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Magnetic Resonance Imaging of Inﬂammation With a
Speciﬁc Selectin-Targeted Contrast Agent
Sébastien Boutry,1 Carmen Burtea,1 Sophie Laurent,1 Gérard Toubeau,2
Luce Vander Elst,1 and Robert N. Muller1*
E-selectin-targeted contrast enhancement of blood vessels in
inﬂamed tissues was investigated with a new contrast agent,
Gd-DTPA-B(sLex)A, which was recently obtained by grafting a
synthetic mimetic of sialyl-Lewisx, an E-selectin ligand, onto
Gd-DTPA. The pharmacokinetics, biodistribution, and potential
to image inﬂammation by MRI of this E-selectin-targeted contrast agent were evaluated. The inhibition (by 15–34%) produced by Gd-DTPA-B(sLex)A on Sialyl Lex-PAA-biotin binding to
E-selectin conﬁrmed the speciﬁc interaction of the new contrast agent with this adhesion molecule. Gd-DTPA-B(sLex)A
was tested at a dose of 0.1 mmol/kg b.w. on mice and rats in a
fulminant hepatitis model induced by the co-administration of
D-galactosamine and E. coli lipopolysaccharide. A signiﬁcant
and prolonged contrast enhancement between blood vessels
and liver parenchyma was obtained in pathological conditions,
which attests to the speciﬁcity of the agent for E-selectin. The
prolonged vascular residence (48.9 min in hepatitis vs. 29.8 min
in healthy animals), as evidenced by the pharmacokinetic characterization, suggests that Gd-DTPA-B(sLex)A interacts with
the speciﬁc receptors expressed during inﬂammation. The biodistribution of the compound indicates its retention in inﬂamed
liver by both speciﬁc mechanisms and nonspeciﬁc accumulation due to the necrotic lesions. The same mechanisms are
invoked to account for its retention in the spleen. Magn Reson
Med 53:800 – 807, 2005. © 2005 Wiley-Liss, Inc.
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Inﬂammation is deﬁned as the reaction of the body to any
kind of injury (1,2). It involves the activation of powerful
defense mechanisms involving cells (leukocytes) and
plasma proteins (opsonins, antibodies, and complement)
that converge on the injury site. Vasoactive and chemotactic mediators generated at the inﬂammation site are responsible for this recruitment. The subsequent extravasation is facilitated by vasodilatation and increased endothelial permeability in conjunction with the expression of
adhesion molecules on endothelial cells and leukocytes.
The leukocytes’ rolling, arrest, and adhesion on the vascular endothelium, as well as their diapedesis through the
endothelium and the basal membrane, are mediated by
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speciﬁc adhesion molecules, such as integrins, selectins,
and the superfamily of immunoglobulins (3–5).
The in vivo detection of inﬂammation provides a valuable tool for diagnosing a broad range of pathologies with
an inﬂammatory proﬁle (i.e., infection, neoplasm, atherosclerosis, ischemia, etc.), and for monitoring their therapy.
On the other hand, the changes in a tissue’s biochemistry
that occur during inﬂammation offer suitable targets for
tracers that could facilitate the imaging of inﬂammatory
foci in the early phases, before the anatomical changes
become evident (1,6).
Several approaches have been developed over the past
30 years to visualize inﬂammation/infection with the use
of speciﬁc radiopharmaceuticals. Among the strategies
considered by nuclear medicine, one can mention the
targeting of leukocytes or mediators moving to or present
at the site of inﬂammation/infection, and the conﬁrmation
of an increased glucose uptake by inﬁltrated granulocytes
and tissue macrophages (1).
Contrast-enhanced MR imaging (CE-MRI) has greatly improved our understanding of the pathophysiology of inﬂammatory diseases, such as multiple sclerosis (7), inﬂammatory myopathies (8), rheumatoid arthritis (9), and endocarditis (10). However, a modest correlation between the
image enhancement and the evolution of the inﬂammatory
lesion is sometimes encountered. This has been attributed
to the limited sensitivity and speciﬁcity of MRI carried out
with nonspeciﬁc agents (7). MRI is nevertheless a pertinent technique for temporal studies, and is advantageous
because it can simultaneously sample large regions of interest (ROIs). Direct targeting of MR contrast agents to
receptors within the pathological region has the obvious
potential of achieving greater speciﬁcity than “passive”
targeting approaches.
In the present study we developed a molecular imaging
strategy to target E-selectin with a mimetic of its ligand,
the sialyl-Lewisx (Fig. 1). Members of the selectin family
(L-, E-, and P-selectin) have all been shown to be capable of
mediating neutrophil rolling in vitro and in vivo (11).
E-selectin is a membrane glycoprotein that is transiently
expressed on the endothelial cells after stimulation with
TNF-␣, IL-1, and bacterial lipopolysaccharide (12–14).
MRI of E-selectin expression in human endothelial cell
cultures was recently assessed with cross-linked iron oxide nanoparticles (CLIO) functionalized with anti-human
E-selectin antibodies (15).
A mimetic molecule reported in the literature (16) preserves its afﬁnity for E-selectin because of the conformation of 2-(␣-D-mannopyranosyloxy)-biphenyl, which
maintains some of the structure features of sialyl-Lewisx
through the simultaneous presence of the hydroxyl groups
on mannose and the carboxylate function on a phenyl
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Enzyme-Linked Immunosorbent Assay (ELISA) Test of
Afﬁnity for E-Selectin

