of 99mTc04'eluate (185-370 MBq) was

added in a 10 ml pencillin vial under positive N2 pressure. The reaction mixture was
incubated for 30 min at room temperature.

Determination of the radiochemical purity and in-vitro stability :
The radiochemical purity and in-vitro stability of 99mTc-MAA were determined

by paper and/or ITLC-SG chromatography using 85 % methanol as solvent (11).

Study of the biological distribution :
The study was carried out in albino mice weighing 25-30 g. 0.1 ml of the 99mTc-

MAA (185-740 KBq) was injected in the tail vein of mice. A group of three mice were
used for each determination. The mice were sacrificed 30 min after injection. Fresh
blood samples were collected in a preweighed vial and counted. The different organs
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were removed, washed, counted and compared to a standard dilution of the labelled
albumin macroaggregates. The average values of the percent injected dose (ID.) were
calculated after correction for radioactivity in the tail. The total blood, bone and muscles
are assumed to be 7, 10 and 40 % of the body weight, respectively (11).

Results and Discussion

99mTc-MAA is currently used for lung perfusion imaging in diagnostic nuclear
medicine (1,11). The albumin solution can be irreversibly denatured and precipitated by
heating the solution under specified conditions. The properties of MAA depend on the
aggregation step, which is largely related to the amount of human serum albumin, the
concentration of stannous chloride, adjustment of pH, temperature and the rate of
stirring (7). Rodes has been reported (7) that the exposure of disulphide groups of
albumin during denaturation to form macroaggregates and microsphers particles, make
them more easily reduced to SH and provide high affinity sites for binding 99mTc. The
reaction of divalent tin with free sulphohydryl groups of the denaturated macroprotein
for tagging with 99mTc is well carefully studied by wolfangel (12). Billinghurst reported
(13) that technetium-99m is actually exchanged between 9mTc-pyrophosphate and
human serum albumin. He further added that the duration of rapid exchange is pH
dependent. On the basis of the above method and the method reported by El-Kolaly, et
al. (10) who used MDP as a transfer ligand for labelling human albumin microspheres
with 99mTc. MDP was used in this study as pro-ligand for labelling of MAA with 9 mTc.

99mTc-MAA was prepared by ligand exchange (4 mg HSA, 0.02 mg MDP, 0.1
mg SnCl2.2H2O, pH 5.5 acetate buffer, reaction time 30 min. at 80°C and stirring at 325
rpm). To the preparation material, 1-2 ml 99mTc0'4 eluate (185-370 MBq) was added to
1 ml MAA suspension in pencillin vial under positive N2 pressure and incubation time
for 10 min at room temperature. The reaction mixture was analyzed by ITLC-SG using
85 % methanol as a solvent. 99mTc-MAA remains at the start line while 99mTc(V
migrates towards solvent front (11). The labelling yield was calculated which defined,
the percent ratio of the activity of 99mTc-MAA relative to the total activity on the ITLC-
strips.

The parameters, which could affect the labelling yield of 99mTc-MAA including
HSA content, MDP content and pH value were investigated. The obtained results are
summarized in Tables 1-3. The results shown in these Tables are average of three
experiments (mean + SD) carried out while the other parameters were kept constant
except the parameter under investigation.

Effect of HSA Content:
The influence of HSA content (0.5 to 20 mg in 1 ml MAA suspension) on the

labelling yield of 99mTc MAA was studied . The obtained results indicated that the
labelling yield increased by increasing the HSA content as shown (Table 1) A high
labelling yield (97.8%) of 99mTc MAA was obtained . The labelling yield did not
increase by increasing the HSA content above 10 mg HSA. At low HSA content (0.5
mg), the HSA quantity is not sufficient for stabilizing Sn (II) and a high amount of
reduced hydrolyzed technetium (RH 99mTc) and free "'"TcCV were obtained. This is
incomplete agreement with the results of EL-Asrag et al. (14) who found that the use of
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low HSA quantity resulted in some liver uptake and attributed to the formation of
99raTc-Sn-colloid.

Effect of SnCl2-2H2O content:
The effect of Sn(II) content on the labelling yield of 99mTc-MAA was studied in

order to determine the optimum quantity of Sn(II) that gives high labelling yield and
maximum stability. The results shown in Table 2 clearly reveal that increasing the
amount of Sn(II) will increase the labelling yield up to 0.1 mg SnCl2-2H2O. Above or
below this quantity of Sn(II) will induce a decrease of percent labelling yield of "mTc-

MAA. The unbound MmTc fractions were increased significantly at low Sn(II) content

due to incomplete reduction of """TcCV. The presence of large amounts of tin will

favour the formation of tin colloid which compete with Sn-MDP-MAA complex for
reduced technetium and a low labelling yield was obtained (14).

