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radiolabeled
In this study a new "mTc labeling method for polyethyleneglycol
(PEG)-coated liposomes is described. The in vitro and in vivo
characteristics were compared with the conventional "TcHMPAO-labeled PEG-coated liposomes. Methods: PEG-coated
liposomes were labeled with 99mTcby the hydrazino nicotinyl
(HYNIC) derivative of distearoylphosphatidyl-ethanolamine
(DSPE) and compared with PEG-coated liposomes labeled with
99mTc-HMPAO.In vitro stability tests were performed. Biodistribu-

polyethyleneglycol

(PEG)-coated

liposomes

that has shown a promising behavior in preclinical studies.
In a series of experimental studies, we have demonstrated
that PEG-coated liposomes can be excellent vehicles for
infection imaging because of their long-circulating character
istics. In several animal models, radiolabeled liposomes
appeared to be superior to conventional imaging agents,
such as 67Ga-citrate, radiolabeled leukocytes and radiola
beled IgG (2-5).

tion and imaging characteristics of both liposomal preparations
were determined in rats with Staphylococcus aureus infection in
Several methods have been described for labeling lipo
the left calf muscle. Results: Per liposome, 230 hydrazine
somes with 99mTc.Initially, stannous chloride was proposed.
groups were incorporated. The labeling efficiency of the 99mTcHYNIC liposomes was greater than 95%, so no postlabeling
purification was required, in contrast to the 99mTc-HMPAOlipo
somes. The 99mTc-HYNIC liposomes showed greater in vitro
stability than the conventional 99mTc-HMPAOliposomes. Abscess
uptake of the 99rriTc-HYNICliposomes was significantly greater

This method involves the chemical

reduction

of "mTc-

pertechnetate by stannous chloride in the presence of
liposomes, which apparently caused association of the 99mTc

label with the liposomes (6). However, these preparations
were unstable in vivo, especially when the surface charge of
(1.74 Â±0.38%ID/g versus 1.26 Â±0.29%ID/g, 24 h postinjection,
P < 0.03). Furthermore, kidney uptake of the 99mTc-HYNIC the liposomes was neutral or positive (7). Ahkong and
liposomes was one third of the uptake of the 99mTc-HMPAO Tilcock (8) also reported on instability in case of negatively
liposomes (0.79 Â±0.07%ID/g versus 2.47 Â±0.35%ID/g, 24 h charged liposomes. Alternatively, liposomes have been
postinjection, P< 0.0001 ). Conclusion: This new 99mTc-HYNIC- labeled with 99mTcby diethylenetriamine pentaacetic acid
based labeling method for liposomes is rapid, efficient and easy
(DTPA), either encapsulated (9) or conjugated to a phosphoto perform. Most importantly, the "Tc-labeled liposomes have
lipid and incorporated in the bilayer (70). However, these
an improved stability and in vivo characteristics. The new labeling
liposomes
showed significant in vivo instability. Recently, a
method is a major step forward toward a radiopharmaceutical for
infection imaging that can be prepared in a one-step procedure
reliable and stable in vivo labeling method has been
within 15 min at room temperature and thus can be applied in developed
using hexamethyl
propyleneamine
oxime
every routine clinical practice.
(HMPAO) to transport the 99mTc as a lipophilic, "TcKey Words: 99mTc;
liposomes;radiolabeling;hydrazino nicotinyl;
imaging
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JLmaging of infection and inflammation is an important
aspect in nuclear medicine as it may have relevant implica
tions for the management of patients with infectious or
inflammatory diseases. There is a continued search for new
and better radiopharmaceuticals that will rapidly visualize
foci of infection and inflammation with high sensitivity and
specificity (7). A new development involves the use of
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HMPAO complex, through the bilayer (77). By encapsulat
ing glutathione in the internal aqueous phase of the lipo
somes, the enclosed 99mTc-HMPAO complex was reduced
and irreversibly trapped. However, postlabeling purification
appeared necessary because labeling efficiencies were typi
cally between 60% and 85% (3,4,12,13).
In this study, we describe a new method for labeling
liposomes with ""'Tc, by incorporating hydrazino nicotinamide (HYNIC) (14) conjugated to distearoylphosphatidyl
ethanolamine (DSPE) in the bilayer. It has been shown that
HYNIC conjugated to proteins and peptides yields stable,
labeled radioconjugates by a rapid and efficient labeling
procedure (14,15). In this study, the development of the
method is described and in vitro stability was studied. The
performance of this new liposomal formulation was com
pared with that of liposomes radiolabeled with entrapped
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99mTc-HMPAO in rats with focal Staphylococcus

