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_|nvent|on relates to novel nethods.—5 v.bc Gnd pparati for the
¥ntrifugal separationjof £EH&$§5P|$§§F S co one ts of varying specific
avities, and i s nore|Dapéscoptiar igreebyce g‘?LB‘?:Fe bl ood separation

. device useful, for exahp €kin{s) thepqaﬁéparét’?ﬁﬁ’? of t: nponents for a fibrin

seal ant. 10 1 pBaakgsoupge e@f.... THE PRgFPenti-dn The separation of a

liquid.into its fractl(EpAbathOnpﬂngmts dﬁP@ﬁFy1ng specific gravity, has

been carried out, interD&J@gOFbﬁEgg@prLLugatLmn 4-n--pany hospital,

l.aboratory and i ndust ril% setttngs—For 15 exanple centrifugation IS

w dely used in blood separation techglques to separate blood into fractions
containing plasma, platelets, red blood cells white blood cells and/or
formed conponents, e.g. fibrinogen, fibronectin, factor VIII, factor 20
XI'll and the like. Quite sinply, devices for use in such techniques rely
on the nore dense conponents, e.g. the cell-containing fraction(s) in

bl ood, being forced to a distal portion of the apparatus by the centrifugal
force. 25 Many of the nunerous device designs which utilize
centrifugation can be placed into two categorles a first group in which
the sanpl e container i [y SEPG) PARADY pb_MEFHoRNtri fuge system
itself; and, a second group i n - 2- mhlch the chanber is rotated about
its own Iongltudlnal axis. In the first category the container is typically
a plastic bag or tube closed okiedd @fdThguinventienners are orbited about

phe This invention relates to novel methods,

S devices and apparati for the centrifugal separation
of a liquid into its components of varying specific
gravities, and is more particularly concerned with a
blood separation device useful, for example, in the

_ preparation of components for a fibrin sealant.

10 ' Backaround Of The Invention

The separation of a liquid into its fractions,

or components of varying specific gravity, has been
carried out, jinter alia, by centrifugation in many
hospital, laboratory and industrial settings. For

15 example, centrifugation is widely used in blood

' separation techniques to separate blood into

fractions containing plasma, platelets, red blood
cells white blood cells and/or formed components,
e.g. fibrinogen, fibronectin, factor VIII, factor

20 XIII and the like. Quite simply, devices for use in
such techniques rely on the more dense components,
e.g. the cell-containing fraction(s) in blood, being
forced to a distal portion of the apparatus'by the
centrifugal force.

25 Many of the numerous devxce de51gns which

utilizeqfentrlfugatlon can be placed into two

categoriés: a first group in which the sample
container is swung about a central axis of the
centrifuge system itself; and, a second group in



5 central axis of the centrifuge system such that the nore dense conponents
age forced to the bottomof the tube or to one side of the bag. Means are
thereafter provided to selectively renove the | ess dense conponent, such as
~ pltasma fromthe nore dense 10 conponent, such as blood cells and

pkatel ets, or vice versa. Typically such neans is a separator assenbly
which is insertable into an el ongated bl ood- contai ni ng tube.

Al ternatively, when using a plastic bag, the bag is carefully squeezed so
as to force out 15 the plasma. U S 3,932,277 to McDernott et al

discl oses a device conprising a sanple tube and a collection tube. The
collection tube has a filter and check val ve at one end which is inserted
into an already centrifuged sanple tube to collect the 20 plasna.

Simlarly U S. 3,79%h34Rel QthSEPSP@rk&EthdZ%%oﬁts‘il?ér@&Rr having a check

val ve whi ch opens .upon pressuri zati on_of e sanple contaliner to all ow
separat ed pl asma HENFASLAIRALUBRLIF nt ol thE Iféé'ﬁtoﬁa&ﬁaﬁﬁérthﬂ S. 4,818, 386

to Burns enpl oyz &Mne%1sbuwaaémemrﬂa§n¢essagneﬁ tﬁbéawoge@a’ﬁm LI c
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at the top. An elastoneric c nconpassi ng the separator
separator in pl ac&EWRfe®TcERt Ppﬁugaii?o?lf ithe haged Means ape FB%F???E?E

sel ective renoval pifothdl%d' €eS s€Q8§€1@I§3QF&({Bve AhemeBEE088fsea second
category includes doy Ce e el ehNat NS4l S SONHa! Bhag §agaker 1s

10 component, such as blood cells and platelets, or vice
versa. Typically such means is a separator assembly
which is insertable into an elongated blood-
containing tﬁbe. Alternatively, when using a plastic
bag, the bag is carefully squeezed so as to force out

15 the plasma. U. S. 3,932,277 to McDermott et al
discloses a device comprising a sample tube and a
collection tube. The collection tube has a filter
and check valve at one end which is inserted into an
already centrifuged sample tube to collect the

20 plasma. Similarly U. S. 3,799,342 to Greenspan
utilizes a separator having a check valve which opens
upon pressurization of the sample container to allow
separated plasma to pass through into a collection
chamber. U. S. 4,818,386 to Burns employs a semi-

25 buoyant separator designed to have a specific gravity
intermediate the specific gravities of two components
into which the liquid is to be separated. Upon
centrifugation, the separator moves within an
elongated blood sample tube to a position

30 substantially between the more dense materials at the
‘bottom and the less dense materials at the top. An
elastomeric cup encompassing the separator locks the
separator in place when centrifugation is ceased to



5 rotated about its longitudinal axis. The liquid containing chanber is
typically cylindrical or bow shaped such that upon centrifugation heavier

| i quid conponents, e.g. blood cells, mgrate outwardly toward the chanber
wal | and the lighter 10 conponents, e.g. plasma, remain inward. Wthin
this category are devices which include conduits to other distinct
containers, typically for the receipt and/or transfer of liquid during
centrifugation, and devices which are self-contained for processing a fixed
15 volume of liquid. One such device of3the forner variety is the "Latham’
bow " disclosed and nodified in a nunber of patents including U S