FIG. 1. Molecular structure of sialyl-Lewisx (a) and the E-selectintargeted contrast agent, Gd-DTPA-B(sLex)A (b).

group. In previous studies we have shown the synthesis a
new contrast agent by grafting the mimetic structure onto
a molecule of Gd-DTPA, the parent nonspeciﬁc and extracellular contrast agent (17,18).
In the present work, the E-selectin-targeted contrast
agent was evaluated in mice and rats with respect to its
pharmacokinetics, biodistribution, and potential to image
inﬂammation by MRI. A fulminant hepatitis model was
used in which the pathological conditions were induced
by the co-administration of D-galactosamine and lipopolysacharide (19,20). The neutrophil adhesion to the sinusoid wall is an early event in this process of liver inﬂammation, which is related to the E-selectin expression during the ﬁrst few hours (21). This animal model was chosen
for two reasons: 1) in humans, E-selectin is up-regulated
on sinusoidal lining cells throughout the liver parenchyma
in acute hepatitis (22,23); and 2) a strong, focal expression
of E-selectin on hepatic endothelium has been detected in
patients with alcoholic hepatitis (24), primary biliary cirrhosis, and acute allograft rejection (25).

MATERIALS AND METHODS
Synthesis of the Contrast Agent
The synthesis of the E-selectin-targeted contrast agent (GdDTPA-B(sLex)A) was recently described (17). Brieﬂy, a
12-step synthesis scheme with an overall yield of 5% was
used to obtain the Gd-DTPA derivative carrying two
groups of 3-(2␣-D-mannopyranosyloxyphenyl) phenyl acetic acid (Fig. 1).
Relaxometry
The proton longitudinal relaxivity in water and rat blood
was measured at 60 MHz and 37°C on a Bruker Minispec
mq60 (Bruker, Karlsruhe, Germany).

We assessed the speciﬁc interaction of Gd-DTPA-B(sLex)A with E-selectin by means of an ELISA test, using
the competition between the contrast agent and the natural ligand of E-selectin, Sialyl Lex. Recombinant mouse
E-selectin/Fc chimera (R&D Systems Europe Ltd., Oxon,
UK) was immobilized on protein A-coated ELISA plates
(PERBIO Science, Erembodegem-Aalst, Belgium) according to the supplier’s instructions. Various concentrations of Gd-DTPA-B(sLex)A (300 M, 30 M, 0.03
M) were incubated with 30 M Sialyl Lex (Sialyl LexPAA-biotin; GlycoTech Corp., Gaithersburg, MD) in TBS
buffer (50 mM Tris-HCl, 150 mM NaCl, 0.02% NaN3,
1 mM CaCl2, pH 7.4) for 90 min at room temperature.
Control samples were prepared to determine the level of
Sialyl Lex-PAA-biotin binding in the absence of GdDTPA-B(sLex)A. After the samples were washed three
times with TBS buffer, they were incubated with peroxidase-conjugated streptavidin (Sigma-Aldrich, Bornem,
Belgium) diluted 1:400 in TBS for 1 hr at room temperature. The wells were washed three times with TBS and
incubated with 0.2 mL of 22 mg % peroxidase substrate
(ABTS
(2,2⬘-azino-bis(3-ethylbenzothiazoline-6sulfonate) diamonium salt); Sigma-Aldrich, Bornem, Belgium) prepared in 50 mM sodium citrate, pH 4.0. The
OD405 was measured after 30 min of incubation at room
temperature. The results represent means of triplicate
determinations (⫾SEM) and were expressed as percentages of Sialyl Lex-PAA-biotin binding in the presence of
Gd-DTPA-B(sLex)A related to noninhibited binding (i.e.,
in the absence of Gd-DTPA-B(sLex)A).