aureus

infection.
MATERIALS AND METHODS
Reagents
Partially hydrogenated egg-phosphatidylcholine (EPC) with an
iodine value of 35 was a gift from Lipoi'd GmbH (Ludwigshafen,
Germany). DSPE and the PEG-2000 derivative of DSPE were
purchased from Avanti Polar Lipids (Alabaster, AL). Triethylamine, molybdenum blue, cholesterol and glutathione were from
Sigma (St. Louis, MO). N-hydroxysuccinimidyl hydrazino nicotinate hydrochloride (S-HYNIC) was synthesized as described by
Abrams et al. (14) with minor modifications (16).
Preparation of the Hydrazino Nicotinamide Derivative of
Distearoylphosphatidyl Ethanolamine
DSPE (28 pmol) was dissolved in 500 uL warm chloroform
(55Â°C),followed by the addition of 7 umol S-HYNIC and 36 umol
triethylamine. After incubation at 55Â°Cfor l h under constant
stirring, the chloroform was evaporated under a gentle stream of
nitrogen. The crude conjugate was stored at â€”20Â°C.
The reaction
mixture was analyzed with thin-layer chromatography (TLC) on
silica gel plates (Kieselgel 60; Merck, Darmstadt, Germany) with
chloroform/methanol/water (65:25:4, v/v) as the mobile phase. For
detection of the phospholipids, the plates were sprayed with
molybdenum blue (1.3% in 4.2 M sulfuric acid).

generates a polydispersity index that is a measure
size distribution of the dispersion. This index ranges
entirely monodisperse dispersion up to 1.0 for
polydisperse dispersion. Both preparations had a
index of 0.1.

of the particle
from 0.0 for an
a completely
polydispersity

Radiolabeling of Liposomes
HMPAO Liposomes. Preformed HMPAO liposomes were la
beled with "Tc essentially as described previously (11). Briefly,
the liposomes (70 jamol phospholipid/mL) were incubated for 15
min at room temperature with 10 MBq (0.3 mCi) freshly prepared
WmTc-HMPAOper micromole phospholipid. Unencapsulated "TcHMPAO was removed by gel filtration on a PD-10 column with 5%
glucose as the eluent and radiochemical purity was calculated.
HYNIC Liposomes. Labeling of HYNIC liposomes was per
formed according to the labeling procedure described for labeling
HYNIC-conjugated peptides and proteins with minor modifica
tions (78,19).
Briefly, 0.25 mL liposomes (70 umol phospholipid/mL) were
added to a mixture of 10 mg tricine, 10 |ag stannous chloride in 0.5
mL saline and 99mTcO,r in saline ( 10 MBq/umol phospholipid) and
the mixture was incubated for 15 min at room temperature. No
postlabeling purification step was applied. Radiochemical purity
was determined by using instant TLC (ITLC) on Gelman ITLC-SG
strips (Gelman Sciences, Inc., Ann Arbor, MI) with 0.15 M sodium
citrate (pH 5.0) as the mobile phase and verified by elution on a
PD-10 column.

Liposome Preparation

In Vitro Characterization

HMPAO Liposomes. Glutathione containing PEG liposomes
(HMPAO liposomes) were prepared as described previously with
minor modifications (3).
Briefly, a lipid mixture in ethanol with a molar ratio composition
of 1.85:0.15:1 (EPC:PEG-DSPE:cholesterol)
was prepared. A lipid
film was formed by rotary evaporation under reduced pressure. The
lipid mixture was dispersed at room temperature by adding 50 mM
glutathione in phosphate-buffered saline (PBS), pH 7.4, at an initial
phospholipid concentration of 120 mM. The liposomes were sized
by multiple extrusion through two stacked polycarbonate mem
branes with a medium-pressure extruder (Avestin, Inc., Ottawa,
Ontario, Canada). Unentrapped glutathione was removed by gel
filtration on a PD-10 column (Pharmacia, Uppsala, Sweden) eluted
with PBS. Liposomes were stored in PBS at 4Â°C.

