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Abstract: Dynamic contrast enhanced MN was used

to

compare two macromolecular contrast agents, gadomer-17
and polylysine-Gd-DTPA, with commercially available GdDTPA for determining the quality of tumor vasculature.
From the obtained MR images, tissue permeability PS and
blood volume BV were calculated. According to PS and BV
values were the contrast agents classified. Results suggest
that gadomer-17 and polylysine-Gd-DTPA are superior to
Gd-DTPA.

INTRODUCTION
The use of contrast-enhancing agents in conjunction
with MRI (contrast enhanced MRI) provides an opportunity

to

non-invasively extract physiological information.

Contrast agents that are being developed nowadays are
designed to define the physiology and patophysiology in
various tissues. In general, they can be divided into two
groups: low-molecular-weight and macromolecular contrast
agents. Low-molecular-weight contrast agents, represented

by Gd-DTPA, have proved to be useful in detecting
abnormalities in blood-brain-barrier t1l. Unfortunately,

their performance is limited by rapid clearance from the

blood into the

extra-vascular compartment l2l.

Macromolecular contrast agents are being developed to
investigate blood pool and evaluate capillary-integrity [3].
Multiple applications of these contrast agents have been

of relative tissue blood
volume, abnormal vascular permeability t4] and monitoring
changes in tumor blood flow [5].
In this study, contrast agents that differ in molecular
weight (Gd-DTPA, gadomer-17 and polylysine-Gd-DTPA)

tested, including assessment

were compared for the role of identifzing and
characterizing tumor vasculature. Namely, tumor
vasculature is different then that of the normal tissue.

Abnormalities are usually associated with vascular leakage,
by which macromolecules pass into the interstitial space.
To obtain a measure for the comparison, permeability
surface area product PS and blood volume BV were derived
and calculated for each contrast agent on a pixel-by-pixel

on the results, we propose the use of
macromolecular contrast agents for characterizing tumor
basis. Based
vasculature.

Fibrosarcoma

SA-l (The Jackson Laboratory, Bar Harbor,

ME) syngeneic to A/J mice was used as a tumor model. A
mixture of Domitor@ 1Pfizer GmbH, Germany) 1.0 mg/kg
body weight and Ketamin l0%@ (Veyx-Pharma GmbH,
Germany) 75.0 mg/kg body weight (bw) administrated i.p.
was used for anesthesia.
Mzu was performed on a 2.35 T Bruker Biospec
system. First, pre-contrast image was acquired: TR : 600
ms, TE : 18 ms, matrix 256 x 256, slice thickness 2 mm,
field of view 7 cm and acquisition time 5 min. Then,
contrast agent was administered, and a central data subset
of the k-domain with dimensions 32 x 256 k-space data
points was acquired repetitively for 100 min. Each such
subset was acquired in 38 s, then completed with the data
from the pre-contrast acquisition and reconstructed with 2D
inverse Fourier transformation.

Clinically available Gd-DTPA (Magnevist@, Schering
AG, Berlin, Germany) was used as a low-molecular-weight
contrast agent, administered to a group of 5 animals, in a
dose of 0.1 mmol Gd/kg bw. Gadomer-L7 (Schering AG,
Berlin, Germany) was used as an intermediate molecular

size contrast agent (30 kDa) with conrplete renal
elimination and plasma half-life in rats of 37.5 min.
Gadomer-l7 was administered to a second group of 5
animals in a dose of 0.025 mmoVkg bw. Polylysine-GdDTPA (Schering AG, Berlin, Germany) was used as a
representative macromolecular contrast agent (= 50 kDa)
with plasma half-life in rats of 94 min. Polylysine-GdDTPA was administered to a third group of 5 animals in a
dose of 0.025 mmoVkg bw. All three contrast agents were
administered in a bolus via 23-gauge i.v. cannula (Vygon
247 Yenoflux infusion set, France) inserted into a tail vein.
For the quantitative analysis of enhancement, identical

regions of interest were defined within the tumor and
surrounding air (noise) at each time point. Using the
method described in [5], BV and PS were calculated.
RESULTS AND DISCUSSION

Typically, tumors enhanced heterogeneously with
contrast agents used, with highly vascular rim enhancing

more than partly vascular, partly necrotic tumor core.
Prompt and marked enhancement of the highly vascularized

MATERIALS AND METHODS

In experiment, 15 AIJ mice of both sexes, purchased
from Rudjer Bo5koviö Institute, Croatia, were used.

tumor rim was achieved with polylysine-Gd-DTPA and
somewhat less pronounced with gadomer-17. The
enhancement of the subcutaneously implanted tumors
increased gradually with both macromolecular contrast
agents, reflecting diffusion of both agents from blood into
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the interstitial space. Enhancement with low-molecularweight contrast agent (Gd-DTPA) was also prompt

and

include the whole tumor, but was tending to decline after
the first minute, due to rapid transendothelial diffusion and
rapid renal elimination.
Fig. I shows representative intensity curves for GdDTPA, gadomer-l 7 and polylysine-Gd-DTPA enhancement

of

of

tumors. Intensity curve
Gd-DTPA enhancement
increased significantly during the first 2-3 minutes and then

decreased

which indicates a rapid

transendothelial
equilibration. Intensity curve of gadomer-17 enhancement
increased gradually over the first 20 minutes then slowly
decreased, which indicates vascular leak and accumulation
of contrast agent in the interstitial space of the tumor.

Intensity curve

of

polylysine-Gd-DTPA enhancement
increased substantially over time, which again indicates

vascular leak and long accumulation of the contrast agent
associated with the size of the molecule.

High mean BV value obtained with Gd-DTPA indicates
rapid transendothelial equilibration, which can also be
concluded from high mean PS value. Approximately equal
mean BZ values that were obtained with gadomer-l7 and
polylysine-Gd-DTPA are lower compared to those obtained
with Gd-DTPA. which indicates slow diffusion of both
agents from blood into the interstitial space due to larger
molecular size. The same is true for mean PS values. Large

molecular size

of

gadomer-l7

or polylysine-Gd-DTPA

aggravates passages through vascular endothelia compared

to small Gd-DTPA,

even though intercellular gaps are

present due to patophysiological transformation.

CONCLUSION

All three contrast agents used are important for clinical
diagnostics of tumors. However, small Gd-DTPA is more
appropriate for qualitative analysis t6l while
macromolecular contrast agents, gadomer-17

4.5
4.O

and

polylysine-Gd-DTPA, can also give quantitative evaluation.
Gadomer-I7 has a slight advantage from polylysine-GdDTPA, which is complete renal elimination. Unfortunately,

A-i^

3.5

large paramagnetic molecules, such as both contrast agents
used in this study, are not available yet for clinical use.
However, the recognition that these agents could improve
clinical diagnostics, may hasten their development.
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Figure 1: Graph depicts intensity curves after i.v. bolus
administration of Gd-DTPA, gadomer-l7 and polylysineGd-DTPA.
Described curve profiles are in accordance with BZ and
PS values that were calculated for each tumor and each
contrast agent used. Mean BV and PS values were: 20 + 2.3
1.3 oÄ; 680 +
Yo; 4710 + 45.8 pllcclh for Gd-DTPA, 8.8

t

30.1 pl/cclh for gadomer-I7 and 8.6 t l.l oÄ;510 t27.3
yllcclh for polylysine-Gd-DTPA, respectively (Fig. 2).
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Figure 2: Bar graphs: BZ values for each contrast

agent

and PS values for each contrast asent.
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