Animal Studies
All of the animal experiments met the requirements of
the ethics committee of our institution. MRI and biodistribution studies were performed on male Balb/Cby JICo
mice (mean weight ⫽ 25 ⫾ 5 g; Iffa Credo, Brussels,
Belgium). Male Wistar rats (mean weight ⫽ 150 ⫾ 25 g;
Iffa Credo, Brussels, Belgium) were used to assess the
plasma pharmacokinetics of the contrast agent. The animals were anesthetized with 50 mg/kg b.w., i.p. Nembutal (Sanoﬁ, Brussels, Belgium). The contrast agents
(Gd-DTPA-B(sLex)A, and Gd-DTPA as control) were administered as a bolus via the femoral vein at a dose of
0.1 mmole/kg to healthy animals (controls) and animals
with hepatitis.

Experimental Model of Fulminant Hepatitis
D-galactosamine hydrochloride (Sigma-Aldrich, Bornem,
Belgium), dissolved in phosphate-buffered saline (PBS),
was injected i.p. at a dose of 2 g/kg. Escherichia coli
026:B6 lipopolysaccharide (LPS; Sigma-Aldrich, Bornem,
Belgium) was administered via the tail vein at a dose of
400 g/kg after it was dissolved in PBS. The fulminant
hepatitis appeared 6 hr after this co-administration of Dgalactosamine and LPS (19,20,26).

802

Boutry et al.

MRI and Data Analysis
MRI was performed on a Siemens® Magnetom Impact
System 1.0 T (40 MHz; CHAMBOR Clinical MRI Center,
Mons, Belgium) with the use of a small-FOV surface coil
(11-cm diameter). A T1-weighted spin-echo sequence was
used with the following parameters: TR/TE ⫽ 600/20 ms;
FOV ⫽ 5 ⫻ 10 cm; matrix ⫽ 90 ⫻ 256; 6 slices; slice
thickness ⫽ 3 mm; spatial resolution ⫽ 0.555 ⫻ 0.390 mm.
One precontrast and several postcontrast images were acquired (three animals per experimental group) every
10 min for up to 60 min.
Signal intensity (SI) values for each time delay were
measured within several ROIs in the liver and a Gd phantom with an in-house-built image analysis software (27).
The liver SI values were normalized with respect to the Gd
phantom. The data were averaged and the standard error
was calculated for each time point. SI enhancement was
deﬁned as the ratio of the difference between pre- and
postcontrast SI to precontrast SI.
Plasma Pharmacokinetics
For determination of the plasma pharmacokinetics, male
Wistar rats (three animals per experimental group) were
tracheotomized, and the left carotid artery was catheterized (Becton Dickinson Angiocath; 0.7 ⫻ 19 mm) for blood
collection. Blood samples (⬃0.3 mL) were collected (with
intravenous saline replacement) before and at 1, 2.5, 5, 15,
30, 45, 60, 90, and 120 min after the injection of the
contrast agent. Since the contrast agent does not bind to
proteins (see below), the gadolinium (Gd) content of the
blood samples was determined by relaxometry at 37°C and
60 MHz on a Bruker Minispec. A two-compartment distribution model was used to calculate the pharmacokinetic
parameters: the distribution and elimination halﬂives
(Td1/2, Te1/2), the apparent volume of distribution (VD␤),
the total clearance (Cltot), and the initial blood concentration C0 (28). We converted the Gd concentrations in blood
to plasma concentrations by assuming a hematocrit value
of 0.53 (blood volume ⫽ 58 mL/kg; plasma volume ⫽ 31
mL/kg) (29).
Biodistribution
The biodistribution studies were performed on mice (N ⫽
3 for sampling times 10 – 45 min, N ⫽ 10 for the 60-min
sampling time) that were killed at different time intervals
(10, 30, 45, and 60 min) after the injection of 0.1 mole/kg
contrast agent. Samples of the liver, kidneys, and spleen
were collected, weighed, dried overnight at 70°C, and subsequently digested (up to 0.4 g each sample) under acidic
conditions (3 mL HNO3, 1 mL H2O2) by microwaves (Milestone MSL-1200, Sorisole, Italy). The Gd content was determined by inductively coupled plasma-atomic emission
spectroscopy (ICP-AES; Jobin Yvon JY70⫹, Longjumeau,
France). The results are expressed as percentages of the
injected dose/g (%ID/g).
RESULTS
Relaxivity of Gd-DTPA-B(sLex)A
The relaxivities of 3.46 s–1 mM–1 and of 4.61 s–1 mM–1 in
aqueous solution and in rat blood were measured at

