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CONTINUOUS MAGNETIC SEPARATION OF COMPONENTS FROM A MIXTURE

FIELD OF ION:

The present invention relates to a magnetic syétem and
apparatus having a multi-dimensional grédient for the
continuous, on-line separation of components from a mixture
of chemical entities. ' The system and apparatus of the
present invention can be used specifically to separate blood
components from a whole blood sample. The invention also
relates to a method of continuously and magnetically
separating a component from a mixture of chemical entities
using a multi-dimensional gradient, and a method of

manufacturing a continuous magnetic separation apparatus.

G o E T TON:

The separation and isolation of blood components from a
whole blood sample is a significant aspect of the treatment
and clinical and 1laboratory testing of such  blood
components. There are numerous methods and apparati for the

separation of blood components.

Whole blood <can be separated by low  speed
centrifugation into a cell free fluid called serum (or if a
blood anticoagulant is present) and a pellet containing

cells and platelets. is about 92% water and contains
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_electrolytes, llpoprotelns, prote:.ns, hormones,_ other

nutrients and v1tam1ns The llpoproteins are l:x.p:Ld-proteJ.n'

complexes. Lipoproteins are the primary transport molecules

for lipids and also transport v:.tam:.n E and beta carotene

(provitamin A). Lipoproteins are further d:.v:.ded into very .

low dens:l.ty llpoproteln, low_ density lipoprotein and high

dens:.ty llpoproteln _I-_IJ.gh levels of low density 1ipoprotein

are assoc:.ated with atherosclerosis and cardiovascular -

d:.sease. In contrast, high 1levels of high density

lipoprotein are thought to protect against atherosclerosis.

The pr:unary prote:l.ns found in plasma are album:l.n,

globul:.ns, f:.brinogen. Album:l.n is the most abundant plasma

"p'i'ote:'i.n' (about 60%) ' and is a carrier molecule for
nonesterified fatty- acids. Albumin also plays a role in
maintaining the osmotic pressure of blood. The globulins

are further divided into alpha-, beta-, and gamma-globulins
The gamma-globulin fraction contains molecules that function
as antibodies in the humoral - immune system. Fibrinogen .

~functions in clot formation.

The red blood cell (or erythocyte) is the primary cell

found in blood This unique ,ce_ll_ has a membrane but no
A e _

other membranous organelles and does not have a cell

nucleus. The primary function of red blood cells is oxygen .

transport to tissues and the removal of carbon dioxide. The

oxygen carrying molecule in the red blood c_eli" is

_hemoglobin. The red blood has a bieoncave shape and is'
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extremely deformable and able to move through very small
capillaries. In anemia, the number of red blood cells in a
given volume of blood is low resulting in_ a decreased
ability to deliver oxygen to tissues. Nutritional and/or

genetic factors can contribute to anemia.

Blood also contains white i:lood cells and platelets.
White bloocd cells {or leukocytes) include monocytes,
lymphocytes, neutrophils, eosinophils, and ba_sophils.
Neutrophils, eosinophiles, and basophils (all three are also
called granulocytes) as well as monocytes are phagocytic
cells. Phagocytic ce-lls and lymphocytes play a key role in

the immune system. Platelets function in clot formation.

Since blood components have magnetization properties,
there have been numerous efforts to utilize magnetism to
separate and isolate such blood components. The most common
problems with the prior art is that they cannot perform the
separation in a continuous manner and they do not use a
multi-dimensional gradieht. In addiﬁion, the priér art does
not provide a decoupling process and some of the prior art

conduct separation in a static stage rather than a constant

flow stage.

U.S. Patent No. 4,910,148 to Sorenson et al. relates to
a method and device for separating magnetized particles from
biological fluids, particularly white blood cells using a

monoclonal antibody to link the cells to magnetic beads. 1In
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contrast to the present :anentlon, the So'renson"'séparation_'_

is statlc (1.e.,'-no flow) and 1s conducted in a plastlc
blood bag The magnetn.c beads are linked to the ‘cancer

white cells by an agitation process 'and then a magnetic

f:.eld 1s applied to keep the wh:.te blood cells with the

'magneta.c beads 1n the d:.sposable plast:.c bag The Sorenson

dev:.ce also reun.res space between the magnets wh:.ch does

_ .not optimize the magnetlc gradlent (magnet:.c force) The
back plate of the Sorenson dev:.ce is a soft magnet:.zed

_mater:Lal and the magnets are Samru:.m-Cobalt. Sorenson has a

volume l:.mltatn.on s:.nce J.t ‘uses a blood bag (150 ml) and"

_there is no decoupllng between the beads and the white blood L

cells. Matter of fact, the cells rema.:.n in the d:l.sposable

blood bag after separation.

U S. Patent No 5, 514, 340 to Lansdorp, ‘et al. relates

to a dev:l.ce for separat:.ng magnet:u:ally 1abeled cells in a”

sample usmg an appl:.ed magnet:.c f:.eld | Lansdorp uses

magnet:.zed screens to attract the magnet:.c ' part:.cles

__allow:.ng the blological flu:x.d to be caught in the magnet:Lc

.w1res of ‘the screen. The magnets used in Lansdorp must

constantly be cleaned s:.nce there is contact between the'

magnets and the blood cells.

U S Patent No. 5 56'7 326 to Ekenberg et al relates to

‘an apparatus and .methods 'for 'separatlng magnetlcally_

_respons:.ve part:.cles from a non magnetn.c test medn.um in -

wh:.ch the magnet:.cally respons:.ve part:.cles are suspended
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In Ekenberg, small patch amounts of biological fluid are

placed in a tube then a magnetic pin is inserted in the

fluid for separation.

U.S. Patent No. 5,541,072 to Wang et al._ !_;c_elates to |
methods and devices for separation of magnetic particles
and/or magnetic-associated substances from non-magnetic
associated substances and wmedia. Unlike the present
invention, the Wang method does not utilize the optimum
magnetic gradient (magnetic force) available ' since Wang

situates its magnets on two opposing sides.

U.S. Patent No. 4,988,618 to Li et al. relates to a
magnetic separation device for use in immunoassay or
hybridization assay procedures. The Li device comprises a
base having a plurality of orifices for receiving nonferrous
containers which hold the sample and the assay components
including ferrous particles. The orifices are surrounded by

a plurality of magnets which are spaced about the peripheral

of the orifices.

U.S. Patent No. 4,935,147 to Ullma.ln et al. relates to a
method for separating a substance from a li_quid medium,
particularly applicable for cells and microorganisms from
agqueous suspension and also for the determination of a
analyte. Although Ullman discusses a method with a
reversible non-specific coupling, the method is not

continuous nor does it utilize a multi-dimensional gradient.
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. " The presently ' claimed invention | overcomes the above
mentioned problems by providing a system, an apparatus and a
method for continuous separation of components from' a: |

mixture of chemical entities wusing a multi-dimensional -

" gradient.

SUMMARY OF THE INVENTION:

Accordingly, the object of the present invention is to
provide a magnetic system ~and apparat_u_s ) _having a multi-:
dimensional gra_di_ent for continuous, ) on—l:.ne separatlon of:

components from a m:.xture of chem:.cal entities.

~Another object of the present invention is to ‘provide
an apparatus and system for continucus, on-line magnetic

separation o_f blood components from a whole blood sample.

Yet another object of the invention is to provide a

~ method for cont:.nuously ‘and magnet:.cally separat:l.ng a blood

'component from a mixture of chem:.cal ent:.t:.es ut:.llzing a

multi-dimensional gradient.

