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Lymphoscintigraphy is more effective using higher
specific activity 99mTc-antimony trisulfide colloid in the rat

Abstract
Technetium-99m-antimony trisulfide colloid (99mTc-ATC) was investigated with varying specific activity in
the rat lymphatic system, as well as its binding to rat blood cells in vitro. Low, moderate and high doses
of 99mTc-ATC were subdermally injected into tails of rats (n=3) and 30min later whole body lymphoscintigraphic images were acquired. 99mTc-ATC was incubated for 30min at 37˚C with whole blood (n=4) as for
control, at 4˚C as for hypothermia, as opsonized at 37˚C and lipopolysaccharide (LPS) at 37˚C. Cell types
were separated by gradient centrifugation to assay for cell bound-radioactivity. These experiments were
repeated using mixed leukocytes that were erythrocytes-free. Images showed direct drainage of 99mTcATC from the tail to the popliteal nodes, sacral node and beyond, along the para-aortic chain, and to a
left inguinal lymph node that drained into the axillia. The higher specific activity dose resulted in more
visible lymph nodes after 30min. 99mTc-ATC was predominantly not cell-bound. In rat whole blood 99mTcATC-neutrophils were only present to the extent of 3% for the control, 3% for the hypothermia test, 4%
for the opsonized and 7% for the LPS test. In the erythrocytes-free samples, 99mTc-ATC-leukocytes were
present to the extent of 5% (control), 4% (hypothermia), 6% (opsonized) and 11% (LPS). In conclusion, a
higher specific activity radiocolloid may identify the sentinel lymph node sooner during lymphoscintigraphy, and there may be an advantage in detecting more counts with the γ-probe. Retention of 99mTc-ATC
in lymph nodes in vivo is likely because of binding on macrophage surfaces, rather than from internalization by phagocytosis within a time frame of 30min after injection.
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L

ymphoscintigraphy is a routine technique performed in the Nuclear Medicine
clinic for mapping the lymphatic system that drains the primary tumour, employed
to identify the sentinel lymph node(s) and potentially harbouring metastatic cells.
Successful radiopharmaceutical colloids used for this indication include technetium99m-antimony trisulfide (99mTc-ATC) [1], 99mTc-tin fluoride [2-4], 99mTc-sulfur [5], 99mTchuman-albumin [6] and 99mTc-rhenium sulfide [7]. Radiotracer is usually administered to
the patient intradermally over a number of sites around the tumour, and particularly for
the small colloids, accumulating radioactivity is detected in the sentinel node(s) during
the acquisition of a scan within the next ~30min. From the scan information, the skin is
marked with a pen at the location corresponding with a concentration of gamma
counts. The patient is then taken to theatre where a coloured dye (usually blue, or green)
is given, and this provides a visual signal simultaneously with the radioactive signal, to
aid the surgeon during an operation in localizing the node. The sentinel node biopsy
procedure involves harvesting a small sample of the lymph node with its eﬀerent and
aﬀerent channels, for rapid histological assessment in situ. If the nodal status is negative
for tumour cells the surgeon completes the simple procedure, a positive result would
otherwise incur a more invasive wide local excision in which the patient may later experience a complication of secondary lymphedema.
In terms of the physiological process after intradermal injection of radiocolloid, particles are deposited at the interstitial cellular matrix and then they diﬀuse toward the
lymphatic capillaries before contact with lymph. The smaller radiocolloid particles enter
the lymphatic lumen quickly and easily, although larger particles may be excluded from
passively crossing the lymphatic endothelial cell barrier. Protein-rich lymph carries particles toward the impending lymph node, the flow rate does vary according to location
in the body, and depends mainly upon muscular activity, temperature or occlusion by
tumour deposits [8]. Particles retained within the lymph node parenchyma, are generally
accepted to result from phagocytic engulfment by neutrophils, monocytes [9] and
eosinophils [10]. It is unclear to what extent phagocytosis occurs within the acquisition
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time of a scan, nevertheless there is suﬃcient detectable radioactive signal to visualize lymph nodes.
The commercial radiocolloids are listed in Table 1, these
are easily prepared in the radiopharmacy and a final product
formulation can be made available for injection on-site
within 3-60min. Each manufacturer-recommended procedure requires the operator to reconstitute a cold kit with a
broad 99mTc-pertechnetate concentration range, in a step
that impacts on the final radioactive concentration and specific activity of the product. Radioactive concentration is defined as the amount of radioactive material (MBq) per
volume (mL) of liquid, and does not consider the quantity of
cold material present. In contrast, specific activity is defined
as the amount of radioactive material per unit mass of the
element or the cold material concerned. In the case of a radiocolloid particle, the monomer formula is typically chosen
for the calculation. If the molecular weight of the cold compound is known, then specific activity is stated in MBq per
moles. For lymphoscintigraphy, a total injected dose of 530MBq is considered suﬃcient when same day breast cancer
surgery [11] is planned, and preferably when it is administered as a bolus volume [12]. Each dose contains a mixture
of 99mTc-particles and non-radioactive particles, the latter are
always present in excess [13]. Specific activity is a parameter
that considers the amount of cold material present, and
when this material is in the form of particles, it is especially
important at the cellular level if the total particle population
exceeds the number of lymph node macrophages. It was
previously reported for antimony trisulfide that there are an
estimated 5x1013 cold particles per mL of cold kit formulation [14]. Technetium-99m-ATC was chosen as the radiotracer for this study, for the purpose of investigating the
eﬀect of specific activity on the quality of rat lymphoscintigrams, to explore its binding aﬃnity with leukocytes in vitro,
and to better understand the immune events occurring at
the cellular level in vivo.