FIG. 2. Competition of Gd-DTPA-B(sLex)A (300 M, 30 M, 0.03
M) with 30 M Sialyl Lex-PAA-biotin performed in vitro by ELISA.
The results represent averages of triplicate determinations (⫾SEM)
and are expressed as percentages of Sialyl Lex-PAA-biotin binding
in the presence of Gd-DTPA-B(sLex)A related to noninhibited binding (i.e., in the absence of Gd-DTPA-B(sLex)A). Student’s t-test was
used to calculate Sialyl Lex-PAA-biotin binding in the presence of
Gd-DTPA-B(sLex)A vs. noninhibited binding: ** P ⬍ 0.01, * P ⬍ 0.05.

60 MHz and 37°C, respectively. These values, which are
comparable to those observed with Gd-DTPA (3.34 s–1
mM–1 and 4.35 s–1 mM–1), exclude a binding to blood
plasma proteins. This fact is important because competing
interactions would be unfavorable for the ﬁnal targeting of
E-selectin at the sites of inﬂammation by Gd-DTPA-B(sLex)A, as well as for the dosage by relaxometry.
Validation of the Speciﬁc Interaction of Gd-DTPA-B(sLex)A
With E-Selectin
The speciﬁc interaction of Gd-DTPA-B(sLex)A with E-selectin was evaluated by an ELISA test of competition with
Sialyl Lex-PAA-biotin (Fig. 2). The results were expressed
as percentages of Sialyl Lex-PAA-biotin binding (ranges of
concentration: 300 M, 30 M, and 0.03 M) to E-selectin
in the presence of Gd-DTPA-B(sLex)A (30 M). The results
show that Gd-DTPA-B(sLex)A inhibited the Sialyl LexPAA-biotin binding to E-selectin by 15–34%, depending
on the concentration of the contrast agent. It is evident that
Gd-DTPA-B(sLex)A preserves a high afﬁnity for this adhesion molecule, since it induced 20% inhibition (P ⬍ 0.01)
of Sialyl Lex-PAA-biotin binding at equivalent concentrations (30 M).
MRI Studies of Gd-DTPA-B(sLex)A
Figure 3 shows coronal views of a healthy mouse (Fig. 3a)
and a mouse with hepatitis (Fig. 3b) obtained before and at
several time intervals after i.v. administration of GdDTPA-B(sLex)A. The images acquired up to 1 hr after
administration of the agent show no signiﬁcant and persistent contrast enhancement in the liver of the healthy
mouse. The urinary bladder is apparent and is ﬁlled with
contrast agent 30 min after its injection, which attests to
the excretion of the compound. In the precontrast image of
the mouse with hepatitis, the liver blood vessels appear

FIG. 3. MR coronal images of a healthy mouse (a) and a mouse with hepatitis (b) before and several time intervals after i.v. administration
of Gd-DTPA-B(sLex)A. The images were obtained with a Siemens® Magnetom Impact System at 1.0 T. Note: The urinary bladder of the
healthy mouse (a) is apparent and is ﬁlled with contrast agent 30 min after its injection, which attests to the excretion of the compound.

dark compared to the parenchyma. However, they become
bright in the postcontrast images, and the enhancement
persists over 60 min. The enhancement of other systemic
blood vessels, including the heart, is noticeable in pathological conditions. Gd-DTPA did not produce any contrast
between blood vessels and liver parenchyma in healthy
mice and mice with hepatitis over the same period (not
shown).
The relative change of postcontrast vs. precontrast SI
calculated for the liver of different experimental groups is

presented on Fig. 4. For the healthy mice injected with
Gd-DTPA-B(sLex)A, no signiﬁcant change was observed in
the liver. On the other hand, a rapid and sustained enhancement of SI was noticed in the injured livers after
injection of Gd-DTPA-B(sLex)A. The SI reached a maximum (55%) 3 min postcontrast and remained at about
35% until the end of the imaging period (60 min). The
statistical analysis revealed a signiﬁcant difference compared to the other experimental groups, such as the GdDTPA-treated animals.
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Biodistribution of Gd-DTPA-B(sLex)A

