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MAGNETI C SEP “FNPCNENTS FROM A M XTURE 5 FI ELD OF ﬁﬂ% hﬁ;@&ﬁ
The present w tes to a nmagnetic system and appara é
nultl-dlnen5| radient for the continuous, on-line separation of
conponent s fron1a xture of chem cal entities. The system and apparatus of
the 10 present invention can be used specifically to separate bl ood
conponents from a whol e bl ood sanple. The invention also r a

met hod of contiWB8UEHY and magnetical Iy separating a corrpogéﬁ‘gﬁa?#@m a

m xture of chemi cal entities using a nulti-dinmensional gradient, and a

met hod of 15 manufacturing a continuots” magnetic separati on apparat us.
BACKGROUND OF THE | NVENTI ON: ' The separation and isol ation of bl ood

conponents from a whaol e bl i Fiee
treatment and cl CRANTEU gﬁgﬁ?ﬁ?&?hﬁﬁﬁ?ﬁegy sucthfggrg%gﬂvéorrponents.
There are nunerous nethods and apparati for the separation of blood
conmponents Whol e bl ood carp be separated by | ow speed centrifugation into a
cell free fluid called serum (or if a blood anticoagulant is present) and a
pellet containing 25 cells and platelets. is about 92% water and contai ns
19 AUG 2802 V\nggﬂi-ﬁ-mmgl 03579 el ectrol ytes) |ipoproteins)
proteins, hornones, other nutri ents and vitamns. The |lipoproteins are
|'i pid-protein corrpl exes. Eopr ot el ns are thg EI‘I mary transport nol ecul es

e

for lipids and al so'?% &F&§FErt ’vri“feé‘ﬁ'llﬁ EFShFeBeta-  aPIARETE S5 SYRrvitidni n A).
Li poprotei ns aggpluiddier i vhgled | ha oY ChndBoenSidoheh LROPT ALET el OW
density Iipoprotein and high density |ipoprotein. H-gh levels of |ow
density |i popr @toettmm:es asselirat edparbhiat hefr eonpeteasiss fand ganibitanrascul ar

di sease. In contrast, h | evels of high density 10 |ipoprotein are

t hought to prot"éctd}f@\éFﬁ t SBERhEYSScl er’ i SYSHRB SPPnadRPaprbERi RS 86nd in
plasma ape al byrDend! QRULENSh JanbELENQYED- sp@l:?fﬁrgaﬁﬁ.ﬂisték@e JRate abiadant

pl asma protein(about 60~) end is a carrier nolecule for nonesterified
fatty acids. Adompbrerlssdrphaps vholel e1pod 15amsient aiThiend nivhet DSNMHls0o
pressure of blood. The gl obulins are further divided into~;al pha-, beta-,

and gama- gl obdELAESS TH® g&mmEeEPSbuUIn FPREFWFRLE ond né“ﬁ%faéi:‘iﬁlé%’ t hat

function as antdebadi@md n tdimpbasi®l Ator UG S¥St &M ciidiicaNOgRE: f suaCt i ons
in clot formation. 20 The red bI ood. cel | (or erythocyte) is the primary
cell found in hiséod. Fhi Bum-qlmee@%idnaﬁas gaadrEaMr.anen@utanomgthreir of
nenbranous organel Les and doe ot have a ce|ll nucleus. The

functiof>of red?Si %%‘:uféf’?s |%°n5>%9§‘3‘ﬁF tPIREpLT tsef’ﬁr?tilso%égp%’%cflufhe removal

of carbon di oxi de. The
BACKGROUND OF THE INVENTION:

1
The geparation andiisolation of blood components from a

whole blood sample is a significant aspect of the treatment

and clinical and 1laboratory testing of such blood

20 compenents. There are numerous methods and apparati for the
separation of blood comgonents.

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

25 cells and platelets. is about 92% water and contains
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25 oxygen carrying nmolecule in the red blood cell is henoglobin. The red

bl ood has a bi concave shape and is! 19 AUG 2pp2 WO 99I 422%% REF 724gp99/ 03579
-3 extrenely defornmabl e and able to nove through very small capillaries. In
anem a, the nunber of red blood cells in a given volunme of blood is | ow
resulting in a decreased ability to deliver ox~rgen to tissues. Nutritional
and/or 5 genetic factors can contribute to anem a. Bl ood al so contains
white bl ood celbsyass platelets. Wiite bl ood cells (or | erdsagydmsy i ncl ude
nonocyt es) | ynphocytes, neutropl ~ils) eosinophils, and basophils.

Neut rophi | s, eosinophiles, and basophils (all three are also 10 called
granul ocytes) as well as nobnocytes are%ohagocyti c cells. Phagocytic cells
and | ynphocytes play a key role in the 4 nmmune system Platelets function in
clot formation,eakpohhls00d GYIPLRENLS havs FRGRET | ZabiRdhdY,0PesdH.eS) there
have been nunerous efforts to utilize magnetismto 15 separate and isolate
such bl ood conpaméattss ahide vitbahirconmMtheplopdertr: ednt hatdiel jpideprotain i s t hat
they cannot performthe separation in a continuous manner and_ they do not
use a mul ti-diFRFRSEEITa GRAGRIARINS| Araddiet PEHMah & FARFRAT taFP Ll BEE Snot
provide a decopl iig; BL OGRS 1AMl POMMRBE: L U8 RIO's Ahdg 2kec0RHSlene
separation in "a static stage rather than a constant ow stage. U 'S.
Patent No. 4, 9f}otdBaninn 01 enspogiotalins r&tatRsthor adiveidedd iansl wayi ce for
separating magnetized particles frombiological fluids) particularly white
bl ood cel I's usiqty denSEtYiphsRPRIPAeIANt LBBdFeRBOY NidRoRECERIT ard Bignet i ¢
beads. In i Ap? [ 1422 LUS 579 -4 I t.q the
present i nventclget%n,l hlgl%%ﬁféeé\%%?f sé%éga elqégr%gi §?§‘€c§f |d%nf|lt)gqq%ﬁ§§§ﬁeol\%) and is
conducted in aafd askbéciitead hagh Thenaregbiidsibeadadar eatdirkescilart he
cancer white cells by an agitation process and then a magnetic 5 field is
appl i ed to keepSeRESwhi t 2| dPtEaFEs WHiGR t Revedgnetl ¢ 1eads IErEiHe

di spos e plasti . (o] i j ‘between the
magnet 2{)J\Ahi ch %?ggrﬁg%no%?mé%{eu%?ﬁepo gﬁggg%aﬁga%g%%%%aﬁg%ﬁglgor ce). The
back plate of the Sorenson device is a soft magnetized 10 material and the
magnets are Sant ui ghOohalifharSOLERSOM DA% ANy OLUMEL] d Kt L1 ON 23h86E: I L USEesS
a blood bag (150 m) and there is no decoupling between the beads and the ,
white bl ood cedlabulid t eribefindget.) tAldushd | 5s rdwaimest nabirelade spbssidl e bl ood
bag after separatign.

protein’ (about 60%) &and is a carrier molecule for
nonesterified fatty acids. Albumin also plays a role in
15 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.

20 The red blood cell (or erythocyte) is the primary cell
found in blood. This unique cell has a membrane but no
other membranous organdjelle's and does not have a cell
nucleus. The primary fuhction of red blood cells is oxygen
transport to tissues and the removal of carbon dioxide. The

25 oxygen carrying molecule in the 1red blood cell is

hemoglobin. The red bJI.ood has a biconcave shape and is
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|
15 U. S. Patent No. 5,514,340 to Lansdorp, et al. relates to a device for
separating nmagnetically | abeled cel|s in a sanple using an qqﬁ~ hg@m
magnetic field. Lansdorp uses magnetized screens to attract t éU etic
particles allowi ng the biological fluid to be caught in the nagnetic 20
wires of the screen. The magnets used in Lansdorp nust constantly be
cl eaned since there is contact between the nmagnets and the bl oodjcells.
U S. Patent No.wod§421326 to Ekenberg et al. relates to an agpgdeasem and
met hods for separating magnetically 25 responsive particles froma
non- magneti c test nediumin which the magnetical xy responsive particles are
suspended. i1 9 AUG 2002 WO 99142219 RCT/ US991 03579 -5 I n Ekenberg,
smal | patch anmounts of biological fluid are placed in a tube then a
magnetic pin isekbsaidlgd defothsbld Uil f b1 epar abdedNthtdugh Retrgntsmbidl
5,541,072 to Wang et al. relates to 5 nmethods and devices for separation of
magnetic parti clcesibirgAsE- nn&hétﬁe@i?ss’éféﬁ arales bk tiedc 8309¢ ot HEniAafnet i c
associ at ed substances and nedia., ,Unl.i ke the present. invention ng
met hod does not SatfTi 2’8??%% 8%t i neghet P j’?ﬁ‘c’i?telﬁig (fragriet %%é%%%%)
avai |l abl e sinceYangylOsiddiabes bkfgdRInSt 8iHhebWO GRRESENGhaSI dRF/ok. S.
Patent No. k 988,618 to Li et al. relates to a nmagnetic separati on device
for use iBh i muoeassey fertensciadi gentirdhubs sty apewbedur es. The Li devi ce
conprises a base having a plurality of orifices for receiving nonferrous 15
contai ners which hold the sanple and the assay conponents including ferrous
part~cl es. The orif iB@®daPdsqurpptdiied Wiite pllordl ceylaf aﬁ%gﬁé%%e]\ﬁgﬁch are

d ab h [ | of ifi . oA
spaced about the,peri PRl ofLyibe grififefiocth S Palenlalo. ndhoddas147 1o