lutions and LPS (E. coli) were purchased from Sigma-Aldrich
(St. Louis; USA). All measurements of radioactivity in the calibrated dose calibrator unit (Atomlab 100+ Dose Calibrator;
Biodex Medical Systems; New York; USA) were background
corrected. All in vivo experiments were performed in triplicate,
and the in vitro blood experiments (n=4) were performed at
37.0±0.5˚C using a heated water bath (TECAM; Techne; Cambridge; England), except for the hypothermic condition (icewater bath at 0-4˚C). Radioactive blood containers were
shaken (80rpm) during heating, using a platform mixer (OM6;
Ratek; Victoria; Australia) located next to the water bath that
connected a configuration of boss heads and clamps.

Materials and methods

Radiolabeling procedures
Preparation of 99mTc colloidal antimony sulfide injection
Lymph-Flo kit (RAH Radiopharmacy; Adelaide; Australia) consisted of five separate non-radioactive components: antimony
trisulfide (AT); phosphate buﬀer (PB); hydrochloric acid (HA);
an empty sterile 10mL vial; a sterile 0.2μm filter. The procedure
for preparing radiocolloid included adding 99mTc-pertechnetate
(240MBq/0.4mL saline) and then HA (1.0 M; 0.1mL) to the vial
containing AT (1mL). This reaction vial was heated at 100˚C for
30min, allowed to cool to room temperature, and then neutralized with PB (0.5mL). The formulation was filtered into the
empty vial. From this vial, a dose (0.04mL; 4.8MBq) of ‘low’ specific activity (0.08GBq/μmol) was withdrawn using an insulin
syringe (0.5mL; Becton Dickinson & Co; Singapore). A dose
(0.04mL; 4.8MBq) of "moderate" specific activity (0.77GBq/
μmol) was obtained from a 99mTc-ATC vial, reconstituted with
99m
Tc-pertechnetate (2400MBq/0.4mL saline) and finally diluted 1:10 in saline (0.9mL). The "high"specific activity dose
(7.69GBq/μmol) was prepared diﬀerently. An aliquot (0.1mL)
from an AT vial was diluted with saline (0.9mL) in an air-filled
vial, then the orange dispersion was reconstituted with 99mTcpertechnetate (2.40GBq/0.2mL saline) and HA (1.0 M; 0.05mL).
This reaction vial was treated as above and then neutralized
with PB (0.25mL) prior to filtration. The formulation was diluted
1:10 in saline, a dose (0.03mL; 4.8MBq) was withdrawn and
then further diluted with saline (to 0.04mL) prior to use.

