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INTRODUCTION

Several radionuclide imaging techniques have
been developed for the detection of infection and
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inflammation?. “Ga-—citrate and '"'In oxine la-
beled leukocytes were the principle scintigraphic
agents employed clinically for imaging infection.
However the normal route of excretion of ¥Ga
into the bowel lumen compromises its sensitivity
and specificity for the detection of abdominal in-
fection foci. "'In oxine labeled leukocytes require
a prolonged and complicated laboratory prepara-
tion procedure, and a small administered dose



— Sang-Moo Lim, et al.. Comparison Polyclonal 1gGs Labeled with **1, ®"Tc¢, *'In and '"'In Oxine Leucocytes
in the Staphylococcal Abscess Bearing Rats —

Table 1. Biodistribution of Radiopharmaceuticals at 4 hrs after Injection in the Abscess Bearing Rats(7

Heads for each Group)

B-IgG woTe-lgG Wn-IgG Hn-WBC
(2-iminothiolane) (DTPA) (oxine)

Organs Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Blood 1.91 0.11 2.33 0.39 2.76 0.11 1.39 0.21
Liver 0.94 0.13 1.44 0.34 1.60 0.22 7.29 1.30
Spleen 0.64 0.16 1.08 0.13 1.44 0.30 20.11 5.71
Kidney 0.78 0.11 8.08 0.87 1.95 0.29 1.28 0.25
Sternum 0.27 0.08 0.28 0.05 0.35 0.05 0.55 0.21
Femur 0.32 0.06 0.35 0.05 0.51 0.06 0.80 0.28
Muscle 0.16 0.05 0.14 0.02 0.16 0.04 0.11 0.04
Thyroid 0.59 0.29 0.11 0.06 0.43 0.12 0.06 0.02
Lung 0.91 0.15 1.11 0.23 1.48 0.13 2.07 0.35
Stomach 1.31 0.39 0.31 0.02 0.20 0.03 0.19 0.05
Abscess 0.66 0.21 0.80 0.37 1.47* 0.17 0.40 0.14

*p<0.05

limits image resolution due to low photon flux.
Recently monoclonal antibodies against leuko-
cytes are developed for in vivo leukocytes label-
ing, but there are doubts about the repeated use
of a non-human protein because of possible host
reaction against the agent?. Radiolabeled human
polyclonal immunoglobulin has been shown to
have a high sensitivity and specificity for imag-
ing focal sites of inflammation in both animal
models

and human Immunosci-

subjects® 7.
ntigraphy with various monoclonal antibodies re-
vealed different biodistribution and metabolism
when they were labeled with various radioiso-
In this
study, we prepared "I, *"Tc and 'In labeled
human polyclonal IgG and "'In oxine labeled leu-
kocytes' 141817

topes and labeling techniques®'®2:27,

. The biodistribution and imaging
properties were compared in the Staphylococcal
abscess bearing rat.

MATERIALS AND METHODS
1. Materials

Cyclic DTPA anhydride,

dimethylsulfoxide

2-iminothiolane,

and human

nonspecific
polyclonal IgG were obtained from Sigma (St.

Louis MO). Na®"TcO, were obtained from Korea
Atomic Energy Research Institutes. Na'#l, 'MIn
citrate and ''!In oxine were produced by the MC—
50 cyclotron in the Korea Cancer Center Hospi-
tal.

around 200 grams were used.

Sprague Dawley rats with body weights

2. Labeling IgG with “I

100ug of IgG was dissolved in 20ul of 0.01M
PBS, and Na'®l 300uCi in 0.2M phosphate buff-
er, pH 7.4 was added. 25ug of Chloramine-T in
10ul water was added to the mixture and incu-
bated at room temperature for 30 minutes. Sodi-
um metabisulfite was added to stop the reaction.
Labeled IgG was separated immediately with a
1.6 X 100cm Sepharose 61.B column.