Ulmn et al. or separafing) a’s tance from a

liquid medium pakbhedrasly apptiesilie,f oredi@hbshamg M gidor pasdpiasirom
aqueous suspension and also for the determ nation of a analyte. Although
U | man di scussedestrertidd, viesinarhilas siggiebasnnidpacidilc tEsap| #7572 16Re

or adi ent 1910 ABE S008I R Dot 6 VAL  1BedbTOREAT TRES pPRaRRTy”

clai med inventi eeloyereoigReyt e aiqve amantiyanedypeobbeir Hykpr maldi ag a
system an apparatus and a nethod for continuous separation of conponents
froma mxture &hecHBM CaPYEAM-t | BR2tpliet§ Bunarieon- th RS 62598 r adi ent .
SUI ~ARY OF THE | NVENTI ONt Accordi ngly, the object of the present invention
is to provide a nagnetic system and. apparat us havi ng, a nmul ti di nensi onal

gradi ent fox continuttREe dHOPPnECRRIATHES difVef magnetization properties,

there have been numerous efforts to utilize magnetism to
15 separate and isolate such blood components. The most common
problems with the pri@r art is that they cannot perform the
separation in a continuous manner and they do not use a
multi-dimensional gradient. In addition, the prior art does
not provide a decoupling process and some of the prior art
20 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 £luids, particularly white blood cells using a

25 monoclonal antibody to link the cells to magnetic beads. 1In



10 conponents froma m xture of chem cal entities. Another object of the
present invention is to provide an apparatus and system for cdrd Abei@i62,
on-line magnetic separation of blood conponents froma whol e bl ood sanpl e.
Yet anot her object of the invention is to provide a 15 nethod for
continuously and magnetically separating a bl ood conponent froma m xture
of chemical entities utilizing a multi-dinensional gradient. A further

obj ect of; the pvesaetioi nvention is to provide a method of prgRjdbeasss!; r ~i Ng~
a continuous magnetic bl ood 20 separating apparatus. Still another object
of the present invention is to provide a systemand a nethod for a

conti nuous magneti c separation of bl ood conponents froma whol e bl ood

sanpl e 19 AUG 2002 WD 991 42219 PCTI US9Y103579 usi ng a continuous bl ood
flow and havi ng @& desouptd Nehdr@iersst TheedHi®RENtnk NYSAIIR Rbat&sidn0 a
magneti c system having a nmulti-di nensional gradient for continuous, on-line
5 separation of iconpmtdst slifeom aonitkewl eand dchempuddctedt jin ex. PTRRLISYSt em
conprising: (a) .at l.east one_m xi ng chanmber for agjtating the m xture and
magnetic parti clkgs","dt 23par t T8 e'%agg‘gf:h‘éng?f‘%%h@ﬁe t 5)1’? gro‘?rp'bkheenf%nc(ﬁr t he
m xture upon agifakkone188d by %ntad 288 0RNBrS&RA 8PN Hdh Chamhgherithe
separation chanber conprises a plurality of magnets and a plurality of
channel s avi ng firldnlist «mpdied oot keep Tthe whjret slardk eeYlangedhorthene
side of the channels and axe in contact with one another to create a

magnetic fiel d. ™8R %tRFAESc Rt Bihi HFPrREPHarRlier & 1% %t t dRed EHiBnent s
are introduced iqhAckhailal fladlebne aBanBel Gl diac meRarat Wbl hasmher
and the magnetic field of the magnetsS captures the partficle attached
conponent s W t hinott hptdhazmetlse amarichiécr gradienty maghetr s ekotce)t.he Thet | et

of the channels. of the separation chanber. 20 In another enbodi nent of the

i nvention, the rREffet? @ty Rlenthtr FRETRIBPITEES dSsof utPdh MEFBFVHSE for

introducing sol ufdep; L Iropghnt NRadak et 2200 Ihe: alaaels fas-ddsiahhdlg out
the particle attached conponents through the outlet of the channels of the
separ ati on chanbeslumpoii@btaicaat isiateomtofusédea’ bloadnedd c (13l wl) Tal
magneti c system al so conprises a ,deco~g| i ng agent reservoir far i

C | |g£roducing
2 9 A W 2007 WHRSIE429 1% SerPugbigtolsseecry thy Reatsugring e gt et 8129k

particle attached.ganpopgptis: ad Akcaddhli onals Herhy ghamherafabsagd ating
t he decoupling agent and the particle attached conponents allow ng the
separation of thelqgedr bagladseansegdrettomponents. I n one 5 enbodi nent, the
decoupl i ng agent attaches to the conponents and the nmagnetic particles
deattach. The decoupling agent attached conmponents aid particle mxture are
reintrodided ' into Ph8. sRymmat Non Ehakbeiilang Lhasdammetss @le redetssvat ed

to produce the magnetic .field which captures the i 0 icles and
t he renai ni ng de%%uaplclseﬁd‘cgggﬂf/ et ﬂaﬁfgﬁéﬁ?smae%ettltcﬁgﬂnga}tbeeﬁeéf cgﬁfeé c’fc{lananel of

the separation chadpier.ushhg s@Pabghlda Ohadite iconpeNant s aadsamanetsds
particles can be done in nunerous ways. Adjusting the tenperature or
pressure can physdangktigedepsgreenst htocoapbrrgit s tiied magnetic particles

allowing the biological £fluid to be caught in the magnetic
20 wires of the screen. The magnets used in Lansdorp must
constantly be cleaned since there is contact between the

magnets and the bloodicells.

U.S. Patent No. $,567,326 to Ekenberg et al. relates to
an apparatus and methods for separating wmagnetically
25 responsive particles from a non-magnetic test medium in

which the wmagnetically responsive particles are suspended.



25 particles. Decoupling agents such as sugar, salt or pH changes can be
used to chemcally separate the corr'ponents and particles. ; Thf [@8&5“ C
system can al so conprise a treatnent device for treating 'the 2 QZg
m xture; a collection 20 chanber for reintrodl xcing the conponents to the
treated m xture; and a plurality of directional valves for controlling the

fl ow~of the m xture) conponents) solutions and decoupling agent.' In one
enbodi ment, thevesmanati on chanber of the 25 nagnetic systm@iussmsdyrt her
conprise a bed for supporting i 1 9 AUG 2002 WD 99/4221 9 PCT/ US99/ 03579

_g_ the magnets. The preferred material for the bed is a soft magnetic iron
netal . The magnets can be any high energy rare earth magnets such as NdFeB
or SnCo magnets. Each of the magnets has-an 5 axis with opposing north and

sout h pol es, one of the poles rests on the be ndx t her,,:pol.e.f aces
the plurality of* cHERREFS: Eﬁ%% o?art%le ?r“ﬁ’dlr?efsogr }lgll%gﬁ%% s?{juel-%gya-ers?i de to
the other magngfiicedN@naxi =k @aeh: of dRpeoBgnpls is pRs@end cul athet 0 the
bed. In another enbodi nent, the axis 10 of each of the magnets is parall el
to the axis of flvddofdrersepagmaion-and perpendi cul ar to the channels. The

m xture of chem cal entities can be a whol e bl ood sanple and the conponents
can be any bi ol ogical mcronol ecule such as red blood cells) white bl ood
cells, 15 platel et sUafid Batrat picasria 3ér A2 ckppbaesht 8t Ph- 081 RFodi%ent ,

the plurality of nagnets.can be arranged in alternati neLic;PRlELS SO
that the Sr’r'agnet'%e“é‘t"gsalaflangd%v%f%lse- U sicGR W T "a ocnf{cj)ln?‘%1 tf?gfg‘i g’%ro%

nor t hsout h- nor t fz 5Qut Nma@hdtakeassodilited Okls&ladceam Ehemsi Sentmpgalesi de
configuration. In yet another enbodi nent, the plurali t}(/ of magnets are
¢

vertically ali gaesbciinedi| taabmbeiers painds Sediat t Wedékes @ ePEPEH | ine
of noxth pol es al gned. si de; byzSlag MLl Goes! 32 AMRIE0D2 HD QL4221
magnetic gradient (magnetic force) available since Wang

10 gituates its magnets on two opposing sides.

U.S. Patent No. 4,988,618 to Li et al. relates to a
magnetic separation device for wuse in immunoassay oOr
hybridization assay procedures. The Li device comprises a
base having a plurality of orifices for receiving nonferrous

15 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 Ullman et al. relates to a

20 method for separating a substance from a liquid medium,
particularly applicabie for cells and microorganisms from

aqueous suspension and also for the determination of a
analyte. Although Ullman discusses a method with a
reversible non-specific coupling, the wmethod 1is not

25 continuous nor does it: utilize a multi-dimensional gradient.



-10 vertical line of south; poles, @r are slightly offset fromthe

si de-by-side configuration. In still another enbodiment) the plurality of
magnets are horizontally aligned in alternating poles so that QtNEfH]OZS is a
hori zontal line of north poles aligned side-by-side with a horizontal |ine

of south poles, or are slightly offset fromthe side-by~side configuration.
In a further enbodinent, the nagnet$ are arranged so that one nagnet having
one pole is sugpuasigd by ot her 1 O magnets of opposi ng pop&EFusedhatuUr Si des.
I n one enbodi ment, each of the channels has varying w dths) 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 nagnets can al so be 15
situated underneath tie channel near th¥ inlet and the outlet of the
separation chamber rpdhg, RgdnCaN e irlelit ehRAL08F B BEcdds! Sl | Abied the
separation chanber. The tilted side of the bed is in contact with one side
of the separ atmartiohediyerobdnds the puntidimed assdetaf, sai gpirecitbei @yl 20 from
about .5 to about~3 cmin distance fromthe separation chanber. The
magnetic syst |BHIOEn FOF t RGP LOINS sECBRAGICRNI My MOBRIHTER f 6F°Br i*hgi ng
the separation,Shanherotn Gapiact Wokheide pl gé@" Y nh £ IRGRELSANd the
magnet bed t hereby i°7 19 AUG 2002 WO 9914 9 PC tNS99/03579 -11
activatisng t hegremgeetic, field produced by the magnets and for distancing
the separation chanber fromthe plurality of the nmagnets and the bed

t hereby deactivating the magnetic field. The sw tching nmechani sm can
include, but isUMMARYDOY |THE SNVENTIONe following: a plurality of guide rails
and el ectromagnetic coils,, rack and pinion) or belt driven nechanism The
magnetic particles) in one of the enbodi nents, can be m crospheres which
are |ligand cover edPangr&ingdli ngheaagenitectOohotird . prEsent | frmeditiion piotted n and
the coupling a eoq;t.di salec;t‘inn. .Theygg__esent i nventi.on a.{lso. relates,to a
magneti ¢ apparZtUe Rat nTPL NIt iSYEF FBnSPOn APPEF adt%ent ¥ 81° s2pdFhtion of
conponents fr ommen@ishal egefdieheNEeal c8Atiduoas, Jdherika auparat s CSHpri ses
a~ separation chanber conprising a plurality of magnets arid a plurality of
channel 0 havi ngerenenentetirenda anixsuriedt chepiomgreetstigs arranged on one
side of the channels and are in contact with one another to create a
magnetic field. A mxture containing a magnetic 20 particle attached
conponents is intrd#3gkker iMIGcEhet| hhet PEFsante iaMaRiriens i6f toh®TS¥iRf ati on
chanber and th j.c.field e g . ures. t p I

attached corrpo%érrlr?ggﬁatt%lsn % de ﬁattﬁﬂelés&arr:%ﬁ% §§$'IeSMi%f r%g'%ﬁl %a%bgé%xi ts the

outl et of the~sémaraelisonodf bheosepabaheémts Erambe whole o bolUGan@iE WO
991 42219

Yet another object. of the invention is to provide a
15 method for continuously and magnetically separating a blood
component from a mixture of chemical entities utilizing a

multi-dimensional gradient.