4,086, 924, 4,300,717, etc. The Latham bow is designed such that the |ess
dense conponents towards the inner 20 portion of the spinning bow are

for ced upwar d i nfacklititieselectavearemovall of the lessedense bow radi us.
This system howsyglond fquires a constant flow of blood to force the
separated plasma out and this "flow during-spinning" feature nandates

conpl ex and 25 expensi®® Retdonede g psSeRPEIFRESIWY SNcAUGES 716 separ at es

a ::quig, such a?e&ﬂéggtwﬂdfbﬁnjEFeCQﬂ@ﬁ%F%&éhtéiﬁjhgﬂtﬂﬂmb&??iahd red bl ood

cells, by centri tion,in an_elongated.tu at. speeds suffi.gient to

provi de a 30% Coﬁ?ﬁ%%&@‘ﬁﬁ%#&g°gg}%@ﬁ‘? _e%’élﬁz'on%g"r?eﬁ'tlg?‘ugThat s, a

substanti al |y cyténchinkig ahanberuisi syspoal hboryl iindricadt oal or

| ongi t udi nal axi e e S ; nove to the
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outer wall and the nse conponenhts_ are | nwar -4-

dense conponent stigihesPRROPCAE S her Baf PEPOR ceREkSy MHITASUNe of t he

processi ng chanbgicweriGoldRird the tRaMbELNGEL Dl AfdreeHe0migReets by forcing
't to a 10 components, e.g. plasma, remain inward. Within this

category are devices which include conduits to other

distinct containers, typically for the receipt and/or
transfer of liquid during centrifugation, and devices
which are self-contained for processing a fixed

15 volume of ligquid. One such device of the former
variety is the *"Latham bowl®* disclosed and modified
in a number of patents including U. S. 4,086,924,
4,300,717, etc. The Latham bowl is designed such
that the less dense components towards the inner

20 portion of the spinning bowl are forced upward into a
collection area inward of the outermost bowl radius.
This system, however, requires a constant flow of
blood to force the separated plasma out and this
*flow-during-spinning® feature mandates complex and

25 expensive rotary seals.

McEwen in U. S. 4,828,716 separates a liquid,
such as blood, into its components, such as plasma
and red blood cells, by centrifugation in an
elongated tube at speeds sufficient to provide a

30 concentric interface between these components. That
is, a substantially cylindrical apparatus is spun
about its central or longitudinal axis such that the
more dense cellular components move to the outer wall
and the less dense components are inward of the more



central collection port. 5 The above-descri bed concentric
separation occurs, by virtue of the centrifugal, or Gforce, acting upon

t he conponents, which is dependent upon radius and which can be expressed
as 10 G = 1.18 x [err] x Radius (CM x [err] To provide a good
separation of conponents, it is beneficial to provide as "sharp" an
interface as possible between the conponents of varying density. 15 Thus,
for each liquid made up of two or nore conponents, there is mnimal G force
needed-to maintain this concentric interface. One potential difficulty with
stich prior art reduci ng-volune/ concentric-interface devices dis that it
becones 20 difficult to maintain the desired separation interface because
as the volume is reduced and the plasma is collected, the height of the
processi ng chanber is also decreasing. This provides, obviously, that the

constant vol une Ofieﬁgé'ébﬁﬁoﬁém!se 251cs%ﬁsaévgééeéhé%eé&éx° fe?%de@’"ard to a
W t

decreasi ng radi us Indeg th|$t§$st occur rior art device to
force the plasm FBBeVPLIME M ﬁ“@@ﬁﬁﬁ&§gtﬁEa@B¢¥e%%4(ﬁP#iﬁQFs hgever ,

it can be appreci desd @bénse hkasriaheompdnent 8 byekbiié g 'R &fd @ drops bel ow

30 the critical e 0. nai_nt gin a concentric interface at a given
speed, the |nterfagéegggoﬁggf#éjﬁ?q<¥3§ Clearly defined, if not nonexistent,

and col | ectior® of unwant Bdecabdvwe -sdesmatidvedakconeenttic §qnatétei.dthwen- type
bl ood separatlon,ohggrgolﬂyﬁvfgtu éSthEuE%8E¥§§H§ais £dd tical as
A S e wen-

for certain other EE|IcatI0nS eV|ce opér at ed at
ultracentrifugat i BRELBAGERON | thensFomponens fi Vbéﬁho%%g@%ﬁﬁndanNﬂpomecone

radius and which can be expressed as
10 G = 1.18 x 10.5 x Radius (CM) x RPM2

To provide a good separation of components, it
is beneficial to provide as QSharp' an interface as
possible between the components of varying density.

15 Thus, for each liquid made up of two or more
components, there is minimal G-force needed to
maintain this concentric interface. One potential
difficulty with such prior art reducing-volume/
concentric-interface devices is that it becomes

20 difficult to maintain the desired separation
interface because as the volume is reduced and the

~ plasma is collected, the height of the processing
chamber is also decreasing; ‘This provides,
obviously, that the constant volume of cellular (more

25 dense) material is forced inward to a decreasing
radius. Indeed this must occur with the prior art
device to force the plasma material centrally towards
the collection port. However, it can be appreciated
that when the radius of cellular material drops below

30 the critical value needed to maintain a concentric
interface at a given speed, the interface becomes
much less clearly defined, if not nonexistent, and
collection of unwanted cellular material results.

