
EP 0 166 755 B1 Description This invention relates to the use of a
matrix-enclosed magnetically responsive material for the manufacture of NMR
imaging contrast agent. 5      In diagnostic medicine, contrast agents are
today being used primarily in X-ray diagnostics where an increased contrast
effect is obtained during examination of, for example, internal organs,
such as the kidneys, the urinary tract, the digestive tract, the vascular
system of the heart (angiography), etc. This contrast effect is based upon
the fact that the contrast agent itself is less permeable to X-rays than
the surrounding tissue, as a result of which a different blackening of the
X-ray plate is obtained. 10    X-raying implies certain radiation hazards,
but during angiography the risk of complications is associated in
particular with the use of contrast agents. In recent years, a number of
new methods have been introduced in diagnostic imaging. One such method
goes by the name NMR (Nuclear Magnetic Resonance) which provides
information not only about the distribution of the water content in a
specific tissue (in contradistinction to radiology which merely 15  gives a
measure of the transmissibility of the X-rays in a specific tissue), but
also about the chemical tissue structure which is different in normal and
pathological tissue. In the NMR method, a strong and homogeneous magnetic
field is applied across the tissue to be examined. By studying the
so-called relaxation times of the protons of the molecules present,
especially the protons of the water, it is possible to produce, via
comprehensive and complex computer calculations, 20  a visual image of the
structure of the tissue concerned. There is, however, an interest in being
able to make a differential diagnosis between pieces of tissue having a
high density of blood vessels and, alternatively, tissue having a low
density of vessels. Such a situation, which has considerable clinical
interest, occurs with the localisation of tumours which, in their
periphery, have a higher density of vessels as compared with normal tissue.
25     One useful method in this context would be to inject into the
vascular system a contrast agent comprising particles responsive to a
magnetic field and showing changes in the above-mentioned relaxation times.
It may be noted that drug-targetting matrix bound magnetically responsive
particles are described in WO-A-78/00005 and WO-A-83/01738 - these
publications suggest that the magnetically responsive 30  nature of the
particles be utilized to enable the particles to be caused to congregate at
desired sites there to release a biologically active agent. However
according to the present invention there is provided the use of
magnetically responsive material for the manufacture of a diagnostic agent
for use in a method of nuclear magnetic resonance imaging of a subject,
said agent comprising particles of a matrix material having a diameter of
up to 10 35  micrometers, for example at least 0.01 micrometer, and having
enclosed therein said magnetically responsive material. The magnetically
responsive particles interfere with the above-mentioned homogeneous
magnetic field in that there is formed, around each individual particle, a
field gradient which in its turn changes the relaxation times. 40     Put
more simply, this means that "black holes" are formed around each particle
which may be visualised and thus give an impression of the vessel density
in the tissue in question. By labelling the particles with some
gamma-radiating nuclide (for example technetium-99m) it is possible to
localise the particles by means of a gamma camera and thereby also to
combine such examination with the other technique referred to above. 45
When using the magnetically responsive material containing matrix
particles, it is desirable, in order to achieve optimal conditions, to be
able to vary the amount of magnetically responsive material, without
affecting on that account the pharmacodynamic and circulatory
characteristics of the particles. To be able to do this, one most use a
technique which involves enclosing the responsive material in a matrix,
preferably a matrix of spherical shape, and the matrix itself should
satisfy the following criteria: 50  - biocompatible - biologically
degradable - nonimmunogenic. A matrix of this type normally is built up of
some type of polymers which are held together by chemical bonds. Different
types of polymers are available for making such matrices. However, the
selection of 55  polymers will be very limited  if the above-mentioned
criteria of the matrix are to be fulfilled. One type of polymers that has
proved useful in these contexts are the carbohydrates and their
derivatives, especially those which occur naturally in the body. Endogenous
carbohydrates are represented by starch and glycogen, but dextran also may
be included 



in this group because of its prolonged use as a blood substituent in
medical service. 60     The production of a carbohydrate matrix satisfying
these criteria is described in WO-A-83/01738, WO-A-83/03426 and
WO-A-84100294. Another set of polymers that have proved to satisfy the said
criteria are polyamino acids, such as proteins of the type albumin. The
production of polyamino acid matrices is disclosed in US-A-424706. Other
parenterally-administrable, particulate, magnetically responsive
material-containing agents are 65  disclosed in WO-A-78/00005. This
publication however suggests utilization of the magnetic    EP 0166 755 B1
responsiveness for drug targetting by the application of an external
magnetic field. Further types of polymers are represented by synthetic
polymers, such as acrylates, polystyrene etc. The production of matrices
from synthetic polymers is well documented in the literature. In this
connection it is extremely advantageous if covalent cross-linking of the
polymers can be 5 avoided in the production of a useful matrix. For
example, covalently cross-linked carbohydrate matrices have been found to
produce transformed cells, in the form of granuloma, when used on humans
(see Am.Surg. (1955) 142, 1045). When using covalently cross-linked
proteins, there is a risk of immunological reactions because the resulting
derivatised protein is not recognised by the body's immunity system as a
protein belonging to the body. There are, however, for specific systems no
alternatives to the covalent cross-linking, especially when using synthetic
polymers or combinations of different polymers and cross-linking agents in
order to obtain a useful system. As an example, it is possible to
cross-link acrylic polymers with starch and, - alternatively, the
cross-link starch with acrylates. Another useful possibility which is
described in the literature is the production of larger particles from 15
smaller particles. For example, it is possible to produce  from 0.5
micrometer particles, conglomerates of larger particles, for example in the
range of about 10 micrometers. Another factor of importance to the
injection of spherical particles into the vascular system is that the
spheres have a size that prevents them from getting stuck in the capillary
system of different tissues during the first passage. To prevent this, the
particle must have a diameter below 1 micrometer (Chem. Pharm. 20 Bull.