A further object of! the present invention is to provide
a method of manufactu;ring, a continuous magnetic blood

20 separating apparatus.

Still another object of the present invention is to
provide a system and a method for a continuous magnetic

separation of blood corhponents from a whole Dblood sample



PCT/ U599/ 03579 ' -12 In one enbodi nment, the separation chanber further
conprises a bed for supporting the nmagnets and the bed is preferably
conposed of a soft nmagnetic iron metal. The bed upon which quAmpggfts are
set can be flat or staggered. 5 The magnets are high energy rare th
magnets, and preferably NdFeB or Sm-o magnets. Each of the magnets has an
axi s with opposi ng~north and south poles, one of the poles rests on the
magneti c bed andwhbgpather pole faces the plurality of the ghaRtmhss and
each of the nmagnets are 10 aligned side-by-side to, the other nagnets. The
axis of each of the magnets is perpendicular to the bed and in other

enbodi ments, the axis can be parallel to_the axis of the other nmagnets and
per pendi cul ar to the channels. In another enbodinment, the plurality of
magnets are 15 ahagged cin@ddRLBatdRGaNMBans! i and0Rsis9 thabeddipi17ngnet s
are aligned side-by-side with a configuration of northsouth-north-south) or
are slightly of fegetess.omt he side-byside configuration. In yet another
enbodi ment, the plurality of magnets are 20 vertically aligned in
alternating poles so that there is a vertical Iine of north poles aligned
si de-by-side with a TAa t PEesent| ninvghtiout repates, tor aareaglatgnt |gysskhset
fromthe side-by-side confiquration. .19 AUG 20%2 WO 99742219 14
PCTNS99103579 - 13VHH% st i 11 anot Rer 'Shbod? Tent  t A8™ pf M E Py of “aghét s are
hori zontall y al is@pgdad #bnal ©@r NabhttheR@keS £86mt hat {iheeei Soft hekdraenial
line of north poles aligned side-by-side wth a horizontal |ine of south
pol es, or are slenghtigs.5 oTHsetystroncoherisiidg- byaki de temfti gureatnicningl n a

further enbodi nent,. the_nagnets are arranged so that one pagnet. havi ng one
pole is sur rouncfz‘ahlﬁﬁ/r of‘ﬁre?a fghéPe 8590686%‘?% HHi e‘%agélﬁtf’%gpagtrld: §s: ?n one

enbodi ment of th@el NyBRtcP8s @RGHg OfactAendd channgd s Basoneyi nge Wedths and
the channel width is increased at an entxance near the i1 nlet and the

channel width i ®ixbpes edren agitatiibnpe@ndt hdlourd eleastheopd usebararigh
magnet s Gan be %jtﬁgtgd ugﬁerneath t he channel near . the inlgtagng tgg
outl et: off% he s&PAFRTT on CHANBERT*TART hEd BAT 15™BEIPTT t2dPOW33HEY sPhe i n
relation to thesgRafatimn LhaukelicyThE tdhhheeh $il& 105 hReibed iasdl Bn
contact with one side of the separation chanber and the untilted side of
t he magnetic bedutdetrom Bppumagietiso abeutrgasged nodi smanceider onf t ltde

separation cham%%r. i.20_In another_ ent~odi t) the netic a garatus can
#LEP1 RoF ngneiE

further conpris& A SW t ¥ niF hethaiie@cto f g HE s SParatron chanber

i~ contact w thdageplair adiietdd. of MAGNelI xanek t RONEREANSBIJ C ched phariehy
activating the magnetic field produced by the nag~ets, or for distancing
the separidti on ZStenbeberotnaysntdeapt uinrreduast magrettdearidlehe obedreher eby

19 A~"r 2002 Wa%géfgzéfg &g/sggggét%go%?gchamber, and the magnetic field

of the magnets captu:res the particle attached components
within the channels and the remaining mixture exits the

outlet of the channels of the separation chamber.

20 In another embodiment of the invention, the magnetic
system further com'prises a solution resexvoir for
introducing solution through the inlet and the channels for
flushing out the particle attached components through the
outlet of the channels of the separation chamber upon

25 deactivation of the magnetic field. The magnetic system

also comprises a decolipling agent reservoir for introducing



-l 4deactivating the nmagnetic field. The swi tching nmechani smcan be a
plurality of wide rails and el ectromagnetic coils, rack and p,' gi/@ns or belt
driven. The m xture of chemi cal entities can be a whol e bl ood an?ﬁﬂZe and
t he coMponents can be any bi ol ogi cal m cronol ecul es such as' red bl ood
cells, white blood cells, platelets and other plasma borne conponents. |
The present invention provides a magnetic system having a multi-di nmensi onal
,gradi ent for cestsemzous, on-line 10 separation of blood coEpREsRlss from
whol e bl ood. The system conprising: (a) at |east one m xi ng chanber for
agitating a blood sanple and nmagr4etic particles, the particles being
attached to a bl ood conponent of the blood sanple upon agitation, and (b)
at; |east one separation chanber. The 15%eparati on chanber cot~prises a
plurality of magn . | | LLY ls ' ' an
outlet. The rrag%ete%%gggﬂa r%ﬁgég g%’)\ gfr?lée éi;%g%gf Fﬁggéﬁn?épggg%ofsg%g% n
contact with onanan@idieiod=l aiiddhg ahanb&et F6ér f h@lthting the ldeoodbSiawpl es
containing the particle attached bl ood 20 conponents are introdu~~ed into
the inlet of th&JeRanfErs Qi t PRFCSEPEr ATESPERaFPPPONTHE t Ml AvEgHetihe fiel d
of the magnets c t p [ ahtac l,00d ts within the
channel s and thg%gé%t?%nng&bl g%% é%ﬁtp]]acelegxﬁ%g '?:ﬁlé’ Ocuﬁ%gg&gfé".t he%hg!r?%el s' of
t he separati on cwabbetent, th8 4é¥oupl@rgVERONH 422 LOnETINSAHO FohPonektlsn

anot her enbodi ment. of the invention, the magnetic systemfurther conprises
a sol ution reserdidi chporagMtigdRerhEC R HeaghRack hr oligth d4ROVPALRY 2RIt he
channels for flushin ut_the rticlke attached bl ood caonponents through 5
the outlet of tk?z:tca: genérze%%mp@fnegﬁsé gélgalpgfl}:%)ér:l{]ech%%télrreupagﬁ areea%{tlr?/% (‘iegdn of
the !magnetic figlkd. tHbesdpagacids Gesber AIDELS Gfgae €8 COHP| Rt daila
reservoir for introducing a decoupling agent to the particle attached bl ood
components and &9 &F@Pefonbhe mragnegichdibed #bichgranmirag the Pageridsupl i ng
agent and;. the rticle ached_ bl o conmponents all owi,ng th epar.ati on
of the pgroti cl epp%ﬁ%ik%hees %%%rpgﬁ%gﬁ?alﬁgn%née&@ Y gﬁ?%earﬁefl W( he t é‘%ggsplﬁnglfgE agent
attaches to the dHeo@itTotponeties @fitinkhecragnet képaitlibal enddbedeat tmeh. The
decoupling agent attached bl ood conponents and m crospheres 15 mixture are
rei ntroduced i ntS¢PRRBE I pHfatihen CORBPRASTE Sarfddt Rednelgitettarai elee e P&t ~ed
to produce the etic fjel i¢gh. ! captyy. he rti h

remai ni ng decoup |%g g‘gerﬁuﬁﬁ?%%% g% Sbnent#sg:'g%t%ngf h%%gut Fée'ﬁ?eggggﬁ% channel
of the separati greebhasder can hepieteaply ngsagerdtecarci t himpbred phatai cal
such as pressure and tenperature or chem cal such as sugar, salt or pH

j changes.5l The BM§AEIST sySLEPYRIHATa|AIPNESNSIUCEe 28 (FUSRE mefRlBe P cPH or

treating tthe reambggggcm opd sa0p! & éﬂééx%%%‘ri%i Qp gP&ng%J Yomponents

rei ntrpducing the ood conponents to t mal hi ng bl ood sa~ple; and a
plurality of diraeet penaicles. =

The magnetic system can also comprise a treatment

device for treating ‘the remaining mixture; a collection

20 chamber for reintroducing the components to the treated
mixture; and a plﬁrality of directional valves for
controlling the flow:of thq mixture, components, solutions

and decoupling agent.

