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Description

Field of the invention

[0001] The invention relates to the field of monitoring oral dosage forms in respect of their intake into the body and
their dissolution in the body using magnetic fields integrated into the dosage forms.

Prior art

[0002] WO 98/07364 describes a monitoring system for monitoring the regular intake of a medicine or dosage form.
A detection instrument for non-invasive detection of a substance, contained in the dosage form in the body of the patient,
is included as a system component. The detection instrument in this case is designed for reagent-free, direct measurement
of a physically measureable parameter correlated to the presence of the substance in the body of the patient. In particular,
a marker substance is used which measurably influences electromagnetic radiation radiated into the body. The electro-
magnetic radiation is preferably light, particularly in the visible or infrared band. The monitoring system permits the
detection of the intake of the dosage form in the body and systemic following of the marker in the bloodstream. By way
of example, the detection instrument can comprise a sensor similar to a watch.
[0003] Weitschies et al. (2005), Advanced Drug Delivery Reviews 57, 1210 - 1222, describe so-called "magnetic
marker monitoring". Here, a magnetic field is integrated into an oral dosage form, e.g. a capsule or a tablet, which
magnetic field can be measured after oral intake of the dosage form by means of a detection device. By way of example,
magnetite particles (Fe3O4) enclosed in a pharmaceutical blinder are suitable for generating a magnetic field. By way
of example, tablets can be coated with gastric juice resistant polymers which contain magnetite particles, for example
EUDRAGIT® L. Using a so-called SQUID device, the presence of the magnetically marked tablet can be detected directly
after its intake into the body. Once the gastric juice resistant polymer coating dissolves in the region of the intestine, the
magnetic signal is lost. Further differentiation is not possible.
[0004] Weitschies et al. (2010) European Journal of Pharmaceutics and Biopharmaceutics 74, p. 93 - 101, describes
high resolution real-time tracking of oral solid dosage forms in the gastro intestinal tract by magnetic marker monitoring.
A magnetically labelled dual layer tablet with an immediate release layer and an extended release layer is shown in one
of the figures. Both layers are magnetically labeled by drilling small bore holes in the layers where the bore holes are
filled with iron oxide powder. The bore holes are sealed with butyl cyanoacrylate or Mg-stearate. The tablets were
magnetized for 5 minutes in a homogeneous magnetic field (Weitschies et al. (2008) European Journal of Pharmaceutics
and Biopharmaceutics 70, p. 641 - 648, s. Materials and methods, 2.1 Magnetic labelling of tablets, cited in Weitschies
et al. (2010) in fig. 3 as [42]). Thus the magnetic fields incorporated in the two layers are orientated in the same direction
or orientation and thus have the same alignment.
[0005] This is becomes since the relative magnetic moment shown in another figure seems to decrease only. Further-
more the relative magnetic moments measured in a healthy volunteer under fastening conditions, at the beginning of a
meal and 30 min after a meal differ remarkably so that no kind of signature which would be typical for the oral dosage
form used can detected. The problem of magnetic labelling of oral dosage forms in order to produce a typical signature
which unambiguously allows the identification of the oral dosage forms after ingestion is not mentioned.
[0006] DE 102008033662A1 describes a pharmaceutical dosage form which is a capsule or a tablet and which includes
at least two active magnetic pieces. The at least two active magnetic pieces are positioned in an unstable position to
each other and are biocompatible. Typical examples for magnetic pieces are permanent magnets or magnetized materials
like iron. To position the magnetic pieces in the unstable position it is suggested to use special coatings or stabilizing
inter-pieces. Biocompatibility shall be established by coating the magnetic pieces with biocompatible coating materials.
After dissolution of the pharmaceutical form the active magnetic pieces are set free and shall position themselves to a
stable position by magnetic attraction in the form of aggregates pieces. This change in the magnetic field shall be
detectable from outside the human body. Then the aggregated magnetic peaces shall leave the body via the intestine.
[0007] In contrast to the present invention the magnetic fields of DE 102008033662A1 do not dissolve. The magnetic
pieces remain as they are and even increase their size by aggregating due to magnetic attraction. Even if the magnetic
pieces might be made biocompatible by coating, it cannot be excluded that they may cause irritations or even might
cause injures by mechanical stress on the inner surfaces of the intestine when passing through the intestine in the form
aggregated pieces. Furthermore it becomes apparent that the positioning of the active magnetic pieces in an unstable
position within a pharmaceutical dosage form, which is a capsule or a tablet, might be quite difficult to perform. The need
to provide biocompatible coating on the magnetic pieces is another disadvantage of the pharmaceutical dosage form
according to DE 102008033662A1.
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List of figures and reference signs

[0008] The invention is explained by the following figures:

Fig. 1: Magnetic field diagram for example 1

Fig. 2: Trial arrangement for example 3

20 Hall sensor, connected to measuring instrument
21 Petri dish
22 Plastic grid
23 EUDRAGIT® E PO/iron oxide film
24 EUDRAGIT® FS30/iron oxide film
25 Plastic clamps
26 Liquid medium (distilled H2O, 0.1 HCl or 0.1 NaOH)

Fig. 3: Magnetic field diagram for example 3

Fig. 4: Explanation of the production of the magnetized inner coating for half of a hard gelatin capsule

40 Paste, comprising iron oxide powder
41 Hard gelatin capsule, size 0, bottom half
42 Hard gelatin capsule, size 1, bottom half
43 Movement vectors of the inner capsule for distributing the EUDRAGIT®/PEG/iron oxide mixture
44 Permanent magnet

Problem and solution

[0009] Inadvertently or deliberately not following intake prescriptions for medicines constitutes an economic problem
since this often results in illnesses not being able to be treated as efficiently as would be possible if the medicine was
taken in correctly. This creates undesired additional expenditure in the health service. Furthermore, not following intake
prescriptions can lead to the patient putting him/herself at risk, particularly in the case of critical medicines such as
cardiovascular remedies. Hence there is a need for detection systems for monitoring the actual intake of the medicine
both in general and in particular when prescribing medicaments critical to the acute state of health.
[0010] Clinical studies often have the problem that the dosage forms provided for intake are accidentally or even
deliberately not taken by patients at the prescribed intervals by a certain non-negligible percentage. If this is not noticed,
the results of such clinical studies cannot be evaluated on the basis of reliable data.
[0011] The monitoring system described in WO 98/07364 for monitoring the regular intake of a medicine or a dosage
form is only suitable if corresponding marker substances are available in the dosage form itself. This significantly restricts
the possible fields of application. Additionally, a large amount of electromagnetic radiation energy is required for the
purposes of detection and so undesired side-effects such as strong heating of the irradiated body parts cannot be
excluded. The "magnetic marker monitoring" described in the prior art opens up a further possibility for monitoring.
However, the complexity required for detecting the intake of a dosage form has been extremely high until now. The
SQUID apparatuses used by Weitschies et al. (2005) are expensive and practically immovable.
[0012] Weitschies et al. (2010) European Journal of Pharmaceutics and Biopharmaceutics 74, p. 93 - 101, describes
a magnetically labelled dual layer tablet with an immediate release layer and an extended release layer is show in one
of the figures. Both layers are magnetically labeled by drilling small bore holes in the layers where the bore holes are
filled with iron oxide powder. The bore holes are sealed with butyl cyanoacrylate or Mg-stearate. The tablets were
magnetized for 5 minutes in a homogeneous magnetic field (Weitschies et al. (2008) European Journal of Pharmaceutics
and Biopharmaceutics 70, p. 641 - 648, s. Materials and methods, 2.1 Magnetic labelling of tablets, cited in Weitschies
et al. (2010) in fig. 3 as [42]). Thus the magnetic fields incorporated in the two layers are orientated in the same direction
or orientation and thus have the same alignment. The dual layer tablet according to the Weitschies et al. (2010) publication
has two major disadvantages. Since bore holes are filled with iron oxide powder the magnetizable particles only attached
to are no integrative part but of the phases which different dissolution behaviour. This means when one of these phases
starts to dissolve the bore hole cavities may be become open sooner or later in a not controlled way. Thus magnetic
moment resulting from the integrated magnetic fields will vary after ingestion in a not controlled manner even if the
conditions in the human body were taken as constant. Since they are not there is additional variation. Therefore this
oral dosage form does not form a suitable basis for an oral dosage form which may provide a detectable unequivocal
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magnetic signature profile. Furthermore since the magnetic fields incorporated in the two layers are orientated in the
same direction or orientation and thus have the same alignment, it is not possible to detect an unequivocal magnetic
signature profile, since there is no clear differentiation between the dissolution of the two phase over the time.
[0013] DE 102008033662A1 describes a pharmaceutical form which is a capsule or a tablet and which includes at
least two active magnetic pieces. The at least two active magnetic pieces are positioned in an unstable position to each
other and biocompatible. Typical examples for magnetic pieces are permanent magnets or magnetisable materials like
iron. After dissolution of the pharmaceutical form the active magnetic pieces position themselves to a stable position by
magnetic attraction, whereby the detectable magnetic field adepts a change. As shown in the figures the magnetic parts
inside the pharmaceutical form are aligned in the same direction. Since the magnetic parts are not bound like the
magnetizable particles of the present invention in formulation auxiliary substances, these parts will be set free in a not
controlled way. Thus it is not possible to detect an unequivocal magnetic signature profile.
[0014] The problem was considered to be that of providing an oral dosage form comprising at least one biologically
active agent, formulation auxiliary substances and magnetically orientable particles which can be used advantageously
in clinical studies. In particular, deviations from the intake intervals and manipulations of the system should be reliably
detectable. Furthermore, a reliable and individual detection of the dosage form should be possible.
[0015] The object is achieved by:

an oral dosage form, comprising at least one biologically active agent, formulation auxiliary substances and mag-
netizable particles, wherein the dosage form has an at least two phase composition, wherein the phases dissolve
in the body after oral administration due to their formulation and the magnetizable particles are bound in formulation
auxiliary substances and are present in a magnetized state,
wherein
the magnetized particles are present in at least two phases, preferably in three or four or five phases of the dosage
form and generate magnetic fields, wherein two or at least two of the magnetic fields have different alignments,
wherein these phases dissolve at different times in the body after oral administration, whereby the magnetic fields
extinguish after dissolution of the phases, and wherein the magnetic field strength with respect to time, position and
movement in the body is acquired using a detection system and can be evaluated using a computer-based evaluation
system.

[0016] The dosage form according to the invention differs from the prior art particularly in that at least two magnetic
fields are integrated in different phases, with the phases being able to dissolve in the body after oral intake due to their
formulation and where the two or at least two of the magnetic fields have different alignments. This firstly causes a
superposition of at least two magnetic fields. Once the first magnetic field has been dissolved, this superposition is lifted
completely, or partly, if further magnetic fields are present, until even the last magnetic field is lost after the corresponding
phase has dissolved. Because of the different alignments the two or at least two of the magnetic fields an up and down
signal is generated as the dosage form dissolves, which signal can be associated with a certain dosage form by its
signature.
[0017] Hence, after incorporation in the dosage form, the magnetic fields yield an up and down intensity spectrum
over time which is characteristic for the dosage form and which can be acquired using the detection system and the
evaluation system. Since the specific at least two-stage signal is only emitted after intake into the body as a result of
the dosage form dissolving, undiscovered manipulation of the system is hardly possible any more. The signature-like
signal can be used not only in clinical studies but also for protection against product piracy if the inventive dosage form
is also provided with a corresponding magnetic marker in the subsequent sales form.

Embodiment of the invention

[0018] The oral dosage form according to the invention comprises at least one biologically active agent, formulation
auxiliary substances and magnetizable particles.

Magnetizable particles

[0019] Within the meaning of the invention, magnetizable particles are particles, preferably particles composed of a
ferromagnetic material, which can be magnetized by means of a magnetic field acting from the outside, either or both
as a result of the orientation of said particles and/or by magnetizing the elementary magnetic particles in their interior,
and therefore, in total, said particles form a magnetic field. Prior to magnetization, the particles are in a magnetically
unordered state in respect of their orientation and the alignment of the elementary magnetic particles in their interior
and so practically no magnetic field which would exceed the surrounding noise signal (< or << 1 mT) can be measured
by a teslameter. A combination or superposition of both effects, of both the orientation of the particles and the magnet-
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ization of the elementary magnetic particles in the interior of the particles, can be assumed in many cases and is
preferable. The magnetizable particles are preferably embedded in a matrix of formulation auxiliaries. The matrix is used
for fixing the magnetic field and for monitoring the release of the agent from the dosage form.
[0020] As a result of the influence of the magnetic field acting from the outside, the magnetizable particles can, provided
they are in a matrix, a solid or frozen matrix, which does not permit their movement be magnetized by the alignment of
the elementary magnetic particles in their interior. This results in a magnetic field that continues to exist even when the
magnetic field acting from the outside has been removed.
[0021] As a result of the influence of the magnetic field acting from the outside, the magnetizable particles can, provided
they are in a matrix, preferably a matrix in a liquid, gel or melt state, which permits their movement, be oriented in their
alignment by the magnetic field acting from the outside, primarily along the magnetic field lines. By way of example, a
dispersion or suspension, which comprises magnetizable particles, is based on a film-forming polymer used to generate
a spray coating and in the drying state transitions into a colloidal or gel-like state on the dosage form, can be magnetized
in this state. This alignment already generates a magnetic field. If this orientation is fixed, for example by the transition
of the matrix into a solid state, this results in a magnetic field that continues to exist once the magnetic field acting from
the outside has been removed. A superposition of the two effects, both the orientation of the particles and by orientating
the elementary magnetic particles in the interior of the particles, can be assumed.
[0022] The magnetizable particles are preferably magnetite (Fe3O4) or maghemite (Fe2O3). Magnetite and maghemite
can be considered to be safe toxicologically and pharmacologically and are used, inter alia, as nontoxic insoluble pigments
in foodstuffs or medicaments. The possible toxicity of other magnetizable particles, e.g. complex doped inorganic com-
positions (e.g. NdFeB) known to a person skilled in the art, can also be reduced by specific formulations in the dosage
form, e.g. by vitrification in silicates. If need be, other magnetically orientable particles such as the ferrites MnFe2O4 or
MgFe2O4 can also be suitable. For the purposes of reliable detection, there should be no less than approximately 0.01
mg of magnetizable particles per magnetic field or in total in a dosage form, e.g. in a tablet. In extreme cases, the highest
possible content can reach the order of 1 g or below 10 g. Expediently, each magnetic field can comprise 0.05 to 100,
preferably 0.1 to 50, in particular 0.2 to 20 mg of magnetizable particles. The average particle size of the magnetizable
particles can for example lie in the range from 1 nm to 1 mm, preferably from 100 nm to 100 mm.
[0023] After dissolution of the phase of the oral dosage form respectively the matrix that originally contained the
magnetizable particles embedded in formulation auxiliaries, the magnetic field disappears or extinguishes and the mag-
netizable particles are set free in the intestine. Due to their comparably small size and individually rather low magnetic
properties, they will get freely distributed within the intestine and will not get aggregated. Thus there should not be any
problems or irritations in connection with the magnetizable particles at the surface of the intestine. Disappearance or
extinguish of the magnetic field after dissolution of the corresponding phase of the oral dosage form shall mean that
there is practically no magnetic field left which would exceed the surrounding noise signal (< or << 1 mT).

Magnetic fields

[0024] Magnetic fields within the meaning of the invention are magnetic fields which set themselves apart from the
surrounding noise signal, in particular magnetic fields with a strength of the order of at least 1, preferably at least 10 mT,
measured by a teslameter at a distance of 1, preferably 2 cm.
[0025] The orientation of the magnetically orientable or magnetizable particles can be generated by applying an
external magnetic field. By way of example, permanent magnets, electromagnets and shiftable and spatially structurable
magnetic fields are suitable for generating the external magnetic fields. The external magnetic field to be applied can
expediently have a magnetic flux density in the range of for example 0.01 to 0.9, in particular of 0.1 to 0.8 T. The external
magnetic field can expediently be applied at a distance of 0.1 to 2 cm. The magnetic fields comprised in the dosage
form can have the same or different alignments.
[0026] However two or at least two of the magnetic fields preferably have different or opposite alignments. Different
or opposite alignment of two magnetic fields shall mean that the magnetic fields are more or less orientated in the
opposite direction and thus the overall resulting magnetic field strength which can be measured is the difference of the
vectors of both magnetic field strengths. Different or opposite direction shall mean every orientation where the sum of
the two magnetic field strengths is less than the magnetic field strength of the stronger one of both. Preferably different
or opposite direction shall mean an orientation where the sum of the vectors the two magnetic field strengths is less
than 50, less than 60, less than 70, less than 80, less than 90 or 100% of the sum of the two magnetic fields. For instance,
in the case of two magnetic fields of identical intensity and perfectly orientation in the opposite direction the sum of these
two magnetic fields is zero. This is by 100% less of the sum of the two magnetic field strengths because the vectors of
the magnetic fields or magnetic fields strengths respectively add up to zero or extinguish each other respectively.
[0027] The advantage of the presence of two or at least two magnetic fields with different alignments is that after the
dissolution of one of the magnetic fields, the detection system will detect the resulting magnetic field or respectively a
change in the direction of the overall magnetic field. This results in a more sensitive and clearer detection of the magnetic
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signature of the oral dosage form.
[0028] If the two or all of the magnetic fields had the same alignments the detection system could in the course of the
dissolution of the oral dosage form only detect the diminishing of an overall magnetic field in one direction, which gives
more room for artificial effects and interpretation problems which could influence the accuracy of the signature detection
and of the signature system itself.
[0029] The strength of the magnetic fields, measured with a teslameter at a distance of 1 cm, can lie in the range of
for example 1 to 1000, preferably 2 to 500, particularly preferably 5 to 250 mT. A distance of 5 - 20 cm from the skin
surface has to be assumed when measuring the magnetic fields within the human body. Appropriate detection systems
or sensors must still be able to detect the magnetic fields, the intensity of which is markedly reduced as a result of the
distance. Sensors which are based on Hall sensors can be used for this purpose.