A further object of the present 1nventlon 1s to prov:.de_

a method of manufacturing a contlnuous magnet:.c blood"

separatlng apparatus .

Still another object of the present invention is to

prov:.de ‘a system and a method for a cont:.nuous mag'netlc

'.'separatlon of blood components from a whole blood sample""
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using a continuous blood flow and having a decoupling

process.

The present invention relates to a magnetic system
having a multi-dimensional gradient for continuous, on-line
separation of components £from a mixture of chemical
entities. The system comprising; (a) at least one mixing
chamber for agitating the mixture and magnetic particles,
the particles being attached to the components of the
mixture wupon agitation, and (b) at least one separation
chamber. The separation chamber comprises a plurality of
magnets and a plurality of channels having an inlet and an
outlet. The magnets are arranged on one side of the
channels and are in contact with one another to create a
magnetic field. The mixture containing the particle
attached components are introduced into the inlet of the
channels of the separation chamber, and the magnetic field
of the magnets captures the particle attached components
within the channels and the remaining mixture exits the

outlet of the channels of the separation chamber.

In another embodiment of the invention, the magnetic
system further comprises a solution reservoir for
introducing solution through the inlet and the channels for
flushing out the pari:icle attached components through the
outlet of the channels of the separation chamber upon
deactivation of the magnetic field. The magnetic system

also comprises a decoupling agent reservoir for introducing
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a decoupllng agent to the part:.cle attached components and

an additional m:.x:.ng chamber for agltating the decoupl::.ng

___agent and the part::.cle attached components allow:.ng the"

separat:l.on of the part:.cles and the components - In one

embodlment the decoupln.ng agent attaches to the components_' .
‘and the magnetlc partlcles deattach The decoupllng agent '-
attached components and partJ.cle m:utture are relntroduced.::
I_ _:Lnto the separat:.on chamber and the magnets are react:.vated
to produce the magnet:.c f:.eld th.ch captures the magnetlc'
.part:u.cles and the rema:l.n:.ng decoupl:.ng agent/ components exit

the outlet of the channel of the separat:.on chamber. The'

. separat:Lon of the components and magnet:.c part:.cles can be
.done 1n ~ numerous ways _ Adjustlng the temperature or -
_pressure can phys:.cally separate th_e_l_ components and
:__partlcles Decoupl:.ng agents such as. sugar, -_ salt or pH - _
changes can be used to chemn.cally separate the components -

rh”and partlcles

The magnetn.c system can also compr:Lse a treatment'
dev:Lce for treat:Lng the rema:.n:l.ng mlxture, “a collect:Lon_
chamber for re:.ntroduc:.ng the components to the treated

1xture, and a plural:l.ty of dlrectlonal valves fo.r'

St

N _controll:.ng the flow of the m:thure, components, ' solut:.ons "

; and decoupllng agent

in one embodiment, the _se'p_arati'on chamber ~of the

magnetic system can further comprise a bed Eor supporting




10

15

20

WO 99/42219 PCT/US99/03579

-9-
the magnets. The preferred material for the bed is a soft

magnetic iron metal.

The magnets can be any high energy rare earth magnets
such as NdFeB or SmCo magnets. Each of the magnets has an
axis with opposing north and south poles, one of the poles
rests on the bed and the other pole faces the plurality of
channels. Each of the magnets are aligned side-by-side to
the other magnets. The axis of each of the magnets is
perpendicular to the bed. In another embodiment, the axis
of each of the magnets is parallel to the axis of the other

magnets and perpendicular to the channels.

The mixture of chemical entities can be a whole blocd
sample and the components can be any biological
micromolecule such as red blood cells, white blood cells,

platelets and other plasma borne components.

In one embodiment, the plurality of magnets can be
arranged in alternating magnetic poles so that the magnets
are aligned side-by-side with a configuration of north-

south-north-south, or are slightly offsét from the side-by-

side configuration.

In yet another embodiment, the plurality of magnets are
vertically aligned in alternating poles so that there is a

vertical line of north poles aligned side-by-side with a
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vertical line of south poles, or are slightly offset from

the side-by-side conf iguration .

~In still another embodiment, the plurality of magnets

‘are horizontally aligned in alternating poles so that there

" is a horizontal line of north poles aligned side-by-side

with a horizontal line of south poles, or are slightly

offset from the side-by-side configuration.

In a further embodiment, ‘the magnets are af;fa_pged 80
that one magnet having one pole is surrounded by other

fnagnets of opposing 15_oles on four sides.

In one embodiment, each of the channels _has varying

widths, and the chanhel width is increased, at an entrance

near the inlet and the channel width is tapered at an exit

near the outlet. The plurality of magnets can also be,

'situated underneath the channel near the inlet and the

- outlet of the separation chambexr. The bed can be tilted on

one side in relation to the sepai'ati_on chamber. The tilted
side of the bed is in contact with one side of the
separation chamber and the untilted side of said bed being

from ‘about .5 to about 3 cm in distance from the separation

chamber.

The magnetic system can further comprise a switching
mechanism for bringing the separation chamber in contact

with the plurality of magnets and _the magnet bed thereby
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activating the magnetic field produced by the magnets and
for distancing the separation chamber from the plurality of
the magnets and the bed thereby deactivating the magnetic
field. The switching mechanism can include, but is not
limited to the following: a plurality of guide rails and

electromagnetic coils, rack and pinion, or belt driven

mechanism.

The magnetic particles, in one of the embodiments, can
be microspheres which are ligand covered and coupling agent

bound. The ligand is protein and the coupling agent is

lectin.

The present invention also relates to a magnetic
apparatus having a multi-dimensional gradient for separation
of components from a mixture of chemical entities. The
apparatus comprises a separation chamber comprising a
plurality of magnets and a plurality of channels having an
inlet and an outlet. The magnets are arranged on one side
of the channels and are in contact with one another to
create a magnetic field. A mixture containing a magnetic
particle attached components is introduced into the inlet of
the channels of the separation chamber and the magnetic
field of the magnets .captures the particle attached
components within the channels and the remaining mixture

exits the outlet of the channels of the separation chamber.
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In one efnbodi..m'ent,. | fhe ée'pax-_atioi:i." chamber further
cbmprises a bed fér 'stilpporting the magnets and the bed is
preferably é_bméo_sé’d of a soft mé.i_ﬁ;netic iron metal. The bed

upon which the magnets are set can be flat or staggered.

The magnets are high energy rare earth magnets, and

preferably NdFeB or SmCo magnets. BEach of the magnets has

-~ an axis with opposing north and south poles, one of the

polés rests on the magnetic bed and the other pole faces the

" plurality of the channels, and each of the magnets are
"aligned side-by-side to the other magnets. The axis of each

" of the magnets is perpendicular to the bed and in other

embodiments, the axis can be parallel to the axis of the

dther mag'netﬂs._ ‘and pefpeﬁdicular to the channels.

In another embodim_éx_it, the plurality of magnets are

~arranged in alternating magnetic poles so that the magnets
. are aligned side-by-side with a configuration of north-
south-north-south, or are slightly offset from the side-by-

~ side configuration.

In yet another embodiment, the plurality of magnets are
vertically aligned in alternating poles so that there is a

vertical line of north poles aligned side-by-side with a

" vertical line of south poles, or are slightly offset from

the side-by-side configuration.
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In still another embodiment, the plurality Qi magnets
are horizontally aligned in alternating poles so that there
is a horizontal line of north poles aligned side-by-side
with a horizontal 1line of south poles, or are slightly

offset from the side-by-side configuration.

In a further embodiment, the magnets are arranged so
that one magnet having one pole is surrounded by other

magnets of opposing poles on four sides.