(1975) 23, 1452) and a surface structure of hydrophilic character. When
particles are injected into the vascular system, all particles will have
collected after a given period of time in the liver or spleen (the RES
system) because the normal function of these organs is to purify the blood
of foreign particles. At present, there is only one method described which
is capable of collecting particles to organs other than those mentioned
above, and this is by utilising magnetically 25 responsive particles or
spheres. This is of particular interest in the context of this invention
because spherical particles containing magnetically responsive substances
can be used and be made to stop in different tissues by means of the
external magnetic field. When the magnetically responsive particles then
are stuck in the desired tissue, the tissue in question can simply be
visualised by means of the NMR method. 30 The magnetically responsive
material used according to the invention may consist, for example, of
magnetite particles enclosed in the form of discrete particles of varying
size, or in the form of complexed ions. One conceivable matrix for use in
the context of this invention consists of carbohydrates that have been
stabilised by crystallization, which means that the type of chemical bonds
holding the polymeric 35 network together is not covalent in character,
mainly hydrogen bonds, van der Waals forces or, in some cases, ion bonds.
As carbohydrates, use may be made of all conceivable variants, including
carbohydrates of varying molecular weight and/or substituted or otherwise
derivatised carbohydrates. For example, it may be mentioned that it is
possible to produce and use magnetically responsive carbohydrate particles
in which 40 the carbohydrate is of starch origin and low-molecular of the
type glucose, maltose, dextrins etc., and successively increasing molecular
weight up to native potato starch having a molecular weight of several
millions. The same molecular weight range is applicable to other
carbohydrate groups, such as dextran or glycogen. Another matrix for use
according to the invention may consists of polyamino acids, such as the
protein 45 albumin in which the matrix is stabilised by heating and the
cohering forces are not covalent in character, of the type hydrophobic
interactions, hydrogen bonds, van der Waals forces or ion bonds. In a
manner similar to what has been stated above, it is also possible to use
synthetic polymers or combinations as 



matrix. The following Example should not be regarded as restrictive and
merely serves to illustrate the main 50 features of the invention. Example
Dextran spheres having a size of about 1 micrometer with enclosed magnetite
particles (size 10-20 nm) were suspended in human serum. The relaxation
times of the solution were measured with an NMR 55 apparatus (Praxis II,
Alnor Instrument AB, Nykoping) and compared with the relaxation times for
the same serum without magnetically responsive dextran spheres. The
following values of [err] and [err] respectively, were obtained. 60 65 3
EP 0166 755 B1 [err] (ms)     [err] (ms) Serum without particles:
1660        400 Serum with particles: conc.:    0.05 mg/ml        1342
109 0.1  mg/ml       1306         82.2 0.2 mg/ml        1147         52.6
0.5 mg/ml         968         30.7 1.0 mg/ml         813         24.0 2.0
mg/ml         688         19.9 4.0 mg/ml         691         22.9 20 Claims
1. Use of magnetically responsive material for the manufacture of a
diagnostic agent for use in a method of nuclear magnetic resonance imaging
of a subject, said agent comprising particles of a matrix material having a
diameter of up to 10 micrometers and having enclosed therein said
magnetically 25 responsive material. 2. Use as claimed in claim 1 for the
manufacture of a said agent wherein the diameter of said matrix material
particles is at least 0.01 micrometer. 3. Use as claimed in claim 1 for the
manufacture of a said agent wherein the diameter of said matrix material
particles is at least 0.5 micrometers. 30     4. Use as claimed in any one
of claims 1 to 3 for the manufacture of a said agent wherein the diameter
of said matrix material particles is less than 1 micrometer. 5. Use as
claimed in any one of claims 1 to 4 for the manufacture of a said agent
wherein said particles of matrix material enclose particles of magnetite.
