
soft-tissue lesions in dogs, the abscess concentrations and
abscess/muscle ratios with @Tc-HMPAOcells are only
about one-third as high as the corresponding values with
1@ â€˜In-oxine cells (2) at 24 hr. In induced canine osteomye

litis in the tibia (3), the lesion concentrations are about
30%â€”40%lower with @mTc@HM@PAOcells than with
â€˜â€˜â€˜In-oxine cells. The diffuse activities seen in the abdomen

after several hours and the normal urinary activity are
major disadvantages of @Tc-HMPAO.In vitro phago
cytic labeling ofleukocytes with @mTc@albumincolloid has
been advocated from time to time. In one technique (4),
50% of the label is released from the cells in a few hours,
suggestingconsiderable cell-surface adherence ratherthan
irreversiblephagocytosis.

In recent years, other agents have been tried which can
be directly injected intravenously, avoiding the time-con
suming process of harvesting and labeling leukocytes in
vitro. A nanometer-sized albumin colloid [nanocolloid,
Nanocoll TN, Solco Basic Ltd, Birsfelden, Switzerland]
has been advocated particularly for osteomyeitis or ar
thritis ofthe extremities(5, 6). The tissue uptake is thought
to reflect increased capillary permeability in inflammatory
lesions. The plasma clearance of the nanocolloid is much
more rapid than macromolecules such as plasma albumin
or globulins, so that images with @mTc@labelednanocolloid
can be obtained in 30 mm or 2 hr. Experimental lesions
are demonstrated better with nanocolloid [mean particle
size 30 nm] than with albumin microcolloid. In one cm
ical study (7), nanocolloid was superior to 67Q@in osteo
myeitis and septic arthritis, but could not differentiate
sterile from septic lesions or from surgical skeletal trauma.
Anionic phospholipid liposomes also have been proposed
for focal inflammatory lesions, including arthritis(8).

Originally developed against carcinoembryonic antigen
(9), an antigranulocyte IgG, monoclonal antibody desig
nated BW2SO/l83 by Behringwerke is available in Ger
many for in vivo granulocyte labeling with Tc-99m. After
intravenous injection, about 20% becomes bound to gran
ulocytes in vivo (10); thereafter, the activity localizes in
abscesses perhaps by both granulocyte migration and direct

A varietyof radioactiveagents,injecteddirectlyintravenously
havedemonstratedfociof inflammationby gammacamera
imaging, avoiding the in vitro preparation of labeled leuko
cytes. This study sought to find out if any of these agents
mimicked the biodistribution in abscesses and non-target
organs of labeled mixed leukocyte suspensions. Eight differ
ant agents were compared with 1111n-oxinelabeled leukocytes
In an acute soft tissue E. coil abscess and an acute arthritic
lesion in 24 dogs one day after intravenous administration.
These included Â°7Ga-citrate,human and canine polydonal
immunoglobulin(IgG), rabbit anti-dog polyclonal lgG, serum
albumin,monoclonalantibodyTNT-i F(ab')@againstnudear
antigens, 57Co-porphynn and serum albumin nanocollold.
Noneof theseagentsachievedabscessconcentrationsap
proachingthose Obtainedwith labeledleukocytes,and their
abscess/blood and abscess/muscle concentration ratios were
considerably lower. No statistically s@gniÃ±cantdifferences
were found between the different radiolabeled proteins eval
uated. The abscess concentration of @â€œTc-nanocoIloidwas
much lower than that of other agents, and the results with
the oldest agent, VGa-citrate, were disappointingin these
acute experiments.