In one embodiment of the invention, each of the
channels has varying widths and the channel width is
increased at an entrance near the inlet and the channel
width is tapered at an exit near the outlet. The plurality
of magnets can be situated underneath the channel near the
inlet and the outlet of the separation chamber. The bed can
be tilted on one side in relation tq_;he_separatiqn chamber.
The tilted side of the bed is in contact with one side of
the separation chamber and the untilted side of the magnetic

bed is from about .5 to about 3 cm in distance from the

separation chamber.

In another embodiment, the magnetiq apparatus can
further comprise a switching mechanism for bringing the
éeparation chamber in contact with the plurality of magnets
and the magnetic bed thereby activating the magnetic field
produced by the wmagnets, or for distancing the separation

chamber from the plurality of magnets and the bed thereby
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”'deactlvatlng the nmgnetlc fleld " The switching mechanism

can be a plurallty of gulde ralls and electromagnetlc coils,

rack and plnlons or belt drlven.

The mixture of chemical entities can be a whole blood

sample and the components can be any biological

‘micromolecules such as red blood cells, white blood cells,

platelets and otherx plaSma borne components.

The present invention provides a magnetic system having

a multi-dimensional ' gradlent “for continuous, on-line

separatlon of blood components from whole blood The system

comprlslng: (a) at least one mlxing chamber for agitating a

' blood sample and ‘magnetic particles, the particles being

.attached to a blood component of the blood sample upon

agitation, and (b) at least one separation chamber. The
separation;chamber comprises a plurality of magnets and a
plurality of channels having an inlet and an outlet. The
magnets are arranged on one side of the channels and are in
contact with one another to create a magnetic field. The

blood samples containing the particle attached blood

_'components are introduced 1nto the inlet of the channels of

the separatlon chamber, and the magnetlc field of the

magnets captures the partlcle attached blood components

w1th1n the channels and the remalnlng blood sample exits the

outlet of the channels of the separatlon chamber.
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In another embodiment of the invention, the magnetic
system further <comprises a solution <reservoir for
introducing solution through-the inlet and the channels for
flushing out the particle attached blood components through
the outlet of the channels of the separation chamber upon
deactivation of the magnetic €field. The magnetic system
comprises a decoupling agent reservoir £or introducing a
decoupling agent to the particle attached blood components
and an additional mixing chamber for agitating the
decoupling agent and the particle attached blood components
allowing the separation of the particle and the components.
In one embodiment, the decoupling agent attaches to the |
blood components and the magnetic particle to deattach. The
decoupling agent attached blood components and microspheres
mixture are reintroduced into the separation chamber and the
magnets are reactivated to produce the magnetic field which
captures the particles and the remaining decoupling
agent/blood components exit the outlet of the channel of the
separation chamber. The decoupling agent can either be
physical such as pressure and temperature oxr chemical such

as sugar, salt or pH changes.

The magnetic system can also comprise a treatment
device for treating the remaining blood sample; a collection
chamber - for reintroducing the blood components to the
remaining blood sample; and a plurality of directional
valves for controlling the flow of the blood sample, blood

components, solutions and decoupling agent.
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The channels 'can have numerous shapes including
sefpéntine configurations. In one embodiment, each of the

channels has varying widths, and the channel width is

“increased at an entrance hear the inlet and the channel

width is tapered at an exit near the outlet. The plurality

~ of magnets can also be situated underneath the channel near

the inlet and the outlet of the separation chamber. The bed
can be tilted on one side in relation to the separation
chamber. The tilted side of the bed is in contact with one

side of the sepéfatibn chamber and the untilted side of said ..

" bed being from about .5 to about 3 cm in distance from the

separation chamber.

'~ The present invention also - provides a wagnetic

" apparatus having a multi-dimensional gradient for separation

of blood components from whole blood. = The apparatus

" comprises a separation chamber comprising a plurglity of

magnets and a plurality of channels having an inlet and an

~outlet. The magnets are arranged on one . side of the

channels and are in contact with one another to create a
magnetic field. A blood sample containing magnetic particle -
attached blood components is introduced into the inlet of

the channels of the separation chamber and the magnetic

field of the ﬁﬁgﬁets'Captures the particle attached blood

components within the channels and the remaining blood

‘sample exits the outlet of the channels of the separation.

chamber.
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In one embodiment, the separation chamber further
comprises a bed for supporting the magnets and the bed is

composed of a magne_tizablé material such as soft iron

metal.

The ©present invention also provides method of
continuously and magnetically sepérating a component from a
mixture of chemical entities utilizing a multi-dimensional
gradient. The method comprising the steps of: a)
introducing a blood sample to a plurality of magnetic
microspheres; b) agitating the blood sample and microspheres
and inducing the miciospheres to attach to blood components
of the blood sample; ¢) providing a separation chamber, the
separation chamber comprising a plurality of magnets and a
plurality of channels having an inlet and an outlet, the
magnets being arranged on one side of said channels and in
contact with one another to create a magnetic field; 4d)
introducing the blood sample containing the microsphere
attached blood components into the inlet and through the
channels of the separation chamber; e) activating the
magnets to produce a - magnetic field to capture the -
microsphere attached blood components within the channels;
and f) allowing the remaiping blood sample to exit the

outlet of the channels of the separation chamber.

The method can further comprise the step of (g)
providing a solution reservoir and upon deactivation of the

magnetic field, introducing solution through the inlet and
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'the channels flushing out the microsphere attached blood

components through_ the outlet. “The me_thod can also further
comprise the steps of (h) introducing a decoupling agent to
the microsphere attached blood components and (i) separating

the magnetic particles and components using the decoupling

agent, and (J) reintroducing the decoupling agent attached

blood components and particles mixture J.nto the separation
chamber and reactivating the magnetic field allow:.ng the

capture of the particles and exiting of the decoupling agent

attached blood components from ‘the separation chamber In
. ©One embodiment, the separation of the particles and the
components by allow1ng the decoupling agent to attach to the

; blood components and microspheres to deattach The method

can further comprise the step of treating the remaining

blood sample of step (f) and step (k) wherein the magnetic

_field is deactivated ‘and solution is 1ntroduced into the

inlet and through the channels flushing out the magnetic

| particles through the outlet.

In one embodiment, the method can further comprise the

step of reintroducing the blood components to the remaining

blood sample using a collection chamber and controlling the

travel of the blood sample, the blood components, solutions

and decoupling agent using a plurality of directional

valves.

The method can also .' comprise the step of ‘providing the -

' separation chamber with a bed for supporting the magnets.
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The bed is preferably composed of a magnetizable material
such as soft iron metal. The magnets are a high energy

rare earth magnets and preferably NdFeB or SmCo magnets.

Each of the magnets has an axis with opposing north and
south poles and further comprises the step of arranging the
magnets so that one of the poles ‘rests on the magnetic bed
and the other pole faces the plurality of the channels and
aligning each of the magnets side-by-side to the other
magnets. The axis of each magnet is perpendicular to the
magnetic bed. In one embodiment, the axis of each of the
magnets is parallel'to the axis of the other wmagnets and

perpendicular to the channels.

In one embodiment, the method comprises arranging the
magnets in alternating magnetic poles with a configuration
of north-south-north-south, or slightly offset from the

side-by-side configuration.

In another embodiment the method comprises the step of
vertically aligning the plurality of magnets in altermating .
poles so that there is a vertical 1line of north poles
aligned side-by-side with a vertical line of south poles, or

slightly offset from the side-by-side configuration.