6. Use as claimed in claim 5 for the manufacture of a said agent wherein
said particles of magnetite are 35 10 to 20 nanometers in size. 7. Use as
claimed in any one of claims 1 to 6 for the manufacture of a said agent
wherein said matrix material is a carbohydrate or a derivative thereof. 8.
Use as claimed in claim 7 for the manufacture of a said agent wherein said
matrix material is a material selected from starch and derivatives thereof,
glycogen and dextran. 40     9. Use as claimed in claim 1 for the
manufacture of a said agent comprising dextran spheres of about 1
micrometer diameter having enclosed therein magnetite particles of 10 to 20
nanometer size. 10. Use as claimed in any one of claims 1 to 9 for the
manufacture of a said agent in a form adapted for injection into said
subject's vascular system. 45 Patentansprnche 1. Verwendung eines
magnetisch anregbaren Materials zur Herstellung eines diagnostischen
Mittels so  fur die Anwendung bei der Kernspin-Tomographie eines Patienten,
wobei das Mittel Matrix-Partikel mit einem Durchmesser bis zu 10 pm
umfafgt, worin das magnetisch anregbare Material enthalten ist. 2.
Verwendung nach Anspruch 1, zur Herstellung des Mittels, worin der
Durchmesser der Matrix- Partikel mindestens 0,01 pm betragt. 3. Verwendung
nach Anspruch 1 zur Herstellung des Mittels, worin der Durchmesser der
Matrix- 55 Partikel mindestens 0,5 jlm betrAgt. 4. Verwendung nach einem
der Anspruche 1 bis 3 zur Herstellung des Mitteiz. worin der Durchmesser 



der Matrix-Partikel weniger als 1 lam betrdgt. 5. Verwendung nach einem der
Anspruche 1 bis 4 zur Herstellung des Miitels, worin die Matrix-Partikel
Magnetit-Partikel enthalten. 60     6. Verwendung nach Anspruch 5 zur
Herstellung des Mittels, worin die Magnetit-Partikel eine GroIe von 10 bis
20 nm aufweisen. 7. Verwendung nach einem der Anspruche 1 bis 6 zur
Herstellung des Mittels, worin das Matrixmaterial ein Kohlenhydrat oder ein
Derivat davon ist. 8. Verwendung nach Anspruch 7 zur Herstellung des
Mittels, worin das Matrixmaterial unter Starke 65 und deren Derivaten,
Glykogen und Dextran ausgewahIt ist. 4    EP  0 166 755  B1 [err] (ms)
[err] (ms) Serum without particles:                        1660        400
Serum with particles: conc.:    0.05 mg/ml      1342        109 0.1  mg/ml
1306         82.2 0.2 mg/ml       1147         52.6 0 0.5 mg/ml        968
30.7 1.0 mg/ml        813         24.0 15
2.0 mg/ml        688         19.9 4.0 mg/ml        691         22.9 20
Claims 1. Use of magnetically responsive material for the manufacture of a
diagnostic agent for use in a method of nuclear magnetic resonance imaging
of a subject, said agent comprising particles of a matrix material having a
diameter of up to 10 micrometers and having enclosed therein said
magnetically 25 responsive material. 2. Use as claimed in claim 1 for the
manufacture of a said agent wherein the diameter of said matrix material
particles is at least 0.01 micrometer. 3. Use as claimed in claim 1 for the
manufacture of a said agent wherein the diameter of said matrix material
particles is at least 0.5 micrometers. 30     4. Use as claimed in any one
of claims 1 to 3 for the manufacture of a said agent wherein the diameter
of said matrix material particles is less than 1 micrometer. 5. Use as
claimed in any one of claims 1 to 4 for the manufacture of a said agent
wherein said particles of matrix material enclose particles of magnetite.
6. Use as claimed in claim 5 for the manufacture of a said agent wherein
said particles of magnetite are 35 10 to 20 nanometers in size. 7. Use as
claimed in any one of claims 1 to 6 for the manufacture of a said agent
wherein said matrix material is a carbohydrate or a derivative thereof. 8.