JNuciMed 1991;32:2126â€”2131

largenumber of radioactive agents have successfully
demonstrated focal inflammation by gamma camera im
aging (1). The nuclear medicine physician has to select
which approach to use in different clinical situations.
Many centers use the combination of67Ga and autologous
mixed leukocyte suspensions labeled with â€˜â€˜â€˜In-lipophilic
chelates [oxine or tropolone]. Probably the best @mTc
agent for leukocyte labeling in vitro is HMPAO [hexa
methylpropyleneamine oxime]. However, the cell labeling
yield with this agent varies from batch to batch (2, 3). In
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binding to exposed antigen ofdamaged cells at the inflam
matory site. Because of the high degree of species-specific
ity of cell-surface antigens, this approach is not amenable
to animal experiments. Nonspecific polyclonal human IgG
labeled with â€˜â€˜â€˜Inafter DTPA conjugation and with 99mTc
has successfully localized inflammatory foci in many din
ical reports (11-14) following the original work in experi
mental animals (15). Its mechanism oflocalization is not
fully understood and is controversial. Binding to leukocyte
Fc receptorshas been postulated (16) and rejected(17).

Years ago, radiolabeled porphyrins were tried for tumor
localization. Most of these, such as 57Co-tetraphenylpor
phinesulfonate (TPPS), become tightly bound to plasma
proteins resulting in slow blood clearance (18). More
recently (19), TPPS accumulated in mice at the site of
injections of histamine, a well-known mediator of the
inflammatory response. In a clinical trial of @mTc@TPPS
in 16 patients with inflammatory lesions, images were all
positive at 2 hr, similar to the findings at 24 hr with â€œIn
oxine leukocytes administered simultaneously (18).

In this paper, we have compared the biodistribution of
several proteins labeled with â€˜@â€˜Ior 1251,99mTc..nan@lloid,
â€œCo-porphyrinand 67Ga with â€˜â€˜â€˜In-oxine-labeledleuko
cytes, in a canine abscess model reported previously (20).
The essence of this study was to find out if any of these
agents administereddirectly intravenously approachedthe
abscess concentration and lesion contrast of labeled leu
kocytes.

MATERIALSAND METHODS

Allproteinswerelabeledwitheither â€˜@â€˜Ior 1251bythe lodobead
technique, as previously described (21). These included human
polyclonalIgO [Sandoglobulin,Sandoz] and human serum al
bumin for comparison. To exclude the possibility of Species
differences, radioiodinated canine polyclonal IgG also was used.
Accordingto Bach (22), the binding of most IgO antibodies to
Fc receptorsof leukocytesis moreefficientwhencomplexedto
antigen, or when aggregates of IgG are formed. Accordingly,
radioiodinatedrabbitpolyclonal antibody againstcanine IgGwas
alsoradioiodinated,in the hope that antigen-antibodycomplexes
wouldform in vivoand becomebound to leukocytes.

Epstein (23) developed a monoclonal antibody designated
TNT-l, an IgG2a F(ab')2 fragment against abundant insoluble
nondiffusible human nuclear antigens which become accessible
in abnormally permeable degenerating or necrotic tumor cells.
This MAb reached relatively high tumor/non-target ratios in
human tumor xenografts in mice. This agent was screened for
abscess localization after radioiodination because of the possibil
ity that purulent material might contain abundant nuclear anti
gen from necroticneutrophilsor other cells.

Cobalt-57-TPPS was prepared as previously described (18).
This was used instead of the @mTc@complex,because the latter
was very unstable. Technetium-99m nanocolloid was prepared
from Nanocoll Kits [Solco Basic Ltd, Birsfelden, Switzerland],
67Ga-citrateand â€˜â€˜â€˜In-oxinewere obtainedcommercially.The
purification methods and labeling yields for the various agents
are given in the Appendix.