Technetium-99m-pertechnetate was obtained from the eluent of a dry-bed 99Mo/99mTc-generator (Gentech; Australian Radioisotopes; Sydney; Australia). Normal saline (0.9%) injection
was used for dilutions and washes. Histopaque gradient so-

Radiochemical analyses
Radiochemical purity was determined by ascending instant
thin layer chromatography with silica gel impregnated glass

Table 1. Criteria to prepare common lymphoscintigraphic tracers
Name

Cold kit

Lymph Flo kit

Leucocyte
labelling kit
Amerscan
hepatate
Sulfur colloid
Nanocoll
NanoCIS

99m

Tc-colloid

99m

antimony
trisulfide

tin fluoride

tin fluoride
sulfur
human albumin
rhenium sulfide

Tc-pertechnetate
concentration
(MBq/mL)
800-900

500-800

1-18500
185-5550
0.3-1233
370-5550

Final 99mTc-colloid formulation
Volume Concentration Specific activity
(mL)
(MBq/mL)
(MBq/μg cold)
2.6

291-327

0.7-0.8

3.0

445-593

21-28

4.0
1.0
3.0
2.5

0.25-4546
175-5239
0.32-1184
140-2095

0.01-28
0.001-9.1
0.3-10.5
1.5-22

Cold
material

Sb2S3*
SnF2**

SnF2**
thiosulfate**
albumin**
Re2S7*

* known formula comprising the particle matrix; ** product formula unknown, specific activity based on the starting material
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fibre strips (1x16cm; Gelman Sciences; Michigan; USA) developed in saline (0.9%), to determine the level of 99mTcpertechnetate that migrated with the solvent front. The strip
sections were counted in a gamma counter (Cobra II AutoGamma; Canberra Packard; Victoria; Australia) over a 99mTc
window (90-190keV). The manufacturer limit for % radiochemical purity of 99mTc-ATC injection was >95% and with
specific activity of 0.24-0.27 GBq/μmol.

Animal studies
Experiments performed with rats complied with "The Australian Code of Practice for the Care and Use of Animals for Scientific Purposes NHMRC" and according to a protocol
approved by the Animal Ethics Committee of the Institute of
Medical and Veterinary Science, Adelaide, South Australia.
Samples of 10mL of whole blood were obtained from rats
(Sprague-Dawley; 200g) by intra-cardiac puncture using a
syringe containing 60 units of heparin in 0.6mL of saline.
Plasma for the opsonization experiments was obtained by
centrifuging heparinised rat blood at 100g for 20min, then
in a sterile vial the rat plasma (4mL) was added to 99mTc-ATC
(1mL; 1000MBq) and mixed to form a homogeneous dispersion. The vial was allowed to stand at room temperature for
10min and opsonized radiocolloid was used immediately in
the cell binding studies. Cells incubated at 37˚C in vitro represented the physiological body temperature.
Scintigraphic imaging
Nine female rats (Sprague-Dawley; 150g) were injected subdermally in the tail with 99mTc-ATC (4.8MBq; 0.04mL) using an
insulin syringe (0.5mL BD Ultra-Fine; Becton Dickinson; USA).
At 30min they were sacrificed and then five minute whole
body static images were acquired using a gamma camera
(Starcam or MPR; GE Medical Systems; Wisconsin; USA). Regions of interest (ROI) analyses were performed on each
image using counts of the (left plus right) popliteal nodes and
the sacral node. The % lymph node uptake was calculated by
dividing the lymph node counts by the total counts and multiplied by 100. All values were background corrected.
Distribution of 99mTc-ATC in rat blood cells
Isolation of leukocytes. To each of four polystyrene tubes
(13x85mm; Sarstedt; Germany) was added a centrifugation gradient solution (Histopaque-1119; 6.0mL; density=1.119g/mL),
and then a second gradient solution (Histopaque-1077; 6.8mL;
density=1.077g/mL) was carefully layered on top to avoid mixing. Non-radioactive heparinised rat whole blood (2.5mL) was
added onto the top gradient layer taking care not to disrupt
the liquid interfaces. This procedure was repeated another
three times, each of the four centrifuge tubes were secured in
custom supports within buckets of a centrifuge (Cellsep
6/720R; Sanyo Gallenkamp PLC; Loughborough, UK), and then
spun at 750g for 18min at 22˚C. The leukocyte and plasma layers were harvested from the red cell pellet, the combined volume (~10mL) was used for the cell binding experiments.
Radiocolloid incubated with blood cells. The 99mTc-ATC was prepared with 99mTc-pertechnetate (420MBq/0.4mL saline), AT
(1mL), HA (1.0 M; 0.1mL), a heating step then neutralization
with PB (0.5mL) as above. The general incubation procedure
www.nuclmed.gr