In still another embodiment, the method comprises the
step of horizontally aligning the plurality of magnets in

alternating poles so that there is a horizontal line of
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‘north poles aligned s'ideébyi'side ‘Wwith a horizontal line of

'south"poles; or'hslightly offset from the side-by-side

configuration. = '

In a further embodiment,'the'method'comPrises arranging

'the magnets so that one magnet having'one pole is surrounded

by other magnets of opposing poles on four sides.

The method can further comprlse the step of varying the

w1dths of the channels. The channel width is increased at
‘an entrance near the 1nlet and the channel w1dth is tapered

_ at an exit near the outlet. The method can also comprise

s:.tuatlng the plural:.ty of magnets underneath the channel

'near the inlet and the outlet of the separation chamber
ITThe ‘method also ‘includes tlltlng the bed. on one side in
”relatlon to the separation chamber The tilted Slde of the

;bed is in contact with one side of the separatlon chamber

and the untilted side of said bed is from about .5 to about

3 cm in distance from the separation chamber.

'The method can further comprise the step of providing a
switching mechanism for bringing the separation chamber ln
contact with the bed and the magnets, thereby activating the
magnetic field. The method ran also'include proﬁiding guide

rails and electromagnetic coils for distancing the

 separation chamber and the nagnetsYbed thereby deactivating

the magnetic field.
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The present invention alsc provides method of
manufacturing a continuous blood separating apparatus. The
method comprising the steps of: a) providing a separation
chamber, the separation chamber comprising a plurality of
wagnets and a plurality of channels having an inlet and
outlet, the magnets being arranged on one side of the
channels and being in céntact with one another to create a

magnetic field; and b) providing a bed for supporting the

magnets.

BRIEF DESCRIPTION OF THE DRAWINGS:

A more complete appreciation of the present invention
and many of the attendant advantages thereof will be readily
understood by reference to the following description when

considered in connection with the accompanying drawings in

which:

FIGURE 1 illustrates a perspective view of the magnetic

system of the presently claimed invention.

FIGURE 2 illustrates a perspective view of the magnetic

apparatus of the present invention.

FIGURE 3 illustrates a perspective view of the magnetic
apparatus of the present invention including the separation

chamber, the bed and the plurality of wmagnets.
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" FIGURE 4 illustrates “& ~perspective viéw of one

embodiment of the switching mechanism of the magnetic

‘apparatus of the present invention including guide rails and

elect'romagnetic coils. - "~ . o

FIGURE 5a 111ustrates a cutaway v:Lew of the magnetic

apparatus w:.th gu:Lde rails and electromagnetlc co:.ls in a

_de-energized state.

FIGURE 5b illustrates a cutaway view of the magnetic

apparatus in an energized state.

FIGTJRES 6 a-g J.llustrate overhead views of the various

' _magnetlc conflgurat:.ons of the magnet:.c apparatus of the

present 1nvent10n

'FIGURE 7 illustrates a perspective view of the '_magnetic_.

‘apparatus wherein the bed is in a tilted conf'iguratien.

'DETAILED DESCRIPTION OF THE PREFERRED EMBODTMENT:

Referr:l.ng now to the draw1ngs where:.n 'ke reference

numerals designate ident:l.cal or correspondlng_ parts

throughout the several views and more part:.cularly to FIGURE

1 wherein the system and method of the present invention are

illus_trated, Lect:Ln 1s bound to a proteln covered magnet:.c

particle such as a m:.sr_o_s_phere_ in mixing chamber 10 and the

lectin-bound microsphere. is aQitated with a whole blood

sample in mixing ‘chawmber 12. - The agitation causes the
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microspheres to be bound to blood components (red blood
cells) of the whole blood sample.. The blood sample
containing the wmicrosphere attached blood components are
then introduced into a first magnetic apparatus 20 having a
separation chamber 22. The sample enters the chamber 22
through "its inlet 23. The chamber 22 has a plurality of
channels‘ 25 and a plurality of tﬁagnets 27. - The magnets 27
are in contact with one another. The magnets .create a
magnetic field and the 'magnetic £field captures the
microsphere attached blood components with the channels 25
and the remaining b;Lood (white blood cells, platelets and
plasma) travels through the channels 25 and exits the outlet

24 of the separation chamber 22.

The exiting remaining blood sample. then enters a
treatment device 30 such as a UVAR photophoresis system.
The mwagnetic field is deactivated and a solution is
introduced into the separation chamber 22 from a solution
reservoir 14. The solution enters to inlet 23, travels
through the channels 25 and flushes out the microsphere
attached blood components through the outlet 24 of the
separation chamber 22. The microsphere attached blood
components travel through directional wvalve 16 and .enterxr '
another mixing chamber 17 wl.l_ere a decoupling agent (such as
sugar or salt) from the decoupling agent reservoir 18 is
introduced. In mixing chamber 17, the microsphere attached

blood components and the decoupling agent are agitated

causing the decoupling agent to attach to the blood
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components and the microspheres to deattach. The decoupling

agent attached blood components and microspheres_mixturé”is '

introduced .tb. a' second‘ magnétic apparatus 40 having a
separation chamber 42. The mixture entefs the chamber 42
through its inlet 43. The mixture flows through a plurality
of Channeis 45 and a plurality of magnets 47  situated
uhderneath the channels 45. The :ﬁagnetic field _pf the

magnets 47 are activated and the microspheres are captured

within the separation chamber 42. The decoupling agent
" attached blood compénents travel through the channels 45 and
exit outlet 44 of the chamber 42. The treated blood and

- blood components are then reintroduced to one another using

collection chamber 19.

FIGURE 2 illustrates a perspective view of an assembled

magnetic apparatus 50 comprising separation chamber 52 and a.

bed 58. The separation chamber 52 comprises a plurality of

magnets 57 and a plurality of channels 55 having an_inlet 53

and an outlet 54. The bed 58 can be composed of a soft iron

magnetic metal. The magnets 57 are high'energy,rare earth

- magnets and preferably NdFeB or SmCo magnets. _The magnets

57 have an axis with opposing north and south poles, and one

of the poles rests on the magnetic bed 58 while the other

1
pole faces the channels 55. BEach of the wmagnets 57 are

aligned side-by-side to the other magnets.

FIGURE 3 illustrates a perspective view of a

disassembled magnetic apparatus 50, particularly focusing on
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the various components of the apparatus 50. The bed 58 has

a surface upon which a plurality of magnets 57 are aligned.

The bed 58 has at least two elevated edges 59 and the

separation chamber 52 is set between the edges 59 of the bed

58 and above the plurality of magnets 57.

FIGURE 4 illustrates an alternate embodiment of the
magnetic separation apparatus 50 of the present invention.
The apparatus 50 comprises a separation chamber 52 and a bed
58. The separation chamber 52 has a plurality of channels
55 and an inlet 53 and outlet S4. The chamber 52 alsoc has a
plurality of magnets- 57 situated upon the bed 58. . The bed
58 has at least two elevated edges 59 and apertures 61 on
the edges 59. The apparatus 50 also comprises a plurality
of electromagnetic coils 62, each coil 62 having at least
two guide rails 60. The coils 62 are attached to the.
chamber 52 . and the guide rails 60 are inserted in the
apertures 61 of the edges 59 of the bed 58. The coils 62
travel up and down the guide rails 60 determining the
distance between the chamber '52 and the magnets 57, thereby
allowing the activation and deactivation of the magnetic

field of the magnetic apparatus 50.

FIGURE 5a illustrates a cutaway view of the magnetic
apparatus 50 of the ‘present invention in a de-energized or
magnetic field deactivated state. The magnets 57 are set on
the bed 58 which has elevated edges 59. The separation

chamber 52 is connected to electromagnetic coils 62. There
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is a distance between the c_oilé 62 and the edges 59 creating

"a distance between the chamber 52 and the magnets 57 on the

bed 58.