In 24 mongreldogs, bacterial abscesseswere induced by the

intramuscularinjection ofa concentrated culture ofE. coil [>1010
organisms in 0.5 ml] into the lateral head of the right triceps
muscle, as describedpreviously(20). The followingday, under
pentobarbital anesthesia, 30 mg of sodium urate crystals sus
pended in sterile water were injected into the left stifle (knee)
joint to induce a neutrophilic exudation maximal in about 4
hours, simulating the acute inflammatory response of gout (24).
In this lesion,most of the cells in the exudate remain intact, so
that cell-boundradioactivitycan be quantifiedand separated
from extraceilularactivityby simplecentnfugation.In contrast,
puruient material contains so much cellular debris that intracel

lular and extracellular components cannot be separated.
In this group of 24 dogs, autologousmixed leukocyteswere

harvested, labeled with â€˜â€˜â€˜In-oxineand reinjected intravenously
as previously reported (20), 24 hr after the induction of the E.

coilabscess,simulatingthe routineclinicalmethodof most
laboratories. This method was the standard for comparison for
otheragents administeredsimultaneously.Fourteendogs received
67Ga-citratealso. Four dogs were given human polyclonal IgG, 4
canine IgO,4 rabbit anti-dogIgG,and 5 weregivenmonoclonal
antibody TNT. Three dogs were given labeled serum albumin,
three 57Co-TPPSand three @mTc@nanocolioid.Only three radio
nuclideswereadministeredin eachdog,facilitatingthe Compton
corrections for the gamma emissions ofdifferent energies in each

of the three channels when tissue samples were counted in an
LKB automatic wellgamma counter. The approximateaverage
activities administered were as follows: 700 MCiâ€˜â€˜â€˜In-oxineleu
kocytes; 90 @Ci67Ga-citrate, 110â€”170@iCiâ€˜311-labeiedhuman or
dog IgO, 230 @@Ciâ€˜251-albumin,130 @Ciâ€˜251-anti-dograbbitIgO,
300 @Ciâ€˜311-TNT-lMab F(ab')@, 50 @zCi57Co-porphyrin, and 10
mCi @mTc@nanocolloid.The activity administered varied some
what in each experiment, but the resultswere always normalized
with a dilute standard of the quantity administered. Appropriate
corrections were made for the Compton contributions of the
hgher energy gamma emitters such as â€˜@â€˜Iin the photopeak
windows ofthe lower energy radionuclidessuch as 1251.

Followingthe previouslyreportedprotocol(20), gammacam
era images of the abscess area and knees were obtained of the

I@ â€˜In-labeled leukocytes at 4 and 24 hr. Blood and plasma samples

were obtained at 2 mm, 1, 2, 3, 4 and 24 hr after the radioactive
injections. The left stifle joint was aspirated at 4 and 24 hr. After
killing at 24 hr, tissue samples were weighedand radioassayedby
well counting of lung, liver, spleen, muscle, marrow, abscess
contentsand wholebloodand plasmasamples.Cell-boundradio
activity was estimated from the whole blood and plasma counts
and the microhematocrit. The 4- and 24-hr stifle joint aspirates
were counted and centrifuged. Both the cell button and super
natant were then counted. The data were expressedas percent
administeredactivity pergramand as percentadministeredactiv
ity per 1%animal weight. The tissue and organ concentrations
of different agents were compared by analysisof variance and
differencesbetweenmeanswereexaminedby Tukey'sprocedure
(25).

RESULTS

The images of the abscess and joint lesions obtained
with â€˜â€˜â€˜In-oxineleukocytes were positive in all ofthe dogs.
The E. coli abscess concentrations at 24 hr of the nine
radioactive agents under study, expressed as the percent
administered activity per gram, are compared in Figure
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lA. The absolute concentration of â€˜â€˜â€˜In-leukocytesis al
most ten times higher than most of the other agents, and
the concentration of nanocolloid about 100 times lower
than the majority. After omitting the highest and lowest
values, â€˜â€˜â€˜In-leukocytesand @â€œ@Tc-nanocolloid,analysis of
variance was performed on the remaining concentrations.
The only difference between means (F = 2.78, p < 0.05>
0.025) was the relatively high value of canine IgG com
pared with the low value for 67Ga. This was of marginal
significance. Human and canine IgG were not significantly
different than serum albumin. The concentrations of the
various proteins and protein-bound porphyrin are shown
in Figure lB on an expanded scale.