involved an addition of 99mTc-ATC (0.2mL; 35MBq; 4x1012 ATC
particles) to rat whole blood or isolated rat leukocytes (10mL),
and the fluid was kept at 37˚C for 30min (control). Three variations of this procedure were performed for whole blood: (i) opsonized-99mTc-ATC (1.0mL; 30MBq) replaced 99mTc-ATC; (ii) the
peripheral blood sample and radiocolloid were both chilled in
ice water to 0-4oC for 3min prior to their combination, then the
fluid was kept at 4oC for 30min; and (iii) the peripheral blood
sample was pre-treated for 2min at room temperature with
lipopolysaccharide (LPS) in saline (13.4μg/mL; 0.26mL). Also,
three other variations of the procedure were performed using
leukocytes with: (i) opsonized-99mTc-ATC; (ii) hypothermia condition; and the (iii) LPS condition.
Separation of radioactive samples
Each radioactive sample (4x2.5mL) was carefully added onto
a top gradient layer of the two-gradient centrifugation solution as above. The four samples were spun at 750g for 18min
at 22˚C (or 4˚C for hypothermia). Every layer per tube was isolated using an insulin syringe (0.5mL; Becton Dickinson; Singapore) and then counted in the dose calibrator. The
distribution of radiocolloid in each tube was calculated as the
percentage of activity in a layer relative to the total activity.

Statistical analyses
Results are expressed as mean ± standard error (SE). Statistical analyses with paired sample t-tests compared the: (i) different 99mTc-ATC specific activities for left plus right popliteal
nodes; (ii) diﬀerent 99mTc-ATC specific activities for sacral
nodes; (iii) popliteal nodes versus sacral node (low specific
activity); (iv) % radiocolloid bound to neutrophils at 37˚C
(control), versus 0-4˚C, versus opsonized-99mTc-ATC; or versus
LPS; and (v) % radiocolloid bound to leukocytes at 37˚C (control), versus 0-4˚C, versus opsonized-99mTc-ATC; or versus LPS.
Statistical significance was defined as a P value less than 0.05.
The sample size/number of experiments that generated parametric data was suﬃcient for statistical analyses.

Results

Radiochemical analysis and biodistribution
Radiochemical purity of 99mTc-ATC was found to be
98.0±0.4% for low to high specific activity kits (n=4). The
scintigraphic images at 30min after 99mTc-ATC injection in rat
tail are shown in Figure 1 and the ROI data is summarised in
Table 2 as per specific activity dose.
After injection of 99mTc-ATC in rat tails, the radiotracer migrated in lymph to both left and right popliteal nodes, onto
a common sacral node and then drained further into the cisternal lymph node. Particularly for the high specific activity
dose, an inguinal node and auxiliary lymph node were also
visible. The scans showed low level of liver, spleen and bone
marrow uptake, typical of radiocolloid distribution in the
mammalian reticuloendothelial system [8]. The scan of low
specific activity 99mTc-ATC displayed less lymphatic drainage
information than the moderate or high specific activity 99mTcATC scans, attributable to the relatively lower 99mTc signal. All
9/9 rats had the same lymphatic anatomy, more nodes were
visible when high specific activity radiocolloid was used (6
nodes) than moderate specific activity (4 nodes) or low spe-
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cific activity (3 nodes). This was also emphasized by the ROI
analysis of two popliteal nodes per scan, as the specific activity of the dose increased, uptake by the popliteal node
pair significantly increased. The sacral node uptake remained
the same irrespective of the specific activity of 99mTc-ATC
dose. Diﬀerent sized popliteal nodes seen on all scans (3/3
in Fig. 1) indicated one of the two lymphatic vessels was
more dominant. Lymphatic pathways were clearly visible
from tail to the upper trunk in the high specific activity
image, and the multiple number of nodes suggested more
than one drainage route from the tail.
99m