Characteristic intensity profile

[0030] After incorporation into the dosage form, the magnetic fields or the superposition thereof result in a characteristic
intensity profile over time for the dosage form, which profile can be acquired using the detection system and the evaluation
system.

Alignments

[0031] The following table shall explain possible alignments of the magnetized phases of different oral dosage forms
without limiting the invention to the inventive examples presented here.
[0032] Examples No. 1 to 3 explain oral dosage forms with two magnetized phases which dissolve one after another
at different times in the body after oral administration. Examples No. 4 to 9 explain oral dosage forms with three magnetized
phases which dissolve one after another at different times in the body after oral administration. In each case of the
examples phase 1 dissolves first, then phase 2 and in the case of examples No. 4 to 9 then phase 3.
[0033] The arrow up (↑) shall indicate that the magnetizable particles in the certain phase are present in a magnetized
state and form a magnetic field in one alignment or direction (north/south for example). The arrow down (↓) shall indicate
that the magnetizable particles in the certain phase are present in a magnetized state and form a magnetic field in the
opposite direction or in opposite alignment(south/north in this example, 180°angle to north/south) to the magnetic field
with the arrow up (t) indication). The strength of the magnetic field in assumed to have the relative value plus one arrow
up (t) or minus one arrow down (↓).
[0034] Directly after ingestion there is no phase dissolved. At this time point all the magnetic field strengths included
in the oral dosage form add up to a total sum.
[0035] When phase 1 is dissolved the remaining magnetic field strength is the magnetic field strength of phase 2 in
the case of examples No. 1 to 3 or the sum of the magnetic field strength of phase 2 and phase 3 in the case of examples
No. 4 to 9. When phase 2 is dissolved the remaining magnetic field strength is zero in case of examples No. 1 to 3 or
the magnetic field strength of the remaining phase 3 in the case of examples No. 4 to 9.
[0036] In the examples 1, 4 and 7 all the phases of the oral dosage form have magnetic fields with the same alignments.
In these cases only a descending or only an increasing magnetic moment can be detected over the time. This makes it
difficult to identify an unequivocal signature profile for the certain oral dosage form. Therefore these examples are not
according to the invention.
[0037] In all other examples 2, 3,5 to 6 and 8 and 9, the magnetic moment moves up and down or down and up which
makes it much easier to identify an unequivocal signature profile for the certain oral dosage form. Therefore these
examples are according to the invention

Table 1

Alignment Sum of magnetic field strengths

Example 
No.

Phase 
1

Phase 
2

Phase 
3

No phase 
dissolved

Phase 1 
dissolved

Phase 2 
dissolved

Phase 3 
dissolved

According to 
the invention

1 ↑ ↑ -- 2 1 0 -- No

2 ↑ ↓ -- 0 -1 0 -- Yes

3 ↓ ↑ -- 0 1 0 -- Yes

4 ↑ ↑ ↑ 3 2 1 0 No

5 ↓ ↑ ↑ 1 2 1 0 Yes
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General production of dosage and medicament forms

[0038] A person skilled in the art in the field of pharmacy and, in particular, galenics knows all pharmaceutical production
methods. These can easily be applied by said person having knowledge of the invention so as to produce corresponding
magnetically marked dosage forms according to the invention. In particular, a person skilled in the art is very familiar
with the production of pellets and cores containing agents, the application of formulation auxiliaries, the production of
polymer encapsulations, the production of tablets in general, in particular the production of tablets by pressing, and the
production and filling of capsules.
[0039] Details can be gathered from established textbooks, e.g.:

- Voigt, R. (1984): Lehrbuch der pharmazeutischen Technologie [Textbook of pharmaceutical technology]; Verlag
Chemie Weinheim - Beerfield Beach/Florida - Basle.

- Sucker, H., Fuchs, P., Speiser, P.: Pharmazeutische Technologie [Pharmaceutical technology], Georg Thieme
Verlag Stuttgart (1991), in particular chapters 15 and 16, pp. 626 - 642.

- Gennaro, A., R. (Editor), Remington’s Pharmaceutical Sciences, Mack Publishing Co., Easton Pennsylvania (1985),
chapter 88, pp. 1567 - 1573.

- List, P. H. (1982): Arzneiformenlehre [Medicaments teachings], Wissenschaftliche Verlagsgesellschaft mbH Stutt-
gart.

Dosage form according to the invention

[0040] The oral dosage form according to the invention can be practically any type of oral dosage form as long as it
has at least two different phases for integrating magnetic fields and as long as these phases dissolve in the body at
different times after oral administration. Hence the dosage form comprises at least two phases. By way of example, it
can have two, three, four, five or more phases.
[0041] The phases of the dosage form in which the magnetic fields are localized can be, for example, the core, polymer
film encapsulations or capsule halves, or combinations of these parts. Hence, the term "phase" can be equivalent to a
delimitable part or a separately producible or produced part of the dosage form.
[0042] By way of example, the dosage form can have the form of a filled capsule, a filled capsule which is enclosed
in a further capsule or an encapsulated tablet.
[0043] A first phase of the encapsulated tablet can for example be provided with a gastric juice resistant, intestinal
juice soluble film encapsulation which has magnetized particles and thus forms a magnetic field. The core of the tablet
can constitute a second phase comprising magnetized particles which only dissolves, e.g. in a delayed fashion, once
the gastric juice resistant, intestinal juice soluble film encapsulation has been dissolved and which slowly releases the
magnetized particles together with the agent.
[0044] The dosage form can for example have a core in the form of a flat tablet comprising the agent, wherein the two
flat sides of the tablet are provided with in each case one magnetized film by a fusing procedure. In the process, the
magnetized films should be in such a condition that they dissolve in the body at different times or at different locations.
[0045] The dosage form may have an at least three phase composition, wherein the magnetized particles are present
in three phases of the dosage form.
[0046] The dosage form may have an at least three phase composition, wherein one or at least one phase comprises
the biologically active agent but no magnetized particles. This has the advantage that the phases comprising magnetized
particles but no active ingredient may be produced separately and may be assembled together with a phase containing
the biologically active agent but no magnetized particles. This may lead to a simplified production process.
[0047] One phase comprising magnetized particles may be formulated as an immediate release phase. This has the

(continued)

Alignment Sum of magnetic field strengths

Example 
No.

Phase 
1

Phase 
2

Phase 
3

No phase 
dissolved

Phase 1 
dissolved

Phase 2 
dissolved

Phase 3 
dissolved

According to 
the invention

6 ↓ ↓ ↑ -1 0 1 0 Yes

7 ↓ ↓ ↓ -3 -2 -1 0 No

8 ↓ ↑ ↓ -1 0 -1 0 Yes

9 ↑ ↓ ↑ 1 0 1 0 Yes
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advantage that the receiving electronic may detect an early up or down in the magnetic moment which helps to increase
the sensitivity for the detection of the magnetic profile.