FIG. 4. Percentage change of postcontrast SI vs. time for liver in
different experimental groups. The results are represented as averages ⫾ SEM and were statistically processed using Student’s t-test:
** ⫽ P ⬍ 0.01, * ⫽ P ⬍ 0.05 as compared to healthy mice injected
with Gd-DTPA-B(sLex)A; }} ⫽ P ⬍ 0.01 and } ⫽ P ⬍ 0.05 as
compared to healthy mice injected with Gd-DTPA; ❖❖ ⫽ P ⬍ 0.01
and ❖ ⫽ P ⬍ 0.05 as compared to mice with hepatitis injected with
Gd-DTPA.

Plasma Pharmacokinetics
The pharmacokinetic parameters of Gd-DTPA-B(sLex)A
were determined for both the healthy rats and those with
hepatitis. Gd-DTPA was used as a control. A standard
two-compartment model (Fig. 5) can describe the blood
pharmacokinetics of both compounds. The data in Fig. 5
are represented as percentages of the plasma concentration
C0 (concentration at time 0) to emphasize the kinetics of
blood clearance for each experimental group. We calculated the pharmacokinetic parameters (Table 1) by ﬁtting
the curves of blood concentration as a function of time
after a single bolus i.v. injection.
The results show a prolonged elimination halﬂife (Te1/2 ⫽
48.9 min in rats with hepatitis; Te1/2 ⫽ 29.8 min in healthy
rats) for Gd-DTPA-B(sLex)A, which conﬁrms the MRI data.
This pharmacokinetic parameter suggests a slow elimination
of Gd-DTPA-B(sLex)A that is proved on one hand by the high
and sustained contrast enhancement observed in the inﬂamed liver, and on the other hand by the low and almost
unaffected SI in kidneys.
The delayed clearance (2.54 mL/kg/min) in pathological
conditions corroborates our previous statements concerning the blood pharmacokinetics. The clearances determined for the other experimental groups are higher and
quite similar, which is explained by the nonspeciﬁc character of Gd-DTPA and the absence of E-selectin in healthy
animals.
The VD␤ of Gd-DTPA-B(sLex)A ranges between 0.319
L/kg (hepatitis) and 0.311 L/kg (healthy), and is not significantly different from the values observed for Gd-DTPA.

The biodistribution of Gd-DTPA-B(sLex)A in different organs (e.g., the liver, kidneys, and spleen) up to 1 hr after
administration of a single i.v. injection of 0.1 mmol Gd/kg
was analyzed in mice under pathological conditions and
compared with results from healthy mice and Gd-DTPA
(Table 2).
The biodistribution studies conﬁrm the MRI and pharmacokinetic data by demonstrating an elevated liver uptake of Gd-DTPA-B(sLex)A in mice with hepatitis (16.22%,
P ⬍ 0.01) as compared to healthy mice (6.72%) early
(10 min) after its administration. The same holds true 1 hr
after contrast agent administration (12.06% in mice with
hepatitis vs. 1.36% in healthy mice).
The route of excretion is probably renal, as suggested by
the Gd concentration in the kidneys, which is lower in
animals with hepatitis (39.28%) than in healthy ones
(64.64%) 10 min after injection.
The Gd concentration of Gd-DTPA-B(sLex)A in the
spleen is higher during inﬂammatory pathology (6.50 –
17.13%) than in the physiological state (2.08 – 4.71%). The
contrast agent may be retained in the spleen because of the
interaction with L-selectin expressed by lymphocytes. As
previously mentioned, the ligand of L-selectin is also a
molecule of the sialyl-Lewisx type (23).
To conﬁrm the speciﬁcity of Gd-DTPA-B(sLex)A, we
compared its biodistribution with that of Gd-DTPA 1 hr
after administration in healthy mice or mice with hepatitis.
Both contrast agents were found in higher concentrations in the liver of animals with hepatitis. However, the
level of Gd-DTPA-B(sLex)A was superior (12.06%, P ⬍
0.01) to that of Gd-DTPA (5.68%), which probably accumulated nonspeciﬁcally in the injured liver parenchyma.
Nevertheless, the accumulation of Gd-DTPA-B(sLex)A in
the liver parenchyma is expected to be limited because its

FIG. 5. Blood pharmacokinetic proﬁles of Gd-DTPA-B(sLex)A vs.
Gd-DTPA in rats. The data are represented as percentages of C0.
The solid line represents the ﬁt of data to a biexponential proﬁle. For
the sake of clarity, the error bars have been excluded.

