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The status of the lymphatic system is usually investi
gated by contrast lymphography. In this method a lymph
vessel must be located, cannulated, and injected with
contrast medium. In some cases, however, such a pro
cedure cannot be used because of the lack of suitable
lymph vessels. Thus it is not possible to examine the
lymph flow from the primary tumor site ofa malignant
melanoma or in the parasternal lymphatics in breast
carcinoma. Moreover, it is not possible to perform
quantitative dynamic studies with this method. Some
clinical contraindications also limit its use (1,2).

The search for complementary and alternative
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methods has led to the use of a number of compounds
labeled with radionuclides for lymphoscintigraphy. The
earliest lymphoscintigraphic methods were based on
Au-198 colloids (3â€”5).Although promising results were
obtained, the absorbed dose at the injection site was
unacceptably high, being of the order of 50â€”100 rad/zCi
(4,6). In the searchfor compoundsoffering better
imaging properties for less absorbed radiation, sub
stances labeled with Tc-99m have been explored
(4.6-15).

Previous investigations have shown the usefulness of
Tc-99m sulfur colloid (/6) in visualizing the parasternal
lymph nodes in rabbits (11â€”13,15). The method is ap
plicable clinically (14), but comparison of the scinti
graphic findings with those obtained from surgically
removed nodes showed that almost 50% of the normal
nodes failed to trap the sulfur colloid particles (17).
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The actIvity-size distrIbutIonof radlocolloldshas been studIedusInggel-chro
matographyscannIng(GCS) ofcolumnsfilledwIthSepharose4B gel. RabbItswere
Injectedsubcutaneouslywith the colloldof Interest,laid supinebeneatha gamma
camera, and Imagedevery 15 sec for 2 to 4 hr. Fromthe storeddata, the uptakes
In the parasternal lymph nodes were analyzed in terms of two-compartment
model, and the rate constants measured. The substances tested were Au-198 col
bid, Tc-99m antimonysulfidecolloid,Tc-99m tin colloid,Tc-99m phytate,andIc
99m sulfurcollold.

It was shown that the optimal particle size for the collold is In the range 1-10
nm.The largestandmostrapiduptakewasfoundforAu-198 colloid,witha particle
size of 5 nm, whichappearedas a singlepeak In the GCSspectrum.The percent
age uptake after 2 hr for Au-198 colloidwas 8%, whIle it was 5% for antimony
sulfide colloid, which was the best of the Tc-99m-labeled coiloids. The GCSspec
trum for the antimonyproductshowed a single-peakedsize distributionwith a
somewhat broader range: 5-15 nm. The particles of the other collolds were either
too large to pass Into the lymphatic system, or too small to be trapped.
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FIG.1. Actlvfty-slzedistributionsobtainablewithGCStechnique
on columns filled with Sepharose48.

laterally just below the xiphoid process. To increase re
sorption it was mixed with 100 IU hyaluronidasett
(4,1 1â€”15).The injections were given in severaldirections
on each side, and were performed about 30 mm after
induction of anesthesia, when the decrease in lymph flow
due to anesthesia is small (23â€”25).Images were made
with a scintillation camera equipped with a parallel
16,000 hole collimator every I5 sec after the injection
for 2 to 4 hr, the data being stored on magnetic tape. In
some cases, the study was extended up to 7 hr. Regions
of interest (ROI) including the lymph nodes were Se
lected and time-activity curves generated. Typical ac
tivity distribution in a rabbit is shown in Fig. 2B, and the
corresponding uptake curve for Au- I 98 colloid is seen
in Fig. 2C.

Computeranalysis.Backgroundsubtraction(seeFig.
2B) and correction for the physical decay of Tc-99m
were performed on the time-activity curves with a
computer. On the assumption that the depth of the
lymph nodes in the supine rabbit is 7 mm, the calibration
factor a for the scintillation camera (17) was estimated
to be 4.2 cps/@zCi for Tc-99m, and 2.2 cps/@Ci for Au
198. The activity content ofthe lymph nodes could then
beexpressedasa percentageof theactivity administered.
IfA(o) is the activity injected and N(t) the net number
ofcounts in the ROI, then the percentage uptake in the
nodes, P(t), is given

P(t) N(t) lOO.eAt
A(o).a.r

Lately interest has shifted toward Tc-99m colloids with
particles smaller than those of the sulfur colloid, and
some of these have been tested clinically (4,6,7,9,10).