Method for producing the dosage form according to the invention

[0048] The invention relates to a method for producing a dosage form which comprises at least two phases forming
a magnetic field, wherein the individual phases are produced by magnetizable particles being bound by formulation
auxiliaries and the magnetizable particles are magnetized by a magnetic field acting from the outside and so magnetic
fields develop in the phases, wherein the magnetization of the magnetizable particles can be undertaken before or after
joining of the dosage form and the phases can dissolve in the body at different times due to the positioning in the dosage
form or due to the formulation auxiliary used in the phase.
[0049] Preferably, the phases comprising a magnetic field are produced by binding magnetizable particles with for-
mulation auxiliaries which transition from a nonsolid state to a solid state during the production, wherein the magnetizable
particles are oriented with the aid of a magnetic field acting from the outside during the none solid state of the formulation
auxiliary and the orientation and magnetization is fixed during the solidification of the formulation auxiliary and so magnetic
field comprising phases are formed.
[0050] Preferably, the phases forming a magnetic field are produced separately from one another and, possibly with
further phases which do not have a magnetic field, are subsequently joined together to form a dosage form according
to the invention.
[0051] By way of example, a magnetized polymer film can be obtained by producing a preparation comprising a film-
forming polymer, a solvent and magnetically orientable particles, pouring said preparation into a thin film in the nonsolid
state, and applying a magnetic field to orient the magnetizable particles, as a result of which the magnetizable particles
orient themselves in the composition and form a magnetic field which is fixed after solidification.
[0052] One or more magnetic fields can for example be introduced by using one or more magnetized capsule halves
as phase or phases of the dosage form. This applies to both hard gelatin capsules and soft gelatin capsules, and also
to capsules or capsule halves of different materials, e.g. capsules of hydroxypropylmethylcellulose (HPMC).
[0053] Magnetized capsule halves be can obtained by producing capsule halves from preparations, comprising a film-
forming polymer, a solvent and magnetizable particles, produced using a dip-coating method, a magnetic field being
applied to the capsule halves in the nonsolid state, as a result of which the magnetizable particles orient themselves in
the composition and form a magnetic field which is fixed after solidification.
[0054] Capsule halves can for example be coated on the inside with a formulation auxiliary which comprises magnet-
ically orientable particles (see example 5). Additionally, the formulation auxiliary which is still liquid and comprises
magnetically orientable particles can be filled into a finished capsule half. The liquid can be distributed evenly on the
inner wall of the capsule, for example by using a stamp which fills out the interior of the capsule half. The magnetically
orientable or magnetizable particles can now be oriented by the influence of an external magnetic field while the formu-
lation auxiliary is still in a gel state. The orientation of the particles is fixed after the inner coating has dried. The capsule
half obtained in this manner now comprises a phase lying on the inside which forms a magnetic field. The capsule half
can subsequently be combined with further phases which likewise form magnetic fields but dissolve at different times
or at different locations in the body. The capsule half coated on the inside can for example be combined with a fitting
capsule half which has been correspondingly coated on the outside. So as to complete the dosage form, agent-containing
pellets, for example, which do not have to have a magnetic field, can be filled into the magnetized capsule halves.
[0055] One or more magnetic fields can for example also be introduced by one or more magnetized, extruded cores
being used as phase or phases of the dosage form. In this case, these can for example be correspondingly magnetized
cores or pellets which contain the agent.
[0056] Extruded cores can be produced by means of strand extrusion from preparations of a film-forming thermoplastic
polymer, possibly with an agent and magnetizable particles, and by subsequent comminution of the strand into elongate
or planar bodies. The extruded strand of the preparation in the melt state can pass a magnetic field applied from the
outside, as a result of which the magnetically orientable or magnetizable particles in the composition are oriented and
a magnetic field forms therein which is fixed after the cooling of the strand in the elongate or planar bodies.
[0057] A phase which comprises magnetically orientable particles can, particularly in the form of encapsulating films,
be inserted into or applied to the dosage form by spray application of solutions or dispersions which comprise filmable
polymers and the magnetically orientable particles, and can be combined with other phases which comprise magnetically
orientable or oriented particles.

Formulation auxiliary for the magnetically orientable or magnetizable particles

[0058] The magnetically orientable or magnetizable particles are bound or embedded into a matrix with formulation
auxiliaries. The formulation auxiliaries can be present in the form of a powder or in a form which transitions from a
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nonsolid state to a solid state during the production.
[0059] Different phases will in general comprise mutually differing formulation auxiliaries so that said phases can
dissolve in the body at different times after oral administration.
[0060] However, in a dosage form it is in principle also possible for the phases forming the magnetic field to be produced
with the same formulation auxiliaries provided that their location in the dosage form is selected such that the phases
with in principle the same formulation nevertheless dissolve at different times in the body. This can be the case if, for
example, one magnetic field forming phase is located in the outer region of the dosage form and another magnetic field
forming phase is located on the inside, with it being possible for the phases possibly to be separated by a separating layer.
[0061] In the simplest case, the magnetizable particles together with powdery formulation auxiliaries and possibly a
pharmaceutical agent can be pressed to form a tablet core. The core constitutes a magnetizable phase within the meaning
of the invention. In general, the magnetizable particles will no longer be movable after pressing. The magnetization of
the core phase can thus be effected by the magnetization of the elementary magnetic particles within the magnetizable
particles as a result of a magnetic field acting from the outside. Thus the core can be converted into a phase forming a
magnetic field.
[0062] Before magnetization, the core phase forming a magnetic field can also be provided with an encapsulation
which likewise has magnetizable particles (encapsulation phase). The encapsulation can for example consist of a gastric
juice resistant polymer. The encapsulated dosage form can then as a whole be subject to a magnetic field acting from
the outside, as a result of which the core phase and the encapsulation phase are magnetized simultaneously. After
intake into the body, the gastric juice resistant encapsulation as a first phase will quickly dissolve in the intestine, the
magnetic field being lost in the process. The second phase, the core, can for example be formulated such that the
dissolving is delayed and so the second magnetic field is only lost later. The superposition of the two magnetic fields
and the successive loss thereof in the process of dissolving the dosage form yields a characteristic intensity profile over
time.
[0063] Film-forming polymers can preferably be used as formulation auxiliaries for fixing the magnetizable particles.
The magnetizable particles obtained can be magnetized by orienting them during the production in the nonsolid state,
for example in the gel state or in the melt state. The magnetizable particles obtained can also be magnetized in the solid
state by orienting the elementary magnets in the interior of the magnetizable particles.
[0064] Suitable formulation auxiliaries include, for example, copolymers of methyl methacrylate and ethyl acrylate,
copolymers of methyl methacrylate and ethyl acrylate and methacrylic acid, copolymers of methyl methacrylate and
methyl methacrylate and methacrylic acid and copolymers of methyl methacrylate, ethyl acrylate and trimethylammoni-
omethyl methacrylate. EUDRAGIT® E100, EUDRAGIT® E PO, EUDRAGIT® L100, EUDRAGIT® L100-55, EUDRAGIT®

S, EUDRAGIT® FS, EUDRAGIT® RS or EUDRAGIT® RL, EUDRAGIT® NE or EUDRAGIT® NM are particularly suitable
types of copolymers.
[0065] The following are also suitable: polyvinylpyrrolidone (PVP), polyvinyl alcohols, polyvinyl alcohol-polyethylene
glycol-graft copolymer (Kollicoat®), starch and derivates thereof, polyvinyl acetate phthalate (PVAP, Coateric®), polyvinyl
acetate (PVAc, Kollicoat), vinyl acetate-vinyl pyrrolidone copolymer (Kollidon® VA64), vinyl acetate : crotonic acid co-
polymers, polyethylene glycols with a molecular mass above 1000 (g/mol), chitosan, a (meth)acrylate copolymer, com-
prising 20 - 40% by weight of methyl methacrylate and 60 to 80% by weight of methacrylic acid, a crosslinked and/or
uncrosslinked polyacrylic acid, a Na alginate, and/or a pectin, celluloses such as anionic carboxymethylcellulose und
the salts thereof (CMC, Na-CMC, Ca-CMC, Blanose, Tylopur), carboxymethylethylcellulose (CMEC, Duodcell®), hy-
droxyethylcellulose (HEC, Klucel), hydroxypropylcellulose (HPC), hydroxypropylmethylcellulose (HPMC, Pharmacoat,
Methocel, Sepifilm, Viscontran, Opadry), hydroxymethylethylcellulose (HEMC), ethylcellulose (EC, Ethocel®, Aquacoat®,
Surelease®), methylcellulose (MC, Viscontran, Tylopur, Methocel), cellulose ester, cellulose glycolate, cellulose acetate
phthalate (CAP, Cellulosi acetas PhEur, cellulose acetate phthalate, NF, Aquateric®), cellulose acetate succinate (CAS),
cellulose acetate trimelliate (CAT), hydroxypropylmethylcellulose phthalate (HPMCP, HP50, HP55), hydroxypropylmeth-
ylcellulose acetate succinate (HPMCAS -LF, - MF, -HF) or a mixture of the mentioned polymers. Biodegradable polymers
such as polylactic or polylactic co-glycolide, such as the various Resomer® products, are also suitable.
[0066] In addition to the film-forming polymers, further usual pharmaceutical auxiliaries which are not film-forming
polymers can be used in a known manner as formulation auxiliaries or can additionally be contained. Here stabilizers,
colorants, antioxidants, wetting agents, pigments, brighteners, flow aids, flavoring agents, fragrances, penetration pro-
moting agents, plasticizers, pore-forming agents, glidants etc. should be mentioned by way of example. They are mainly
used as processing auxiliaries and should ensure a reliable and reproducible production method and good long-term
storage stability. Further usual pharmaceutical auxiliaries can be present in amounts of 0.001 to 30, preferably 0.1 to
10% by weight with respect to the film-forming polymer. For example, binding agents such as lactose, sucrose, glucose
or starch are suitable as formulation auxiliaries.
[0067] The magnetically orientable or magnetizable particles can preferably be oriented with the aid of a magnetic
field acting from the outside when the formulation auxiliary is in the nonsolid state. The orientation of the particles is
fixed during the solidification of the formulation auxiliary and so magnetic field comprising phases are formed.
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Biologically active agent

[0068] The dosage form according to the invention comprises at least one biologically active agent which can be
located in one or more phases of the dosage form. A biologically active agent within the meaning of the invention is an
agent which unfolds physiological or therapeutic action in the body after intake. Hence the term "biologically active agent"
includes all nutritive (nutraceutical) and pharmaceutical agents. This is independent of whether this phase or these
phases simultaneously also contains or contain magnetically oriented particles. The biologically active agent is preferably
contained in the core of the dosage form or in an enclosed capsule. The invention is particularly suitable for monitoring
the intake of critical medicines such as cardiovascular remedies where erroneous intake leads to the patient putting
him/herself at risk.