For the McEwen-type blood separation, the volume of



5 critical to be able to separate bl ood conponents with a nore reliable
purity of separation resulting in a higher hematocrit value, i.e. ratio of
to red blood cells to the total volunme of the sanple. It is also highly
desirable to be able to provide separation in 10 shorter periods of tine
and with mninmal need for detection devices. Further, ultracentrifugation
can exert excessive shear forces on bl ood conmponents which have undesirable
effects, e.g. henolysis. It would be useful in nmany applications to provide
the 15 above liquid separation benefits, especially at centrifuge speeds
b&l ow 20,000 RPM preferably in the 3,080515, 000 RPM and optinmally in the
5,000 - 10,000 RPMrange. Typically, centrifuge speeds above about 10, 000
RPMresults in severe journalling and bearing 20 probl ens especially
relating to the problem of providing adequate |ubrication. An object of the
present inventi oRUre pPbasgmavisi®otnes srdticad amdfef feexitarin sah@rat i on of

liquid, in parti QB%:ﬂcQtP&?s. | M@ d, ! ThRNARBWERL £98 Suedr &Y ﬂ?é‘zfaecre%ﬁt
densities through the enploynent of inproved separation techniques. A
particul ar advanfhgBlbFaeeptrifigation,¥8pgesn is that a quick, efficient

Zepa(rjat i ?n of liquid ggﬁpm&ﬁﬁﬁe C@Trﬁ@xtﬁ@@@ﬁﬁbl&@ﬁdéw i%Qé&s ttféi:c;me

i sadvant ages, i .€...30,expensive, comlex_egui nt and damage t.
Conponant & Jaukh SETELESH TR AN EoOPRATAFEr BLOTH SORSTE Sittem A
particul ar feat uremofet hel jaklsepuriityenifi sepacdbias tesultdrfgadn tehat in
accordance with h?&h@?vﬁématoézﬁ't RAYEAL 50 aPQtf&"APCEd'b%d tyygues

according to the present 1 nvention, a bIoog'sanp e may be used to provide a
Fibrin extracti ofetdSbeo<h®| 49Falhgolume of the samplé. It is also

highly desirable to be able to provide separation in

10 shorter periods of time and with minimal need for
detection devices. Further, ultracentrifugation can
exert excessive shear forces on blood'components
which have undesirable effects, e.g. hemolysis. It
would be useful in many applications to provide the

15 above liquid separation benefits, especially at
centrifuge speeds below 20,000 RPM, preferably in the
3,000-15,000 RPM and optimally in the 5,000 - 10,000
RPM range. Typically, centrifuge speeds above about
10,000 RPM results in severe journalling and bearing

20 problems especially relating to the probleﬁ of
providing adequate lubrication.

An object of the present invention is to
" provide more accurate and efficient separation of
liquid, in particular blood, into its phase portions

25 of different densities through the employment of
improved separation techniques. A particular
advantage of the present invention is that a quick,
efficient separation of liquid components can be
accomplished without the disadvantages, i.e.,

30 expensive, complex equipment and damage to components
such as blood components, of an ultracentrifugation
system. '

A particular feature of the present invention
relates to the fact that in accordance with the novel



preparation of a tissue repair pronoting substance, a 5 so-called
ti.ssue-gl ue, which separation and preparation is carried out in a field
conpartment elimnating the risk that | aboratory persons or operators are
exposed to infectious agents that may be passed through contact with bl ood,
e~g. hepatitis 10 or acquired i mune deficiency syndrone. A particul ar
advant age of the present invention relates to the novel separation and
col l ection technique which renders it possible to performa separation of a
bl ood sanple for separating 15 the bl ood sanple into plasma and bl ood cells
whi ch separation further provides a separaéion of blood platelets fromthe
bl ood cells and consequently provides the ability to obtain plasma with a
desired high or low platelet |evel by varying the appropriate 20 process
paraneters. Brief Description of the Invention The present invention

provi des for nor &eR3Farire and epllerkien seeehmniiquas eccprdind kat bhets

separ ate conponepiresehitoyalehBeofPAOYIGEd MmAR inzh’ Beedsagpapati on and
col |l ection technkgpes and novel devices suitable in " such techniques.

d
Separation by cefEPVAd§ati SAPEHN pRBLFAEt 1OR R Bf MSed AfefhSce bet ween
conponents of a Iprepataitioanbénaedibyueisiepair Promedingaksubsyanag, havi ng

define an annbl arcoammed CHEBTPLERue Srhidl Sehateegh ReR Cal vl | from
t he | ongit udi nal PXePargtioneigecarried eubsim & fkileldhgomparthentesi red
speed(s) of cent ElijdREk3Rgt BRECIEL! R VY Shdatdry pefsond! biCi ent
centrifugal force (Gforce) nmaintained at_ the innef Cylindrical wall, and
t her eby througho@P rators.are exposed to infectious agents that may
be passed through contact with blood, e.g. hepatitis
10 or acquired immune deficiency syndrome.

A particular advantage of the present
invention relates to the novel separation and
collection technique which renders it possible to
perform a separation of a blood sample for separating

15 the blood sample into plasma and blood cells which
separation further provides a separation of blood
platelets from the blood cells and consequently
provides the ability to obtain plasma with a desired
high or low platelet level by varying the appropriate

20 process parameters. _ '

Brief [ s f the I .

The present invention provides for more
accurate and efficient separation of liquid into its
separate components through the employment of

25 1improved separation and collection techniques and
novel devices suitable in such techniques.

Separation by centrifugation to provide a concentric
interface between components of a liquid is enhanced
by using a cylindrical housing having fixed outer and

30 inner cylindrical wall which with top and bottom
walls, define an annular chamber. The radius of the
inner cylindrical wall from the longitudinal axis of
the device is chosen such that at the desired
speed(s) of centrifugation there will always be a




“the annul ar chanber, to sustain such a concentric interface of conponents.
By reducing the volunme of 5 the annular chanber during centrifugation the
desired conponent or conpounds can be selectively renpved via a drain
means. The resulting separation can be carried out relatively quickly and
at- relatively | ow speeds. By 10 a suitable choice of the inner and outer
radi us of the chanmber, it is possible, for exanple, to achieve a separation
of up to 80% of the plasma of a blood sanple in about 1 mnute at a speed
of rotation of approximately 5,000 rpm Thé axially symetrical 15 inner
wal | provides that the chanber in which the separation is to be carried out
“is annular, which in turn ensures that the conponents in the chanber are

al ways_subj ect ed suzfa&eheresnelyiw@ai NEor EAUESL A Q) A ANAUER P! Ch

mai nt ai ns a sharp,interface. An annu nber renders i1t ernore
possi bl e in conn |&H“ﬁftﬁyélﬁ¢§éﬁaﬁl%%Hlsdﬁ%@etW%F%FMﬂQEHQUQhPBFativer
smal | di stance bemweahnumerlanembdﬁl|t@nﬂuéiﬁiﬁngﬁﬁh\Mmdod@édﬁrﬁﬁe resul t