Stability. Radiolabeled liposomes (100 uL) were incubated with
400 jaL human serum in a 37Â°Cwater bath. Samples of 50 |oL were

HYNIC Liposomes. PEG liposomes containing the HYNICconjugated-DSPE (HYNIC liposomes) were prepared analogously.
A lipid mixture in methanol/chloroform ( 10:1) was prepared with a
molar ratio of 1.85:0.15:0.07:1 (EPC:PEG-DSPE:HYNIC-DSPE:
cholesterol), unless stated otherwise. After evaporation of the
organic solvents, the resulting lipid film was dispersed in PBS at
room temperature. After sizing, the suspension was dialyzed
extensively against PBS overnight at 4Â°Cwith four buffer changes
to remove unconjugated S-HYNIC. Liposomes were stored in PBS
at 4Â°C.The concentration of liposome-associated HYNIC was
determined by converting the hydrazino groups to the correspond
ing hydrazone (extinction coefficient: 2.53 X IO4 L/mol/cm) by a
reaction with p-nitrobenzaldehyde
and measuring the optical
density at 385 nm (17). A correction for scattering of the dispersion
was applied.
Mean particle size of both preparations was determined by
dynamic light scattering with a Malvern 4700 system (Malvern,
United Kingdom). The mean size of the HMPAO liposomes was 90
nm and for the HYNIC liposomes 85 nm. The system also

taken after 5 min, 2, 24 and 48 h of incubation. At each time point,
two samples of each liposome preparation were taken. To permit
calculation of the fraction liposome-associated radiolabel, one
sample was kept aside as a standard and one sample was applied to
a Microbiospin column (Bio-Gel P-6; Bio-Rad Laboratories,
Hercules, CA). The column was spun (1000 X g, 4 min) and the
eluent containing the liposomal fraction was counted in a shielded
well scintillation gamma counter (Wizard, Pharmacia-LKB, Swe
den). The standard was counted simultaneously.
DTPA, Cysteine and Glutathione Challenge. To investigate the
level of transchelation of 99mTc from the liposomes in vivo,
radiolabeled liposomes were incubated with either DTPA, cysteine
or glutathione solutions (20).
Briefly, 26 uM "mTc-liposomes were incubated at 37Â°Cfor l h
with a 13,000, 1300, 130, 13 and 0 molar excess of DTPA, cysteine
or glutathione. The fraction of liposome-associated radiolabel was
determined as previously described. The percentage of "mTc
chelated to DTPA, cysteine or glutathione was calculated.
Animal Model
An abscess was induced in the left calf muscle of young, male,
randomly bred Wistar rats (220-240 g) with approximately 1 X IO9
colony forming units of 5. aureus in 0.1 mL 50%:50% suspension
of autologous blood and normal saline. During the procedure,
animals were anesthetized with ether. After 24 h, when swelling of
the muscle was apparent, the radiolabeled liposomes were injected
intravenously through the tail vein.
Biodistribution Experiments
Twenty-four hours after S. aureus inoculation, 36 rats were
divided randomly into two groups. Rats of each group were
injected with either 10 MBq (0.3 mCi) WmTc-HMPAO liposomes or
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10 MBq WmTc-HYNIC liposomes through the tail vein. At 2, 8 and
24 h postinjection, 6 rats of each group were killed by intraperitoneal injection of 30 mg sodium phÃ©nobarbital.A blood sample was
obtained by cardiac puncture. After cervical dislocation, samples of
infected left calf muscle, uninfected contralateral muscle, bone
marrow, bone, lung, spleen, kidney, liver, small intestine and feces
were collected, weighed and counted in a shielded well scintillation
gamma counter. To correct for physical decay and to permit
calculation of the uptake of the radiolabeled liposomes, injection
standards were counted simultaneously. The results were expressed
as percentage injected dose per gram tissue (%ID/g). Abscess-tocontralateral muscle and abscess-to-blood ratios were calculated.
Gamma Camera Imaging
Two sets of rats received, 24 h after S. aureus inoculation, either
15 MBq (0.5 mCi) WmTc-HMPAO liposomes or 15 MBq (0.5 mCi)
WmTc-HYNIC liposomes through the tail vein (3 rats/group). Rats
were anesthetized with an ethrane/nitrous oxide/oxygen mixture
and placed prone on a gamma camera (Orbiter; Siemens Medical
Systems, Inc., Hoffman Estates, IL) equipped with a parallel-hole,
low-energy collimator. Images were recorded at 5 min, l, 2,4,6, 10
and 24 h postinjection. The images (300,000 counts) were stored in
a 256 X 256 matrix. The scintigraphic results were analyzed by
drawing regions of interest over the abscess, the heart region, the
uninfected contralateral calf muscle (used as a background region)
and the whole animal. Abscess-to-background
ratios and the
percentage residual activity in the abscess (abscess-to-whole body
ratio) were calculated.
Statistical Analysis
All mean values are given as Â±SD. Statistical analysis was
performed with 1-way analysis of variance (ANOVA). The level of
significance was set at P < 0.05.