Detection and evaluation system

[0069] The strength of the magnetic fields in relation to the positions thereof in the body can be acquired using a
detection system and can be evaluated using a computer-based evaluation system. The system serves the purpose of
monitoring the intake of the dosage form according to the invention by a patient. In particular, the correct intake, inadvertent
erroneous intake or other irregularities such as attempted manipulation of the system should be detectable.
[0070] The detection system can preferably be worn on the body and primarily comprises one or more, preferably two
or three, sensors for measuring the magnetic fields. The sensors can preferably be based on the principle of the known
Hall probe or the Hall sensor or a teslameter for measuring magnetic fields. A triangulating measurement by means of
a plurality of sensors, namely two, three, four, five or more than five, sensors is preferred. The strength of the magnetic
fields obtained in the dosage form, measured using a teslameter at a distance of 1 cm, can lie in the range of for example
1 to 1000, preferably 2 to 500, particularly preferably 5 to 250 mT. When measuring the magnetic fields in the human
body, a distance of up to 100 cm, for example 1 - 30 cm, between the sensor and the source of the magnetic field in the
dosage form can be assumed. Corresponding detection systems and sensors must still be able to detect the magnetic
flux density which is reducing in intensity as a result of the distance. Hall probes or Hall sensors for measuring magnetic
fields have sufficient sensitivity.
[0071] The detection system, for example one or more sensors, can for example be applied to the body directly on
the skin or in the vicinity of the skin, but in any case at a distance which still suffices to ensure an error-free measurement
of the magnetic fields within the body. In a particular embodiment, one or more parts of the detection system or the
sensor setup can be attached under the skin or within the body using implant architecture known to a person skilled in
the art. One or more sensors can be attached directly onto the skin, for example onto the abdominal wall and/or onto
the neck. One or more sensors can be attached in the vicinity of the skin, for example directly in or on a piece of clothing.
[0072] The detection system and the computer-based evaluation system preferably comprise one or more sensors
for detecting or measuring the magnetic field. The computer-based evaluation system preferably comprises a data
processing part and a computer which is integrated into the data processing part or else can be present independently,
and software for acquiring, calculating and evaluating the data.
[0073] The data processing part is used for storage or intermediate storage of the data and possibly also already for
its evaluation or partial evaluation. A computer comprising all required processors, storage elements and peripheral
parts which is equipped with corresponding software is integrated into the data processing part or else as a separate
piece of equipment.
[0074] The required software can easily be created by a person skilled in the art in the field of information technology
if the known or expected signal characteristics of the dosage form are known. In the process, the magnetic field signals
can be measured in relation to the disturbance variables which emerge from the continual spatial change in position
and alignment of the magnetic fields in the body with respect to the position of the sensor or sensors over time and said
signals can be calculated taking into account the disturbance variables and the data can be related to each other. The
data cleansed of the disturbance variables substantially correspond to the data which would be obtained in the case of
a static measurement outside of the body. So as to create the software, a person skilled in the art can use for example
techniques for modulating, recognizing modes, transformations, Fourier transformations etc., convolutions, correlations
and autocorrelations, invariance determination, inter- and extrapolating error algorithms, line form analysis and removing
disturbance fields. Auto-adaptive systems, such as neural networks and databases comprising expert systems, are
preferably integrated.
[0075] The sensors and data processing part can be housed together in one instrument. Such an instrument is pref-
erably designed such that it can easily be worn on the body. The size should not exceed approximately the following
dimensions:
200 x 100 x 30 mm (length x breadth x height). The weight should be as low as possible and should not exceed
approximately 500 g. The equipment can for example be attached to the abdominal wall of the patient using a carrying-
strap system.
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[0076] The sensors and data processing part are preferably present independently of one another. The sensors are
preferably provided with a transmission-capable setup, which makes transmission of the data to the data processing
part possible, which data processing part in turn can have interfaces for receiving data and for data transport. The
sensors and the data processing part are preferably designed such that they are light, e.g. only 1 to 20 g for the sensors
or 10 to 250 g for the data processing part, and can be attached to the body, e.g. on the neck, wrist, thorax or abdominal
wall, and are hardly perceivable for the patient. The energy sources of the sensors and the data processing part are
preferably self-sustaining or rechargeable. The sensors should particularly preferably enable wireless data transmission
to the receiver part.

Use

[0077] The invention furthermore relates to the use of a dosage form according to the invention combined with a
detection system and a computer-based evaluation system for the purpose of monitoring the intake of the dosage form
by the patient. In terms of practice, the use can be integrated into numerous procedures. Erroneous intakes can thus
be detected unambiguously and can be taken into account when evaluating studies or, in further progression, a therapy.

Examples

Example 1

Measuring the magnetic field strength of magnetically orientable or magnetizable particles embedded in hydroxypropyl-
methylcellulose (HPMC)

[0078] 360 g of distilled water were placed into a 500 ml laboratory bottle and heated to 70°C whilst simultaneously
stirring on a magnetic stirrer (IKA Combimag). 40 g of hydroxypropylmethylcellulose (METHOCEL® E5 Premium LV,
Dow Chemicals) were added to the heated water and stirred for 10 minutes until the hydroxypropylmethylcellulose
(HPMC) was completely dissolved. The temperature of the solution was then lowered to room temperature. 0.75 g of
Fe3O4 powder with an average particle size in the region of approximately 20-200 mm (Sicovit® Black 80 E 172) was
added to 39.25 g of the produced HPMC solution (10% m/m) in a Petri dish (VWR) with a diameter of 100 mm whilst
simultaneously stirring on the magnetic stirrer for 10 minutes. The magnetic stirrer was stopped and the solution com-
prising the iron oxide (Fe3O4) was left to solidify on the magnetic stirrer at room temperature.
[0079] A further film with the same components was produced for comparison. However, said film was dried on a
normal laboratory worktop at room temperature without a magnet being in the vicinity.
[0080] The measuring probe of a teslameter (model FM 220 from Projekt Elektronik GmbH) was attached to the bottom
of an evaporating basin from the outside; the distance to the floor was 4 mm. The teslameter was now calibrated to 0
Tesla. The film magnetized on the magnetic stirrer was put into the evaporating basin, turned until the strongest magnetic
field could be measured and subsequently fixed using object supports. Subsequently, distilled water heated to 37°C
was put into the evaporating basin. The magnetic field strength was then measured every second.

Result:

[0081] Initially, the signal could be measured to have a strength of 44 mT and its strength decreased down to 8 mT
after the addition of water over a period of 300 seconds. It could be observed that the HPMC film was dissolved by the
water and as a result the iron oxide particles aligned in the magnetic field were no longer in their aligned positions. The
aligned magnetic field previously produced by the magnetic stirrer in the form of fixed iron oxide in HPMC is no longer
present when the HPMC film dissolves. The comparison film showed no measureable magnetic field strength on the
digital display of the teslameter (< 1 mT).
[0082] Fig.1: Magnetic field diagram for example 1. Measurement of the magnetic field strength of the magnetized
film (in m-Tesla) after adding heated demineralized water.

Example 2

Production of EUDRAGIT® films comprising magnetite for measuring the magnetic field strength

[0083] 99 g of distilled water were weighed out into a 250 ml laboratory bottle with 3 g of triethyl citrate (10% m/m
based on TS polymer) and 100 g EUDRAGIT® L30 D-55 (EUDRAGIT® L100-55 is a copolymer of 50% by weight of
ethyl acrylate and 50% by weight of methacrylic acid. EUDRAGIT® L 30D-55 is a dispersion comprising 30% by weight
of EUDRAGIT® L 100-55). The components were stirred for 30 minutes at 400 rpm.
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[0084] Subsequently, 750 mg of Fe3O4 (iron oxide, Sicovit® Black) were added to 19.25 g of the produced EUDRAGIT®
L 30D-55 dispersion. The aqueous suspension was subsequently poured into a Petri dish coated in Teflon foil which
was located on a magnetic stirrer. The magnetic field of the magnet contained in the magnetic stirrer then ensured an
alignment of the fine-powdery iron oxide in the dispersion.

Result:

[0085] Over a period of 48 hours, the aqueous solution in the Petri dish formed a dry film in which the iron oxide was
visibly aligned along the magnetic field lines of the magnet in the magnetic stirrer.