that the co onent arated from ope an t her ed only noye a 25
relatively gﬁort?& e{gﬁg& EE%?B?“@?@S seP ?%&4%%?3%;W§iﬁﬁ 8¥out
quickly with @ r@h@tamah}ahlghamhertquningheemtmhﬁughzﬂonumhpodesusedThe
b bject, th t.h
above obj ec omperenteat Ueém ?Sgnéé‘ec??qy@ e@ywm %Frlo%ﬁ Wb

nunerous ot her obj ects, 30 adva es and features be &vident
fromthe beIOM/dés@Fﬁﬁﬂl BRaBF-presently preferred enbodi nents of the

present invention are irneCeesdanss Wsébai—ae;éhréanats@&sérﬂed %cplreSﬁnt
nventi on ObLal ned B S0 SPRRCALLE [k SEPRLLing & 1ol Laud Sarpl e havi g
centrifugal 10 a suitable choice of the inner and outer radius of
.the chamber, it is possible, for example, to achieve
a separation of up to 80% of the plasma of a blood
sample in about 1 minute at a speed of rotation of
approximately 5,000 rpm. The axially symmetrical
15 inner wall provides that the chamber in which the
separation is to be carried out is annular, which in
turn ensures that the components in the chamber are
always subjected to a G-force during the reduction of
the volume which maintains a sharp interface. an
20 annular chamber renders it furthermore possible in
| connection with a given blood sample to achieve a
relatively small distance betweén the inner wall and
the outer wall with the result that the components to
be separated from one another need only move a
25 relatively short distance. Accordingly, the
separation is carried out quickly with a relatively
high purity of the individual components.
The above object, the above feature and the
above advantage together with numerous other objects,
30 advantages and features which will be evident from
the below description of presently preferred

embodiments of the present invention are in
accordance with the first aspect of the present
invention obtained by an apparatus for separating a



separation, conprising: a phase separation container, conprising: 5

a housi ng having concentric inner and outer cylindrical walls defining a

I ongi tudinal axis, a bottomwall, and a top wall, said outer cylindrical

wal |, said inner cyllndrlcal wal |, said bottomwall and said top wall
defiini ng toget her an annular 10 chanber for receiving said |iquid sanple, a
pi ston body constituting said bottomwall or top wall of said housing and
bei ng displaceable within said annular chanper froma first position in
whi ch a maxi muminterior volume is defined within 15 said annul ar chanber
to a second position in which a nmininuminterior volume is defined within
sai d annul ar chanber, and a drain conduit nmeans conmunicating with said

?nnulgr charber Zﬁquld sa?ple.*ﬁiﬂﬁgiphayﬂ!pdﬁﬁﬂmmsfeﬁ fuppkyeng SﬁLd
t
quid sample o saldi0au! 8 gsgg&b&;) piffee YFAMIR® e RALRL oG RATPE! 20

sai d pi ston body T osard Ty tor ating said
phase 25 separatldﬁD@Gﬁ@apnerC¢mmwmsxngd | ongi tudi nal axis at a rotationa

speed causing a separ at'Qnﬁﬁgséaégp$fﬂé'i&1smﬁd&tOc%?dp‘}:.@fi‘l%e por tions,

an actuator neans for displacing sald ston body wthin sard annul ar
chanber fromsaid first 30NBYEIRY ORAY B RNGERYY i dSETH 88 P¥YeFhi | e sai d
phase separation Qgﬂh@ﬁﬁ&talSw&DIQIdéEfﬂlﬁﬁﬂajﬂdﬁgﬂﬂu&ﬂ@hlsﬁﬁﬂﬁ sg as to
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wall, said inner cyllndrlcal wall, said bottom wall
and said top wall defining together an annular

10 chamber for receiving said liquid sample,

a piston body constituting said bottom wall or
top wall of said housing and being displaceable
within said annular chamber from a first position in
which a maximum interior wvolume is defined within

15 said annular chamber to a second position in which a
minimum interior volume is defined within said
annular chamber, and

a drain conduit means communicating with said
annular chamber,

20 a liquid supply means for supplying said
liquid sample to said annular chamber of said phase
separation chamber as said piston body is in said
first position,

a motor means for rotating said phase

25 separation container round said longitudinal axis at
a rotational speed causing a separation of said
liquid sample into said phase portions,

an actuator means for displacing said piston
body within said annular chamber from said first

30 position towards said second position while said
phase separation container is rotated at said
rotational speed so as to expel one of said phase
portions from said annular chamber through said drain
conduit means.



above advant age together with nunerous other objects, advantages and
features which will be evident fromthe bel ow description of presently
preferred 5 enbodi nents of the present invention are in accordance with the
second aspect of the present invention obtained by a phase separation
container to be used in an apparatus for separating a |liquid sanple having
phase portions of different densities 10 into said phase portions by
centrifugal separation, said phase separation container conprising: a
housi ng havi ng concentric inner and outer cylindrical walls defining a

| bngi tudi nal axis, a bottomwall, and a_tgp_wall, said outer cylindrical 15
wall, said inner cylindrical wall, said botton1ma|| and said top wall
defining together an annul ar chanber for receiving said liquid sanple, a

pi ston body constituting said bottomwall or top wall of said housing and

bei ng di spl aceabl e 20 méhégo§@|§bfg@gul Qhecgggbgrfégam@ Jdci sthdposition in

whi ch a HHX|nun1|H°er|o vol une is defined mﬁthln sal d annul ar. chanber to a
second position fROVRI RAVANLAGE (RAGELALEr WoED BYRSRPYS; QL &PIRASSn sai d

annul ar chanber, adﬂdn25ges and featuttesi WhEeRwWill e s i fread i ng with
sai d annul ar chagﬁgrb ﬁ% ég ect of the g ent i ventjon involves a
cylindrical recerver g o @@é |R§e? 156 5 %ns expel l ed from
t he annul ar chantsbodiments @épaxeam@sfent;mnhenmmlm dmanber by the

pi ston body. A fguebpaaseeaia dHi §eb3ﬁan5g9&c@ £ A ﬂ&é appar at us
and phase separation container as_above wherein t e |l nner I ndrical wall
of the annul ar invenpion obtained by a phase separation contalner to

be used in an apparatus for separating a liquid
sample having phase portions of different densities