Effect of pH and the reaction medium:
The labelling yield of MmTc exchange between MDP and MAA is depend on the

pH of reaction medium. The highest labelling yield is achieved in the rang of 5-5,5
acetate buffer (pH 5;isoelectric point of albumin) and the labelling yield is dimensioned
in 0.1 N HC1 and bicarbonate buffer medium. It is known that at low pH Sn(II) is
soluble but readily precipitates at high pH. The higher pH would likely maximize the
formation of free pertechnetate and insoluble reduced hydrolyzed technetium (10).

Table (1) Effect of HSA content on the labeling of "mTc- MAA

HAS content in
mg
0.5
2
4
10
20

% Labelling
yield

68.3 ±1.15
82.7 ± 0.95
97.7 ±1.90
97.8 ± 1.26
97.3 ± 1.40

Table (2) Effect of SnCl2.2H2O content on the % labelling yield of 99mTc-MAA

Sn(H) content in
mg
0.01
0.05
0.10
0.20
0.30

% labelling
yield

67.3 + 1.10
90.8 +1.25
97.9 ± 1.90
86.8 + 2.80
75.7 ± 1.30

Effect of MDP content:
The effect of MDP as pre-labelled ligand on the labelling yield was studied.

The obtained data (Table 3) indicated that 0.02 mg is the minimum amount of MDP
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required to achieve the highest labelling yield. Increasing the MDP content more than
0.02 mg decreases the labelling yield due • to the formation of 99mTc-MDP as
demonstrated in the filtrate through filtration of the labelled complex by 0.22 um
Millipore filter (17).

99mnTable (3) Effect of MDP content on the % labelling yield of TC-MAA

MDP content in
mg
0.00
0.02
0.20
0.10
0.20
0.60

% labelling
yield

96.3 + 1.10
98.4 ±1.06
93.1 ± 1.55
85.4 +1.22
60.3 + 1.40
48.5 ±1.18

Biological distribution:
The tissue distribution of 99mTc-labelled Sn(II) MAA or Sn(II) MDP -MAA

clearly showed that 96 and 98 % of the injected 99mTc-MAA have been respectively
localized in the lung after 10 min post injection as shown in Table 4. The obtained
results, are incomplete agreement with the published data (18). Al-Janabi, et al. (18)
have been reported that the percentage of radioactivity in the lung must be not less than
90 % of the injected activity and that in the liver not more than 5 %. The percentage of
the injected activity in bone not more than 1 %, indicated that 99mTc-MDP transchelated
to MAA complex. From the data presented in Table 5, it is clear that the optimum time
for lung scintigraphy was achieved after 10 min post injection. Considering a 30 min
reaction time is sufficient for complete labelling as demonstrated from Table 6. The
labelled Sn-MDP have a good in-vitro stability (> 5h) which is confirmed by small
variation in biological distribution of the injected 99mTc-MDP-MAA incubated at
different time intervals as shown in Table 6. The biodegradation rate of the 99mTc-MDP-
MAA complex was determined via injection into mice, which are sacrificed at different
time intervals after injection.

Effect of stirring rate on the biological distribution of 99mTc-MAA:
Stirring rate is among the determined factors, which affect the MAA particle size .

Consequently, the tissue distribution of 99mTc-MAA in mice at different stirring rates,
indicated that 98% of the injected activity in the lung was obtained using
macroaggregates prepared at a rate of 325 rpm as shown in Table 7. This high
localization in the lung is due to the formation of MAA with optimum particles size
between 15-80 jim (Fig.l). It is clearly shown that the lung uptake decreases with
increasing the rate of stirring due to the formation of smaller particles size of MAA
which passed through the lung sieves. These particulates are trapped by liver, spleen
and bone marrow as demonstrated above (Table7). At 1000 rpm the percentage of
radioactivity in the lung was found to be 79% and 8.5% in the liver. At 0.00 rpm, the
injected radioactivity represents the particles size of 99mTc-MAA which passed only
through a 26-gauge needle syringe of injection. This means that stirring rate is an
important factor in the preparation of MAA and its biological distribution.
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Table (4) the biodistribution of "mTc-MAA as a function of MDP content

yyrtlTc
complexs
Lung
Spleen
Liver
Heart
Blood
Muscle
Bone
Stomach
Intestine
Kidney
Urine