FIGURE 5b illustrates a cutaway view of the magnetic

apparatus 50 of the present invention in an energized or

magnetic field activated state. The coils 62 are in contact .

with edges 59 thus creating contact between the magnets 57

" on the bed 58.

FIGURES 6a-g illustrate various configurations of the .

magnets in the present invention. FIGURE 6a depicts a
plurality of magnets arranged in alternating magnetic poles
so 'that the magnets are aligned side-by-side with a

configuration -of north-south-north-south. FIGURE 6b

illustrates the magnets in FIGURE 6a ‘slightly offset from. .

the side-by-side configuration. . FIGURE _6c  depicts - a

plurality of magnets verti'call_y aligned in .alternat;_.:'_.ng_ poles

'so that there is a vertical line of north poles aligned

side-by-side with a vertical line of south poles. FIGURE 6d
illustrates a plurality of magnets horizontally aligned in
alternating poles so that there is a horizontal line of

north poles aligned side-by-side with a horizontal line- of

' south poles. FIGURE 6e depicts a slightly offset

configuration of FIGURE 6d. FIGURE 6f depicts a slightly
offset configuration of FIGURE 6c. FIGURE 6g illustrates a

'plurall:'ll.ty of “ma'gnets arrangéd so that one magnet having one
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pole is surrounded by other magnets of opposing poles on

four sides.

FIGURE 7 illustrates another embodiment of the magnetic
separation apparatus 50 of the present invention wherein the
bed 58 is tilted on one side 70 in relation to the
separation chamber 52. The'tilted?side 70 of the bed 58 can
be in contact with one side of the chamber 52 and the
untilted side 71 of the bed 58 being from about .5 to about

3 om is distance from the chamber 52.

Obviously numerous modifications and variations of the
present invention are possible in 1light of the above
teachings. It is therefore to be understocd that within the
scope of the appended claims hereto, the invention may be .

practiced otherwise than or specifically described therein.
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What Is Claimed Is:
1. A magnetic system having a multi-dimensional

gradient for continuous, on-line separation of a component

from a mixture of chemical entities, said system comprising:

(a) at least one mixing chamber for agitating a

mixture of chemical entities and magnetic particles, the

particlés being'attadhed to a component of the mixture updn

agitation; and

(b) at least one separation chamber, said

- separation chamber comprising a plurality of magnets and a

plurality of channels having an inlet and an outiet, said
mégnets being arranged on one sidé_by said channels and
being in ;ontact with one another to create a wagnetic
field, the mixture containing the magnetic particle attached
coﬁpdnents are introduced into said inlet of said chénﬁéls
of said separation chamber, said magnetic field of said
magnets captures the magnetic particle attached gompdngnts_
within said channels and the'remaihing mixture exits said

outlet of said channels of said separation chamber.

2. The magnetic system of claim 1 further comprising

a solution reservoir for introducing solution through said

L




WO 99/42219 PCT/US99/03579

-29-
inlet and said channels for flushing out the magnetic

particle attached components through said outlet of said
channels of said separation chamber upon deactivation of the

magnetic field produced by said magnets.

5 3. The magnetic system of claim 2 further comprising
a decoupling agent reservoir for introducing a decoupling

agent to the magnetic particle attached components.

4. The magnetic system of claim 3 further comprising
an additional mixing chamber for agitating the decoupling
10 agent and the magnetic particle attached components allowing

the separation of the magnetic particle and components.

5. The magnetic system of claim 4 wherein the
separation of the magnetic particles and components is
caused by the decoupling agent attaching to the components

15 "“and causing the magnetic particles to deattach.

6. The magnetic system of claim 4 wherein the
components and magnetic particles mixture are reintroduced
into said separation chamber and said magnets are
reactivated to produce the magnetic fiéld which captures the

20 magnetic particles and the components exit said outlet of

said channel of said separation chamber.

IR O
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7. The magnetlc system of clalm 3 whereln the

_deeeuﬁiing agent is sugar;’

8. The magnetlc system of c1a1m 1 further comprlslng

a treatment device for treatlng the remalnlng m1xture

5 - 9. The magnetlc system of clalm 6 further comprlslng
a collection chamber for re1ntroduc1ng the components to the

remaining mixture.

10. The magnetic system of clalm 6 further compr1s1ng

.a plurallty of dlrectlonal valves for controlllng the flow

- 11. The magnetlc system of clalm 1 whereln said R |
separatlon chamber further comprlses a bed for supportlng

said magnets.

12. The magnetic system of claim 11 wherein said bed !

13. The magnetic system of claim 1 wherein said L 1

magnets are NdFeB magnets.

14. The magnetic system of claim 1 wherein said

magnets are SmCo magnets.

20 15. The magnetic system of claim 11 wherein each of

said magnets has an axis with opposing north and south

R A
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poles, one of said poles rests on said bed and the other

pole faces said plurality of said channels, said axis of
each of said magnets being perpendicular to said bed, each

of said magnets being aligned side-by-side to other said

5 magnets.

16. The magnetic system of claim 15 wherein said axis
of each of said magnets being parallel to said axis of other

magnets and perpendicular to said channels.

17. The magnetic system of claim 15 wherein said
10 plurality of said magnets are arranged in alternating
magnetic poles so that said magnets are aligned side-by-side

with a configuration of north-south-north-south.

18. The magnetic system of claim 17 wherein said
magnets are slightly offset from the side-by-side

15 configuration.

19. The magnetic system of claim 15 wherein said
plurality of said wagnets are vertically aligned in
alternating poles so that there is a vertical line of north

poles aligned side-by-side with a vertical line of south

20 poles.

* c L M S *
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20. The magnetic system of claim 19 wherein said . i

nagnets are slightly offset from the side-by-side

21. The magnetic system of claim 15 wherein said
plurality of said magnets are horizontally aligned ih;~

alternating poles so that there is a horizontal line of

south poles.

22. The magnetic system of claim 21 wherein said
plurality of said magnets are'slightly offset from the side-

by-side configuration.

23. The magnetic system of claim 15 wherein said
magnets are arranged so that one maghet having one pole is

surrounded by other magnets of opposing poles on four sides.
24. The magnetic system of claim 1 wherein each of
said channels has.varying widths, said channel width is

increased at an entrance near said inlet and said channel

width is tapered at an exit near said outlet.

25. The magnetic system of claim 15 wherein said
plurality of said maghets are situated underneath said
channel near said inlet and said outlet of said separation

chamber.

AR
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26. The magnetic system of claim 11 wherein said bed

is tilted on one side in relation to said separation

chamber.

27. The magnetic system of claim 26 wherein said
tilted side of said bed is in contact with one side of said
separation chamber and an untilted side of said bed being

from about .5 to about 3 cm in distance from said separation

chamber.

28. The magnetic system of claim 11 further comprising
a switching mechanisé for bringing said separation chamber
in contact with said plurality of said magnets and said bed
thereby activating the magnetic field produced by said
magnets and for distancing said separation chamber fxom said
plurality of said magnets and said bed thereby deactivating

the magnetic field.

29. The magnetic system of claim 28 wherein said
switching mechanism comprises a plurality of guide rails and

electromagnetic coils.

30. The magnetic system of claim 1 wherein the

magnetic particle is a microsphere that is ligand covered

and coupling agent bound.