10 into said phase portions by centrifugal separation,
said phase separation container comprising:

a housing having concentric inner and outer
cylindrical walls defining a longitudinal axis, a
bottom wall, and a top wall, said outer cylindrical

15 wall, said inner cylindrical wall, said bottom wall
and said top wall defining together an annular
chamber for receiving said liquid sample,

a piston body constituting said bottom wall or
top wall of said housing and being displaceable

20 within said annular chamber from a first position in
which a maximum interior volume is defined within
said annular chamber to a second position in which a
minimum interior volume is defined within said
anmular chamber, and

25 a drain conduit means communicating with said
annular chamber.

A third aspect of the present invention
involves a cylindrical receiver chamber for receiving

, the phase portions expelled from the annular chamber

30 and separated from the annular chamber by the piston
body . _

A fourth aspect of this invention pertains to
the apparatus and phase separation container as above
wherein the inner cylindrical wall of the annular



chanber is a cylindrical wall conponent of the piston body. A fifth aspect

of -t he invention involves nethods for using the above apparatus for

separation 5 of a liquid into phase portions of different densities. A
si xth aspect of the invention relates to such a
[err] of the radius of the inner wall ri to the radius of the 10 outer

wall [err] is between about 0.3:1 and about 0.8:1 preferably 0.5:1. A
sevent h aspect of the invention involves the apparatus and phase separation

cont ai ner "as descri bed above incl udi ng connector
15" separation container to the notor neans; The above object, the above

feature and the above advant age together'w&?h‘nunerous ot her objects,

advant ages and features which w |

presently preferred 20 enbodi nents of the present invention are in

accor dance with anghRec. AEPCLlopls I BTCRER LONSSRLAD SOIHNGI R0

nmet hod of separatlng

densities into saPedyphase portions by centrifugal separation, 25 said
met hod conprising: provigi pgeen Resects ¥kl QRvEARLSH NBivo G 1 Sing: a
housi ng havi ng conggﬂtric I nner, and .outer cylindrical |l's defining a

3@s bER% JHFiRg IEheyaRoxNe; BRPARRTUS ST SRRAFATEAPT ndri cal

| ongi tudi nal axi s™

I 'qui havi ng~phase portions 0

wal |, said inrger ofl antiigeid ivid phasiedpbetionswat| dififerssitd top wal |
defi ni ng togetherdgﬂ fﬁf&%ar chanber for receiving said liquid sanple,
pi ston body consti tig g said bottomwall or

10

15

20

25

30

A sixth aspect of the invention relates to
such a method wherein the ration (ri:rg) of the
radius of the inner wall rj to the radius of the
outer wall ro is between about 0.3:1 and about 0.8:1.
preferably 0.5:1.

A seventh aspect of the invention involves the
apparatus and phase separation container as described
above including connector means connecting the phase
separation container to the motor means.

The above object, the above feature and the
above advantage together with numerous other objects,
advantages and features which will be evident from
the below description of presently preferred
embodiments of the present invention are in
accordance with another aspect of the present
invention obtained by a method of separating a liquid
sample having phase portions of different densities
into said phase portions by centrifugal separation,
said method comprising:

providing a phase separation container,
comprising:

a housing having concentric inner and outer
cylindrical walls defining a longitudinal axis, a
bottom wall, and a top wall, said outer cylindrical
wall, said inner cylindrical wall, said bottom wall
and said top wall defining together an annular
chamber for receiving said liquid sample,

met hod wherein the ration

rent

means connecting the phase

be evident fromthe bel ow description of

a



top wall of said housing and being di spl aceable within said annular chanber
froma first position in which a maximuminterior volune is defined w thin
5 sai d annul ar chanmber to a second position in which a mninuminterior
volume is defined within said annular chanber, and a drain conduit means
communi cating with said annul ar chanber, 10 supplying said liquid
sanple to said annul ar chanber of said phase separation chanber as said

pi ston body is in said first position, rotating said phase separation
container round said |longitudinal axis at a rotational speed causing 15 the
generation of a gravitational field withipysaid annular chanber so as to
separate said liquid sanple into said phase portions at any location within
sai d annul ar chanber, displacing said piston body within said 20 annul ar
chanber fromsaid first position towards said second position while said

phase separation Contai%Bblbﬁohobaﬁﬁdbéﬁséiﬁdtﬂﬁﬁiﬁdlﬂﬂbbtﬁbﬁedasb as to

expel one of sai has portlon fromsaid r ough said
~drain conduit negtr%% w?(é.l of sal Ttﬁ% HH &1 cg % % Egg\é/%{)?éeature and the
above advant age twigdtimesaidt Bnnuhar ocmarmezerfm @ctfsrsadpamhg@ls md
features which wil; he ewa%*iahmf 18R 16 R k192 WeRip@a QlcRigsent |y

preferred enbodi nents o resent 1nvention are in accordance with

anot her aspec® ofSQ4QBQQn@§éﬁtChﬁﬁ%ﬁ?l%ﬂlQﬂﬁQQQﬂQjHQ§1ﬁlﬁEtthwB$C§e%arat|ng
a liquid sanpl e haiiiMhndRaeerRett vONsmefidliddfMimd wiehsht s&sdi nto said

phase portions byéé§% ;}'L%gmgesepargtlon, sai d net hod conpri sing: -12-
a drain conduit means communicating with said
annular chamber,

10 supplying said liquid sample to said annular
chamber of said phase separation chamber as said
piston body is in said first position,

rotating said phase separation container round
said longitudinal axis at a rotational speed causing

15 the generation of a gravitational field within said
annular chamber so as to separate said liquid sample
into said phase portions at any location within said
annular chamber,

displacing said piston body within said

20 annular chamber from said first position towards said
second position while said phase separation container
is rotated at said rotational speed so as to expel
one of said phase portions from said annular chamber
through said drain conduit means.