Tc-ATC binding to rat blood cells in vitro
Whole blood. After sedimentation of the radioactive samples,
four distinct bands or layers were visible in the tubes. The
top layer was identified as the plasma (1.5mL), the second
layer included mononuclear lymphocytes (0.5mL), followed
by a distinct third layer of neutrophils (1.0mL), and the red
cells comprised the bottom layer (3.0mL) [15, 16]. For the
control condition where non-opsonized particles were administered, most of the activity (70%) was identified in the
plasma after 30min at 37˚C, it was not cell bound (Table 3).
Technetium-99m-ATC was bound to lymphocytes, platelets
and red cells that totalled ~30%. Three percent of radiocolloid was associated with the neutrophils. At the cold temperature, there was less red cell-associated radiocolloid
activity and ~9% more plasma activity. The % radiocolloid
bound to neutrophils under the control condition, was not
significantly diﬀerent to that of the hypothermia condition.
Partially opsonized 99mTc-ATC incubated in whole blood
for 30min resulted in a similar distribution profile as the hypothermia condition, with 77% unbound radiocolloid in the
MOD

LOW

plasma, 17% binding to red cells, 2% binding to lymphocytes
and platelets, however there was significantly more 99mTcATC-bound to neutrophils than at 4˚C or 37˚C (non-opsonized control). In the presence of LPS, significantly higher
99m
Tc-ATC was associated with neutrophils, the other cells
and plasma had a similar distribution profile to the control
condition.
Leukocytes. Red cells were easily removed from the whole
blood sample by gradient centrifugation, then the plasma
leukocytes were used in the radiocolloid binding experiments. After sedimentation of the radioactive samples, three
distinct layers were visible in the tubes. The top layer was
identified as the plasma (2.7mL), the second layer included
leukocytes (1.1mL), and the gradient medium comprised the
bottom layer (2.0mL) [15, 16]. For the control condition
where non-opsonized particles were used, almost all of the
radioactivity (94%) after 30min at 37˚C was not cell bound
(Table 4). Technetium-99m-ATC was bound to leukocytes to
an extent of ~5%. At the cold temperature, the same distribution profile was obtained versus the control condition.
Opsonized 99mTc-ATC resulted in significantly more binding
(24%) to leukocytes, and there was even higher binding
(2.4x) of non-opsonized 99mTc-ATC in the presence of LPS, versus the control condition.

Discussion

This study of the lymphatic system investigated the eﬀect of
specific activity of 99mTc-ATC on the quality of rat images and
characterized the radiocolloid-blood cell interaction for elucidation of the binding mechanism in lymph nodes. The results are discussed in two parts, of lymphatic flow at the

HIGH

route 1

route 2

route 3

axilliary
lymph node

*

*

cisternal
lymph node
*

inguinal
lymph node
sacral
lymph
node

*
*

popliteal
lymph node

*

*

*

X = injection site; → = direction of lymph flow; 1 = sciatic† lymph node;
2 = popliteal lymph node; 3 = sacral lymph node; 4 = iliac lymph node;

*

5 = renal lymph node; 6 = lumbar lymph node; 7 = cisternal lymph node;
8 = inguinal‡ lymph node; 9 = axilliary lymph node † = also reported as gluteal lymph node [18];

99m

Tc marker

‡

Figure 1. Anterior rat images at 30min after subdermal tail injection of low, moderate and high specific activity 99mTc-ATC doses.
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Figure 2. Diagrams summarizing major lymphatic drainage routes from rat tail.
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group of nodes are contiguously linked with other para-aortic lymph nodes in the thorax. The second route involves
lymph drainage along an eﬀerent trunk from the tail to the
sacral node, and beyond into the para-aortic chain as per
route 1. The sacral node is an important lymph node in the
pelvic region, because it has minor eﬀerent trunks to both
popliteal nodes which serve as a secondary drainage site for
the tail, as well as to the large iliac nodes that are usually
present as pairs. The iliac nodes are important drainage sites
for popliteal nodes. The third route concerns other vessels
from the tail that course laterally across the groin to the inguinal nodes. The large eﬀerent inguinal lymphatic trunk
courses caephalad along each nipple line to the axilliary
node in the axilla, consistently seen in rats and mice [19].
Smaller tributary vessels from the popliteal nodes are also
connected to the inguinal nodes.
In this study, the 30min images of Sprague-Dawley rats
in Figure 1 showed direct drainage of 99mTc-ATC from the tail
to the popliteal nodes in absentia of any sciatic nodes, then
to the sacral node and beyond along the para-aortic chain,
but also to the left inguinal lymph node that drained onto
the axilliary node. The low specific activity 99mTc-ATC image
showed left and right popliteal nodes plus the sacral node
(3 nodes), the moderate specific activity image also showed
the inguinal node (4 nodes) and a possible faint node in the
axilla. The high specific activity 99mTc-ATC dose resulted in the
visualization of all of these lymph nodes, the axilliary node
was clearly distinguishable, and the low liver uptake permit-

physiological level, as well as the radioantigen interaction
with leukocytes at the cellular level.