In one embodiment, the separation chamber of the

25 magnetic system can further comprise a bed for supporting
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|
val ves far controlling the flow of the bl ood sanple, blood conponents,
sol uti ons and decoupling agent. 1 9 AUG 2002 WO 99l 42219 - 1?9 AUG
PCT/ US99/ 03579 The channel s can have numerous shapes incl uding serng%i ne
configurations. In one enbodi nent, each of the channels has varying Wdths,
and the channel width is increased at an entrance near the inlet and the
channel 5 width is tapered at an exit near the outlet. The plurality of
magnets can al sQud& s uat ed underneath the channel near the inlet and the
outl et of the separation chanber. The bed can be tilted on F6A&SEOHE% i n
relation to the separation chanber. The tilted si$e of the bed is in
contact with one 10 side of the separation chanber and the untilted side of
said bed being fromabout .5 to about 3-&#min distance fromthe separation

chanber. The present invention also provides a magnetic apparatus having a
nul ti.-di mensi ondte JRAeERt fO1e FEFAREIGDatsr bl bﬁ%d:h@og’ﬁenéﬁt% $6m
whol e bl ood. Th%%?x@@iét %anang{i.se's a separation 'chanber conprising a
plurality of magnets and plurality of channels having an inlet and an
outlet. The nagnets are arranged on one side of the channels and are in
contact with one ano r r.e 2 :gaigﬂgti el d e
cont ai ni ng nmagnetic tﬁggtﬁ“i e&iS gtgﬁagﬁe "Bl 00 gglﬁ%%ﬁeggés élgs&?ln{“?%ggljéged
into the inlet ofudrhessciarerk| s cincbheagepar.at iraBhcbantier mangiet Sehamgnet i C
field of the magnets chptures the particle attached bl ood conmponents wthin
t he channdl s an®P¥ife “’rlégraf’?ﬁ"?r“gmﬂl SQHtIZSa%ﬁmuéheRP%%s't aeo @l 6h8 BPlashe
channel s of the rati C e 0 ;

o] Ue00103570 - 2le on e RAHTE ,thtehé’g@eefs K10 dacdd o damidiiey of
conpri ses a bed émmneuppor Eadly dthehenghaghstanskd haibadai sidomposedk afo a
magnet ~. zabl e material such as soft iron nmetal. 5 The present indentjon
al so provi des netModeBerc I REBuUs| YhenPXiEgridt | e3ah Wgebhﬁ" aPRoRpLE 1s
conmponent from i [ f em ca r~tigi Ll i zing. :

mul ti - di mensi ong?é%?régg?%ﬁ%r %ﬁe%t h?)% co!r[r%rigrzcl’tlrill’;elrt ﬁébg%le“%sntéf Fh%) axas

i ntroducimg a bl ebdkasanpt et rnagpbts ald tparaf letagietthe b 4naf aspheties: b)
agitatsng the bl ood sanple and m crospheres and i nducing the m crospheres
to attach to bl JPRENESHpOHEREEPERIINEAB| B FrsarpAEels) provi ding a
separati on chanber, the separation chanber conprising a plurality of
magnets and a plurali of channels having an.inlet and an outlet, _the 15
magnet s bei ng ar rangérhzj ML WRe Ofi GBBECAn MEEhARH TR fd 3 MOSRt BEPOd t h
one another 1o czgahe a JRONCLLS | icghfondhksi NtELAUCLAY the blvedogsapl e
containing the mcrosphere attached bl ood conponents into the inlet and

t hrough t he chammitmgledtie seyar asi oredelidobdr ce)s acthikat ibkigoihee2Ds,
magnets to produc%~ rrﬁgn%tg C %i el ci to_capture the m crosphere attached
bl ood conponent sPYATHCR IR ChATHA @S ARPFF SPTRRESRSSt he remai ni ng bl ood
sanple to exit the outlet of the channels of the separation chanber. The
met hod can (;further conprise.the step of ( 25 .providing a . sol ution
reservoir and upon dggcﬁ%\?at?méoﬁgé?‘e? e rgr}é%ng%}négﬁ gl cﬁfdl ﬁ%?rbec}-ﬁ‘cicnagi1 g]?ﬁ ution

through the inl eir@dided 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-

20 side configuration.

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

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



1 9 AUG 2002 WD 99/4221 9 PCTNS99/ U3579 -18the channels flushing out the
m crosphere attached bl ood conponents through the outlet. The nethod can
al so further conprise the steps of Gh) i ntroduci ng a decoupl i ng ﬁgf’az@ to
the mcrosphere attached bl ood conpoenents and (i) separating 6neti C
particlejs and conponents using the decoupling agent, and (j) reintroducing
t he decoupling agent attached bl ood conponents and particles mxture into
the separati on whhentees and reactivating the magnetic fi el chcahdsowssig t he
capture of the particles and exiting of the decoupling agent 10 attached

bl ood conpongnts fromthe separation chanber. In one enbodi nent, the
'separation of the particles and the conqgonent s by allow ng the decoupling
agent to attach to the bl ood components and m crospheres to deattach. The
met hod can furthescieanplise dhes&i@p gfiekl €ati Bget B hiANB RifRged Sedrp0d
sanple of step (f) and step (k) wherein the magnetic field is deactivated,
and sol ution i sthetsideueedidat ernfiguratim.and t hrough the channel s fl ushing
out the magnetic particles through the ;outlet. In one enbodinent, the

met hod can further conprise the 20 step of reintroducingithe blood
conponents to the rérashihl MOdGrsarpreinesitng the colhrexhityn cEharveetand
controlling the_travel t-he bl ood sanpl t he .bl ood, conponents,, sol uti ons
and decoupl i ng %ﬁeeﬁ}orhggéltgaltaiypﬁh%%rﬁ ymofa‘iaf?nea%[lingng?l%%{g\%est?’aESt%ree met hod
can al so gonpri g€ thaosiameah prigvi BNchdhe $epas akli 9gn&hashes- byt tivea bed
for supporting the magnets. ~ s au~ 200z WO 99142219 -7.9 PCT/ US99103579
The bed is prefeitdbl § heohpoved ofing nefgnecittabbelemt ept alkrsuchiabtbof t
iron netal. The nets are a _high energy rare earth magnets and preferably
NdFeB or SnCo n%gg?;%tts.%r@actheo?l‘%% " b‘?legtcs?n L8R s with opposing north
and 5 south poles and further conprises the step of arranging the magnets
so that one of ' the_pal S . g i ed_a t ol e
fac~9 the plurali ty%(r)lf c‘?tt ﬁ%r%ﬁ‘g}nn% S éalﬁlgng?i gﬁ% nﬁa%a%ﬁ g’%et %gr% S{ne%s

si de- by-si de totidie eddemagmgnehsvingheordXi poDf ieachuirpagi®id By other
perpendi cul ar to the 10 magnetic bed. In one .enbodiment) the axis of each
of the mifnets PRIGEFPF APPPELNG ROLER| @ dPUrheidsher magnets and

per pendi cul ar to the channels. In one enbodi nent,. the nmethod conpri ses

arrangi ng the nagnets in al tngrnati ngl magneti c POl es with a_confi g?rati on I5
of nort h-sout h- nor t Hs SGEh, S BPIENTHt | SA<GF f¥fet 15 ofRAMELE] BBSpy2EY RS

configuration. yidths, 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 also be

15 situated underneath tll'xe 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

separation chamber and: the untilted side of said bed being

20 from about .5 to aboutE 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 therxreby



I n anot her enbodi nent the nethod conprises the step of vertically aligning
the; plurality of magnets in alternéflti ng poles so that there ~s @ \%r@@:al
line of north poles 20 aligned side-by-side with a verti cal Iin% 04 S h
poles, or slightly offset fromthe side-by-side configuration. In still
anot her enbodi ment, the nmethod conprises the step of horizontally a~Ligning
the plurality of nagnets in alternating poles so that there is a horizontal

| i ne of ~ S WoWwsmE0z WO 99142219 PCTNS99103579 -20nort bcpadesasml | gned
~i de-by-side with a horizontal line of south poles, or sla.ghtly offset
fromthe side-by-side conf igurat ion . In a further enbodi nent, the nethod

conprises arranging 5 the magnets so that_ ol ~i e nagnet having one pole is
surrounded by ot her magnets of opposing poles on four sides. The nethod can

further conpri sectihstisiepref naahytig thaanigitdasced bhecebansglers. ahbe
channel width is increased at an entrance near the inlet and the channel
width is taper d¢ridiggangingxihe neeparahéonuthamber Theomettrodloaal dysef
conprise situati

ng the pluralit f net s under neat h the channel .near the
inlet and the Saf g?g%?% h%n%seb%‘r gﬁﬁ%ﬁgbﬁfﬁﬁﬁe ?aﬁﬂ’e"aﬁé_{’ﬁoah’él 239197 ¢ Fudes
tilting the bedjahaone fedes it cheh@t W@BndM shheasePalaLeN shamher nothe
tilted side of the 15 bed is in contact wth one side of the separation

chanber &nd t hdimatedt bel thelefoilawiing: bed nlerét oy abbusuide txridisownd3 cmin
di st ance fromtﬁe ge(g)arat' on chagber.sa'lr#e net hod can furtg)er coppri se the

step of provi dit§ R" TRIFERT Tig TP Rani T8 b7 Dr PARTHY t RE 3&r at3 08 chanber
in 20 contact wekhatiwn bed and the magnets, thereby activating the magnetic

field. The nmethod Can al so i nclude providing guide rails and
el ectromagnetic coils for distancing the separation chanber anc~ the

magnet s/ bed t her ebyrkieagdgneal & NEhiche1889NaE idnel ibgl dhe erbsaifblr 20GAnVO
99/ 42219 PCT/US99/ 03579 i -21 The present invention also provides nethod of
be microspheres which are ligand covered and coupling agent
10 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

15 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 chamnels and are 1in contact with one another to
create a magnetic field. A mixture containing a magnetic

20 particle attached compoﬁents is introduced into the inlet of
the channels of the sgeparation chamber and the magnetic
field of the magneté captures the particle attached
components within the channels and the remaining mixture

exits the outlet of the channels of the separation chamber.