25 The above object, the above feature and the
above advantage'together with numerous other objects,
advantages and features which will be evident from
the below description of presently preferred
embodiments of the present invention are in

30 accordance with another aspect of the present
invention obtained by a method of separating a liquid
sample having phase portions of different densities
into said phase portions by centrifugal separation,
said method comprising:



provi ding a phase separation container, conprising: a housing having
concentric inner and outer cylindrical walls defining a |ongitudinal axis,
a5 bottomwall, and a top wall, said outer cylindrical wall, said inner
cylindrical wall, said bottomwall and said top wall defining together an
annul ar chanber for receiving sai.d liquid sanple, a piston body
constituting said bottomwall or 10 top wall of said housing and being

di spl aceabl e within said annular chanber froma first position in which a
maxi.mum.interior volune is defined within said annular chanber to a second
position in which a minimuminterior vol ang2is defined within said 15
annul ar chanber, and a drain conduit neans provided at or near said inner
cylindrical wall and conmunicati ng mﬁth sai d annul ar chanber, supplying
said liquid sanple to said annul ar chanber__of. sald Ehase separation

chamber as said piston b&FPVAEipg §a? ¢ PP RGP FOREBAPFRuous| y

rotating said phasmmpepaiagi:on container round said |ongitudinal axis at a

tat | d t t ed
iro ational spee cau5|ng ogguglsgahg“ﬁggsal Aefqggléﬁgr Qngeoﬁeg@ra e

:fromsaid |liquid sanpl e, | aci I ston wthin said
"annul ar chanmber f rayhig@ird chilr wal %s‘ii?ﬁ’d’hlqg)\ﬁarld%‘géépél%éoml%osi‘t ion while

.sai d phase sepgr atﬁdytdﬁp%qunegnasarg@tmlat s%a‘lddoﬁeggt tpDehdspesll so as
to 30 continuously expel said one | has orti, froms annul ar
chanber through safatldr eﬁ%dcbﬁﬂﬁrt%g%% éﬁﬂigpﬁﬁg'éotbo‘f'? gns is
separated from saighd ig@iid tepnwhel defxnﬂﬁb-together an annular
chamber for receiving said liquid sample,
a piston body constituting said bottom wall or
10 top wall of said housing and being displaceable
within said annular chamber from a first position in
which a maximum interior volume is defined within
said annular chamber to a second position in which a
minimum interior volume is defined within said
15 annular chamber, and
a drain conduit means provided at or near said
inner cylindrical wall and communicating with said
annular chamber,
supplying said liquid sample to said annular
20 chamber of said phase separation chamber as said
piston body is in said first poSition,
continuously rotating said phase separation
container round said longitudinal axis at a
rotational speed causing one of said phase portions
25 to be separated from said liquid sample, and
displacing said piston body within said
annular chamber from said first position towards said
second position while said phase separation container
is rotated at said rotational speed so as to
30 continuously expel said one of said phase portions
from said annular chamber through said drain conduit
as said one of said phase portions is separated from
said liquid sample.-



The above object, the above feature and the above advantage together with
numer ous ot her objects, advantages and features which will be evident from
t he bel ow description of presently preferred 5 enbodi ments of the present

i nvention are in accordance with another aspect of the present invention
obtai ned by an apparatus for separating a liquid sanple having phase
portions of different densities into said phase portions by centrifugal 10
separation, further including: nmeans for detecting the characteristics of
one or both of the conponents within said phase separation container during
the separation process. The nethods accorghng to the above aspects of 15
the present invention |like the apparatus d the container according to the
ot her aspects of the present invention, are preferably used for separating
pl asma froma bl ood sanple. Thus, the apparatus, the phase separation

cont ai ner and 't he ”Ethoghécﬁﬂégéngbfgééf’éﬂgadﬂ8%§e@E FH¥§“££8”?ﬁé¢
advant ageousl y and preferably use or separating a oo sanple into
vari ous constitugdhe¥esadviantage dergetdiars Witk puASKAUSpPEheRPHIeFeF udi ng

platel ets or altgagahtdgby &RAStédeiirdtd wHidhehalif becepiaen®. £26m
Most preferably gge_ﬁggaraéuscand nethfs ar% eg§I0¥eE't9 $repare a
conposi ti on cont 5PRi RGLPY LPERCHRLHRR Hh BF&TeR 0dsPFREEEE B brin, optimally
for use in agibenbodtmenns. obetize | preddercrinvienaiotf aPeeinrred Enbodi nents
?gference tOTPﬁengégﬁégéeV§g£é§§¥#¥$§§£§%§%?ﬁ %&;E§§L8g§§§%tgﬁg QLEPional
view of a first énvenrientobtainednpy an Gnranasusofoy separatingla '
separation and pigggsal 88mBPEARAYIRg phase portions of different
densities into said phase portions by centrifugal
10 separation, further including:
means for detecting the characteristics of one
or both of the components within said phase
separation container during the separation process.
The methods according to the above aspects of

15 the present invention like the apparatus and the
container according to the other aspects of the
present invention, are preferably used for separating
plasma from a blood sample. Thus, the apparatus, the
phase separation container and the method according

20 to the present invention are advantageously and
preferably used for separating a blood sample into
various constituents such as blood cells and plasma
optionally including platelets or alternatively
constituting platelet-free plasma.

25 Most preferably the apparatus and methods are
employed to prepare a composition containing fibrin
monomer or non-crosslinked fibrin, optimally for use
in a fibrin sealant.