3. Labeling 1gG with *Tc using 2-iminoth-
iolane

27.5ug of 2-iminothiolane was added to 10mg
of IgG in 1 ml of 0.1M phosphate buffer pH 7.4,
and stirred at ambient temperature for 12 hours.
The modified lgG was separated from the excess
reagent by filtration through a Sepharose 6LB
column using 0.1M citrate buffer, pH 6.5. To
label glucoheptonate 15mCi of Na®’"TcO, was
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Table 2. Biodistribution of Radiopharmaceuticals at 24 hrs after Injection in the Abscess Bearing Rats(7

Heads for each Group)
Bl-IgG P Te—IgG "in-IgG Mn-WBC
(2—iminothiolane) (DTPA) (oxine)

Organs Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Blood 1.90 0.12 0.66 0.09 1.67 0.16 0.55* 0.08
Liver 0.52 0.08 0.90 0.14 1.37 0.08 10.16 1.15
Spleen 0.40 0.08 0.88 0.27 1.66 0.39 21.04 6.60
Kidney 0.50 0.04 11.76 0.48 2.08 0.20 1.88 0.24
Sternum 0.28 0.04 0.17 0.04 0.41 0.04 0.61 0.23
Femur 0.27 0.02 0.27 0.05 0.56 0.04 0.92 0.29
Muscle 0.23 0.06 0.14 0.03 0.38 0.11 0.21 0.07
Thyroid 3.59 0.47 0.06 0.01 0.25 0.06 0.04 0.01
Lung 0.60 0.05 1.40 0.06 1.01 0.11 1.38 0.51
Stomach 2.26 0.67 0.19 0.02 0.45 0.05 0.20 0.05
Abscess 0.56 0.07 0.72 0.26 1.72* 0.24 0.68 0.20
*p<0.05

added to the vial containing 40mg of glucohe-
ptonate and 0.35mg of SnCl,. 150ug of 2—imino-
thiolane coupled IgG and 15mCi of **™Tc—gluco-
heptonate were mixed and left at ambient 6LB
column using 0.01M PBS, pH 7.4.

4. Labeling IgG with "In-citrate

50ug of cyclic DTPA anhydride was dissolved
in 70ul of dimethylsulfoxide, and was added to
the 10mg of IgG in 1 ml 0.1M PBS. The reaction
mixture was left to stand for 1 hour at room
temperature. Then unconjugated DTPA was re-
moved from DTPA conjugated IgG by a
Sepharose 6LB column (1.6x100cm) eluted
with 0.01M PBS, pH 7.4. 3mCi of "In—citrate
was mixed with 150ug of DTPA conjugated IgG
was separated by filtration through a Sepharose
6L.B column using 0.01M PBS, pH 7.4.

5. Labeling Leukocytes of Rat with "In-
oxine

10ml of blood was withdrawn from the heart

of Sprague Dawley rats with heparinized

syringes. a same volume of Hanks balanced salt

solution was added to the heparinized blood. The
mixture was layered on the Ficoll 119, and cen-

trifuged at 400 g for 30 minutes. The leukocyte
rich plasma layer was separated, a same volume
of HBSS was added, and centrifuged again at
400g, for 15 minutes. The leukocytes pellet was
resuspended with 1 ml of 0.9% NaCl, mixed with
1 mCi of "In-oxine, and left to stand for 30 min-
utes at room temperature. ''In—oxine labeled leu-
kocytes were washed with 0.9% NaCl.

6. Biodistribution of Radiopharmaceuti-
cals in Rats with Abscess

Staphylococcus aureus were cultrured and one
billion cells were injected into the left thigh of
Sprague Dawley rats. 24 hours after injection,
the biodistribution of radiopharmaceuticals were
observed 4 and 24 hours after injection. 6 heads
of rats were used for each group.

The data were analyzed statistically using the
Student t test or analysis of varience(ANOVA).

RESULT

1. Radiolabeling IgG

The IgG without 2-iminothiolane was labeled
directly with *"Tc glucoheptonate in small amo-
unt. Increasing the amount of 2-iminothiolane
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Fig. 1. Abscess to blood radioactivity ratios at 4 and
24 hours after injection of radiophar-
maceuticals.

for derivatization IgG improved the labeling
yield.