The aim of the present investigation, therefore, was
to set up an experimental model for lymphoscintigraphic
studies, in which the radiochemical and biokinetic
characteristics of different compounds could be com
pared.

MATERIALS AND METHODS

Radiopharmaceuticals.Four different colloidslabeled
with Tc-99m were investigated: sulfur colloid (99mTc257)
(16), tin colloid* [99mTc(Sn)5], antimony sulfide col
loidt (99mTc5b2S3) and sodium (Sn) phytatet. Au-198
colloidâ€•was also used because of its well-defined particle
size (about 5 nm). Pertechnetate, red blood cells (18),
and human serum albumint labeled with Tc-99m were
also injected subcutaneously.

Activity sizedistributions. The activity-size distribu
tions of the various preparations were investigated using
the technique of scanning a gel chromatography column,
as previously reported (19,20). The special technique
used to investigate colloids has been described in detail
elsewhere (21,22), but briefly is as follows.

The sample to be analyzed is applied in a volume of
0. 1 ml to the top of a column filled with Sepharose 4B
gel and developed with 10 ml of0.9% NaCl solution. The
column is scanned with a NaI(Tl) detector collimated
by a I-mm slit, with the scanning profile recorded both
digitally and on a strip-chart recorder. The count rate
per centimeter of column length is then normalized to
the total count rate from the column. In Fig. 1 the results
obtainable with this technique are shown schemati
cally.

The formation of Tc-99m phytate colloid in the in
terstitial fluid was simulated by mixing Tc-99m phytate
with whole blood. The blood was then centrifuged and
a 0. l-ml sample taken from the plasma for the GCS
analysis.

Biologicalmodel.Experimentswereperformedon23
rabbits weighting 1.5 to 2.9 kg. They were initially
anesthetized with less than 30 mg/kg of pentobarbitone
sodium1 i.v. and were subsequently given about 3 mg/kg
per hr to keep them still. The rabbits were fixed in a su
pine position in a specially made holder (Fig. 2A). A
continuous infusion ofabout 10 ml/hr GLYKOS** was
given through a cannulated ear vein. This particular
biological model was chosen because dynamic studies
could be carried out and also because a reproducible
lymph flow could be established. The latter was impor
tant because uncontrolled movements were avoided and
the respiratory movements of the chest gave the same
passive contractility to the lymph vessels in all the cx
periments. Furthermore, continuous hydration could
easily be administered.

The colloid (0.5 ml) was injected subcutaneously bi
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FIG.2. Biologicalmodelusedto registeruptakein parasternal
lymph nodes of rabbits. (A) Experimental setup with scintillation
camera. (B) Imageof activity distribution. Regionof Interest (AOl)
is indicated. (C) Timeâ€”activitycurve for the Au-198 colloid. Solid
line shows resuft of flthng a two-comparh@ent model to experimental
points.
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where t is the time after injection, r is the frame time,
and A the physical decay constant for Tc-99m.

To estimate the flow rate of the colloid into the lymph
nodes, the open two-compartment model shown in Table
1 was used. With the symbols in the figure, the rate of
change of the colloid in the bolus, B, at the injection site,
and in lymph node, L, with time t, can be written:

L(t), can thus be expressed by the equation:

100k1L(t) = [1 â€”e_0@@1@2)t]
k1@ k2

(4)

In this model, the rate constant k1 represents the uptake
to the parasternal lymph nodes, and rate constant k2
indicates the disappearance from the injection site to
other parts of the body. These rate constants were eval

(2) uated for every experiment performed by fitting Eq. 4
to the experimental points (26).