Detailed Description Of Preferred Embodiments

30 The present invention will now be further

described with reference to the drawings, in which
FIGURE 1 is a schematic and sectional view of

a first embodiment of a sample container of a

centrifugal separation and processing apparatus



- 14 - inplenented in accordance with the teachings of the present

I nvention. FlI GURES 2-10 are schematic and sectional views simlar to the
view of FIGURE 1 illustrating specific 5 steps of a separation and
extracting process when enploying the first enbodi nrent shown in FI GURE 1.
FFGURE 11 is a schematic and sectional viewsimlar to the view of FIGURE 1
of a second enbodi nent of a sanple container of a centrifugal 10 separation
and processi ng apparatus inplenmented in accordance with the teachings of
the present invention. FIGURES 12-18 are 38h&matic and sectional views
stmlar to the views of FIGURES 2-10 15 illustrating specific steps of a
separation and extraction process when enpl oyi ng the second enbodi nent

h ' . ' h I, Lonal _vi hird
Ibodi mont or & PPRESPSBEd b ASTRRCDE s v LA GoebRtarRePEofBs @

centrifugal sepapresent aimventwicessi ng apparatus i nplenented i n accordance

with the teachings of tp§6@§§§e@uﬂ%q¥ﬁ?%%9§wggy?p@§mggﬁk§ignggr§Qg@§ive and

expl oded view of a component of t ment shown in 25 F| GURE 19.

FIGURE 21 is a sEhBHBRT ctanehpariew afr SESVREqday Lduskratindc8ReFifigal
separation amngl pEeepssofla ad@Fdrdtion andiesdt riate ingTpirocesst /heRr is

rit ot zed of - SEMPLOVEBHmERS At Lo nan ke Shove’ 35, FIPIRE Dot i 6 and
sectional views of a neEDNQURENIois aa rsxchemar iandrfd sedtignaic viawpl e
container relatiygp 9atheoCORL V{HI%E FIGURE 1 of a second .
embodiment of a sample container of a centrifugal
10 separation and processing apparatus implemented in
accordance with the teachings of the present
invention.

FIGURES 12-18 are schematic and sectional
views similar to the views of FIGURES 2-10

15 illustrating specific steps of a separation and
extraction process when employing the second
embodiment shown in FIGURE 11l.

FIGURE 19 is a schematic and sectional view of

a third embodiment or a prototype embodiment of a

20 sample container of a centrifugal separation and
processing apparatus implemented in accordance with
the teachings of the present invention.

FIGURE 20 is a perspective and exploded view
of a component of the third embodiment shown in

25 FIGURE 19.

FIGURE - 21 is a schematic and partly broken-
away view of a centrifugal separation and processing
apparatus in which the sample container is received
for performing the separation and extraction process

30 in a automatized or semi-automatized manner.

FIGURES 22a-22c are schematic and sectional
views of a mechanism for arresting and fixating the
sample container relative to the centrifuge



-15- separation and processing apparatus, illustrating three steps of the
arresting and fixating process. FI GURES 22d and 22e are schematic and
sectional views of a |lid conponent of the sanple 5 container comrunicating
with optical detectors inplenented in accordance with two alternative
gptical detector principals. FIGURE 23 is a diagrammatic view illustrating
t he dependency between the gravitational force at the 10 inner and outer
wal | s of the phase separation chanber of the sanple container and the
rotational speed of the sanple container. FIGURE 24 is a diagramatic view
rl lustrating the yield percentage of a spe6ific blood sanple when 15
separating the blood sanple by neans of the sanpl e cont-ainer according to
the present invention in dependency of the tine of performng the
Separation process further illustrating two specific yield curves
correspondi ng to SERErakéPd and MEEERSING aPPaZE thfd Ri&PBFééaipgatelets

gggte ﬁgte ) rezpfct 't‘h%%e)é skk P@fZéxé Saxaréisqufgamt |qumn@ b!ratéégsL ing the f
cy between the vg e .separated by nmeans o

the sanple container of F4G HBﬁﬁr??ggﬁug ég%bﬁégﬁT a5iGc858i ng apparatus 25

according to the slUce&enhll Views | of arncid heonigoientf offiecher samglehe

separation pr cess a C f |GURE 1, a

first enbodi Ptgehg ?gmg%xﬁ}%éﬁ g w1 h ;lr(;g%t @'8fil ﬁgggggrg gnce with the

' 30 teachings of tﬂmplpmeséad an@¢m¢zﬂanq¢:ﬂmnhnta@sagnareétnne reference

nuneral 10 in |t:%ﬁyybhqehgtegbgrs§gqﬁéaﬂgy§en ner 10 constltutes aunitary
structure to be used in_a centr| separation and ssin %paratus
to be described bel ow. AICHBE % & granmatic view illustracd

the dependency between the gravitational force at the
10 inner and outer walls of the phase separation chamber
of the sample container and the rotational speed of
the sample container.
FIGURE 24 is a diagrammatic view illustrating
the yield percentage of a specific blood sample when
15 separating the blood sample by means of the sample
container according to the present invention in
dependency of the time of performing the separation
process further illustrating two specific yield
curves corresponding to the yield of plasma of high
20 and low blood platelets content, respectively.
FIGURE 25 is a diagrammatic view illustrating
the dependency between the volume of a blood sample
to be separated by means of the eample container of a
centrifuge separation and processing apparatus
25 according to the present invention and the time of
performing the seperation process.
iled . of T} .
In FIGURE 1, a first embodiment of a sample
- container implemented in accordance with the
30 teachings of the present invention is shown
designated the reference numeral 10 in its entirety.
The sample container 10 constitutes a unitary
structure to be used in a centrifugal separation and
processing apparatus to be described below. Although



-16- the invention herein is described throughout in terns of bl ood
separation, preferably for the preparation of conponents suitable for a
fibrin glue, it should be appreciated that the devices, apparati and

met hods 5 herein can be -enployed with any |liquid separation application.
The present invention is particularly suited for the separation of a bl ood
sanple into blood cells and plasnma and for preparing a Fibrin extract from
the plasma, e.g. in accordance with the 10 technique described in

i nternational patent application, application No. PCT/DK87/00117,
ipdbl i cation No. WO 88/ 02259, and Europeah ¥optication No. EP 592,242
‘entitled FIBRIN SEALANT COMPOSI TI ONS AND METHODS FOR UTI LI ZI NG SAME fil ed
Oct ober 18, 15 1993, each of which are |ncorporated herein by reference.