The 24-hr abscess/blood concentration ratiosare shown
in Figures 2Aâ€”2B.The values for â€˜â€˜â€˜In-leukocytesand
gallium were higher than those ofthe labeled proteins, Co
porphyrin and nanocolloid. The 24-hr abscess/muscle ra
tio for â€˜â€˜â€˜In-leukocytesis more than ten times higher than
those ofall other agents, and gallium and nanocolloid had
the lowest ratios (Figs. 3Aâ€”B).By analysis of variance of
all agents except â€˜â€˜â€˜In-leukocytes,(F = 6.50, p < 0.005),
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gO Albumin igO TNT Co

FIGURE1. Abscessconcentrationsat 24 hrafterradioactive
administrations.MeanvaluesÂ±s.e.m.(A)The concentrationof
In-leukocytesis much higher, and that of Tc-nanocolloidmuch
(1OOxscale)lowerthantheotheragents.(B)Samedataas inA,
on a different scale, omitting In-leukocytes, gallium and Tc
nanocollold,comparing the various proteins and protein-bound
porphyrin.
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the ratios for nanocolloid and particularly gallium were
significantly lower than either canine or human polyclonal
IgG.

Afterthe aspiratesofthe left stiflejoint were centrifuged
to separate the cell-bound from supernatant radioactivity,
a mean of 91% of the â€˜â€˜â€˜In-oxineaspirate activity was in
the cellular button at 4 hours and 89% at 24 hours. With
rabbit anti-dog IgG, 13% was found in the cell button at
24 hr. For TNT-l, 13â€”15%was recovered in the cell button

at 4 and 24 hr, perhaps because the F(ab')2 fragments
diffuse more readily than intact immunoglobulins. The
amount of nanocolloid in the joint aspirateswas negligible
or about 100 times less than the labeled proteins. In
contrast, for most of the other agents, including albumin,
only 5%â€”6%of the activity was in the cell button, and
even this amount may have been due to soluble activity
trapped during cell precipitation.

The distribution of the nine radioactive agents in the
major organs at 24 hr is summarized in Table 1. Of the
labeled proteins, human and canine IgO and serum albu
mm had the highest blood concentrations at 24 hr. Some
what lower concentrations were found with rabbit anti
dog polyclonal IgG, TNT-i F(ab')2 and 57Co-porphyrin.
The organ concentrations of nanocolloid were extremely
low, except for the liver and marrow. The lung concentra

FIGURE2.
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Organ Concentrations in Dogs at 24Hours (%AdTABLE
I

ministeredActivity/i%Animal WeightMean Values;s.e.m.inparentheses)RabbitHumanDoganti-dog@@Co-por@Nano

111ln-WBCGaIgGIgGAlbuminlgGTNTphynncolloidBlood1

.68
(0.231)0.576 (0.166)5.65 (0.279)6.96

4.82
(0.660) (0.115)2.46 (0.840)2.93 (0.291)2.79 (0.455)0.0397(0.00352)Lung3.501

.452.063.53 2.531 .281.942.510.0712Uver(0.520)

14.3
(1.10)(0.346)

6.67
(1.89)(0.399)

1.81
(0.383)(0.880)

(0.328)
2.09 1.73

(0.705) (0.296)(0.193)
2.77
(0.114)(0.330)

1.40
(0.236)(0.676)

3.96
(1.30)(0.00704)

11.8
(0.918)Spleen

Muscle22.6
(3.15)
0.0480

(0.0074)5.08

(1.62)
0.349

(0.0863)2.19

(0.361)
0.249

(0.0384)1.21

1.71
(0.448) (0.860)
0.236 0.392

(0.0315) (0.0409)11.7

(0.182)
0.214

(0.0278)0.739

(0.131)
0.237

(0.236)2.05

(0.147)
0.269

(0.0331)0.915

(0.298)
0.0121

(0.00313)Marrow4.30

(0.759)2.26 (0.444)1.17 (0.153)1.39
1.13

(0.352) (0.143)1.45 (0.122)0.670 (0.151)1.95 (0.509)2.95 (0.531)

concentration ofâ€•â€˜In-leukocyteswas the highest, followed
by nanocolloid and gallium.