A
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31, The magnetlc system of clalm 30 wherein said

ligand is a proteln and said coupllng agent is lectin. : - ' -

32. A magnetic apparatus having a multi-dimensional

gradient for separation of components from a mixture of

‘chemical entities, said apparatus comprising: - ..

-a separatlon chamber compr1s1ng a plurallty of .

magnets and a plurality of channels hav1ng an 1nlet and an

 outlet, sald. magnets being arranged on one’ s1de of sald -
channels and belng in ceontact w1th one another to create a

"magnetlc fleld a'inikture of chemical entities containing - .: -

magnetlc partlcle attached components is 1ntroduced into

ald inlet of said channels of Sald separatlon chamber, said

magnetic field of said magnets captures the magnetic

‘particle attached components within said channels and the

remaining mixture exits said outlet of said channels of said

separation chamber. = -

33. The magnetic apparatus of claim 32 wherein'said
separation chamber further comprises'a:bed for~supﬁorting

said magnets. - . - . - . - ..

34. The“magnetic apparatushof}claim'33 wnerein'Said

bed is composed of a magnetizable soft iron metal. -

-
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35. The wmagnetic apparatus of claim 32 wherein said

magnets are NdFeB magnets.

36. The magnetic apparatus of claim 32 wherein said

magnets are SmCo magnets.

37. The magnetic apparatus of claim 33 wherein each of
said magnets has an axis with opposing north and south
poles, one of said poles rests on said bed and the other
pole faces said plurality of said channels, said axis of
each of said magnets being perpendicular to said bed, each

of said magnets being aligned side-by-side to other said

magnets.

38. The magnetic apparatus of claim 37 wherein said
axis of each of said magnets being parallel to said axis of

other magnets and perpendicular to said channels.

39. The magnetic apparatus of claim 37 wherein said
plurality of said magnets are arranged in alternating
magnetic poles so that said magnets are aligned side-by-side

with a configuration of north-south-north-south.

40. The magnetic apparatus of claim 39 wherein said
magnets are slightly offset from the side-by-side

configuration.

RN R O
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41. The magnetic apparatus of claim 37 wherein said

plurality of said magnets are vertically aligned in
alternatlng poles so that there 1s a vertlcal line of north
poles aligned s1de-by-51de w1th a vert1ca1 llne of south

poles.

“42, The magnetlc apparatus of c1a1m 41 wherein said
magnets are sllghtly offset from the 51de by-s1de

conf;guration. :

43. The magnetic apparatus'of claim 37 wherein said .
plurality of said magnets are horizontally aligned in -

alternating_poles.so that there is a horizontal line of

~_north poles aligned side-by-side with a horizontal line of

south poles.

44. The magnetic apparatus of claim 43lwherein said -

”plurallty of sald magnets are sllghtly offset from the s1de—

by-side configuratlon

45. The magnetic apparatus of claim 37 wherein said
magnets are arranged so that one magnet having one pole is

surrounded by other magnets of opposing poles on four sides.

46. The magnetic apparatus of claim 32 wherein each of

said channels has varying widths, said channel width is

A
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increased at an entrance near said inlet and said channel

width is tapered at an exit near said outlet.

47. The magnetic apparatus of claim 32 wherein said

plurality of said magnets are situated underneath said

channel near said inlet and said outlet of said separation

chamber.

48. The magnetic apparatus of claim 33 wherein said

bed is tilted on one side in relation to said separation

chamber.

49. The magnetic apparatus of claim 46 wherein said
tilted side of said bed is in contact with one side of said
separation chamber and an untilted side of said bed being

from about .5 to about 3 em in distance from said separation

chamber.

50. The magnetic apparatus of claim 32 further
comprising a switching mechanism for bringing said
separation chamber in coﬁtact with said plurality of said
magnets and said bed thereby activating the magnetic field
produced by said magnets and’for distancing said separation
chamber from said plurality of said magnets and said bed

thereby deactivating the magnetic field.

o g gy
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51. The magnetic apparatus of claim 50 wherein said

switching mechanism is a plurality of guide rails and -
electromagnetic coils.

52. The magnetic apparatus of claim 32 wherein the

magnetic particle is a microsphere that is ligand covered

and coupling agent bound.

53. The magnetic apparatus of claim 52 wherein said

ligand is a protein and said coupling agent is lectin. ' H

S4. A magnetic-system having a multi-dimensional ?i
'gradient for continuous, on-line separation of blood
componénts from a whole blood sample, said system -

 comprising:’

(a) at least one mixing chamber for agitating a

blood sample and magnetic particles, the magnetic particles
being attached to a blood component of the blood sample upon

agitation, and

(b) at least one separation éhamber, said
separation chamber comprising a plurality of magnets and a
- plurality of channels having'an inlet and an outlet, said
magnets béing arranged-on one side by said channels and

being in contact with one another to create a magnetic

field, the blood samples containing the magnetic particle

(A
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attached blood components are introduced into said inlet of

said channels of said separation chamber, said magnetic

field of said magnets captures the magnetic particle

attached blood components within said channels and the

remaining blood sample exits said outlet of said channels of

said separation chamber.

55. The magnetic system of claim 54 further comprising
a solution reservoir for introducing solution through said
inlet and said channels for flushing out the magnetic
particle attached blood components through said outlet of
said channels of said separation chamber upon deactivation

of the magnetic field produced by said magnets.

56. The magnetic system of claim 55 further comprising

a decoupling agent reservoir for introducing a decoupling

" agent to the magnetic partiéle attached blood components.

57. The magnetic system of claim 56 further comprising -
an additional mixing chamber for agitating the decoupling
agent and the magnetic particle attached blood components

allowing the separation of the magnetic particles and blood

components.

58. The magnetic system of claim 57 wherein the

separation of the magnetic particles and blood components is

O g g
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caused by the decoupling agent attaching to the blood '

components and causing the magnetic particles to deattach.

- 59. The magnetlc system of clalm 57 whereln the blood

_components and magnetlc partlcles mlxture are relntroduced

into said separatlon chamber and sa1d magnets are

reactivated to produce the magnetlc fleld wh1ch captures the

magnetlc partlcles and the blood components ex1t said outlet

"of sald channel of sald separatlon chamber.

r~w§9'- The magnetlc system of claim 56 whereln the

decoupllng agent is sugar.'

61. The magnetic system of claim 54 further comprising

~a treatment device for treating the remaining blood sample.

62. The magnetic system of claim 59 further comprising
a collection chamber for reintroducing the blood components

to the remaining blood sample.

63. The magnetic system of claim 59 further comprising

" a plurality of directional valves for controlling the f£low

of the blood sample, blood components, solutions and .

deconpling agent.

64. The magnetic system of claim 54 wherein said

gseparation chamber further comprises a bed for supporting

said magnets.:

AR R
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65. The magnetic system of claim 64 wherein said bed

is composed of a magnetizable soft iron metal.

66. The magnetic system of claim 54 wherein said

magnets are NdFeB magnets.

5 67. The magnetic system of claim 54 wherein said

magnets are SmCo magnets.

68. The magnetic system of claim 64 wherein each of
said magnets has an axis with opposing north and south
poles, one of said poles rests on said bed and the other

10 . pole faces saild plurality of said channels, said axis of
each of said magnets being perpendicular to said bed, each

of said magnets being aligned side-by-side to other said

magnets.

69. The magnetic system of claim 68 wherein said axis
15 of each of said magnets being parallel to said axis of other

magnets and perpendicular to said channels.

70. The magnetic-system of claim 68 wherein said
plurality of said wmagnets are arranged in alternating
magnetic poles so that said magnets are aligned side-by-side

20 with a configuration of north-south-north-south.