(3)
RESULTS

Particle activity size distribution. The scan profiles

@=â€”B.(k1 +k2)

-@ii-=B.k1

The percentage of colloid transported to the lymph node,

198Aucolloid(0.38 Â±0.22)10@(0.37 Â±0.18)10@4.66.88.49.099â€•Tc
Sb2S3colloid(0.31 Â±0.18)10k(0.50 Â±0.06)10@3.54.75.35.499â€•@Tc2S7

(KReO4)colloid(0.24 Â±0.04)10@(0.37 Â±0.09)10@0.30.40.50.599â€•@Tc(Sn)S
colloid(0.31 Â±0.43)10@(0.23 Â±0.17)10@0.40.60.91.199@'Tc

phytate(0.10 Â±0.09)10@(0.32 Â±0.34)1020.40.50.60.6_________k2___________________k1__________________
[Bodyâ€”@*â€”Jlnjectedbolus BJ-*@Lymphnode Li
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TABLE2. ACTIVITY-SIZEDISTRIBUTIONSFROMThE GCSPROFILESRadiopharma

ceutial%
Activity in various zones (cm)Median activity

distance(cm)0â€”3m4_6t 7_14t15â€”19@20â€”25@
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198 Aucolloid 1.3 5.9 89.8 2.7 <1 9.5

99mTcSb2S3colloid 4.9 16.9 66.8 9.8 1.3 10.2
99mTc2S7(KReO4)colloid 11.7 4.5 12.8 14.1 56.5 20.2
99mTc(Sn)S colloid 7.5 6.9 59.3 13.9 10.5 11.0

99mTcph@te 7.9 35.7 55.1 2.2 <<1 7.2
99mTc2Si (no KReO4) 40.4 12.0 12.4 8.@ 27.0 8.3

99â€•@TcHSA 25.7 15.5 55.4 1.1 2.2 7.4

a Reduced hydrolyzed ionic Tc.

t Pertechnetate.

@ Colloid size 5â€”50nm.
II Colloid size 50â€”100nm.

Â§Colloid size > 130 nm, void volume.

showing the activity-size distributions for the different
radiopharmaceuticals are given in Figs. 3A and B, and
in Table 2 the main characteristics are listed.

Au- 198 colloid with well-defined particle size of 5 nm,
is found to have an activity peak 95 mm from the top of
the column. The profile is almost Gaussian, with a minor
deviation indicating that about 3% of the activity has
somewhat larger particle size.

Antimony sulfide colloid migrates a little farther due
to its greater particle size: about 5â€”15nm (6,10,27). The
peak activity appears at 100 mm and the distribution is
broadened due to particles with larger size. At 55 mm
a peak is obtained, indicating that about 10% of the ac
tivity is present as free pertechnetate.

The large particles in the sulfur colloid [400â€”1000 nm
(16)] migrate through the column together with the
front of the eluent, and some 65% of the activity is found
at about 2 10 mm from the top. From the distribution, it
can also be seen that at 60 mm about 2% of the activity
is due to free pertechnetate. The remaining activity gives
a broad distribution with most of the activity attributed
to small particles, found at 85 mm in the column.

Tin colloid shows a broad particle-size distribution,
with large particles. The activity distribution in the
column is similar to that for both the sulfur colloid and
the antimony sulfide colloid. About 80% of the activity
has the same activity-size distribution as the antimony
sulfide colloid, the remaining activity apparently being
due to much larger particles.

The smallest particle-size distribution was shown by
the Tc-99m phytate colloid. The results from the Seph
arose 4B column scanning show that the particles are less
than 5 nm. About 90% of the activity is found within
these particles. The same activity-size distribution was
obtained when the supernatant containing the red blood
cells was analyzed. About 20% of the total activity re

@ mained within this fraction.

When the KReO4 was excluded in the preparation of
the Tc-99m sulfur colloid and the boiling time reduced
froi@i3 mm to 1, the activity-size distribution was dra
matically changed, the particles being much smaller.
Only about 30% of the activity was now attributed to the
larger particles, whereas 20% was found with smaller
particle size.