DISCUSSION

Multiple comparisons of the various agents proposed
for imaging focal inflammatory lesions in patients are
practically difficult. Hence, we compared eight different
radioactive agents in a canine abscess and joint inflam
matory lesion to labeled leukocytes as a â€œgoldstandard.â€•
Canine granulocytes labeled with â€˜â€˜â€˜In-oxinehave a nor
mal maximal recoveryand survivalin the circulatingblood
(20) close to that ofhumans, (26) (32%â€”36%and 6â€”7hrs,
respectively) unlike the behavior of rodent granulocytes.
This study was limited only to acute lesions ofsoft tissues,
emphasizing lesion concentrations measured by direct in
vitro radioassay and contrast ratios with blood and muscle
at 24 hr. These results may be different at various time
intervals after injection, in subacute and chronic inflam
mations, in osteomyeitis and in patients with immuno
deficiency, particularly when donor leukocytes are not
used. Within the experimental limitations of this compar
ison, none of the agents injected directly intravenously
approached the high lesion concentrations or contrast
ratios of the leukocytes labeled in vitro. Our results with
67Ga-citrate in these acute lesions were particularly unim
pressive. Likewise, with @mTc@nanocolloid,we found very
low concentrations in the soft-tissue lesions, despite some
preliminary good results in osteomyelitis ofthe extremities
(27).

Modern preparations of human immunoglobulin are
now so safe that they are being used in massive doses as
anti-infective agents, in prophylaxis of infection in im
munodeficient patients, and special preparationswith high
titers of antibody for specific target pathogens (28). Poly
clonal IgG labeled with â€˜â€˜â€˜Inor @mTchas undergone
numerous successful clinical trials for inflammatory foci,
whereas other proteins rarely have been used. Compari
sons of different radiolabeled proteins for detection of
inflammatory foci have been limited and the published
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on a different scale, omitting 111ln-Ieukocytes.

tions were highest for â€˜â€˜â€˜In-leukocytes,followed by canine
IgG albumin and 57Co-porphyrin. Indium-i 11-leukocytes
had the highest concentrations in the liver and spleen. The
hepatic and splenic concentrations ofgallium were similar
to one another. Anti-dog rabbit IgG had an unanticipated
high uptake in the spleen. Besides nanocolloid, the muscle
concentration ofâ€•â€˜In-leukocyteswas relatively low, prob
ably reflecting the low blood level by 24 hr. The marrow
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results conflicting. In E. co/i thigh abscesses in rats, â€œIn
IgG showed greater accumulation at 3 and 24 hr than
either 67Ga-or 99mTcse@malbumin (15). However, most
preparations of 99mTc.@Jbumiflare notoriously unstable,
especially by 24 hr. In another study of sterile inflamma
tory lesions in rabbit muscle (29), inflamed-to-normal
muscle ratios were only slightly better with â€˜â€˜â€˜In-IgGthan
with â€˜3'I-albumin,and inferior to those of @mTc@leuko
cytes. In E. co/i abscesses in mice, abscess concentrations
measured by direct radioassay were about the same for
67Ga,99mTdI@ and 99mTcalbumin at 4 and 24 hr (30).
In one clinical comparison (31), five osteomyelitic lesions
were demonstrated with both @Tc-IgGand â€˜â€˜â€˜In-leuko
cytes, with one false-positive IgG study. Five ofsix positive
leukocyte studies also were positive on IgG images. In
another small series of 12 patients with sites of infection
(32), the target/non-target ratios of @mTc@polydlonalIgG
were not as high as those of 99mTcanti@nulocyte mAb.
The present study indicated only minimal differences be
tween various radiolabeled proteins in their concentrations
in inflammatory lesions and in their contrast ratios, and
none of these differences were statistically significant.