RESULTS
In Vitro Characterization
Analysis of the HYNIC-DSPE conjugate with TLC
showed two major bands with Rf-values of 0.75 and 0.88,
respectively. The band with an Rf-value of 0.75 represented
unmodified DSPE. Before dialysis, the total concentration of
HYNIC in the dispersion was 368 \iM. The concentration of
liposome-associated HYNIC in the PEG-coated liposome
dispersion after dialysis was 254 uM. This corresponds to
230 nicotinyl hydrazine groups per liposome, assuming an
average liposome size of 85 nm, a phospholipid concentra
tion of 75 umol/mL and a liposome concentration of 5 X
IOMliposomes per milliliter.
The labeling efficiency of the HYNIC liposomes was
always greater than 95% after 15 min of incubation.
Labeling of HYNIC liposomes containing a 100- and
10-fold lower amount of HYNIC-DSPE was less efficient:
24% and 72%, respectively. Further evidence that the
labeling was HYNIC mediated was provided by the observa
tion that liposomes without any HYNIC-DSPE incorporated
showed <1% liposome-associated
radioactivity after the
labeling procedure. Radiolabeling efficiency of the HMPAO
liposomes was always between 70% and 80%. In all cases,
the "Tc-HMPAO
kits used contained >90% lipophilic
WmTc-HMPAO complex, as checked by ITLC. After gel
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filtration, the radiochemical purity of the labeled HMPAO
liposomes was greater than 95%.
Incubation of the radiolabeled liposomal preparations in
serum at 37Â°Cindicated that both preparations were stable,
because no significant decrease in liposome-bound activity
could be detected for both preparations, even after 48 h of
incubation (data not shown). To investigate possible transchelation of "mTc from the liposomes in vivo, radiolabeled
HMPAO liposomes, as well as HYNIC liposomes, were
incubated with either DTPA, cysteine or glutathione. The
HYNIC liposomes were stable toward transchelation with
all three agents at all concentrations, except for a 29%
release of radiolabel in the presence of a 13,000 molar
excess of glutathione. In contrast to these findings, HMPAO
liposomes showed release of radiolabel after incubation with
all three chelators at a 13,000 molar excess, ranging from a
15% release with cysteine up to a 32% with DTPA and a
38% release with glutathione. Furthermore, no transchela
tion was observed with all other concentrations, except for a
22% release in the presence of a 1300 molar excess of
glutathione.
Biodistribution and Gamma Camera Imaging