Tc-99m human serum albumin contains both
smaller-sized particles, reminiscent of the phytate dis
tribution, and larger particles like those of the sulfur
colloid. In the former part of the distribution, 60% of
the activity is found, in the latter, 3%.

Time-activity curves. The time-activity curves in Figs.
2C and 4 show the percentage uptake in the parasternal
lymph nodes for the five colloids investigated. In these
curves, corrections have been made for background ac
tivity, physical half-life, and tissue attenuation. The
vertical line for each reading gives the statistical Un
certainty as s.d. The different curves represent typical
results from all the experiments with the colloids. All
show a similar pattern. Uptake in the lymph nodes starts
immediately after the injection, a plateau in the uptake
being reached for all the preparations after about 2 hr.
The uptake varies somewhat, fluctuations in the first 2
hr indicating variations in lymph flow due to active
muscle contractions. The highest uptake values are
shown by the gold colloid (about 9% of the injected ac
tivity, Fig. 2C) followed by the antimony sulfide colloid
(about 5%). Much lOwer values were obtained for the
other preparations.

, COMPARTMENTAL ANALYSIS

The difficulty in interpreting the timeâ€”activity curves
objectivelyâ€”because of their different shapes and be
cause the experiments took different periods of time
was partly overcome by the compartmental analysis. In
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Figs. 2C and 4, the solid lines show the results of this
analysis, and in Table 1 the values for the rate constants
are given. The k2 constant has a very narrow range,
namely (2â€”7)104sec@ for almost all of the experi
ments. For the kI constant, the range is much greater:
(0.0lâ€”5)l0@ sec@.

The following results are valid for the different col
bids: Au-198. Here the highest k1 rate constants were
found. In the images of the rabbits, no activity was ob
served in any part of the body except the lymph nodes at
any time after the injection.

99mTcSb2S3 showed some slight escape of the activity
to other organs, such as liver, spleen, kidneys, and
bladder. In one of the experiments, however, in which,
by accident, part of the activity was introduced into the
blood, the activities in these other organs were much
enhanced and the value of k2 increased by a factor of 2.
These k values were excluded in obtaining the mean
values in Table I.

The results from 99mTc phytate showed the greatest
spread in the values of the rate constants. The high values
for k2 can be accounted for by the observation of high
activities in liver, kidneys, and bladder. Four hours after
the injection, about 1% of the activity is found in the
kidneys, 6% in the bladder, and 2% in the liver.

99mTc(5n)S showed an irregular behavior, with
scatteredresults.

99mTc2S7 gave the lowest uptakes, and in one experi
ment, in which the injection technique was different, the
extralymphatic uptakes were increased significantly,
giving a much larger k2. When the preparation procedure
was modified to reduce particle size (see above), the k1
constant increased by a factor of 6.

The k1 and k2 values for the Tc-99m-labeled human
serum albumin lie in the same range as the corresponding
values for phytate. When Tc-99m-labeled red blood cells
were injected, very low values of both k1 and k2 were
found, which reflects the difficulty experienced by red
cells in leaving the site of injection. Nevertheless, some
of them do reach the regional nodes, because a red cell,
in spite of its 8-@tm diameter, can enter a lymphatic
capillary when it makes contact with the capillary
wall.

PERCENTAGE UPTAKE

From the above time-activity curves and the com
partmental analysis, the percentage uptake in the
parasternal lymph nodes was calculated for various times
after the injection. In Fig. 5 these uptake values for the
radiocolloids after 0.5, 1, 3, and 4 hr are shown, the
valuesbeingaveragesforall experimentsperformed.The
accumulated activity in the lymph nodes at 4 hr is twice
the activity at 30 mm for all preparations. The uptake
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is largest during the first 2 hr. the increase thereafter
being small. At 4 hr, the uptakes for the different prep
arations lie between 0.5% and 9%, the highest being for
Au-198 colloid.