yymTc-MAA

96.3+0.9
0.03+0.02
1.6+0.9
0.3+0.01
0.9+0.15

0.1+0.02
0.06+0.04
0.2+0.1
0.4+0.1
0.05+0.09

^Tc-MDP-MAA

98.6+0.74
0.01+0.00
0.4+0.09
0.06+0.04
0.1+0.08

0.3+0.1
0.02+0.01
0.1+0.05
0.3+0.06
0.02+0.00

"""Tc-MDP

0.3+0.2
0.2+0.1
1.7+0.3
0.06+0.00
8.6+0.25
16.3+0.62
36.5+1.28

2.5+0.3
4.9+0.5
27.5+1.16

Table (5) Determination of the optimum delay scanning time.

Time

Lung
Spleen
Liver
Heart
Blood

Bone
Stomach
Intestine
Kidney
Urine

5

96.3
0.05
1.60
0.50
0.30

0.30
0.04
0.20
0.60
0.20

min

+1.30
+0.04
+0.90
+0.10
+0.01

+0.10
+0.90
+0.00
+0.10
+0.06

10 min

98.6 +0.74
0.01 +0.00
0.40 +0.09
0.06 +0.04
0.10 +0.08

0.30 +0.10
0.02 +0.01
0.10 +0.05
0.30 +0.06
0.02 +0.00

% LD / organ

3d

88.3
0.08
2.40
0.30
2.80
n in

0.70
1.10
0.80
1.70
1.70

min

+2.50
+0.02
+0.20
+0.01
+0.25
4-ft fld

+0.10
+0.30
+0.14
+0.23
+0.30

60

83.8
0.10
2.90
0.40
3.60
n ?n
0.90
0.90
3.10
1.20
2.80

min

+2.40
+0.02
+0.16
+0.05
+0.42

+0.13
+0.12
+0.20
+0.15
+0.20

120 min

77.5
0.10
3.20
0.20
4.20
1 40

0.80
1.30
4.30
3.00
2.40

+3.10
+0.02
+0.20
+0.00
+0.10
4-fl 30

+0.15
+0.30
+0.10
+0.12
+0.20
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Table (6) The biodistribution of "mTc-MDP-MAA as a function of time elapsed
after labelling