Example 3

Measuring the change in magnetic field strength as a result of temporally different dissolution of two magnetized films 
in a specific spatial arrangement in an aqueous medium

[0086] EUDRAGIT® E PO is a copolymer of 25% by weight of methyl methacrylate, 25% by weight of butyl methacrylate
and 50% by weight of powdery dimethylaminoethyl methacrylate. EUDRAGIT® FS is a copolymer of 25% by weight of
methyl methacrylate, 65% by weight of methyl acrylate and 10% by weight of methacrylic acid. EUDRAGIT® FS 30 D
is a dispersion comprising 30% by weight of EUDRAGIT® FS.
[0087] 0.75 g of iron oxide ((Fe3O4) Sicovit® Black 80 E 172) was added to 19.25 g of neutralized EUDRAGIT® E PO
solution (15% m/m in water) in a Petri dish coated in Teflon foil and mixed by stirring with the aid of a magnetic stirrer.
After the stirring function was switched off, the film was left to dry on the magnetic stirrer at room temperature, with the
iron oxide particles being aligned along the magnetic field.
[0088] 0.75 g of iron oxide ((Fe3O4) Sicovit® Black 80 E 172) was added to 19.25 g of EUDRAGIT® FS30 D dispersion
in a Petri dish coated in Teflon foil and mixed by stirring with the aid of a magnetic stirrer. After the stirring function was
switched off, the film was left to dry on the magnetic stirrer, with the iron oxide particles being visibly aligned along the
magnetic field.
[0089] The sensor of the teslameter (see fig. 2, 20) was attached to the underside of the bottom of the Petri dish (21)
with a diameter of 14 cm. A plastic grid (22) was placed into the Petri dish, onto which the EUDRAGIT® E PO/iron oxide
film (23) was placed. A EUDRAGIT® FS 30 D/iron oxide film (24) was affixed above the present film by means of clamps
(25). In the process, the films were aligned such that the respective magnetic field strengths attained a maximum
cancelation of the signal at the sensor at a distance of 1.1 cm. So as to prevent the films from floating during the trial,
a plastic grid (22) was placed over the combination of films as termination of the examination system. 300 ml of distilled
water (26) were firstly placed into the Petri dish. The magnetic field strength was measured every 60 seconds. The water
was removed after 8 minutes. The pump system was used to place 300 ml of 0.1 N HCl solution (26) into the Petri dish
until both films were completely covered. Thereafter, the HCl solution was circulated using the pump system. The
magnetic field strength was measured every 60 seconds. The HCl solution was removed after 67 minutes. The pump
system was now used to place 300 ml of 0.1 N NaOH solution (26) into the Petri dish until the remaining EUDRAGIT®

FS/iron oxide film was completely covered. Thereafter, the NaOH solution was circulated using the pump system. The
magnetic field strength was measured every 60 seconds. The trial was completed after 127 minutes.

Result:

[0090] The result is illustrated in the magnetic field diagram of fig. 3.
[0091] During the time in which the films were in distilled water, no change could be observed in the structure of the
films or in the strength of the magnetic field (min 0 - 8).
[0092] After adding the HCl solution, the EUDRAGIT® E PO/iron oxide film could be seen to dissolve. At the same
time, a change in the magnetic field strength appeared: The field strength of the film combination, which initially was at
-36 mT (micro-Tesla), was at +23 mT once the film (EUDRAGIT® E) had completely dissolved (min 9 - 67).
[0093] After adding NaOH, the other film (EUDRAGIT® FS 30) could be seen to dissolve and there was a change in
the magnetic field strength from +24 mT to 8 mT after 127 minutes (min 68 - 127).

Example 4

Production of HPMC capsules, comprising a EUDRAGIT® E film with a fixed Fe3O4 powder which is aligned with the 
magnetic field

[0094] 1.5 g of a EUDRAGIT® E PO solution (15% m/m) was provided in a glass bottle. 3 g of iron oxide powder



EP 2 473 095 B1

14

5

10

15

20

25

30

35

40

45

50

55

(Fe3O4) and 1.5 g of polyethylene glycol ((PEG) Macrogol® 300) were added and admixed with a plastic rod by stirring
until a homogeneous mass resulted. The resultant paste was put into a syringe.
[0095] Using the syringe, so much paste (fig. 4, 40) was pressed into the lower part of a size 0 hard gelatin capsule
(41) until the rounded part of the bottom of the capsule was covered with the paste (40). The lower part of a size 1
capsule (42) was now pressed into the filled capsule and rotated (movement vectors 43), and so the filled in paste (40)
was distributed over the bottom and over the gap created between the wall of the size 0 capsule and the size 1 capsule.
Subsequently, the capsule half prepared in this fashion was placed at room temperature (approximately 23°C) with the
opening on a permanent magnet (44, round, (14 x 5 mm)) for 12 hours and stored there until the material was completely
dry. Using a teslameter, the capsule half coated in this fashion and treated by the magnet was measured at a distance
of 1 cm. A magnetic field with a strength 30 mT was determined.

Result:

[0096] The paste comprising the iron oxide was securely and durably bound to the inner wall of the hard gelatin capsule
half after the treatment. The capsule half produced in this fashion is provided with a measurable magnetic field and can
be used as a phase of a dosage form which forms a magnetic field.

Example 5

Production of combined capsules (gelatin and HPMC) with magnetic components with differently aligned magnetic field

[0097] A size 0 lower capsule half was produced in accordance with the method in example 4. A size 4 lower capsule
half was produced in a fashion analogous to example 4. In this example, the magnetic field strength of the smaller
capsule half was measured to be 160 mT at a distance of 1 cm and the larger capsule half had a magnetic field strength
of 180 mT. The size 4 lower capsule half was closed off using a size 4 upper capsule half. 200 mg of maltitol (a
hydrogenated disaccharide (Maltisorb®)) were now filled into the size 0 capsule half to ensure that the small capsule
(size 4) was fixed in the large capsule (size 0). The inner capsule (size 4) was now fixed or rotated in the outer capsule
(size 0) such that the two superposing magnetic fields resulted in the lowest possible field strength. This resulted in a
resultant magnetic field strength of 40 mT at a distance of 1 cm. The size 0 lower capsule half was closed off using a
size 0 upper capsule half.
[0098] The "capsule in the capsule" produced in this exemplary manner constitutes a dosage form according to the
invention with the proviso that it still contains no agent. However, it is obvious to a person skilled in the art that an agent
can optionally or in a combined form be inserted between the capsules or in the interior space of the smaller capsule.

Example 6

Production of tablets with magnetic layers and components as a phase for a dosage form

[0099] A drop of paraffin wax was in each case placed in a PE blister packaging film with twelve 8 mm (diameter)
recesses. Subsequently, 5 drops of a neutralizing EUDRAGIT® E PO solution (15% m/m, pH 7.0) were added into the
indentation of the PE blister pack and thereafter it was placed into a drying cabinet at 40°C and dried. Once a dried
EUDRAGIT® E PO film had formed, 50 mg of iron oxide powder were added into the indentation in the PE blister
packaging film. Subsequently, 5 further drops of the neutralizing EUDRAGIT® E PO solution were added and the PE
blister packaging film was placed onto a round permanent magnet (14 x 5 mm) for aligning the iron oxide particles. The
blister pack (together with the magnet) was thereafter again dried at 40°C in the drying cabinet.
[0100] 200 mg of a placebo tablet mixture were put into the lower stamp (12 mm) of an eccentric tablet press ERWEKA
type EP-1. The dried EUDRAGIT® E PO core with the iron oxide from the PE blister packaging film was placed onto
the tablet mixture. Subsequently, the lower stamp was filled to the upper edge with additional placebo tablet mixture.
The mixture was subsequently pressed into tablet form using a pressure of between 8 and 15 kN.

Result:

[0101] This produced tablets which had a magnetic field that could be measured using a teslameter. So as to obtain
a dosage form according to the invention, an agent and a second phase forming a magnetic field would have to be
added, the dissolving properties of which differ from the phase in the tablet interior.
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Claims

1. An oral dosage form, comprising at least one biologically active agent, formulation auxiliary substances and mag-
netizable particles, wherein the dosage form has an at least two phase composition, wherein the phases can dissolve
in the body after oral administration due to their formulation and the magnetizable particles are bound in formulation
auxiliary substances and are present in a magnetized state,
wherein
the magnetized particles are present in at least two phases of the dosage form and generate magnetic fields, wherein
two or at least two of the magnetic fields have different alignments, wherein these phases dissolve at different times
in the body after oral administration, and wherein the magnetic field strength with respect to time, position and
movement in the body is acquired using a detection system and can be evaluated using a computer-based evaluation
system.

2. The dosage form as claimed in claim 1, wherein, after incorporation in the dosage form, the magnetic fields yield
an intensity spectrum over time which is characteristic for the dosage form and which can be acquired using the
detection system and the evaluation system.

3. The dosage form as claimed in claim 1 or 2, wherein the dosage form has an at least three phase composition,
wherein the magnetized particles are present in three phases of the dosage form.

4. The dosage form as claimed in one or more of claims 1 to 3, wherein the dosage form has an at least three phase
composition, wherein one or at least one phase comprises the biologically active agent but no magnetized particles.

5. The dosage form as claimed in one or more of claims 1 to 4, wherein at least one phase comprising magnetized
particles are present is formulated as an immediate release phase.

6. The dosage form as claimed in one or more of claims 1 to 5, wherein the magnetic field strength, measured using
a teslameter at a distance of 1 cm, lies in the range from 1 to 1000 mT.

7. The dosage form as claimed in one or more of claims 1 to 6, wherein those parts of the dosage form in which the
magnetic fields are localized are the core, polymer film encapsulations or capsule halves, or combinations of these
parts.

8. The dosage form as claimed in one or more of claims 1 to 7, wherein the magnetizable particles are magnetite
(Fe3O4) or maghemite (Fe2O3).