CORRELATION BETWEEN ACTIVITY-SIZE DISTRI BUTION
AND UPTAKE

From the activity profiles of the Sepharose 4B col

umns, the mean activity-size distance in the column was
calculated. This is the distance from the top of the col
umn within which 50% of the activity is trapped. The
values are given in Table 2. In Fig. 6, the percentage
uptake 2 hr after injection is plotted as a function of this
distance for the different preparations. The plot shows
that there is a relationship between the uptake in the
lymph nodes and the mean activity-size distance. The
highest uptake values are registered with the Au-198

@Au

9TcmSb2S3

@Tcm2S7@r@.â€•-i't@t.t.@@rCm(sfl)S

@ @:g-@â€”I@;T;@1@ 2 4 )J1 2 4
FIG. 5. Percentage uptakes In parastemal
lymph nodes at different times after sub
cutaneous Injection. Hours after injection
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FIG. 6. Percentage uptake at 2 hr after Injection, as function of
mean actIvity-size distance in column, for seven compounds In
vestlgated.

colloid, whereas both larger and smaller complexes re
ducedthe uptake.Antimony sulfidecolloids,which have
a particle-size distribution slightly larger than the Au
I98 colloid, show only â€˜@â€”60%of the Au- 198 uptake.

DISCUSSION

The differing behavior of these colloids is under
standable when we consider the histophysiological
characteristics of the lymphatic system and the dynamics
of the blood capillaries and the interstitial fluid (28â€”
30).

Lymph flow is affected by active and passive con
tractilities of the lymphatic walls and lymph nodes
(4,28). Passive contractility is due to respiratory move
ments, rhythmic changes in the volume of the intestines,
and movement of the limbs and other skeletal muscles.
Active contractility is due to the intrinsic contractions
of the smooth muscle in the walls of the lymphatics and
lymph nodes (31 ). The increase in lymph flow due to
movements of the muscles has been shown to lie between
I .2 and 4 times the lymph flow at rest (23.24,32). In
addition, anesthesia retards lymph flow, the reduction
being 40% within the first 2 hr after induction and 50%
within 4 to 6 hr (24,25). The anesthetic has, however, a
continuous effect on the flow, in contrast to the discrete
effects given by the movement of the muscles. Hydration
also affects lymph flow: increased hydration increases
the flow and vice versa (28).

For the Au-198 colloid, with a well-defined particle
size of about 5 nm, the highest percentage uptake of the
activity was recorded. Also, the rate constant k1 shows
the highest value among the colloids investigated. The
rapid transport of the gold colloid into the lymph is due
to its ideal particle size, which enables it to pass through
the lymphatic capillary pores and prevents it from
passing through the pores of the blood capillary mem
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brane. This is also indicated by the relatively small value
of the k2 rate constant and by the fact that there is no
evidence of uptake in other parts of the body. The anti
mony sulfkle colloid shows a broader activity-size dis
tribution in the GCS profile due to its size range of 5â€”15
nm. The largest particles are obviously too big to pass
through the lymphatic capillary pores. A minor part of
the activity consists of free pertechnetate, with molecular
weight of 163, and of Tc-99m complexes with ligands of
low molecular weight. These small-molecule compounds
can to a considerable degree pass through the pores of
the blood capillaries, which might explain the somewhat
higher k2 values as compared with those for Au-198. The
minimum uptake of the Tc-99m sulfur colloid can be
attributed to its very large particle size of 600 nm. In the
scanning profile there is evidence of smaller particles at
@..sl0nm. It is obviously the latter fraction that contrib
utes to most of the uptake in the lymph nodes. The larger
particles are trapped in the interstitial fluid and are in
capable of moving into any capillary. This is reflected
in the very low value ofthe k1 rate constant and almost
the same value of k2 as for Au- I 98.

In the scanning profile of the tin colloid, a relatively
large part of the activity is carried in small particles, but
the uptake in the lymph nodes is small. Further investi
gations are needed to explain this paradox. Possibly the
pores in the lymph capillaries may be blocked by inter
mediate-sized particles. In addition, the local high con
centration of large particles will change the colloid os
motic pressure, which might further reduce the inflow
to the lymph vessel. The k1 values obtained are very small
whereas the k2 values are of the same order as above.