Inﬂammation Imaging With a Selectin-Targeted Contrast Agent

805

Table 1
Pharmacokinetic Parameters of Gd-DTPA and Gd-DTPA-B(sLex) A Determined in Rats
Gd-DTPA-B(sLex) A

Gd-DTPA
Pharmacokinetic parameters
Td1/2 (min)
Te1/2 (min)
Cltot (mL/kg/min)
VD␤ (L/kg)

Healthy

Hepatitis

Healthy

0.7 ⫾ 0.04
14.9 ⫾ 1.2
8.66 ⫾ 1.18
0.205 ⫾ 0.030

1.0 ⫾ 0.2
22.2 ⫾ 1.6
7.26 ⫾ 0.69
0.270 ⫾ 0.042

2.1 ⫾ 0.4
29.8 ⫾ 2.4
6.36 ⫾ 0.75
0.311 ⫾ 0.045

Hepatitis
1.4 ⫾ 0.2***
48.9 ⫾ 4.8*,***,****
2.54 ⫾ 0.35**,***,****
0.319 ⫾ 0.052

The results are represented as averages ⫾ SEM; the Student t- test has been calculated for Gd-DTPA-B(sLex)A in pathological conditions
vs. each of other experimental groups: ** ⫽ Pp ⬍ 0.01, * ⫽ P ⬍ 0.05 as compared to healthy mice injected with Gd-DTPA-B(sLex)A: *** ⫽
P ⬍ 0.01 as compared to healthy mice injected with Gd-DTPA: **** ⫽ p ⬍ 0.01 as compared to mice with hepatitis injected with Gd- DTPA.
Td1/2, distribution halﬂife; Te1/2, elimination halﬂife; Cltot, total clearance: VD␤, volume of distribution.

ligand is expressed on vascular endothelium. This is conﬁrmed by the MRI studies, which show an enhancement of
the liver blood vessels.
The Gd concentration in kidneys was highest in animals
with hepatitis injected with Gd-DTPA-B(sLex)A, but this
value was not signiﬁcantly different from Gd-DTPA in
similar conditions.
The retention of Gd-DTPA-B(sLex)A in spleen has the
same causes as explained above. However, a nonspeciﬁc
accumulation was observed in different organs for both
contrast agents in pathological conditions, probably as a
consequence of the lesions produced by the co-administration of LPS and D-galactosamine.
DISCUSSION AND CONCLUSIONS
E-selectin, which is absent from normal liver tissue, is
strongly expressed on sinusoidal lining cells in inﬂammatory liver diseases. In the present study, E-selectin was
targeted by a speciﬁc marker for MRI diagnosis. The new
contrast agent mimics the sialyl-Lewisx molecule, which is
the main ligand of E-selectin, and is proposed not only for
the morphological diagnosis of inﬂammatory lesions, but
also as a functional marker of immune response. Therefore, Gd-DTPA-B(sLex)A could be used successfully to
monitor immune reactions during a therapeutic procedure.

The competition performed in vitro with Sialyl Lex, the
natural ligand of E-selectin, proved that Gd-DTPA-B(sLex)A interacts speciﬁcally with this adhesion molecule.
The results show that Gd-DTPA-B(sLex)A preserves a high
afﬁnity for E-selectin by inhibiting the Sialyl Lex-PAAbiotin binding by 20% at equivalent concentrations (30
M).
The MRI studies demonstrate that the new compound
signiﬁcantly enhanced (by 55–35%) the liver blood vessels
of the animals with hepatitis over a period of 60 min.
Previous studies done with Magnevist® in chronic hepatitis (30) showed a patchy enhancement in acute liver
inﬂammation, which was correlated with hepatocellular
damage, while the enhancement of linear-shaped areas in
advanced hepatitis indicated the presence of ﬁbrosis. The
enhanced areas in our images (Fig. 3b) obtained with GdDTPA-B(sLex)A on hepatitis are not attributable to ﬁbrotic
lesions, since our model of inﬂammation corresponds to
an acute pathology. The systemic blood vessels, including
those in the heart, are also enhanced by Gd-DTPA-B(sLex)A in pathological conditions, which is explained by a
systemic LPS induction of E-selectin expression (31).
The MRI data are conﬁrmed by the pharmacokinetic
evaluation and the biodistribution data, which reﬂect a
delayed elimination of Gd-DTPA-B(sLex)A and an elevated liver uptake in animals with hepatitis. Its interaction
with E-selectin or other adhesion molecules containing a