9. The dosage form as claimed in one or more of claims 1 to 8, wherein the dosage form has the form of a filled capsule,
a filled capsule which is enclosed in a further capsule or an encapsulated tablet.

10. A method for producing a dosage form as claimed in one or more of claims 1 to 9, wherein the dosage form comprises
at least two phases forming a magnetic field, wherein the individual phases are produced by magnetizable particles
being bound by formulation auxiliaries and the magnetizable particles are magnetized by a magnetic field acting
from the outside and so magnetic fields develop in the phases, wherein the magnetization of the magnetizable
particles can be undertaken before or after joining of the dosage form and the phases can dissolve in the body at
different times due to the positioning in the dosage form or due to the formulation auxiliary used in the phase.

11. The method as claimed in claim 10, wherein the phases comprising a magnetic field are produced by binding
magnetizable particles with formulation auxiliaries which transition from a nonsolid state to a solid state during the
production, wherein the magnetizable particles are oriented with the aid of a magnetic field acting from the outside
during the nonsolid state of the formulation auxiliary and the orientation is fixed during the solidification of the
formulation auxiliary and so magnetic field forming phases are formed.

12. The method as claimed in claim 10 or 11, wherein the phases forming a magnetic field are produced separately
from one another and, possibly with further phases, are joined together to form a dosage form according to the
invention.

13. The method as claimed in one or more of claims 10 to 12, wherein film-forming polymers are used as formulation
auxiliaries for fixing the magnetically orientable or magnetizable particles.
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14. The method as claimed in one or more of claims 11 to 13, wherein the nonsolid state of the formulation is a gel state
or a melt state.

15. The method as claimed in one or more of claims 10 to 14, wherein the dosage form comprises an active-ingredient
comprising core in the form of a flat tablet, wherein the two flat sides of the tablet are provided with in each case
one magnetized film by a fusing procedure, which magnetized films have oppositely directed magnetic fields.

16. The method as claimed in one or more of claims 10 to 15, wherein one or more magnetic fields are introduced by
using one or more magnetized capsule halves as part or parts of the dosage form.

17. The method as claimed in claim 16, wherein magnetized capsules halves are obtained by producing capsule halves
from preparations, comprising a film-forming polymer, a solvent and magnetizable particles, produced using a dip-
coating method, a magnetic field being applied to the capsule halves in the nonsolid state, as a result of which the
magnetizable particles orient themselves in the composition and form a magnetic field which is fixed after solidifi-
cation.

18. The method for production as claimed in one or more of claims 10 to 17, wherein one or more magnetic fields are
introduced by one or more magnetized, extruded cores being used as part or parts of the dosage form.

19. The method as claimed in claim 18, wherein extruded cores are produced by means of strand extrusion from
preparations of a film-forming thermoplastic polymer, possibly an agent and magnetizable particles and subsequent
comminution of the strand into elongate or planar phases, wherein the strand of the preparation passes a magnetic
field applied from the outside in the melt state, as a result of which the magnetically orientable or magnetizable
particles in the composition are oriented and magnetized and a magnetic field forms therein which is fixed after the
cooling of the strand in the elongate or planar phase.

20. The use of a dosage form as claimed in one or more of claims 1 to 9 combined with a detection system and a
computer-based evaluation system for the purpose of monitoring the intake of the dosage form by a patient.

Patentansprüche

1. Orale Dosierungsform, umfassend wenigstens einen biologisch aktiven Wirkstoff, Formulierungshilfsstoffe und ma-
gnetisierbare Partikel, wobei die Dosierungsform eine wenigstens zweiphasige Zusammensetzung aufweist, wobei
sich die Phasen nach oraler Verabreichung aufgrund ihrer Formulierung im Körper auflösen können und die mag-
netisierbaren Partikel in Formulierungshilfsstoffen gebunden sind und in einem magnetisierbaren Zustand vorliegen,
wobei
die magnetisierten Partikel in wenigstens zwei Phasen der Dosierungsform vorhanden sind und Magnetfelder er-
zeugen, wobei zwei oder wenigstens zwei der Magnetfelder verschiedene Ausrichtungen aufweisen, wobei sich die
Phasen nach oraler Verabreichung zu verschiedenen Zeiten im Körper auflösen und wobei die magnetische Feld-
stärke hinsichtlich Zeit, Ort und Bewegung im Körper unter Verwendung eines Nachweissystems aufgezeichnet
wird und unter Verwendung eines computergestützten Auswertungssystems ausgewertet werden kann.

2. Dosierungsform gemäß Anspruch 1, wobei nach Einverleiben in der Dosierungsform die Magnetfelder ein Intensi-
tätsspektrum über die Zeit ergeben, das für die Dosierungsform charakteristisch ist und das unter Verwendung des
Nachweissystems und des Auswertungssystems aufgezeichnet werden kann.

3. Dosierungsform gemäß Anspruch 1 oder 2, wobei die Dosierungsform eine wenigstens dreiphasige Zusammen-
setzung aufweist, wobei die magnetisierten Partikel in drei Phasen der Dosierungsform vorhanden sind.

4. Dosierungsform gemäß einem oder mehreren der Ansprüche 1 bis 3, wobei die Dosierungsform eine wenigstens
dreiphasige Zusammensetzung aufweist, wobei eine oder wenigstens eine Phase den biologisch aktiven Wirkstoff
aber keine magnetisierten Partikel umfasst.

5. Dosierungsform gemäß einem oder mehreren der Ansprüche 1 bis 4, wobei wenigstens eine Phase, in welcher
magnetisierte Partikel vorhanden sind, als Phase mit sofortiger Freisetzung formuliert ist.

6. Dosierungsform gemäß einem oder mehreren der Ansprüche 1 bis 5, wobei die magnetische Feldstärke, gemessen
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unter Verwendung eines Teslameters in einem Abstand von 1 cm, im Bereich von 1 bis 1000 mT liegt.

7. Dosierungsform gemäß einem oder mehreren der Ansprüche 1 bis 6, wobei jene Teile der Dosierungsform, in denen
die Magnetfelder lokalisiert sind, der Kern, Polymerfilmverkapselungen oder Kapselhälften oder Kombinationen
dieser Teile sind.

8. Dosierungsform gemäß einem oder mehreren der Ansprüche 1 bis 7, wobei die magnetisierbaren Partikel Magnetit
(Fe3O4) oder Maghemit (Fe2O3) sind.

9. Dosierungsform gemäß einem oder mehreren der Ansprüche 1 bis 8, wobei die Dosierungsform die Form einer
gefüllten Kapsel, einer gefüllten Kapsel, die in einer weiteren Kapsel eingeschlossen ist, oder einer verkapselten
Tablette aufweist.

10. Verfahren zum Herstellen einer Dosierungsform gemäß einem der Ansprüche 1 bis 9, wobei die Dosierungsform
wenigstens zwei Phasen umfasst, die ein Magnetfeld bilden, wobei die einzelnen Phasen von magnetisierbaren
Partikeln erzeugt werden, die durch Formulierungshilfsmittel gebunden sind, und die magnetisierbaren Partikel von
einem Magnetfeld magnetisiert werden, das von außen wirkt, so dass sich Magnetfelder in den Phasen entwickeln,
wobei die Magnetisierung der magnetisierbaren Partikel vor oder nach dem Zusammensetzen der Dosierungsform
durchgeführt werden kann und sich die Phasen aufgrund der Position in der Dosierungsform oder aufgrund des in
der Phase verwendeten Formulierungshilfsmittels zu verschiedenen Zeiten im Körper auflösen können.

11. Verfahren gemäß Anspruch 10, wobei die Phasen, die ein Magnetfeld umfassen, durch Binden von magnetisierbaren
Partikeln mit Formulierungshilfsmitteln erzeugt werden, die während der Herstellung von einem nichtfesten Zustand
in einen festen Zustand übergehen, wobei die magnetisierbaren Partikel mithilfe eines Magnetfelds ausgerichtet
werden, das während des nichtfesten Zustands des Formulierungshilfsmittels von außen wirkt, und die Orientierung
während des Festwerdens des Formulierungshilfsmittels fixiert wird, so dass magnetfeldbildende Phasen entstehen.

12. Verfahren gemäß Anspruch 10 oder 11, wobei die Phasen, die ein Magnetfeld bilden, getrennt voneinander herge-
stellt werden und, möglicherweise zusammen mit weiteren Phasen, zusammengefügt werden, um eine Dosierungs-
form gemäß der Erfindung zu bilden.

13. Verfahren gemäß einem oder mehreren der Ansprüche 10 bis 12, wobei filmbildende Polymere als Formulierungs-
hilfsmittel zum Fixieren der magnetisch orientierbaren oder magnetisierbaren Partikel verwendet werden.

14. Verfahren gemäß einem oder mehreren der Ansprüche 11 bis 13, wobei der nichtfeste Zustand der Formulierung
ein Gelzustand oder ein Schmelzezustand ist.