|

manuf act uri ng a continuous bl ood separating apparatus. The nethod
conprising the steps of: a) providing a separation chanber, the separation
chanber conprising a plurality of 5inagnets and a plurality of %hﬁﬂpﬁmf
having an inlet and outlet, the nmagnets bei ng arranged on one ;'de 0 he
channel s and being in contact with one another to create a magnetic field,;
and b) providing a bed for supporting the magnets. i | O HRI EF DESCRI PTI ON
OF TH~ DRAW NGsvo Avarros € conpl et e appreci ati on of the presegiyuksagps i on and
many of the attendant advantages thereof will be readily understood by
reference to the follow ng description when considered in connectipn with
t he acconpanyi ng drawi ngs in 15 which. F%GURE 1 illustrates a perspective
vi ew of the magnetic system of the pre§é tly clained invention. i FIGURE 2
illustratles a perspgaCtiie “hB¥aMenthNe MRONGLLEr APRAN abHsmly t Berifgser st
invention. 20 FIGURE 3 illustrates perspective view of the magnetic
appar at us of theonpréses & nbehtion suppbuding thee rmgparait awh Givarksar ist he bed
and the plurality of magnets. 1 9 AU6 2002 WD 99142219 PCT/ US99/ 03579 - 22
Pl GURE 4 il | ustR%Rfe381 h PRty WF & SREbf "IMEtRbbEIMeIRtadf t ¥ SE% chi ng
mechani sm of t NgJRGREI GrnaPRAkAkUSHPL hCcRl 43CR1al eRtLageddC! udi ng
guide rails and ‘el ectromagnetic c0|?s. 5 FIGQURE 5a 1llust';Tates a cutaway
view of the magnetic apparatus with guide 'rails and el ectromagnetic coils
in a de-energized stalenafhdddRHRD H)ig}husérfefig9s AreUlavey whemef, the
magnetic apparatus in an energized state. 10 FIGURES 6 a-g illustrate

over head vi ews pfefemeblyaridied pragAete cragmetegur Bat¢lonst dfhet megneigndtasc
apparatus of the present, invention. i FIGURE 7 illustrates a p%§§gsﬁgive

view of the magHet P6 Saphdrat TPORARY e PATthe®BaSPWh PSS | 198§
configuration. JoJaSTALLERRDERCR RN l%%dT'a‘EdPBEé:%%BEP FMBRORL VENT: he

Referring now toy the drawi ngs wherein |ike reference nuneral s designate
l'identical or ceruyredpondicfig gher tchaninedsighend tehehsenferidie vinggvetandeaer e
particularly to FIGURE 1 wherejn the sgsten1and nmet hod of the present

i nventi off are 2DHIEAsFIREY SISO EPE YOEHd™EF S Spr ol BF P8V EF et Ghgnet i ¢
particle such agr arid ~hAsRREr 6 d dPpehlf-Bhamer 4 and th | act btwdround

m crosph~re is agitated with a whole blood sanple in m xi ng ch~tnber 12.
The agitation ceussidmehes, the axis ‘can be parallel to the axis of the

other magnets and perpendicular to the channels.

In another embod:’iment, the plurality of wmagnets are

15 arranged in alternatinjg 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 emk:podiment, the plurality of magnets are

20 vertically aligned in ?alternating poles so that there is a
vertical 1line of nort;h poles aligned side-by-side with a
vertical line of south poles, or are slightly offset from

the side-by-side confiduration.
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1 9 AUG 2002 WD 99142719 PCT/ US99/ 0|3579 | -23 microspheres to be bond to
bl ood conponents (red bl ood cells) |of the whole bl ood sanple. The bl ood
sanpl e containing the mcrosphere attached bl ood conponents are then
introduced into a;first magnetic apparatus 20 having a 5 separat Lmh@&ber
22. The sanple enters the chanber 22 through its inlet 23. The ch
has a plurality of channels 25 and a plurality of magnets 27. The nagnets
27 are in contaciyoWhioone another. The magnets create a nmaghgtdygatiel d and
the magnetic field captures the to m crosphere attached bil ood conponents
with the channels 25 and the remaining blood (white blood cells, platelets
and plasma) travels through the channels_25 and exits the outlet 24 of the
separation chanber 22. The exiting remaining blood sanple then enters a 15
treat nent devi ce 30 ~mchetdslaadéRhgihaintpbonesi,s s trnrailhg, negnetignetéi el d
Hi s deactivated and a solution is introduced into the separati on chanber 22
froma sol uti on PESehemizontallyTipdigaedt iwraldsranting Poapet S23that FREFS
t hrough t he channel s~25 and fl.ushes out the.m crospher.e 2 ched .kl ood
conponent s t hr ough tahé‘ogﬁtzf)%‘%almﬂoq‘e t#e g%%‘ahr 3158 c‘ﬁé%%‘? %E&é‘%ﬂg‘ll%
m crosphere attaghed Bl apd-ieesponenise t bavealouthopghed) r et iaral sMaheey 16
and enter another m xi ng chanber 17 where a decoupling agent (such as sugar
or salt) fBPom it RéEfsRtcEIphi thy sddatby-cddevernfigBrasia®s jntroduced. In
m xi n~ chanber 17, the mcrosphere attached bl ood conponents and the
decoupling agent are agitated causiing the decoupling agent to attach to the
blood 19 AUG ?00Z \i® 99| frher perbetgmny3s the - pageelfp otteht I-%aRdet h&°
m dr ospheres to ajt ) e i n g at.t ac GO nts
and m crospher esqrgnagd %?‘g im:sgglgﬁgr ogggljé% tggga%s%g&ﬁé n%ug%g?%)gggpsgr ;gt;’gg?m
havi ng a separ at magnédresprgbdindhgbTdsxorr eo@niseass f he chanber 42 5 through
its inlet 43.i The mxture flows through a plurality of channels 45 and a
plurality of magnets 47 situated underneath the chancels 45. The magnetic
field of the magnets By ane asmidodamest ardt t bhbe miiciveapher.es eark cafpt whed
within the separation chamber 42. The decouplin a%ent 10 attached bl ood
cormponent 29t r aveFPERR R h PRRe ATAARS| SWiAFhsngaRki thgyut FRANEA oY 14Ghe 1S

chamber 42. The tpeatadblgodand,plopd canponspt siare then ol ntfodeeed to
one anot her using collection chanber 19. FIGURE 2 illustrates a perspective

vi ew of an asseniblidth| b negeeed caappacxtiusnéY thenpnitbing Fbpapauyality

chanber 52 and a hed 58. The separati on chanber 52 conprises a plurality of
magnets 57 and a 95l TRERFES) G ORafiEr3Ces WRAFFRE Eh 57 shagael feat, Wt [ ot

54. Tie bed 58 can;be mgée&ﬂfet%ﬁoéﬁeisreg;arér@ﬂi?xetchsmﬁ@é.al rhd hgddR@Ret s
57 are high energy rare earth 20 nmagnets and preferably NdFeB or SnCo

magnet s. e naghet sibfedhaveconn sides ini tdlayipostaghrostharatd opoghdmisal.es,

and one of the poles rests 4n the naﬁgnetic,bed 58 while ”ﬁ ot her, pol
faces the chanhel™*55:1 R3¢ Cfie “REgREE SIS 7 Ar @ HACHNEURi FE KA §& ito

the other magnet yel separation chamber and the untilted side of the magnetic
bed is from about .5 to about 3 cm in distance from the

separation chamber.

|

20 In another emﬂ.}odiment, the magnetic apparatus can
further comprise a ;switching mechanism for bringing the
separation chamber ili’l contact with the plurality of magnets
and the magnetic bed thereby activating the magnetic field

produced by the mag*lets, or for distancing the separation

25 chamber from the plﬁrality of magnets and the bed thereby
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25 FIGURE 3 illustrates a perspectiye view of a disassenbl ed magneti ct
apparatus 50, particularly focusing|on 1 9 AUG 200z WD 99/42219

PCTNS99I 03579 - 25t he vari ous conpontents pf the apparatus 50. Thel $éd6381has
a surface upon which a ;plurality of magnets 57 are aligned. The bed 58 has
at lehst two el evated edges 59 and the separation chanber 52 i~ set between
the edges 59 of the bed i 5 58 and above the plural ~.ty of nagnets 57.
FIGURE 4 il ustwabsmszian al t er nate enbodi nent of the magnetpcgazgpadati on
ap~i aratus 50 of the present invention. The apparatus 50 conprises a
separation chanber 52 and a bed 58. The separation ch~nber 52 has a
plurality of channels 10 55 and an inlet,53 and "outlet 54. The chanmber 52
also has a plurality of magnets 57 situated upon the bed 58. The bed 58 has
at | east two e-~gyadtadaetgestind magheper tfuees. 61 ma8 shet&dges edhadien
apparatus 50 also conprises a plurality i of electromagnetic coins 62, each
coi | 62 havi ng @t |Readt PYEralisygef diidsi Failp antheleginosagpetdce cattached to
t he chamber 52 anq( tahgdgui.%e rgli,IbS 1Qodarve inserted in the apertures 61 of
the edges 59 of “tHe *bed® BB " Fhe" ¢Sils“62 Travel up and down the guide rails
60 determ ning the di stance between the canber 'S2 and the magnets 57,

t hereby 20 all owi ng.,the [vation,and deacti.vation of the efic field
of the magnetic app(;lrrr}'l at ﬁgﬁé&e IPIfGljﬁEm*s%% 1TUStTET e bceutaam“bmég\gli %\i/\f% t he
magneti c @ppar abafple0 Ofnd hetpé €SeBhpbfiat i Ofkd N Be dea@per GhizAdgOEal
magnetic field deactivated state. The magnets 57 are set on 25 the bed 58
whi ch has; el evat@wpmedgeslesy suThe asepad abiond crddber wBtg Plosansetdd to

el ectromagnetic il 2, T ~ S 0 200z WO 99/ 42219 PCTNS99/ 03579
-26 s a di stan?;ga eé't%\t/:vgeanm} Eggglaiqls?sg?a%%r %t ﬁcém%od‘éaélgs% creating a distance
bet ween the chanber 52 and the magnets 57 on the bed 58.

The present invenqion provides a magnetic system having

a multi-dimensional :gradient for continuous, on-line

10 separation of blood éoﬁponents from whole blood. The system
comprising: (a) at least one mixing 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
15 separation chamber codprises 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 contaﬁning the particle attached blood
20 components are introdu#ed into the inlet of the channels of
the separation chambér, and the magnetic field of the
magnets captures the, particle attached blood components

within the channels and the remaining blood sample exits the

outlet of the channels!of the separation chamber.



|
FIGURE Sb illustrates a cutaway view of the nagnetic 5 apparatus 50 of the

:present invention in an energi zed pr nmagnetic field activated state. The
coils 62 are in contact with edges EQ t hus cxeating contact bet V\fegz Slg@
magnets 57 on the bed 58. FIGURES 6a-g illustrate various configu PI 5 of
the 10 nmagnets in the present invention. FIGURE 6a depicts a plurality of
magnets 'arranged in alternating nagnetic poles so that the nagnets are

al i gned side-byvwou@ameth a configuration of north-sout h- nardrissmdé.
FIGURE 6b illustrates the nmagnets in FIGURE 6a slightly offset from 15 the
si de- by-side configuration. FIGURE 6¢c depicts a . plurality of nmagnets
"vertically aligned in alternating poles-s that there is a vertical |ine
of north poles aligned side-by-side  with a vertical |ine of south poles.