Lymphatic flow of 99mTc-ATC at the physiological level
Technetium-99m-ATC doses with the same radioactive concentration (4.8MBq/0.04mL) were subdermally administered
into the mid-tail of rats, the bolus volume was chosen to
minimize any local hydrostatic pressure on the interstitial cell
matrix and the initial lymphatic sacs [17]. Lymph drainage
from the rat tail followed three routes, consistent with reports in the literature [18-22]. The lymphatic anatomy in the
hind quarters of a rat can vary within-species in which one
or both sciatic nodes are absent [22], and between-species
in particular for the mesenteric nodes [23], however the
gross anatomy has been well documented [24]. Each of the
three routes are summarized below with the aid of annotated diagrams (Fig. 2).
In the first route, drainage from the tail occurs along the
caudal channels into the sciatic foramen to one or both of
the sciatic nodes. Minor eﬀerent trunks from each sciatic
node drain to the nearest popliteal node, major trunks drain
to the sacral node, onto the iliac nodes and then to the respective renal nodes. Retroperitoneal nodes (ie: lumbar)
drain into the renal nodes. Eﬀerent lymph from the right
renal node flows to the right cisternal node, and the left
renal node may empty into the cisternal chili directly, but
more frequently an eﬀerent lymph trunk runs across the
great vessels to join the right renal node [18]. The cisternal

Table 2. Lymph node uptake of 99mTc-ATC (4.8MBq) with altered specific activity

Type

Popliteal nodes (R+L)a
Sacral nodeb
# ATC particles in dose

% injected dose (mean±SE) of specific activity 99mTc-ATC

0.08 GBq/μmol (low)
1.18±0.13%
0.54±0.05%
1x1012

0.77 GBq/μmol (moderate)
2.06±0.19%
0.48±0.04%
1x1011

7.69 GBq/μmol (high)
3.60±0.19%
0.54±0.19%
1x1010

a: low versus moderate P=0.02, low versus high P=0.01, moderate versus high P=0.04; b: low versus moderate P=0.26, low versus
high P=0.50, moderate versus high P=0.40; a versus b: P=0.03

Table 3. Eﬀect of hypothermia, opsonization and LPS-activation on the fate of 99mTc-ATC incubated with rat whole blood in vitro

Type
Layer
Plasma
Lymphocytes + platelets
Neutrophilsc
Red cells
Sample size

% radiocolloid distribution (mean±SE) under the experimental condition
Controla
Hypothermiab
Opsonized particlesa
LPSa
69.5±0.9
78.1±0.2
76.9±0.2
69.3±0.4
2.8±0.2
2.2±0.1
2.1±0.1
3.1±0.3
2.5±0.1
2.8±0.1
4.0±0.0
6.7±0.0
25.3±1.1
17.0±0.1
16.9±0.2
20.9±0.1
n=4
n=4
n=4
n=4

a: 37°C/30min; b: 0-4°C/30min; c: hypothermia versus control P=0.06, opsonized versus control P<0.01, LPS versus control P<0.01

Table 4. Eﬀect of hypothermia, opsonization and LPS-activation on the fate of 99mTc-ATC incubated with rat mixed-leukocytes in vitro

Centrifugation
Layer

Plasma
Leukocytesc
Gradient medium
Sample size

% radiocolloid distribution (mean±SE) under the experimental condition
Controla
Hypothermiab
Opsonized particlesa
LPSa
94.0±0.1
4.6±0.1
0.2±0.0
n=4