% LD / organ

Time

Lung

Spleen

Liver

Heart

Blood

Muscle

Bone

Stomach

Intestine

Kidney

Urine

30 mih

>> -

98.6 +0.74

0.01 +0.00

0.40+0.09

0.06 +0.04

0.10+0.08

0.30+0.10

0.02 +0.01

0.10+0.05

0.30+0.06

0.02 +0.00

1 hr

96.9 +0.95

0.05 +0.02

1.20 +0.22

0.20 +0.10

0.70+0.30

0.05 +0.02

0.10+0.08

0.20+0.10

3 hr

95.6+1.20

0.40+0.05

1.50 +0.90

0.20+0.06

0.80+0.15

0.04 +0.01

0.10+0.09

0.60+0.10

1.00+0.60

5 hr

94.9 +1.50

0.20+0.10

1.90 +0.90

0.20 +0.08

1.90+0.10

0.05 +0.02

0.20+0.06

0.60 +0.09

1.40+0.70

0.70 +0.20

8 hr

91.9+1.10

0.70 +0.20

2.00 +0.80

0.30+0.10

1.80 +0.70

0.70+0.15

0.60+0.10

0.40+0.09

0.60 +0.20

1.60+0.60

0.30+0.05

12 hr

91.1+1.40

0.80 +0.20

1.50+0.10

0.40 +0.10

1.30 +0.70

0.80+0.20

0.60+0.10

0.40+0.10

0.80+0.06

1.80 +0.90

0.4Q.+0.09

15 hr

92.8 +1.30

1.10+0.80

0.90 +0.60

0.20(0.10

0.80+0.05

0.40+0.10

0.50+0.16

0.20+0.12

0.70" +0.07

2.60+1.40

Table (7) The biodistribution of "mTc-MDP-MAA as a function of stirring rate

stirring rate
Lungs
Spleen
Liver
Heart
Blood

Bone
Stomach
Intestine
Kidneys

Urine

90
0
1
0
1
a

0
0
0
1
0

0
.8
.3
.7
.7
.5
o

.9

.7

.5

.5

.4

.00
+ 1.25
+ 0.01
+ 0.23
+ 0.12
+ 0.26
4- ft t 7

+ 0.15
+ 0.10
+ 0.10
+ 0.30
+ 0.04

325
98.6
0.01
0.40
0.06
0.10

0.30
0.02
0.10
0.30
0.02

%LD

rpm
+ 0.74
+ 0.00
+ 0.09
+ 0.04
+ 0.08

+ 0.10
+ 0.01
+ 0.05
+ 0.06
+ 0.00

/organ

775
94.1
0.05
1.60
0.30
1.10

0.80
0.10
0.40
1.10
0.40

rpm
+ 1.23
+ 0.00
+ 0.30
+ 0.01
+ 0.05

+ 0.06
+ 0.30
+ 0.10
+ 0.05
+ 0.08

1000 rpm
79.2

0.3
8.5
0.4
1.7
n Q

3.8
0.1
1.6
2.2
0.8

±2.10
+ 0.10
+ 0.60
+ 0.10
+ 0.16
+ n Of;

+ 0.42
+ 0.09
+ 0.50
+ 0.30
+ 0.06
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At the end, a comparison between alternative methods and the present method for
the preparation of "mTc-MAA was presented in Table 8

Table 8: Comparison between the alternative methods and the present
method for the preparation of 99mTc-MAA.

Procedure
The present work
(ligand exchange
method)

The direct labelling
method

The bifunctional
chelate groups method

Conditions
The methode uses 4 mg HAS, 0.02
mg MDP, 0.1 mg SnCl2.2H2O, pH
5.5 acetate buffer at 80°C and
stirring at 325 rpm for 30 min,
ligand exchange from 99mTC-MDP
easily with MAA forming WmTC-
MAA with radiochetnical yield ~
98%

The labelling methods have been
reported employing commercially
kits. Kits are available some in the
lyophilized form and others in
solution. The Kits usually contain
0.34 to 3mg MAA, 0.07 to 0.3 mg
SnCI2.2H2O and others substance
such as lactose or sodium acetate to
facilitate particle dispersion with
99mTc04\

This method uses WmTc bifunctional
chelate agent such as DTPA bicyclic
anhydride or mixed, attaching to the
protein or antibody , more
complicated molecules with
functional groups that are more
selective with the amino residues
antibody. Reaction condition used to
conjugate chelate to protein or
antibodies have been reported
employing different chelators
/antibody molar ratio, number of
chelators conjugated/ antibody or
protien, pH of buffer medium.

Remarkes
The advantages of this
method is quite simple
to prepare kit form,
MDP as pro-ligand
which stabilizes Sn2+

from oxidation and
hydrolysis, it can be
used with whole IgG or
F(ab')2 fragments with
splitting the disulphide
bonds
The advantage of this
method is simple,
useful only when the
protein is known to
bind 99mTc with high
affinity, but its
disadvantage that
multiple binding of
various affinities result
in-vivo instability. Its
chemistry is almost
unknown.
The advantage of this
method is mild
labelling conditions
definite binding sites,
high radiochemical
yield , its chemistry is
almost known , protein
retains its biological
behaviour. The
disadvantage of this
method is required to
carry out multiple
steps as well as post -
labelling purification.

Ref
8,10,19, 20.

13,18,21,22

23,24,25
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Fig (1) A picture of MAA in the optimum particle size ( 1 5 - 8 0 \im ) which

formed under the following conditions : 4 mg HSA , O.I nig SnCI2.2H2O,

0.02 mg MDP, pH 5.5 (acetate buffer), 80°C with stirring rate of 325 rpni
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Conclusion
This study describes a radiopharmaceutical preparation procedure of 99mTc-

MAA. the ligand exchange from a technetium complex 99mTc-MDP results in more than
97% of the technetium labelling MAA. It has been demonstrated that stannous ion
stabilized against hydrolysis and oxidation by the formation of Sn-MDP complex. This
complex has a lower stability than Sn-MAA complex, led to the formation of 99mTc-Sn-
MDP-MAA complex. The optimum conditions for preparation of 99mTc-MDP-MAA of
highest stability are as follow:
4 mg HSA, 0.1 mg SnCl2.2H2O, 0.02 mg MDP, pH 5.5 acetate buffer at temperature
80°C and a stirring rate 325 rpm for aggregation within 10 min. A high labelling yield
(> 98 %) is obtained upon addition of9

 '"TCCM" eluate to the prepared Sn-MDP-MAA.
This method has many advantages: the rapid labelling occurs at increasing binding sites,
high affinity and stability than direct labelling. A high lung uptake of the injected 99mTc-
Sn-MDP-MAA in mice and normal in bone was achieved.
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