FI GURE 6d il ustrates'™ HIAPSF - ephodimemsgmdt $hRoriwSRELPTy G JREIEFAC 20
alternating pole ha i Sod Lzontal _l4 f es i gned
si de-by-side w t%ygg%r{i)ri ;gir.]%}grel i?}%r?%{‘lg(se%ut % pof%isﬁqlgfl&[}%gegggg%pi étgjé a
slightly offset aantedutiagi selwfiohl Ghddighbdhe FLAARE Hid depi ehsnrels| Eght | y
of fset configurationlof FIGURE 6¢c. FIGURE 69 illustrates a 25 plurality of
magnet s' arr anged £4B5RiNgt cYhethagProttilfasi Aftashed bloed rmpegeRt\GIY9rgR2| 9
PCT/ US99/ 03579 - ole s surrqun pr other. magnets. of opposing.poles on
four si des.é Fl GU é87olgﬂt%st°r attcehse gcgl%{lﬁ%{rs en og?ene%pagftf%ré %ad%éa i P
separation appar akst H=Qi6h bhe tpeeseBhet Venidien Whekei Raghai? he@ded® is
tilted o~ one side 70 in relation to the separation chanber 52. The tilted
side 70 of the be&dmSBLseEn HeleIPUPIAPICRIGRE hrapervsiide f5fr t treRuAiRg %2 and

the untilted sid f. ti 58 i ng fr.om about ,. abo 3 LS
di stance from ~. %82%?1%%& gggséjlbo &% o‘%*s tﬁc%n%%%aucgleg?o%ﬁf)?%a?%’?noél%%%

vari ations of thanfreasnt addERhadn aLRifPSSEHImBet N Ebght agitddiagabane
teachings. It is therefore to be understood that within the | scope of the
appende ~18| ai s dREPWRIFI NIt AR AN itHR Rayt b epesbache RIOREr GPEROMERER or
specifically descki Lej 15, 1 200z.2 T S 1.
A magneti c appar %?Eé)ﬁ%é{/rlﬁa %%ﬁa?'ﬁ-o i?rfe'raltsq?eor%r b?g%li en tfhgr gge A;{!r:egttlgbn of
conponent s from anmioteUrénafiitded]l Cethe €REEUASng SAigdnBPRATatkEs COaPERSI NY:
(A) a separation chanber conprising a plurality of channels and having an
inl et and an out [P&pod (BPANERLH APt Yhodfrasmghet SWELAYE fT AegEERSXt eXhal to

and on a bed on %@go%ﬂ%ggfggéﬂ d%&%l%%ﬁt LoD £hay Sﬁenééiaq%”gﬁgﬁé%rﬁ%%gg in

magneti c con xact w another to create a fagnetic C a
swi t chi ngipechaniminrhos =aaet rynidrmeguasd jmteaché vadpargtide dragbet | and itdkd
produced in said separation chanber, by said nmagnets. 2. The magnetic
appar atus of cl aM@Freher & ﬁeé‘éﬁ’d’al’iiléé £ PERMGSclhef magnkdRefiotb"ishf t

iron netal. captures the particles and the remaining decoupling

agent /blood componenﬁs exit the outlet of the channel of the
separation chamber. The decoupling agent can either be
20 physical such as pressure and temperature or chemical such

as sugar, salt or pH [changes.
|
.|

The magnetic s&stem can also comprise a treatment
device for treating the remaining blood sample; a collection
chamber for reintrdducing the blood components to the

25 remaining blood saﬁple; and a plurality of directional
valves for controllihg the flow of the blood sample, blood

components, solutions and decoupling agent.



3. The magnetic apparatus of claim1 wherein said magnets are NdFeB
magnets. 4. The magnetic apparat us if claim1 wherein said nagnf$§uﬁg SntCo
magnets. 5. The magnetic apparatus of claim 1l wherein each of sa @mets
has an axis with opposing north and south poles, one of said poles rests pn
the top sunace of said bed and the other pole faces said plurality of
cha~nels, said axis of each of; said magnets bei ng perpendicular to said
bed, each of savabssmgmet s bei ng aligned side-by-side to otragismassl Mmagnet s.
6. The magnetic apparatus of claim5 wherein said axis of each of said
magnets being parallel to said axis of other magnets and perpendicular to
said cham-els. 7. The magnetic apparatus-of claim5 wherein said plurality
of said nagnets are arranged in alternating nagnetic poles so that said
magnets are al i gnedh8i deébagradisde C@ft hhave ontypyPsei ofbaes  including

nort h- sout h-no - sout h. . etic _apparatus.of clai igrein said
magnets are sl %%‘%%?f%‘g’%f%pg% the ‘si glé]byd%éai GEeH e|ngl’Jr g'g}c%n& Q?k(el'he
magneti c apparéidithe@E CHai Mrbryilniger @idersai dagd ukaki tohadhesaiwhiaragned s are
vertically aligned in alternating poles so that there is a ~lertical l|ine
of north pol esizgiegied stdarpyersirgacei fhan wbet ilodet | Ppé sheschBAnpbl es.

10. The gnetic paratus_ of claim9. whereip sai gnets are slightly

of fset fromt h"él%tl%gelﬁy?g?%e%cgﬁf ?au?’é]ttl o2t Qkﬁ.o ﬁregghag%}é? i%luéﬁr%é%t us of
claim5 w-~erebf wajndtpl sl dilepy 8E §8é¢hiBATNRES RE@NNORE ZONrRkh Ynadd gned in
alternating poles so that there is a liorizontal line of north poles

al i gned si de- byhssiigdeni 21 &bhoritdntt aff Fhqesephraoiarh chakesr. ' Thelbed The
magneti c apparatus, of claim 11 wherein said urality of said magnets are
SGhtly of foctod ram £ et A AT Bl Ot | 51 akiRe b Snerrec At heR T o

appar atus of ctinBe?. WTRS &diltsal didBPIekheab& Al aRJLEn Lt RALKOBLe MBgNEL
havi ng one pole is surrounded by other nagets of opposing poles on four

si des. 1%. Thesidgywét Lhe afnparatien chambetr mrd wherentilsadhsoie odi dathannel s
has varyi ng w dt sai d_channel w.dth is increased at_an entrance, near
said inlet andg?s(gisbc?lc agﬁ% W thv'v:ss'tc?a% FEd 3atcmaﬁne§f‘ftaﬁécaer f§8‘|“dg%%t | et .
29 1 9 AUG 200gedsxratibg dsmgwmeti c apparatus of claim 14 wherein said tilted
side of said bed is in contact with one side of said separation chanber and
~n untilted side of said bed being fromabout 0.5 to about 3 cmin distance
fromsaid separati ohe chagbeit lfnveht@ofBgAREd C PPRPAIGREUS a0f wdgakenid
wherein said plurality of said nmagnets are situated underneath sai d channe
near said i nl eRPRATFTEEdRH%et Brlkiddmerpinnali ReditRthéPr 49ParRR&Pmgneti c
appar at of clai i | L d & i it one gLde, | tionio
sai d segir ati o%gchrga%ggr . gﬁ"gi.og%ﬁgé rra%%gt i gh%ipepar%g?ﬁ% of gﬁgi n?éfg \fﬁ%g!rlgi n said
magnet s are i NncomgrisesC aCc osdpmeht v hchatieet hesinpaieind har pdfuradicy mafnets. |
19. The magnetic apparatus of claim1l wherein said sw tchjng nmechani sm
conpri ses a neBRFHiTSMPEr 2bPI R G Ys & d chRpna st PanivhaAfbeinlieht 32 oAt act

wi th said bed cti vati.n j nqgget' |.elid o] ed..i,n said

separati on chazﬁ‘%tr'alr&by sglitﬂg gn% neeftégx an f%%rat |g§tdanc§{ ngﬂga?scfdgep‘gé aﬂuta)n
chanmber away fechanredisd abad afrer ideaohtued | Wocisadrk nagita@ei c tbi elrdaps oduced i n
sai d separation chanber by said magnets. 20. The magnetic apparatus of

clai m 18%v' vhePR9neEESi él%i//ﬁ-t cRi RGO CIRARIL & nFPTE 3N MAGRES L6 PRFHIGEer ai | s
et 1o sonadgttddnedo thiea > bomfbr Bt 000 £ nTBANIAG WO (BePANILEABES
magneti c separation apparatus, ‘sal .netﬁo& conprising the steps of (A

provi di ng a sepns athafnaRANPEr thé aisdpsepaicat | HambBanen cEprasidegia
plurality of channels and having an inlet and an outlet; (B) providing a
plurality of nmhgnkd sofar Fahgeapnersecaatutes e rraibte ahtathedsitdecdf said

ti hanb id ts _bei [ i tact, with th
Co or oat o a MAGRBITER POt CiaRy (0 BROVHA Qe SECHT IR AeERam SR or

activat hgg anqSQﬁéﬁ'%@t'anhEh%uE?Q?eéf Cehd ebghRleodueedchd gapskatgRAr ation
chanber by said nmagnets. 22. The nethod of claim?2l1 wherein sai~ bed is
conposed of a rhgmedn.zable soft iron netal. i 23. The nethod of claim 21
wherein sai a~ magnets are NdFeB magnets. 24. The nethod of claim 21 wherein
said magnets are SnCo magnets. 25. The nethod of claim 21 wherein eac~~ of
said magnets has an axis with opposing north and south poles, said axis of
each of said ma~nets bei ng perpendicular to said bed.