Tissue biodistribution of the radiolabeled liposomes in
rats with S. aureus infection is summarized in Table 1. Blood
levels were slightly higher for HYNIC liposomes and
decreased slowly for both formulations during the time span
of the experiment. Uptake in the abscess increased with time
for both preparations. At 8 h postinjection, the abscess
uptake of the HYNIC liposomes was significantly higher
(P < 0.0001). The difference decreased with time. However,
the uptake of the HYNIC liposomes remained significantly
higher at 24 h postinjection (P < 0.03). As shown in Table 1,
abscess-to-contralateral
muscle ratios after injection of ei
ther the HYNIC liposomes or the HMPAO liposomes were
similar. Abscess-to-blood ratios increased with time, due to
accumulation of radiolabel in the abscess and the decrease in
activity in the blood.
Kidney uptake was markedly different between the two
liposome preparations. Uptake of the radiolabel increased
after administration of the HMPAO liposomes in the kid
neys, whereas uptake after administration of the HYNIC
liposomes decreased slightly with time. At 24 h postinjec
tion, kidney uptake of the HYNIC liposomes was one third
compared with that of the HMPAO liposomes (0.79 versus
2.47%ID/g, P < 0.0001). A considerable difference was also
observed in splenic uptake. Uptake of the HYNIC liposomes
was markedly lower but increased over time. The HMPAO
liposomes showed higher splenic uptake that slightly de
creased with time. At 24 h postinjection, the uptake of the
99mTc-HMPAO liposomes in the spleen remained twice as
high compared with that of the splenic uptake of the HYNIC
liposomes (8.53 versus 4.33%ID/g, P < 0.005). The initial
activity in the feces at 2 h postinjection was very low for the
HYNIC liposomes as compared with the HMPAO liposomes
(P < 0.0001).
The biodistribution of the two liposomal formulations
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TABLE 1
Biodistribution, Abscess-to-MÃºsele Ratios and Abscess-to-Blood Ratios of 99mTc-HMPAO-PEG-Liposomes and
"Tc-HYNIC-PEG-Liposomes
in Rats with S. aureus Infection in Left Calf Muscle at 2, 8 and 24 h Postinjection
(%ID/g Â±SD, 6 rats/group)
PostinjectionHMPAOh

PostinjectionOrganBloodMuscleAbscessBone
2h
liposomes2.98

PostinjectionH
h
MPAOliposomes3.58 liposomes2.23

***0.05
Â±0.09
0.140.05
Â±
â€”0.66
Â±0.01
0.000.77
Â±
â€”0.69
Â±0.17
0.100.91
Â±
â€”0.18
Â±0.19
0.170.18
Â±
marrowBoneLungSpleenKidneyLiverSmall
â€”0.87
Â±0.03
0.020.86
Â±
â€”10.8
Â±0.10
0.051.87
Â±
Â±1.21.20
0.521.07
Â±
Â±0.060.73
0.060.99
Â±
â€”0.63
Â±0.19
0.260.71
Â±
â€”0.54
Â±0.19
intestineFecesAbscess-to-muscleAbscess-to-bloodHMPAO0.140.09
Â±
0.2312.4
Â±
0.0414.3
Â±
2.80.22
Â±
1.70.22
Â±
Â±0.06
â€”HYNIC- Â±0.038

***0.04
Â±0.16

liposomes1.18

0.200.07
Â±
0.010.84
Â±
0.011.66
Â±
0.200.69
Â±
0.161Â±
0.130.18
Â±
0.260.23
.08 Â±
â€”0.56
Â±0.03
0.070.70
Â±
0.048.45
Â±
0.053.54
Â±
Â±1.881.48
0.561.02
Â±
Â±0.170.61
0.090.86
Â±
â€”0.53
Â±0.16
0.250.92
Â±
0.290.21
Â±
0.090.41
Â±
â€”19.2
Â±0.31
0.0326.0
Â±
4.70.38
Â±
4.90.58
Â±
Â±0.09HYNIC-liposomes2.87
Â±0.0924