15. Verfahren gemäß einem oder mehreren der Ansprüche 10 bis 14, wobei die Dosierungsform einen Wirkstoff-ent-
haltenden Kern in der Form einer flachen Tablette umfasst, wobei die beiden flachen Seiten der Tablette jeweils
durch ein Verschmelzungsverfahren mit einem magnetisierten Film versehen werden, welche magnetisierten Filme
entgegengesetzt gerichtete Magnetfelder aufweisen.

16. Verfahren gemäß einem oder mehreren der Ansprüche 10 bis 15, wobei ein oder mehrere Magnetfelder unter
Verwendung einer oder mehrerer magnetisierter Kapselhälften als Teil oder Teile der Dosierungsform eingeführt
werden.

17. Verfahren gemäß Anspruch 16, wobei magnetisierte Kapselhälften durch Herstellen von Kapselhälften aus Präpa-
raten erhalten werden, die ein filmbildendes Polymer, ein Lösungsmittel und magnetisierbare Partikel umfassen,
hergestellt unter Verwendung eines Tauchbeschichtungsverfahrens und Anlegen eines Magnetfelds an die Kap-
selhälften in dem nichtfesten Zustand, mit dem Ergebnis, dass sich die magnetisierbaren Partikel in der Zusam-
mensetzung ausrichten und ein Magnetfeld bilden, das nach dem Festwerden fixiert wird.

18. Herstellungsverfahren gemäß einem oder mehreren der Ansprüche 10 bis 17, wobei ein oder mehrere Magnetfelder
durch ein oder mehrere magnetisierte extrudierte Kerne, die als Teil oder Teile der Dosierungsform verwendet
werden, eingeführt werden.

19. Verfahren gemäß Anspruch 18, wobei extrudierte Kerne mithilfe von Strangextrusion aus Präparaten eines filmbil-
denden thermoplastischen Polymers, möglicherweise eines Mittels und von magnetisierbaren Partikeln hergestellt
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werden, gefolgt von Zerkleinern des Strangs zu langgestreckten oder planaren Phasen, wobei der Strang des
Präparats im Schmelzezustand ein von außen aufgebrachtes Magnetfeld durchläuft, mit der Folge, dass die mag-
netisch orientierbaren oder magnetisierbaren Partikel in der Zusammensetzung ausgerichtet und magnetisiert wer-
den und sich darin ein Magnetfeld bildet, das nach dem Abkühlen des Strangs in der langgestreckten oder planaren
Phase fixiert wird.

20. Verwendung einer Dosierungsform gemäß einem oder mehreren der Ansprüche 1 bis 9 kombiniert mit einem Nach-
weissystem und einem computergestützten Auswertungssystem zum Zweck der Überwachung der Aufnahme der
Dosierungsform durch einen Patienten.

Revendications

1. Forme posologique orale, comprenant au moins un agent biologiquement actif, des substances auxiliaires de for-
mulation et des particules aimantables, la forme posologique ayant une composition au moins biphasique, les
phases pouvant se dissoudre dans le corps après administration orale en raison de leur formulation et les particules
aimantables étant liées dans des substances auxiliaires de formulation et étant présentes dans un état aimanté,
les particules aimantées étant présentes dans au moins deux phases de la forme posologique et générant des
champs magnétiques, deux ou au moins deux des champs magnétiques ayant des alignements différents, ces
phases se dissolvant à des moments différents dans le corps après administration orale, et l’intensité du champ
magnétique en fonction du temps, de la position et du mouvement dans le corps étant acquise en utilisant un système
de détection et pouvant être évaluée en utilisant un système d’évaluation basé sur un ordinateur.

2. Forme posologique selon la revendication 1, les champs magnétiques, après incorporation dans la forme posolo-
gique, produisant un spectre d’intensité avec le temps qui est caractéristique de la forme posologique et qui peut
être acquis en utilisant le système de détection et le système d’évaluation.

3. Forme posologique selon la revendication 1 ou 2, la forme posologique ayant une composition au moins triphasique,
les particules aimantées étant présentes dans trois phases de la forme posologique.

4. Forme posologique selon l’une ou plusieurs des revendications 1 à 3, la forme posologique ayant une composition
au moins triphasique, une ou au moins une phase comprenant l’agent biologiquement actif, mais pas de particules
aimantées.

5. Forme posologique selon l’une ou plusieurs des revendications 1 à 4, au moins une phase dans laquelle sont
présentes des particules aimantées étant formulée comme une phase à libération immédiate.

6. Forme posologique selon l’une ou plusieurs des revendications 1 à 5, l’intensité du champ magnétique, mesurée
en utilisant un teslamètre à une distance de 1 cm, se situant dans la gamme de 1 à 1000 mT.

7. Forme posologique selon l’une ou plusieurs des revendications 1 à 6, les parties de la forme posologique dans
lesquelles sont localisés les champs magnétiques étant le coeur, des encapsulations par film polymère ou des
moitiés de capsule, ou des combinaisons de ces parties.

8. Forme posologique selon l’une ou plusieurs des revendications 1 à 7, les particules aimantables étant de la magnétite
(Fe3O4) ou de la maghémite (Fe2O3).

9. Forme posologique selon l’une ou plusieurs des revendications 1 à 8, la forme posologique se présentant comme
une capsule remplie, une capsule remplie qui est enfermée dans une autre capsule ou un comprimé encapsulé.

10. Procédé de production d’une forme posologique selon l’une ou plusieurs des revendications 1 à 9, la forme poso-
logique comprenant au moins deux phases formant un champ magnétique, les phases individuelles étant produites
par des particules aimantables étant liées par des auxiliaires de formulation et les particules aimantables étant
aimantées par un champ magnétique agissant depuis l’extérieur et des champs magnétiques se développant ainsi
dans les phases, l’aimantation des particules aimantables pouvant être entreprise avant ou après assemblage de
la forme posologique, et les phases pouvant se dissoudre dans le corps à des moments différents en raison du
positionnement dans la forme posologique ou en raison de l’auxiliaire de formulation utilisé dans la phase.
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11. Procédé selon la revendication 10, les phases comprenant un champ magnétique étant produites en liant des
particules aimantables avec des auxiliaires de formulation qui passent d’un état non solide à un état solide pendant
la production, les particules aimantables étant orientées à l’aide d’un champ magnétique agissant depuis l’extérieur
pendant l’état non solide de l’auxiliaire de formulation, et l’orientation étant fixée pendant la solidification de l’auxiliaire
de formulation et des phases formant un champ magnétique étant ainsi formées.

12. Procédé selon la revendication 10 ou 11, les phases formant un champ magnétique étant produites séparément
l’une de l’autre et, éventuellement avec d’autres phases, étant assemblées pour constituer une forme posologique
selon l’invention.

13. Procédé selon l’une ou plusieurs des revendications 10 à 12, des polymères filmogènes étant utilisés comme
auxiliaires de formulation pour fixer les particules orientables magnétiquement ou aimantables.

14. Procédé selon l’une ou plusieurs des revendications 11 ou 13, l’état non solide de la formulation étant un état de
gel ou un état de masse fondue.

15. Procédé selon l’une ou plusieurs des revendications 10 à 14, la forme posologique comprenant un coeur comprenant
un principe actif sous la forme d’un comprimé plat, les deux côtés plats du comprimé étant pourvus dans chaque
cas d’un film aimanté par une procédure de fusion, lesquels films aimantés ayant des champs magnétiques de sens
opposés.

16. Procédé selon l’une ou plusieurs des revendications 10 à 15, un ou plusieurs champs magnétiques étant introduits
en utilisant une ou plusieurs moitiés de capsule aimantées comme une partie ou des parties de la forme posologique.

17. Procédé selon la revendication 16, les moitiés de capsule aimantées étant obtenues en produisant des moitiés de
capsule à partir de préparations comprenant un polymère filmogène, un solvant et des particules aimantables,
produites en utilisant un procédé de revêtement au trempé, un champ magnétique étant appliqué aux moitiés de
capsule dans l’état non solide, en conséquence duquel les particules aimantables s’orientent dans la composition
et forment un champ magnétique qui est fixé après solidification.

18. Procédé de production selon l’une ou plusieurs des revendications 10 à 17, un ou plusieurs champs magnétiques
étant introduits par un ou plusieurs coeurs aimantés extrudés étant utilisés comme une partie ou des parties de la
forme posologique.

19. Procédé selon la revendication 18, les coeurs extrudés étant produits par extrusion d’un brin à partir de préparations
d’un polymère thermoplastique filmogène, éventuellement d’un agent et de particules aimantables, et comminution
consécutive du brin en phases allongées ou planes, le brin de la préparation faisant passer un champ magnétique
appliqué depuis l’extérieur dans l’état de masse fondue, en conséquence duquel les particules orientables magné-
tiquement ou aimantables dans la composition sont orientées et aimantées et un champ magnétique s’y forme,
lequel est fixé après le refroidissement du brin dans la phase allongée ou plane.

20. Utilisation d’une forme posologique selon l’une ou plusieurs des revendications 1 à 9 combinée à un système de
détection et un système d’évaluation basé sur un ordinateur dans le but de surveiller l’assimilation de la forme
posologique par un patient.
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