The 99mTcphytate particles are of about the size of
albumin molecules or a little less. Thus the permeability
of the blood capillary pores becomes significant, and an
exchange of the particles with blood takes place. Much
of the activity is also found in other organs, the uptake
coming very shortly after the injection. This relatively
high outflow of activity is reflected by the larger value
of the k2 rate constant as compared with those of the
other colloids.

When only pertechnetate was injected, the activity
was soon found in the general circulation and uptake was
registered in the thyroid. No activity was registered in
the lymph nodes. This observation supports the theory
of transport through the blood capillaries. Further evi
dence for this transport was shown using Tc-99m-labeled
human serum albumin, in which case activity appeared
both in the kidneys and the bladder. Its disappearance
from the injection site was much slower because of its
lower permeability.

CONCLUSION

It is obvious that there is a very narrow size range that
permits particles to migrate into the lymph while re
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Preparation, quality-control and quantitative renal uptake in man.
!ntJNuc!MedBio!2: 113â€”122,1975

21. PERSSONRBR, STRAND SE, KNOOs T: Radioanalytical studies
of99mTc@1abelIedcolloidsand macromoleculeswith gel chroma
tographycolumnscanningtechnique.J Radioana!Chem 43:
275-286, 1978

22. PERSSONRBR, STRAND SE: Quality control of@mTc@labelled
colloids for scintigraphic studiesof the lymphatic system. In
ProceedingofSecond Internationa! Symposium on Radiophar

maceutica! Chemistry. 3-7 July, Oxford, St. Catherine's College,
1978,pp 205-206

23. SCHAD H, BRECHTELSBAUER M: Thoracic duct lymph flow
and compositionin consciousdogsand the influenceof anaesthesia
and passivelimb movement. Pflugers Arch 37 1: 25-3 1, I 977

24. SCHAD H, BRECHTELSBAUER H: Thoracic duct lymph in
conscious dogs at rest and during changes of physical activity.
PflugersArch 367:235-240,1977

25. SCHAD H, BRECHTELSBAUER H, KRAMER K: Effect of an
aesthesia (Halothane) on thoracic duct lymph flQw and lymph
composition in dogs. in Ergebnisse der Angio!ogie, Basic Lym

phology. FÃ¶ldi,M, ed. Vol 12, Stuttgart, F. K. Schattaner, 1976,
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stricting passage into the blood. Figure 6 shows that for
maximum uptake in the lymph nodes the particle size
must be such as to give a migration distance of â€œ@â€˜90mm
in the Sepharose 4B-column. In the discussion we ac
counted for this by postulating the existence of a parti
cle-size window with which optimal conditions for lym
phoscintigraphy with subcutaneous injection are ob
tamed.

The most suitable colloid for use in lymphoscintigra
phy with subcutaneous injection is shown to be one with
a very small range of particle sizes, of the order of a few
nanometers.

Our previous studies of patients with breast cancer
have shown poor correlation between the uptake of
Tc-99m sulfur colloid in the parasternal lymph nodes and
histopathological findings for the nodes (17). In a cur
rent study of patients with malignant melanoma, how
ever, preliminary results with antimony sulfide colloid
indicate a better correlation (22).

FOOTNOTES

* Tc-99m Lymphoscint, Solco, Solco Nuclear, BasIc, Switzer

land.
t Labelaid DRN 4333 Philips, Duphar, BY. Petten, Holland.

t Solco Phytate, Solco Nuclear, Basic, Switzerland.
IIAu-l.98 colloid, The RadiochemicalCentre, Amersham, En

gland.
I Tc-99m human serum albumin, New England Nuclear Corp.,

Boston,MA.
I Mebumalnatrium, ACO, Sweden.
5* Invertos, (0. 1 g/ml Glykos) ACO, Sweden.

tt Hyalas, LEO, Sweden.
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