26. The method of claim 25 wherein isaid axis of each of said magnet s bei ng
parallel to said axis of other nagAets and perpendicul arlto sai Em?ﬂmpls.

i 27. The nmethod of claim 21 furthér comrising the step of arranging said
magnets so that one of said poles rests on said bed and the ot~er pole
faces said plurality of said channels and aligning each of said nmagnets
side-by-side tQ other said magnets. 28. The nethod of claim 21 finlher
conprising the wepAh arranging said magnets in alternatigg JiBapssi c pol es
wi th a configuration of north-south-north-sout h. 30 19 aUG 2002 29. The
met hod of claim 28 wherein said magnets are slightly offset fromsaid

si de- by-side configuration. 30. The nethed of claim 21 further conp~~ising
the step of vertically aligning saild plurality of said magnets in
alternating pol es sént hate t hep@limeng, veritd cakphtardoof comtderpofeshaki gned
side-by-side wth a vertical line of south paoles. i 3l.The nmethod of claim

30 wherein sai FPPEFETFT Y ¥ £8td TREAEE S %rees PGRETS Ht e m‘fhe
si de- by-si de cqpfd.gueat ic@n. S%ag;[glt_eiigq,tlgodm%]fer%gl ][gu%;j_ f ol t REE: CONRRI Si Ng

the step of horizontally aligning said plurality of said magnets in
alternating polmesa3o that there is a horizontal |ine of north poles aligned
side-byside with a horizontal line of south poles. 33. The nethod of claim

32 wherein said plurality of said nmagnets are slightly offset fromthe

si de- by- si de confi gUrat i prese3t. Thelemetibod efisel apmoRildelsur tdeehodonpfi si ng
the step of arran i_ng said magnets so that one nagnet havi ngﬂone ROl eis
surrounded by dIIRCIPUPHYNefR oTRBIFTISPLYY pBIREE2bHIS FUrcBPEBRERt 3 °"TRe

met hod of cl ai Mgl furbhebn &GOl ShRge i S8R 9hg VAT ¥hDg: IeeNs Aihs of the
channel s, said channel width is increased at an entrancel near said inlet
and sai d channdgragidbh. i s tHper eebthbdancexptisiegr shed stepset .of36. aThe

met hod of claim35 further c rIpri sing the step of_situating said plurality
of said magnet ssAITGEPHEW: hd s 8°8ha’ﬁargf'gﬂlene‘é? aj BYYEAEEY ardd BAFFGGt | et of

sai d sepgy at i ONyichaubRires37n) THA (HREAQI S LBk M2h1EULLIGH £OEPE:RLNg the
step of tilting said nagnetic bed on one side inrelation to said

separ ati on chardet .ing8cinEhéhaetnhoxbarfheckai me 3attalebr o nbbendd-comporahtsi de of
said bed is in contact with one side of said separation chanber and an
untilted side p‘?f_ stéﬁedi’ﬂ)‘é%‘} BE Rt r O'm RISYEE 09 5° aﬁ@&?a?bméﬂ%ﬁ_f“b%r’crﬁqﬁen _

di stance from sl -8e06H alHaRBe £ N 15139 a TREuPRILRGA 00f mabRddn Zhawher ein
sai d~magnets are in magnetic contact wwth nore than one other of said
magnets. i 40. Bhwagpthodf ofharineilsm ZbBwiher enn isdetd) asdi ashiengletecHdwi sm

conprises a nmechani smjfor bringing. said separation ch er into contacti
with sait bed FnEEE %1’;%&%%? Fretfheltc T8l agp?%’dﬁcrzgﬁ“_f‘ﬁf%a? o
separation chansitaby satH snfa@RetheANdof Qrefdist aNGhBGesAl df SARAT & on
chanber away from said bed for deactivating said nagS~etic field produced
in said separatimirodheirser thy Sdioddnegpmetls. conthine mbehotiarbselhexiem 40
wherein said swtchin chanismis a plurali qQf .quide.rajls and

el'ect r omagnet i ca%tﬁck’gg .gi??‘fA@".'p@n@?‘ﬁ,sy.l t?AN'.i‘gm}.n %AF?%L{:.L’A‘.’\ 5| the

AF[9. A AInS. A cifs@hBYY, . d¥ Achb&RdlarAe i AFUYKApe s, - A I4ctivaATng. Allle / km a*
{upkfa\ W ca] ca] ca] ca] ca] caU] ca] ca] c<a] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca]
ca] ca] caf ca UwAgngkea] taljwalduce] ca] caagnetic field to capture the

microsphere attached b;ood components within the channels;

and f) allowing the femaining blood sample to exit the
outlet of the channels of the separation chamber.
i
The wmethod can further comprise the step of (g)
25 providing a solution reéservoir and upon deactivation of the

magnetic field, introducing solution through the inlet and



|
|
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=Bl Udht . 2zuoj d_ZU] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] cal] ca] caU] calocmltcHta
] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]ca] ca]ca]ca! 3j v{ $!!{"##/ #;

#I##B' (((((),-Q S.\.{upkfa\Vjd _ZU U ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ¢
aU] caU] ca] ca] ca] ca] ca] cal] caUl ca U] c”a] ca] ca] caU] ca] ca] ca] ca] ca] ca

\. . {.../b00121l 11} 22D3F3N3R3n8Br 334u577f 8h8j 808Ww8889: zuoj d_ZU] ca] ca] cal] ca]
cal] ca] ca] ca] ca] wabgabeal ca] ca] cal] ca] cal ca] ca] ca] ca] ca] capegd&ansal cal cal
cal ca]cal ca]cal : W

======>@oAABBBBBC| DF3HBH] HH- | _I I | JKLI MMyt oj e [V]]ca] ca] ca]ca] ca]ca]ca]ca]c
a] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca].galca] ca] ca] ca] ca] cal] caV] ca] ca] ca]
ca! MMMVPNOPRSSSSSVV{ YYYPZ"4 A [ vaj ccdd ee&e, €;

el w mhb] W e” [ V] ] the apoatdeda] c{lapbajaapea] cad caleaddmalealcakenddabload ca] ca
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}ASH=! 10t 10t one embodiment, the Iseparation of the particles and the
components by allowing the decoupling agent to attach to the
blood components and microspheres to deattach. The method
can further comprise the step of treating the remaining

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

field is deactivated . and solution is introduced into the

inlet and through the channels flushing out the magnetic

particles through the outlet.

In one embodiment, the method can further comprise the
20 step of reintrodhcinglthe blood components to the remaining
blood sample using a Eollection chamber and controlling the
travel of the blood sample, the blood components, solutions
and decoupling agent using a plurality of directional

valves.

|

25 The method can allso comprise the step of providing the

separation chamber with a bed for supporting the magnets.
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The bed is preferably icomposed 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 magnetF has an axis with opposing north and

5 south poles and further comprises the step of arranging the
magnets so that one of ' the poles rests on the wmagnetic bed

and the other pole facés 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

10 magnetic bed. In one iembodiment, the axis of each of the
magnets is parallel to the axis of the other magnets and

perpendicular to the channels.

In one embodiment, the method comprises arranging the
magnets in alternating |magnetic poles with a configuration
15 of north-south-north-sduth, 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 alternating
poles so that there is a vertical 1line of north poles

20 aligned side-by-side with a vertical line of south poles, or

slightly offset from the side-by-side configuration.

In still another émbodiment, the wethod comprises the
step of horizontally aLigning the plurality of magnets in

alternating poles so that there is a horizontal 1line of
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configuration.

In a further embodiment, the method comprises arranging
5 the magnets so that one magnet having one pole is surrounded

by other magnets of opposing poles on four sides.

The method can further comprise the step of varying the
widths of the channels. The channel width is increased at
an entrance near the hnlet and the channel width is tapered

10 at an exit near the Sutlet. The method can also comprise
situating the plurality of magnets underneath the channel
near the inlet and the outlet of the separation chamber.
The method also incliudes tilting the bed on one side in
relation to the separation chamber. The tilted side of the

15 bed is in contact with one side of the separation 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 f%rther comprise the step of providing a
switching mechanism f&r bringing the separation chamber in
20 contact with the bed énd the magnets, thereby activating the
magnetic field. The method can also include providing guide
rails and electromégnetic coils for distancing the
separation chamber ané the magnets/bed thereby deactivating

|

the wmagnetic field.
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The present invention also 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

5 magnets and a plurality of channels having an inlet and
outlet, the magnets ﬁeing arranged on one side of the
channels and being in contact with one another to create a

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

magnets.
i
10 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 connectién with the accompanying drawings 1in

15 which:

FIGURE 1 illustrates a perspective view of the magnetic
system of the presently claimed invention.

|
FIGURE 2 illustraqes a perspective view of the magnetic

apparatus of the present invention.

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

chamber, the bed and tAe plurality of magnets.
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! FIGURE 4 illuskrates a perspective view of one
embodiment of the switching mechanism of the magnetic

apparatus of the present invention including guide rails and

electromagnetic coils.

5 FPIGURE 5a illustirates a cutaway view of the magnetic
apparatus with guide ‘rails and electromagnetic coils in a

de-energized state.

FIGURE 5b illustrates a cutaway view of the magnetic

i
apparatus in an energized state.

10 FIGURES 6 a-g illustrate overhead views of the various
magnetic configurations of the magnetic apparatus of the
present inventionm.

!
PIGURE 7 illustrates a perspective view of the magnetic

apparatus wherein the bed is in a tilted configuration.

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT:

Referring now t4 the drawings wherein 1like reference
numerals designate ;identical or corresponding parts
throughout the severai views and more particularly to FIGURE
1 wherein the system and method of the present invention are

20 illustrated. Lectin is bound to a protein covered magnetic
particle such as a mi%rosphere in mixing chamber 10 and the

lectin-bound microsph&re is agitated with a whole blood

sample in mixing chamber 12. The agitation causes the
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microspheres to be bo}und to blood components (red blood
cells) of the whole blood sample. The blood sample
containing the microsﬁhere 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 magnets 27. The magnets 27
are in contact with one another. The magnets create a
magnetic field and .the magnetic field «captures the
microsphere attached q100d components with the channels 25
and the remaining bloéd (white blood cells, platelets and
plasma) travels througﬁ the channels 25 and exits the outlet

24 of the separation chamber 22.

The exiting rem#ining blood sample then enters a
treatment device 30 4uch as a UVAR photophoresis system.
The magnetic field iis 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 compo$ents through the outlet 24 of the
separation chamber 2&. The microsphere attached blood
components travel thqough ?irectional valve 16 and enter
another mixing chambef 17 where a decoupling agent (such as
sugar or salt) from.ithe decoupling agent reservoir 18 is
introduced. 1In mixinb chamber 17, the microsphere attached

blood components and the decoupling agent are agitated

causing the decoupling agent to attach to the blood

3 10%

10 10
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components and the miErospheres to deattach. The decoupling
agent attached blood components and microspheres mixture is
introduced to a second magnetic apparatus 40 having a
separation chamber 4?. The wmixture enters the chamber 42
5 through its inlet 43.| The mixture flows through a plurality
of channels 45 andi a plurality of magnets 47 situated
underneath the channels 45. The magnetic field of the

magnets 47 are activated and the microspheres are captured

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

blood components are then reintroduced to one another using

collection chamber 19.