Labeling yied with '®I was 73%, with ®*Tc 56
%, with "'In 68% respectively and after purifica-
tion with PD-10 column radiochemical purity
were above 95%.

2. Distribution of Radiolabeled IgG in the
S. aureus Abscess Bearing Rats

Blood clearance was fastest with '"In—oxine—
WBC(p<0.05). Change in molar excess of 2—
iminothiolane in derivatization of IgG did not
alter the biodistribution.

Activities of '®I-IgG in the thyroid and stom-
ach at 24 hours suggest deiodination in the body.
Activities in the liver and spleen were highest
with "In-oxine-WBC. Renal activity was high-
est with *"Tc¢c—2-iminothiolane-IgG.

Activity in the abscess was highest with In-
DTPA-1gG(p<0.05). But abscess/blood ratio
was highest with "In-oxine~WBC(Table 1, 2,
Fig. 1).

DISCUSSION

The radiolabeled human nonspecific polyclonal
IgG was thought to be bound to the Fc receptor

on the surface of phagocytes, but increased blood
flow, vascular permeability, binding to bacteria
and other factors seem to be important®?”, In
rats with a calf muscle infection, MIn-IgG, "'In—
IgA, "MIn-HSA showed similar abscess to back-
ground ratio. But the absolute abscess uptake of
Wn—igA was significantly lower, because 'In—
IgA accumulated more in hver, spleen and kid-
ney. This suggests that the Fc-r receptor is not
crucial for accumulation in infection foci®?.
Biodistribution of radiolabeled IgG can be dif-
ferent with various labeling method and
radionuclides. Comparing #I, ®*T¢, '!In labeled
IgG, "In is reported to have highest abscess up-
take. Radiolodine has been used most widely for
protein radiolabel, because of the easy direct
radioiodination. But once internalized by cells, ca-
tabolism release peptide fragments or free amino
acids with further metabolic processing ultimate-
ly releasing radioiodide. Activities of '#I-IgG in
the thyroid and stomach at 24 hours suggested
deiodination in vivo. The deiodination of IgG may
cause lower uptake in the abscess. Another limit
of [ is that it is expensivelt produced from the
cyclotron. DTPA conjugated IgG is known to
show high hepatic retention especially after label-
ing with "In, which is known to be due to its me-
tabolites. Labeling 2-iminothiolane conjugated
IgG with *"Tc—glucoheptonate made mixture of
direct labeled and chelate labeled IgG. Tin chlo-
ride was used to label glucoheptonate with *™Tc
which can reduce disulfide bond in the IgG. High
renal radioactivity of the *™Tc—iminothiolane IgG
suggested renal excretion of the metabolites, and
can make it difficult to diagnose the infection
around the idney. The combinatin of superior im-
aging properties, wide spredad availability, and
low cost indicate preference for *Tc¢ when possi-
ble. Since proteins are typically slow to target
and slow to disappear from blood, their distribu-

tion properties may not be complementary with

_.95._
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the 24 hour ®*"Tc window of imageability given
its 6~hour half-life. The 2—iminothiclane or simi-
lar direct labeling approach depends on achieving
a balance of stability and instability for imaging
20, With other chelates or linker, *"Tc-IgG may
show different imaging properties.

Leukocytes of rats are smaller than human
leukocytes, which was not separated with simple
sedimentation, and density gradient centrifuga-
tion with Ficoll was needed. In that separated
leukocytes, lymphocytes were mixed together.
The complexity of separating the leukocytes is
one major drawback. Uptake in the liver and
spleen was highest with ''In leukocytes, which
seemed to be the cause of the fastest blood clear-
ance®. Although the abscess to blood ratio was
best with ''In leukocytes, it may be difficult to
detect the abscess around the liver and spleen,
which is another drawback.

Staphylococcus aureus can bind IgG to the pro-
tein A on its cell wall, and may affect the uptake
of the radiolabeled materials. That may cause
higher uptake of '"'In IgG than "In leukocytes in
the abscess. For the clinical use, "'In IgG seems
to be best, because it has suitable half life for the
delayed imaging.
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