95.2±0.3
4.3±0.2
0.1±0.0
n=4

93.3±0.2
5.7±0.2
0.2±0.0
n=4

87.6±0.5
11.2±0.3
0.4±0.3
n=4

a: 37°C/30min; b: 0-4°C/30min; c: hypothermia versus control P=0.17, opsonized versus control P<0.01, LPS versus control P<0.01

www.nuclmed.gr

Hellenic Journal of Nuclear Medicine

• January - April 2014

23

Original Article

ted a discrete yet identifiable cisternal lymph node (6 nodes).
The principal uptake by popliteal nodes was assumed to be
via route 1, despite the minor drainage path of lymph from
the sacral node. With an increasing specific activity 99mTc-ATC
dose, the ROI image analysis of left plus right popliteal nodes
also significantly increased (1.2% for low, 2.1% for moderate,
3.6% for high), yet the sacral node remained unchanged
(0.5% for low, moderate and high). The number of particles
per dose shown in Table 1 were based on the reported number of particles per cold kit [14]. The high specific activity
99m
Tc-ATC dose contained more radioactive particles among
the cold particle population (versus moderate and low), and
in the presence of a cellular retention mechanism more radioactive particles were retained in the simple lymph node
architecture (ie: eﬀerent flow approximately equal to aﬀerent lymph flow). The sacral node is a major draining node for
the hind quarters of the rat, its complex architecture is likely
to have multiple eﬀerent and aﬀerent channels, and the
higher throughput of lymph may explain the same 99mTc-ATC
uptake between the three specific activity doses. Also visible
in 9/9 images was more intense uptake in one of two
popliteal nodes per rat, an observation that concurs with another in female Sprague-Dawley rats describing the presence of one dominant vessel and another non-dominant
vessel in the tail [25].
The scans also showed low levels of liver, spleen and bone
marrow uptake, typical of radiocolloid distribution in the
mammalian reticuloendothelial system. Uptake by these organs after 30min is most likely due to radiocolloid entry into
the blood circulation via fine capillaries in the tail, and perhaps to a lesser extent also via the primo vascular system inside lymphatic vessels [20], or via the thoracic duct in which
lymph drains into the subclavian vein.