Use as claimed in claim 7 for the manufacture of a said agent wherein said
matrix material is a material selected from starch and derivatives thereof,
glycogen and dextran. 40     9. Use as claimed in claim 1 for the
manufacture of a said agent comprising dextran spheres of about 1
micrometer diameter having enclosed therein magnetite particles of 10 to 20
nanometer size. 10. Use as claimed in any one of claims 1 to 9 for the
manufacture of a said agent in a form adapted for injection into said
subject's vascular system. 45 Patentanspruche 1. Verwendung eines
magnetisch anregbaren Materials zur Herstellung eines diagnostischen
Mittels o50 fur die Anwendung bei der Kernspin-Tomographie eines Patienten,
wobei des Mittel Matrix-Partikel mit einem Durchmesser bis zu 10 pm umfaBt,
worin das magnetisch anregbare Material enthalten ist. 2. Verwendung nach
Anspruch 1, zur Herstellung des Mittels, worin der Durchmesser der Matrix-
Partikel mindestens 0,01 pm betrAgt. 3. Verwendung nach Anspruch 1 zur
Herstellung des Mittels, worin der Durchmesser der Matrix- S5  Partikel
mindestens 0,5 pm betrigt. 4. Verwendung nach einem der Anspruche 1 bis 3
zur Herstellung des Mittels, worin der Durchmesser der Matrix-Partikel
weniger als 1 pm betrAgt. 



5. Verwendung nach einem der Anspruche 1 bis 4 zur Herstellung des Mittels,
worin die Matrix-Partikel Magnetit-Partikel enthalten. 50     6. Verwendung
nach Anspruch 5 zur Herstellung des Mittels, worin die Magnetit-Partikel
eine GroBe von 10 bis 20 nm aufweisen. 7. Verwendung nach einem der
AnsprOche 1 bis 6 zur Herstellung des Mittels, worin das Matrixmaterial ein
Kohlenhydrat oder ein Derivat davon ist, 8. Verwendung nach Anspruch 7 zur
Herstellung des Mittels, worin das Matrixmaterial unter Starke 65 und deren
Derivaten, Glykogen und Dextran ausgewahit ist.    EP 0 166 755 BI 9.
Verwendung nach Anspruch 1 zur Herstellung des Mittels, welches
Dextran-Kugelchen von etwa 1 pm Durchmesser aufweist, worin
Magnetit-Partikel von 10 bis 20 nm Grol3e eingeschlossen sind. 10.
Verwendung nach einem der Anspruche 1 bis 9 zur Herstellung dos Mittels in
einer Form, die sich zur InJektion in das vaskulare System des Patienten
eignet. 5 Revendications 1. Emploi d'une matiere magnetiquement sensible
pour la fabrication d'un agent diagnostique a -utiliser dans un proced6
d'imagerie a r6sonance magn6tique nucleaire d'un sujet ou patient, I'agent
en *i.question comprenant des particules d'une matiere constituant matrice,
poss6dant un diametre allant ^ jusqu'a 10 micrometres et dans laquelle est
incluse ladite matiere magnetiquement sensible. ':   2. Emploi suivant la
revendication 1 pour la fabrication d'un agent tel que pr6cite, caracterise
en ce que le diametre desdites particules de la matiere constituant matrice
atteint au moins 0,01 micrometre. 3. Emploi suivant la revendication 1 pour
la fabrication d'un agent du genre precite. caract6rise en ce ,5  que le
diametre des particules de ladite matiere constituant matrice atteint au
moins 0,5 micrometre. 4. Emploi suivant l'une quelconque des revendications
1 a 3, pour la fabrication d'un agent tel que precit6. caracterise en ce
que le diametre des particules de ladite matiere constituant matrice est
inf6rieur a 1 micrometre. 5. Emploi suivant l'une quelconque des
revendications 1 a 4, pour la fabrication d'un agent tel que 20  precit6,
caracterise en ce qua lesdites particules de la matiere constituant matrice
enferment des particules de magnetite. 6. Emploi suivant la revendication
5, pour la fabrication d'un agent du genre pr6cite, caracteris6 en ce que
lesdites particules de magnetite ont un calibre qui fluctue de 10 3 20
nanometres. 7. Emploi suivant lune quelconque des revendications 1 a 6,
pour la fabrication d'un agent du genre 25  precit6, caracleris6 en ce que
*e ladite matiere constituant matrice est un hydrate de carbone ou glucide
ou un derive d'un tel compos6. 8. Emploi suivant la revendication 7, pour
la fabrication d'un agent tel que precite, caract6ris6 en ce que ladite
matiere constituant matrice est une matiere choisie parmi l'amidon et les
derives de ce dernier, le glycogene et le dextrane. 30      9. Emploi
suivant la revendication 1, pour Ia fabrication d'un agent du genre
precite, comprenant des spheres de dextrane d'un diametre d'environ 1
micrometre, dans lesquelles sont incluses des particules de magn6tite d'un
calibre de 10 a 20 nanometres. 10. Emploi suivant l'une quelconque des
revendications 1 A 9, pour la fabrication d'un agent tel que precit6, sous
une forme adaptee a l'injection dans le systeme vasculaire du suiet ou
patient. 35 40 45 50 55 60 65 5            -    