Table 2
Biodistribution of Gd-DTPA-B(sLex)A vs. Time in Healthy Mice and Mice With Hepatitis After
Single i.v. Administration of 0.1.mmol Gd/kg
Gd-DTPA
(% of ID/g)

Gd-DTPA(sLex)A (% of ID/g)
Organs
Liver
Healthy
Hepatitis
Kidneys
Healthy
Hepatitis
Spleen
Healthy
Hepatitis

10 min

30 min

45 min

6.72 ⫾ 0.29
16.22 ⫾ 1.80**

5.57 ⫾ 0.47
11.12 ⫾ 1.53**

4.75 ⫾ 0.54
8.53 ⫾ 1.05**

64.64 ⫾ 3.09
39.28 ⫾ 1.31**

58.20 ⫾ 3.70
34.82 ⫾ 2.34*

4.71 ⫾ 0.66
17.13 ⫾ 1.10**

2.88 ⫾ 0.10
9.06 ⫾ 0.85**

34.14 ⫾ 5.76
31.62 ⫾ 2.51
1.55 ⫾ 0.15
9.43 ⫾ 0.70**

60 min
1.36 ⫾ 0.25****
12.06 ⫾ 1.27**,***

60 min
2.04 ⫾ 0.14
5.68 ⫾ 0.45*

11.39 ⫾ 1.20
41.70 ⫾ 2.29**

15.66 ⫾ 0.82
39.06 ⫾ 2.50**

2.08 ⫾ 0.29
6.50 ⫾ 0.48**

1.62 ⫾ 0.05
7.62 ⫾ 0.66*

The results represent averages ⫾ SEM. N ⫽ 3 for the sampling times 10 – 45 min, N ⫽ 10 for 60 min sampling time. The data were
statistically processed using the Student t-test: ** ⫽ P ⬍ 0.01 and * ⫽ P ⬍ 0.05 as compared to healthy mice and for Gd-DTPA-B(sLex)A
vs. Gd-DTPA (*** ⫽ p ⬍ 0.01; **** ⫽ P ⬍ 0.05).
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lectin domain is likely to contribute to the delayed blood
clearance by slowing down the elimination phase. In
pathological conditions, Gd-DTPA-B(sLex)A should accumulate more speciﬁcally at sites of inﬂammation through
the interaction with E-selectin expressed on blood vessels,
a process that will prolong the elimination halﬂife. The
selectins are suitable to work in ﬂow conditions because of
their fast association and dissociation constants (32,33),
which enable the adhesion of leukocytes to the vascular
endothelium. Since the selective contrast agent reproduces the sialyl-Lewisx molecule, its interaction with Eselectin should therefore be transient, enabling recirculation in the blood stream and subsequent delayed elimination.
An accumulation also observed in other organs (e.g., the
liver, kidneys, and spleen) is attributable to the lesions
produced by this inﬂammatory model. Additionally, LPS
is known to induce acute renal failure associated with a
fall in the glomerular ﬁltration rate and a variable reduction in the renal blood ﬂow (34). This phenomenon may
contribute to the delayed blood clearance, combined with
a partial nonspeciﬁc accumulation in different organs.
Still, our data reﬂect a speciﬁc retention of Gd-DTPAB(sLex)A in pathological conditions.
This work thus conﬁrms the potential of Gd-DTPA-B(sLex)A, as was recently demonstrated in the context of brain
injury and inﬂammation (35,36).
Gd-DTPA-B(sLex)A shows promise as an in vivo tool for
the noninvasive analysis of E-selectin expression in inﬂammatory disorders. This notion is supported by the fact
that it provides a signiﬁcant and prolonged contrast enhancement, a long vascular residence time, and an elevated uptake in inﬂamed tissue.
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