Radiocolloid-antigen interaction with blood cells
The chemical structure of antimony trisulfide can exist as a
tetramer cage molecule (Sb4S6), although the more common
form is a polymeric ribbon-like lattice comprised of interlocking SbS3 and Sb3S units, that has a nominal monomer
formula of Sb2S3 [26]. Akin to the structure of arsenic trisulfide, antimony trisulfide colloidal particles also contain an
electrical double layer comprising an excess of thiol and sulfide groups at the surface [27]. Few 99mTc-atoms are chelated
onto an ATC particle [13] yet the outer layer of numerous
thiol groups can bind to blood cell surfaces, in the presence
or absence of opsonic molecules. Under the experimental
conditions of this study, 99mTc-ATC mainly (≈75%) did not
bind to blood cells. The dominant number of erythrocytes
in the total cell sample did bind more radiocolloid, in contrast to the fewer number of leukocytes present. The neutrophils were conveniently isolated from the other cells in
whole blood, a phenotype that is capable of internalizing radiocolloid-antigen. This was explored by comparing radiocolloid binding to neutrophils at 37˚C (control) versus 4˚C
(hypothermia). Under both temperature conditions the
same value of 3% radioactivity was associated with neutrophils. It has been shown that neutrophils do not phagocytose antigen-cargo at 4˚C [28-31]. Hypothermia allows
antigen binding via Lyn-tyrosine kinase accumulation between the cell surface and the particle, but particle internal-
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ization is blocked [32] because there is an inhibition of actin
dynamics or cytoskeletal changes necessary for probing
and/or engulfment [33]. The same level of 99mTc-ATC-leukocytes detected at 4˚C and 37˚C, indicates radiocolloid is surface-bound to these cells in vitro.
When the radio-antigen was opsonized with complement
proteins, there was significantly higher uptake by neutrophils, indicating that opsonic molecules enhance surface
attachment. The opsonins C3b and C4b are known to bind
with foreign material via a transthioesterification reaction
[34]. These surface bound molecules may also bind to local
immunoglobulins containing Fcγ moiety, or the germline antibodies can bind directly to antigen particles. Macrophages
recognize such signals via their C3aR, C5aR/FcγR (I/III or IIB)
receptors, and this binding reaction with opsonins defines
the surface attachment of antigen. Conformational changes
on the exterior cell surface ensue, signals are transmitted inward to the cytoplasm and this ultimately results in actin remodeling, phagosome formation, degranulation and
cytokine signaling [35]. Phagocytic cells can also bind directly
to antigen via pattern recognition receptors such as CD14
[36], C-type lectin receptors [37], dectin-1 [38] and
macrophage receptor with collagenous structure, MARCO
[39]. The widely studied plasma membrane-localized-CD14
binds with antigens such as bacterial cell debris (ie: LPS), or
endogenous molecules (ie: ICAM-3) on the surface of apoptotic cells. It is a critical entity in signaling toll-like receptor 4,
a Syk/PLCγ2-mediated endocytosis forms a loaded endosome that can initiate gene transcription of pro-inflammatory
interferons such as IFN-γ [36]. Macrophages activated by IFNγ display increased receptor mediated phagocytosis [40]. The
phagocytic pathway commences when the ligand-receptor
at the cell surface triggers remodeling of the actin cytoskeleton, then a phagocytic cup forms around the particle, and
eventually the membrane morphologically envelopes it in a
sequence of steps via the zipper mechanism [41].
LPS is the principal component of the outer membrane
of Gram-negative bacteria, and is a pathogen associated molecular pattern recognised by the"polyspecific" receptor
CD14 [42]. This potent immunostimulant consists of a
lipophilic membrane anchor (ie: lipid A from E. coli) bonded
on one end to a non-repeating oligosaccharide core, and a
polysaccharide component (O-antigen) attached on the
other end of the sugar chain to terminus [43]. LPS-activated
CD14 results in up-regulated phagocytosis of antigen by
macrophages via toll like receptor signaling [44]. In this
study, LPS-primed neutrophils were associated with a higher
uptake of 99mTc-ATC, although it was not clear if this increase
was due to increased surface binding or increased phagocytosis, or both, over the experimental time frame.
The diﬃculties in isolating a practical volume of rat lymph
were avoided by using plasma leukocytes. These mixed leukocytes were eﬃciently separated from erythrocytes by the gradient centrifugation technique and used as a mimic of lymph.
A low 4% radiocolloid-leukocytes at 4˚C represented the level
of surface attachment after 30min, 5% at 37˚C suggested
there may be some internalization at the physiological temperature. As observed with the whole blood experiments, opsonization and LPS-primed leukocytes resulted in significantly
higher uptake of 99mTc-ATC particles by leukocytes.
www.nuclmed.gr
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In summary, after subdermal injection of 99mTc-ATC in the
rat tail, the particles delivered to interstitial tissue are likely
to be partially opsonized during their migration from the injection site, and in lymph. The stream of opsonized and nonopsonized particles is propelled in lymph flowing to the first
draining node (ie: sacral), where macrophages located at the
subcapsular and medullary sinuses actively extract radiocolloid particles. When there is a higher ratio of radioactive particles to cold particles in the dose, a higher 99mTc-signal is
bound to local macrophages and readily detectable. Nevertheless, excess radiocolloid particles percolate past the
macrophages and continue with eﬀerent lymph onto the
next contiguously linked lymph nodes (ie: cisternal). At
30min after injection, visible radioactive lymph nodes on the
scans are primarily due to a retention mechanism of 99mTcATC particles attached to macrophage surfaces at the expense of little or no internalization. The moderate to higher
specific activity doses (0.8-7.7GBq/μmol) yielded more diagnostic information on the scans, a potential advantage over
the clinical formulation (0.2-0.3GBq/μmol), because the enriched 99mTc-signal allowed the visualization of immune complexes at higher tier lymph nodes in the chain.

Conclusion
Based on the results from this pre-clinical rat study, higher
specific activity 99mTc-ATC radiopharmaceutical may prove
beneficial in a clinical setting when a high concentration of
lymph node counts during lymphoscintigraphy more confidently identifies the sentinel node sooner, or discerns more
complex drainage paths. More radioactive counts in the target organ may also provide an advantage to the surgeon
during detection with the γ-probe in the surgical theatre. Retention of 99mTc-ATC in lymph nodes is unlikely to involve
macrophage internalization within 30min after injection,
however radiocolloid attachment to the surface of resident
cells does explain the retention mechanism in vivo.
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