FIGURE 2 illustr%tes a perspective view of an assembled

15 magnetic apparatus Soicomprising separation chamber 52 and a
bed 58. The separation chamber 52 comprises a plurality of
magnets 57 and a pluﬁality of channels 55 having an inlet 53

and an outlet S54. The bed 58 c¢an be composed of a soft iron
magnetic metal. Theémagnets 57 are high energy rare earth

20 magnets and preferab*y NdFeB or SmCo magnets. The magnets
57 have an axis with:opposing north and south poles, and one

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

)

pole faces the channels 55. Each of the magnets 57 are

aligned side-by-side to the other magnets.

25 FIGURE 3 illystrates a perspective view of a

disassembled magnetid apparatus 50, particularly focusing on
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the various components 6f 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

5 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 compripes a separation chamber 52 and a bed
58. The separation ch%mber 52 has a plurality of channels
10 55 and an inlet 53 and outlet 54. The chamber 52 also has a
plurality of magnets 5& situated upon the bed 58. The bed
58 has at least two eievated edges 59 and apertures 61 on
the edges 59. The apparatus 50 also comprises a plurality
of electromagnetic coihs 62, each coil 62 having at least
15 two guide rails 60. ? The coils 62 are attached to the
chamber 52 and the éuide rails 60 are inserted in the
apertures 61 of the eéges 59 of the bed 58. The coils 62
travel up and down Fhe guide rails 60 determining the
distance between the c%amber‘52 and the magnets 57, thereby
20 allowing the activatign and deactivation of the magnetic

field of the magnetic épparatus 50.
FIGURE 5a illustrates a cutaway view of the magnetic
apparatus 50 of the pkesent invention in a de-energized or
|
magnetic field deactiv%ted state. The magnets 57 are set on
25 the bed 58 which hasf elevated edges 59. The separation

chamber 52 is connected to electromagnetic coils 62. There
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is a distance between: the coils 62 and the edges 59 creating
a distance between the chamber 52 and the magnets 57 on the

bed 58. |
i

FIGURE 5Sb illus#rates a cutaway view of the magnetic
5 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 iliustrate various configurations of the
10 magnets in the presént 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 ﬁorth-south-north~south. FIGURE 6b
illustrates the magn%ts in FIGURE 6a slightly offset from
15 the side-by-side cdnfiguration. FIGURE 6c¢ depicts a
plurality of magnets bertically aligned in alternating poles
so that there is a ,vertical line of north poles aligned
side-by-side with a %ertical line of south poles. FIGURE 6&d
illustrates a plurality of magnets horizontally aligned in
20 alternating poles sJ that there is a horizontal line of
north poles aligned side-by-side with a horizontal line of
south poles. FI%URE 6e depicts a slightly offset
configuration of FIGﬁRE 64d. FIGURE 6f depicts a slightly
offset configuration!of FIGURE 6¢c. FIGURE 6g illustrates a

25 plurality of magnets'arranged so that one magnet having one

()-!



10 108 g4V10% ()-BL, G'10% ()-!~L,/G 10%& ()-V,)10%& ()-y"y)yz{{ | zX6j @
[ " F"10%@@k ()- ! $109%&: ()-! $10%& () 4! $109%& ()-! &$10% f & ()-

YT10%@& ()- | =}[~~}rg\=! !$Y10%& ()-3 10@ 10@ 10@ 19 AUS 02
651004 ()-"F" 10%@& ()-!"F" 10%0C& ()-!"F 10999& ()-.307<g\=! ITs
110%-& ()-'!]1 !109%6& ()-'Y ' 10% ()-!010% ()- "10% ()-3 F

109& ()-8} kzX6g\=! !s, F"109& ()-!s"F'109%& ()-o! x0s"F'109%& ()-o!'s "109%& ()-Y
109& ()-!Ff: $10%b6ya2219@ 'Y SI10% & ()-#10% & ()- 10 10 10pcTrusesmsst
79109 ()-6F"109& ()-! s, F'1098 B & ()-[>r%[9~. @ ! ,9$10% (& ()-!
 9810% (& ()-10% & ()- 1 109%& ()-!] |

-27-
pole is surrounded by other magnets of opposing poles on

four sides.

FIGURE 7 illustrates another embodiment of the magnetic

separation apparatus 500 of the present invention wherein the

5 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 éne side of the chamber 52 and the
untilted side 71 of tHe bed 58 being from about .5 to about

3 cm is distance from the chamber 52.

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

practiced otherwise than or specifically described therein.

15
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from a mixture of chemical entities, said appafatus comprising:
(A) a separation chamber comprising a plurahty of channels and having an inlet and an outlet,

(B) a plurality of magnets being arranged external to and on a bed on one side of said separation
chamber, said magnets being in magnetic contact with ‘one another to create a magnetic field, and

(C) a switching mechanism for activating and |deactivating the magnetic field produced in said
separation chamber by said magnets. |

2. The magnetic apparatus of claim 1 wl1e1em said bed is composed of a magnetizable soft
iron metal.
3. The magnetic apparatus of claim 1 wllerein said magnets are NdFeB magnets.
4, The magnetic apparatus of claim 1 wherein said magnets are SmCo magnets.
1
5. The magnetic apparatus of claim 1 wlierein each of said magnets has an axis with opposing

north and south poles, one of said poles rests on the top surface of said bed and the other pole faces
said plurality of channels, said axis of each of}said magnets being perpendicular to said bed, each of
said magnets being aligned side-by-side to othier said magnets.

6. The magnetic apparatus of claim 5 wherein said axis of each of said magnets being parallel
to said axis of other magnets and perpendicular to said channels.

i
7. The magnetic apparatus of claim 5 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. .

8. The magnetic apparatus of claim 7 wherein said magnets are slightly offset from the side-
by-side configuration. -

9. The magnetic apparatus of claim 5 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. |
10. The magnetic apparatus of claim 9 wherein said magnets are slightly offset from the side-
by-side configuration. |

11. The magnetic apparatus of claim 5 wherein said plurality of said magnets are horizontally
aligned in alternating poles so that there is a hox izontal line of north poles aligned side-by-side with
a horizontal line of south poles. |

i
12 The magnetic apparatus of claim 11 \l‘vherein said plurality of said magnets are slightly
offset from the side-by-side configuration.

13. The magnetic apparatus of claim 5 wherein said magnets are arranged so that one magnet
having one pole is surrounded by other magnets of opposing poles on four sides.

14. The magnetic apparatus 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. |

|
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16. The magnetic apparatus of claim ] wl erein said plurality of said magnets are situated
underneath said channel near said inlet and sajd outlet of said separation chamber.

17. The magnetic apparatus of claim 1 wherein said bed is tilted on one side in relation to
said separation chamber.

18. The magnetic apparatus of claim 1 wherein said magnets are in magnetic contact with
more than one other of said magnets. !

|
19. The magnetic apparatus of claim 1 wherein said switching mechanism comprises a
mechanism for bringing said separation chamber into contact with said bed for activating said
magnetic field produced in said separation chamber by said magnets and for distancing said
separation chamber away from said bed for déactivating said magnetic field produced in said
separation chamber by said magnets.

20. The magnetic apparatus of claim 19 wherem said switching mechanism is a plurality of
guide rails and electromagnetic coils.

i
21. A method of manufacturing a continyous magnetic separation apparatus, said method
comprising the steps of:

(A) providing a separation chamber, said separation chamber comprising a plurality of
channels and having an inlet and an outlet;

I
(B) providing a plurality of magnets arranged external to and on a bed on one side of said
separation chamber, said magnets being in mhgne‘uc contact with one another to create a
magnetic field; and
(C) providing a switching mechanism for activating and deactivating the magnetic field
produced in said separation chamber by said jnagnets.

22. The method of claim 21 wherein said bed is composed of a magnetizable soft iron
metal. |

23. The method of claim 21 wherein 53'4 magnets are NdFeB magnets.

24, The method of claim 21 wherein saiJ magpnets are SmCo magnets.

25. The method of claim 21 wherein eacjl of said magnets has an axis with opposing north

and south poles, said axis of each of said mafgnets being perpendicular to said bed.

26. The method of claim 25 wherein saié axis of each of said magnets being parallel to
said axis of other magnets and perpendicular|to said channels.

27. The method of claim 21 further comfrising 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.

28. The method of claim 21 further combrising the step of arranging said magnets in
alternating magnetic poles with a conﬁguraqon of north-south-north-south.
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side-by-side configuration.

32. The method of claim 21 further compj"ising 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.

33. The method of claim 32 wherein said !plurahty of said magnets are slightly offset from the

side-by-side configuration.

!
34. The method of claim 21 further comprising the step of arranging said magnets so that one
magnet having one pole is surrounded by othér magnets of opposing poles on four sides.

35. The method of claim 21 further comp| rising the step of varying the widths of the channels,
said channel width is increased at an entr: ance'near said inlet and said channel width is tapered at
an exit near said outlet. -

36. The method of claim 35 further comprising the step of situating said plurality of said
magnets underneath said channel near said inlet and said outlet of said separation chamber.

37. The method of claim 21 further comptising the step of tilting said magnetic bed on one
side in relation to said separation chamber. i

|
38. The method of claim 37 wherein saiditilted side of said bed is in contact with one side of
said separation chamber and an untilted side of said bed being from about 0.5 about to about 3 cm
in distance from said separation chamber.

39. The method of claim 21 wherein said' magnets are in magnetic contact with more than one
other of said magnets.

40. The method of claim 21 wherein sald‘swnchmg mechanism comprises a mechanism for
bringing said separation chamber into contact with said bed for activating said magnetic field
produced in said separation chamber by said 1|nagnets and for distancing said separation chamber
away from said bed for deactivating said maghetlc field produced in said separation chamber by
said magnets.

41. The method of claim 40 wherein saxd' switching mechanism is a plurality of guide rails
and electromagnetic coils.