Â±0.090.04
â€”1 Â±0.02
0.290.52
.26 Â±
â€”0.12
Â±0.12
0.020.39
Â±
0.058.53
Â±
2.572.47
Â±
0.350.52
Â±
0.070.44
Â±
0.070.52
Â±
0.1336.7
Â±
â€”1.07
Â±16.6
Â±0.25

liposomes1.34
0.180.05
Â±
0.021.74
Â±
0.380.87
Â±
0.360.18
Â±
0.040.49
Â±
0.074.33
Â±
0.860.79
Â±
0.070.82
Â±
0.140.62
Â±
0.130.74
Â±
Â±0.1843.5
23.21Â±
â€”HYNIC.32 Â±0.32

â€”,Not significant; *P < 0.05; "P < 0.01; ""P < 0.001.

was also studied scintigraphically. As depicted in Figure l,
both formulations visualized the infectious focus as early as
1 h postinjection and the contrast between the abscess and
the background improved with time. In accordance with the
biodistribution data, differences in splenic and kidney uptake
between the two formulations were observed. With radiolabeled
HMPAO liposomes the kidneys were visible at 10 and 24 h
postinjection, whereas kidney activity was not apparent with the
HYNIC liposomes at these time points. After injection of
HMPAO liposomes, some bladder activity was observed from 1
h postinjection onward. In contrast, the HYNIC liposomes only
showed bladder activity on the 24 h postinjection image.
The quantitative data derived from the images (ROI
analysis) indicate the retention of the radiolabeled liposomes
in the abscess. Furthermore, the HMPAO liposomes showed
faster whole-body clearance (22% versus 15%, P < 0.0003)
at 24 h postinjection. As depicted in Figure 2, the activity
retained in the abscess (expressed as percentage of the
whole-body activity) increased during the experiment for

A

Ohr

1 hr

6hr

both preparations. From 10 h postinjection onward, a
significant difference was observed between abscess uptake
of HYNIC and HMPAO liposomes (13.9% Â±2.0% versus
9.7% Â±1.0% at 24 h postinjection, P < 0.03). Abscess-tobackground ratios increased with time and were similar for
both liposome formulations, reaching values of 11.5 Â±3.6
and 8.3 Â±1.6 for HYNIC and HMPAO liposomes, respec
tively, at 24 h postinjection. As shown in Figure 3, the
HMPAO liposomes cleared somewhat faster from the blood
pool than the HYNIC liposomes, where 40% of the initial
blood-pool activity (at t = 5 min postinjection) was still
present after 24 h.
DISCUSSION

This study showed that PEG-coated liposomes labeled
with the hydrazino nicotinyl derivative of DSPE had better
imaging characteristics in rats with focal 5. aureus infection
compared with 99mTc-PEG liposomes labeled with HMPAO.
In addition, the labeling procedure of the newly developed

24 hr

4 4 A.
Â§

i

*. â€¢A 44

FIGURE 1. Images of rats with unilateral S.
aureus abscess in calf muscle, recorded at 0 h
(= 5 min), 1, 6 and 24 h postinjection of
99mTc-labeledHYNIC liposomes (A) and HM
PAO liposomes (B). Open arrow indicates
right kidney and solid arrows indicate spleen.
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Babich et al. (75) adapted this labeling method for chemotactic peptides. The S-HYNIC molecule was conjugated to the

18
14

primary amino group of the molecules. To use this method
for labeling liposomes, we conjugated the S-HYNIC to the
primary amino group of the phospholipid DSPE. Subse
quently, the DSPE-HYNIC conjugate was incorporated in
the lipid bilayer. In the labeling procedure tricine was used
as a co-ligand. Originally, glucoheptonate was proposed as
co-ligand for the labeling of HYNIC conjugated proteins

12
10

8
6
4

10

15

hours post injection

FIGURE 2.
Retained activity in abscess as percentage of
residual whole-body activity derived from quantitative analysis of
scintigraphic images of rats with S. aureus infection in left calf
muscle (3 rats/group) injected with 99mTc-HMPAO-PEG lipo
somes (â€¢)and with 99mTc-HYNIC-PEG liposomes (O). Error
bars represent SD.