Experimental evidence to date does not support the
notion that exogenous radiolabeled polyclonal IgG binds
in vivo to Fc receptors ofleukocytes, successfully displac
ing endogenous IgG. For all three types of Fc surface
receptors of polymorphs, the binding of monomeric IgG
is poor, and the plasma contains one thousand times molar
excess over receptors of circulatory cells (33). Polymeric
IgG has a low affinity for one type of Fc receptor and
some affinity for a second present in limited numbers per
cell. Fc and Fabc fragments bind with high affinity to a
third receptor, but the number of binding sites per cell is
very small (33). In another in vitro study (34), binding of
99mTc..polydloflalIgG to granulocytes was only 2.7%, but
to monocytes, 20%. Moreover, this binding was blocked
by small amounts of carrier IgG. In contrast, the binding

of @Tc-antigranulocyteMab to granulocytes was higher,
and not blocked by carrier IgG. In the present study, only
about 5% of the labeled proteins, including IgG, were
found in the precipitated ieukocyte pellet of the joint
inflammatory lesions, compared with the binding of about
90%fortheâ€˜â€˜â€˜In-labeledleukocytes.Thesefindingssuggest
that polyclonal IgG, like other macromolecular proteins,
detects inflammatory lesions by passive diffusion in areas
of increased permeability of the microvasculature.

In conclusion, the results of this study suggest that the
continued use of in vitro labeled fresh leukocyte suspen
sions still should be considered for optimal delineation of
inflammatory foci, despite the inconvenience and time
consuming steps of cell harvesting and labeling. However,
meticulous cell preparation and prompt reinjection are
essential to preserve cell viability and migration. If these
cannot be achieved, the other options should be consid
ered.

The search for better agents injected directly intrave

nously to detect and localize foci of infection is important,
and should be continued until the lesion concentration
and contrast are comparable to those oflabeled leukocytes.
From a clinical standpoint, @mTc@agentshave inherent
advantages over 67Ga,because this radionucide is always
on hand in emergency situations and images obtained in
a few hours may provide useful answers.

APPENDIX

Purificationof the Radiolabeled Agents and Labeling
Yields

The radioiodinated proteins in 500â€”700ml were passed
through a BIORAD PIODO gel filtration column (molecular
weight cut off 10 kD) pretreated with eluting solution 0.05 M,

pH 7 Tris in 0.15M NaCl.Afterdraining,2.5 ml elutingsolution
were added and discarded. Next, 4 ml of eluting solution were
added and collected. The percent labeling yield was calculated
from the activity in this 4 ml eluate compared to the total added
activity.

Quality control of the labeledproducts was performed using
an ITLC method. Whatman 31 ET paper strips 1 cm x 6 cm
and 0.1M ammonium sulfatewith 2.5%triethylaminewasused
as solvent. In this system, unbound radioiodine moved with the
solvent front. The percent purity was calculated as 100 minus
percentactivityin the solventfront.

Cobalt-57-prophyrinwas purified by loading on an alumina
column, washing with water to remove the cobalt chloride and
elutingthe complexwith 1:1NFL.OHand water.Qualitycontrol
of this product was performed with reverse phase TLC using
Whatman medium C-l8 glassplate, and solvent0.05 M sodium
phosphate pH 5.0, methanol and tetrahydrofuranin a 32:48:19
ratio. The cobalt chloride remained at the origin.

The @mTc@nanocolloidlabelingyield was determinedby ITLC.

Mean %LabelingYields
Radioiodinated Proteins

Human serum albumin
Human polyclonalIgG
Canine polyclonal IgO
Rabbit anti-dogIgO
TNT F(ab')2

Cobalt-57-porphyrin
Technetium-99m-nanocolioid
Mean leukocytelabelingefficiencyof

IIâ€˜In-oxine
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