* c L M S *
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71. The'magnetic system of claim 70 wherein said

magnets are slightly offset from_the side-by-side

configuration

72. The magnetic system of claim 68 whefein said

. plurallty of sald magnets are vertlcally allgned in

alternatlng poles so that there is a vertlcal 11ne of north -

poles aligned side- by-81de w1th a vertlcal 11ne of south

'poles:w

73. The magnetlc system of clalm 72 whereln sald

. magnets are sllghtly offset from the 51de-by- 1de '-'

conflguratlon.

. 74. The magnetic system of claim 68 wherein said
_plurality of said magnets are horizontally aligned in

alternating poles so that there is a horizontal 1ine of

north poles allgned s1de by—side w1th a horizontal line of

south poles.

75. The magnetic system of claim 74 wherein said
magnets are slightly offset from the'side-by-side
.configuration.

76. The wmagnetic system of claim 68 wherein said

magnets are arranged 'so that one magnet having one pole is

surrounded by other magnets of opposing poles on four sides.

Ll
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77. The magnetic system of claim 54 wherein each of

said channels has varying widths, said channel width is
increased at an entrance near said inlet and said channel

width is tapered at an exit near said outlet.

78. The magnetic system of claim 68 wherein said
plurality of said magnets is situated underneath said
channel near said inlet and said outlet of said separation

chamber.

79. The magnetic system of claim 64 wherein said bed
is tilted on one side in relation to said separation

chamber.

80. The magnetic system of claim 79 wherein said
tilted side of said bed is in contact with one side of said
separation chamber and an untilted side of said bed being

from about .5 to about 3 cm in distance from said separation

chamber.

81. The magnetic system of claim 64 further comprising
a switching mechanism for bringing said separation chamber
in contact with said plurality of said magnets and said bed
thereby activating the magnetic field produced by said
magnets and for distancing said separation chamber from said

plurality of said magnets and said bed thereby deactivating

the magnetic field.

KRN O OO
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82. The magnetlc system of claim 81 whereln said

sw1tch1ng mechanlsm comprlses a plurallty of gulde rails and

'electromagnetic coils.

83.  The magnetic system of claim 54 wherein_the'

magnetic particle is a microsphere that is ligand covered

"and coupling agent bound.

84. The magnetic system of claim 83 wherein said'

ligand is a protein and the coupling agent is lectin.

85. The magnetlc system of clalm 54 whereln the blood
components can be selected from a group cons1st1ng of red .
blood cells, whlte blood cells, platelets and plasma borne

components.

86. The magnetic system of claim 54 wherein the whole

' blood sample is a mixture of chemical entities.

87. A magnetic apparatus having a multi—dimensional-

_gradlent for separatlon of blood components from a whole

_blood sample, said apparatus compr1s1ng

a separation chamber comprising a plurality of

magnets and a plurality of ehannels_haming an inlet and an

outlet, said magnets being arranged on one side  of said

channels and being in contact with one another to create a

magnetic field, a blood sample containing magnetic particle

A g
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attached blood components is introduced into said inlet of

said channels of said separation chamber, said magnetic
field of said X wmagnets captures the magnetic particle
attached blood components within said channels and the

remaining blood sample exits said outlet of said channels of

said separation chamber.

88. The magnetic apparatus of claim 87 wherein said
separation chamber further comprises a bed for supporting

said magnets.

89. The magnetic apparatus of claim 88 wherein said

bed is composed of a magnetizable soft iron metal.

90. The magnetic apparatus of claim 87 wherein said

magnets are NdFeB magnets.

91. The magnetic apparatus of claim 87 wherein said

magnets are SmCo magnets.

82. The magnetic apparatus of claim 87 wherein each of
said magnets has an axis with opposing north and south
poles, one of said poles rests on said bed and the other

)
pole faces said plurality of said channel, said axis of.each

of said magnets being perpendicular to said bed, each of

said magnets being aligned side-by-side to other said

magnets.

OO O
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93. The magnetlc apparatus of claim 92 whereln said

axis of each of said magnets being parallel'to said axis of

other magnets and perpendicular to said channels.

_94. The magnetlc apparatus of clalm 92 whereln said
plurallty of sald magnets are arranged in alternatlng
magnetic poles so_that said magnets are allgned s1de—by-side

with a configuration of north-south-north-south.

95. 'The”magnetié apparatus of claim 94 wherein said.

magnets are slightly offset from the side-by-side

. configuration.

.96. The magnetic apparatus of claim 92 wherein said
‘plurality of said magnets are vertically aligned in
alternating poles so that there is a vertical line of north
poles aligned side-by-side with a vertical line of south .
poles.

97. The magnetlc apparatus of claim 96 whereln said
magnets are sllghtly offset from the s1de-by—s1de
configuratlon. S

98. The magnetiquapparatus of claim 92 wherein said -

plurality of said magnets are horizontally aligned in

alternating poles so that there is a horizontal line of

A
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north poles aligned side-by-side with a horizontal line of

south poles.

99. The magnetic apparatus of claim 98 wherein said

plurality of said magnets are slightly offset from the side-

by-side configuration.

100. The magnetic apparatus of claim 92 wherein said
magnets are arranged so that one magnet having one pole is

surrounded by other magnets of opposing poles on four sides.

101. The magnetic apparatus of claim 87 wherein each of
said channels has varying widths, said channel width is
increased at an entrance near said inlet and said channel

width is tapered at an exit near said outlet.

102. The magnetic apparatus of claim 92 wherein said
plurality of said magnets are situated underneath said

channel near said inlet and said outlet of said separétion

chamber.

103. The magnetic apparatus of claim 94 wherein said
magnetic bed is tilted on one side in relation to said

separation chamber.

104. The wmagnetic apparatus of claim 103 wherein said
tilted side of said bed is in contact with one side of said

separation chamber and an untilted side of said bed being

g



10

- 15

20

WO 99/42219 - - N ‘PCT/US99/03579

_ . -48- : S
from about .5 to about 5 cm in distance from said separation

chambex.

105. The magnetic apparatus of claim 87 further
comprising a switching mechanism for bringing said
separation chamber in contact with said plurality of said

magnets and said bed thereby activating the magnetic field

. produced by said magnet and for distancing said separation

chamber from said plurality of said magnets and said bed

thereby deactivating the magnetic field.

106. The magnetic apparatus of claim 105 wherein said

. switching mechanism is a plurality of guide rails and

electromagnetic coils.

'107. The wmagnetic apparg;us'of_claim 87 wherein the

magnetic particle is a microsphere that is ligand covered

 _and coupling agent bound... .

108. The magnetic apparatus of claim 107 wherein said

ligand is a protein and the coupling agent is lectin.

109. The magnetic apparatus of claiﬁ 87 wherein the
blood components can be selected frém a group consisting of
red blood cells, white blood cells, platelets and plasma

borne components.
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110. A method of continuously and magnetically

separating a component from a mixture of chemical entities
utilizing a multi-dimensional gradient, said method

comprising the steps of:

(a) introducing a mixture of chemical entities to

a plurality of magnetic particles;

(b) agitating the mixture and magnetic particles
and inducing the magnetic particles to attach to the

components of the mixture;

(c) providing a separation chamber, said
separation chamber, comprising a plurality of magnets and a
plurality of channels having an inlet and an outlet, said .
magnets begin arranged on one side of said channels and

being in contact with one another to create a magnetic

field;

{d) introducing the mixture containing the
magnetic particle attached components into said inlet and

through said channels of said separation chamber;

(e) activating said magnets to produce a magnetic

field to capture the magnetic particle attached components

within said channels; and

A
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(£) allowing the remaining mixture to exit said

" outlet of said channels of said separation chamber. - -

111. The method of claim 110 further comprising the

step of (g) providing_a sqlution reservoir and upon

"deactivation of the magnetic field, introducing solution

through said inlet and said channels flushing out the

magnetic particle attached components through said outlet.