formulation appeared more convenient. Because of the high
labeling efficiency that exceeded 95%, it did not require
postlabeling purification.
In previous studies, it has been shown that PEG-coated
liposomes labeled with entrapped 99mTc-HMPAO preferen
tially localized in infections and inflammatory foci (25,12,13). The reported labeling efficiencies ranged between
60% and 85% (3,5,13,21). Therefore, this method required a
postlabeling purification step. Recently, Goins et al. (22)
reported on the use of sucrose to improve the shelf life and
the labeling efficiency of glutathione-containing liposomes.
However, even with this improvement, the labeling effi
ciency did not exceed 85% to 90%.
The use of HYNIC as a bifunctional chelator was first
reported by Abrams et al. (14) for labeling IgG with 99mTc.

and peptides (14,15,23). On the basis of the report of Larsen
et al. (18), we have chosen tricine, because it provides more
rapid and efficient labeling. The high labeling efficiency and
rapid labeling procedure has also been reported by Barret et
al. (79).
The HMPAO liposomes were highly stable in vitro, as has
been reported by Phillips et al. (77). In our tests, the stability
of the HYNIC liposomes was at least as good, because
additional transchelation tests indicated that HYNIC lipo
somes were more resistant against transchelation to cysteine,
glutathione and DTPA compared with the HMPAO lipo
somes.
The improved stability probably caused higher blood
levels of the HYNIC liposomes as compared with HMPAO
liposomes. Because the blood level is the driving force of
abscess accumulation, the enhanced abscess uptake of the
HYNIC liposomes, as compared with the HMPAO lipo
somes, apparently resulted from the increased blood levels.
Similarly, Claessens et al. (76) have reported that abscess
uptake of "Tc-HYNIC-hlgG
in the same rat model was
higher than the uptake of "Tc-hlgG preparations labeled by
the Schwartz method and by the iminothiolane method. It
was probably related to the slower plasma clearance of the
"Tc-HYNIC-hlgG
compared with the other two agents.
The uptake of the radiolabel in the kidneys after injection
of the HYNIC liposomes was one third ofthat after injection
with the HMPAO liposomes. This difference might be
explained by the improved stability of the HYNIC lipo
somes and the different labeling methods used. It is conceiv
able that, in the case of the HMPAO liposomes, the
99mTc-HMPAO complex can leak out of the liposome.
Subsequently, it will be excreted in the urine as reduced
WmTc-HMPAO complex. This way of excretion was also
described by Neirinckx et al. (24), who reported on the
excretion of 99mTc-HMPAO in the urine with retention of

60

activity in the kidneys. In the case of the HYNIC liposomes,
the 99mTcis covalently bound to a phospholipid in the bilayer
20

and degradation of the liposomes will probably result in
99mTc-labeled liposome fragments or phospholipids. As

described by Verkade et al. (25), phospholipids will be
rapidly taken up by the liver. This might explain the higher
uptake of radiolabel in the liver after administration of
FIGURE 3.
Blood clearance of both liposome formulations HYNIC liposomes compared with that after HMPAO lipo
derived from quantitative analysis of scintigraphic images of rats somes.
with S. aureus infection in left calf muscle (3 rats/group) injected
Splenic uptake also was markedly lower after injection of
with MmTc-HMPAO-PEG liposomes (â€¢)and with 99mTc-HYNICPEG liposomes (O). Blood-pool activity measured at 5 min the HYNIC liposomes compared with the HMPAO lipo
postinjection was set at 100%. Error bars represent SD.
somes. Although the mechanism is not yet known, this
10

15

25

hours post injection
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difference might be caused by a change in surface charge,
introduced by the incorporation of the HYNIC-DSPE conju
gate and nonconjugated DSPE. Furthermore, the size of the
HYNIC liposomes was somewhat smaller than the size of
the HMPAO liposomes, but this can only partially explain
the difference in splenic uptake (27).
CONCLUSION

This study shows that the new HYNIC-based

"mTc

labeling method for liposomes provided better stability and
preferable in vivo characteristics compared with HMPAO
liposomes. The rapid, one-step labeling procedure is conve
nient and is another step toward the development of a
radiopharmaceutical for infection imaging that is easy to
prepare in every nuclear medicine pharmacy at a relatively
low cost (7).
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