112. The method of claim 110 further comprising the
step of (h) introducing a decoupling agent to the magnetic

particle attached blood components. =

113. The method of claim 112 further comprising the
step of (i) separating the magnetic particles from the .

components using the decoupling agent.

114. fhé methéd of élaiﬁ 113“wherein the separatioﬁ of
the components and the magnetic particles is causea by Ehe
decoupling agent attacﬁing to the components and causing the
magnetic particles to deattach.

115. The method of claiﬁ.llj furﬁhéf compfising the
step of (j) reintroducing th; components and magnetic
particles mixture inté'éaid_separation chamber and

reactivating the magnetic field allowing the capture of the

U
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magnetic particles and exiting of the components from said

separation chamber.

116. The method of claim 115 further comprising the

step of (k) deactivating said magnetic field and introducing

solution through said inlet and said channels flushing out

said magnetic particles through said outlet.

117. The method of claim 112 wherein the decoupling

agent is sugar.

118. The method .of claim 110 further comprising the

step of treating the remaining mixture of step (f).

119. The method of claim 112 further cowmprising the
step of reintroducing the components to the remaining

mixture using a collection chamber.

120. The method of claim 112 further comprising the

step of controlling the flow of the mixture, components,

solutions and decoupling agent.

121. The method of claim 110 further comprising the
step of providing said separation chamber with a bed for

supporting said magnets.

122. The method of claim 121 wherein said bed is

composed of a magnetizable soft iron metal.
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123. The wmethod of claim 121 wherein each of said

magnets has opposing north and south poles, said axis of

124. The method of claim 123 wherein said axis of each
of said magnets béing parallel to said akis of other magnets
and perpendicular to said channels. -

125. The method of claim 123 further comprising the
step of arranging said magnets so that one of said poles
rests on said bed and the other pole faces said plurality of

said channels and alighing each of said magnets side-by-side

to other said magnets.

126. The method of claim 123 further comprising the
step of arranging said magng;é ih_a;;ernétipg magnetic poles

with a configuration of north-south-north-south.

127. The method of claim 126 wherein said wmagnets are

slightly offset from said side—by-side configuration.

128. The method of claim 121 further comprisiné the
step of vertically aligning said plurality of said magnets
in alternating poles so that'there is_a vertical line of
north poles aligned side~by-side with a vertical line of

south poles.
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129. The method of claim 128 wherein said pluxality of

said magnets are slightly offset from the side-by-side

configuration.

130. The method of claim 121 further comprising the
step of horizontally aligning said plurality of said magnets
in alternating poles so that there is a horizontal line of

north poles aligned side-by-side with a horizontal line of

south poles.

131. The method of claim 130 wherein said plurality of

said magnets are slightly offset from the side-by-side

configuration.

132. The method of claim 121 further comprising the
step of arranging said magﬁets so that one magnet having one

pole is surrounded by other magnets of opposing poles on

four sides.

133. The method of claim 110 further comprising the
step of varying the widths of the channels, said channel
width is increased at an entrance near said inlet and said

channel width is tapered at gn exit near said outlet.

134. The method of claim 110 further comprising the

step of situating said plurality of said magnets undexrneath

L
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said channel near said inlet and said outlet of said

separation chamber. -

135. The method of claim 123 further comprising the
step of tilting said bed on one side in relation to said
separation chamber..

136. The method of claim 135 wherein said tilted side
of said bed is in contact with one side of said separation
chamber and an untilted side of said bed being from about .5
to about 3 cm in distance from said separation chamber.

137. The method of claim 123 further comprisihé thé

step of providing a plurality of switching ﬁegﬁéﬁiéﬁ;fér

" bringing said separation chamber in contract with said bed

and said magnets thereby activating the magnetic field
produced by said magnets and for separating said separation
chamber and.said magnets/bed thereby deactivating the

magnetic field.

138. The method of claim 110 wherein the magnetic

 particle is a microsphere that is ligand covered and

coupling agent bound.

139. The method of claim 138 wherein the ligand is a

protein and the coupling agent is lectin.
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140. The method of claim 110 wherein the components are
the blood components selected from a group consisting of red

blood cells, white blood cells, platelets and plasma borne

components.

s 141. The method of claim 110 wherein the wmixture of

chemical entities is a whole blood sample.

142. A method of manufacturing a continuous magnetic

separation apparatus, said method comprising the steps of:

(a) providing a separation chamber, said
10 separation chamber comprising a plurality of magnets and a
plurality of channels having an inlet and an outlet, said
magnets being arranged on one side of said channels and

being in contact with to one another to create a magnetic

field; and

15 (b) providing a magnetic bed for supporting said

magnets.

143. The method of claim 142 wherein said bed is

composed of a magnetizable soft iron wmetal.

144. The method of claim 142 wherein said magnets are

20 NdFeB magnets.
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145. The method of claim 142 wherein said magnets are

SmCo magnets. . .
146. The method of claim.142'Wheféih”éacﬁ!df-éﬁid '
magnets has an axis with opposing north and south poles,

said axis of each of séid magnets'being_perpendiqular to

said bed.

147. The method of claim 146 wherein said axis of each
of said magnets being parallel to said axis of other magnets

and perpendicular to said channels

148. The method of claim 142 further comprising the
step of arranging said magnets so that one of said poles

rests on said bed and the other pole faces said plurality of

' said channels and aligning each of said magnets side-by-side

to other said magnets.

149. The method of claim 142 further comprising the
step of arranging said ﬁagnets in alternating magnetic poles

with a configuration of north-south-north-south.

150. The method of claim 149 wherein said magnets are

slightly offset from said si&e-by-side configuration.

151. The method of claim 142 further comprising the
step of vertically aligning said plurality of said magnets

in alternating poles so that there is a vertical line of
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north poles aligned side-by-side with a vertical line of

_.south poles.

152. The method of claim 151 wherein said plurality of

said magnets are slightly offset from the side-by-side

configuration.

153. The method of claim 142 further comprising the
step of horizontally aligning said plurality of said magnets
in alternating poles so that there is a horizontal line of

north poles aligned side-by-side with a horizontal line of

south poles.

154. The method of claim 153 wherein said plurality of

said magnets are slightly offset from the side-by-side

configuration.

155. The method of claim 142 further comprising the
step of arranging said magnets so that one magnet having one

pole is surrounded by other magnets of opposing poles on

four sides.

156. The method of claim 142 further comprising the
step of varying the widths of the channels, said channel.
width is increased at an entrance near said inlet and said

channel width is tapered at an exit near said outlet.
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157. The method of claim 156 further comprising the
step of situating said plurality of said magnets underneath
said channel near'said inlet and said outlet of said

separation chamber.

158. The method of claim 142 further comprising the

step of tilting said magnetic bed on one side in relation to-

. said separation chamber.

'159. The method of claim 158 wherein said tilted side
of said bed is in contact with one side of said separation.
chambexr and an untilted side of said.bed being from about .5
about to about 3 cm in distance from said separatlon

chamber

160. The method of ciaim 142 further comprising the

step of prov1d1ng a sw1tch1ng mechanlsm for brlnglng said

separatlon chamber in contact with sa1d magnetic bed and

said magnets thereby activating the magnetic field produced
by sa1d magnets and for separating said separatlon chamber
and said magnets/bed thereby deactlvatlng the magnetlc

field.
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