In EP 592, 242 net S; siti.ons fqr a c t el novel f|br|n gl ue

are discl osed. Gegega ,?\P&, r}ggfrfsz di® sgfeﬁg’éégggn‘& §™E 20

fibrin seal ant coﬁﬁrbb@¢@)sgnﬂnﬁnnqmg.apdefereﬂlxlf@rvuhé1prepaqammdn on

icont ai ni ng fibrineE0EGHESferlld KAVERIE Qgrtg'§1?P rg?hé()f%1§ /g Pol ymer
or

iconcurrently mnth t he contactlnqafte her eb t'he séa ant at the
‘desired site. ThePBcRPRZRFigted thatg %QPK%EB& t@?ﬂ@t&d@nﬁ Betiods fibrin

‘11 and des BB i bhenenEFtanBZoé%ﬁlwéaemdhsshpsgﬁq@dmééma&fmhorm ng a
“ fibrin nmonomer gﬁgﬁ éé&} n sge S, pof: contac ing a
‘conposi tion conta % &%ﬁ t A™Y ?ﬁ+?ﬂﬂﬁ thff to form
.a non- crossli nkeauitedlfnmcﬁb&msqux)ats.epaoﬁtanlgld)d@ samplcer dsslol nked fibrin
pol ymer from the fHhgod NOGETs GHP Bilddnd an8"for preparing a Fibrin
extract from the plasma, e.g. in accordance with the
10 technique described in international patent
application, application No. PCT/DK87/00117,
publication No. WO 88/02259, and European Application
No. EP 592,242 entitled FIBRIN SEALANT COMPOSITIONS
AND METHODS FOR UTILIZING SAME filed October 18,
15 1993, each of which are 1ncorporated herein by
reference.

In EP 592,242 methods and compositions for a
completely novel fibrin glue are disclosed.
Generally, EP 592,242 discloses a method of forming a

20 fibrin sealant comprising contacting a desired site
with a composition containing fibrin monomers and
converting this monomér to a fibrin polymer
concurrently with the contacting step, thereby
forming the sealant at the desired site. The term

25 fibrin is understood to include fibrin I, f£ibrin II
and des BB fibrin. EP 592,242 further discloses a
method of forming a fibrin monomer composition
comprising the steps of:

a) contacting a composition containing

30 fibrinogen with a thrombin-like enzyme to form a non-
crosslinked fibrin polymer;

b) separating the non-crosslinked fibrin
polymer from the fibrinogen composition, and



- 17 - c¢) solubilizing the non-crosslinked fibrin polyner to provide a
canposition containing fibrin nononer. The thronbin-like enzyne can be
thronbin 5 itself or can be another enzynme with simlar activity, e.qg.,
Ancrod, Acutin, Venzyne, Asperase, Botropase, Crotal ase, Flavoxobin,
Gabonase, or Batroxobin, w th Batroxobin being preferred. In accordance
with a preferred enbodi nent of 10 the present invention, the
earlier-disclosed fibrin nmononer preparatien _can be carried out in a rapid,
efficient and safe manner in a unitary two-(or nore) chanber device. The
present device provides for such fibrin nononer preparation in |ess than 30
mnutes 15 and is especially useful in single donor or preferably

aut ol ogous fibrin seal ant) Welpyidtizang. thEen6h A&t SsSIoe £ idHial ogous
fibrin nmononer cogg '%é can b@ co-adm ni stered wi.th an aIkEILne buf f er
friter. th K avide

or distilled wate RFOVAELL R REIROSH-1 U 3R ipg ERBRFPons. The

sanpl e cont ai ner BENREr i ses a housing 12 conposed of a cylindrical wall
conponent 14, a top wal lp .16 ;apd t I ent 18. The
K& ialbin {Qﬁﬁe eﬁz?fﬁ% l@egBS‘ﬂ?é th‘r%ﬁ’%

top wall conpaonent 16 is provi a cen . t hr ough- goi ng aperture
20 in which a i stbieloRfofan beoapethansensme it sdmdda¥e to the central

through- goi ng apgét ivicy?0 el .t hanteBdyeAtueip mey PiAgPlelr¥sBy means of
an Oring sealing_24. The | c onepts 14,. 16 and 18 are joined 30
t oget her after th%°?ﬁ‘%5ﬁﬁ?'\é\%&ﬁg%eﬂpk"‘?’&%’ir\‘m% RSF:t € central
t hr ough- goi ng apeBatraxsiimf wilth Bapromébim dwesione mrefferried.any conveni ent
means, e.g. by means of fpshidygdace2dSeR’ a PYrOtei el (diboBident of
10 the present invention, the earlier-disclosed fibrin
monomer preparation can be carried out in a rapid,
efficient and safe manner in a unitary two-(or more)
chamber device. The present device provides for such
fibrin monomer preparation in less than 30 minutes
15 and is especially useful in single donor or
preferably autologous fibrin sealant preparations.
The single donor or autologous fibrin monomer
composition can be co-administered with an alkaline
buffer or distilled water preferably including a
20 source of calcium ions.
The sample container 10 comprises a housing 12
composed of a cylindrical wall component 14, a top
wall component 16 and a bottom wall component 18.
The top wall component 16 is provided with a central
25 through-going aperture 20 in which a piston component
22 extends and seals relative to the central through-
going aperture 20 of the top wall component typically
by means of an O-ring sealing 24.
The wall components 14, 16 and 18 are joined
30 together after the piston component 22 is received
within the centrél through-going aperture 20 of the
top wall component 16, by any convenient means, e.g.
by means of meshing threads or by gluing the wall



-18- conmponents together. Thus, the cylindrical wall conponent 14 and the
battom wal | conponent 18 may constitute an integral structure which is
connected e.g. by glue or by nmeans of neshing threads to the 5 top wall
conponent 16. Alternatively, the top wall conponent 16 and the cylindrical
wal | conponent may constitute an integral structure which is connected to a
separate bottomwal |l conponent. Further alternatively, the wall conponents
14, 16 and 18 may 10 constitute three separate conponents which are joined
together by neans of nmeshing threads or in _any other appropriate mtter,

erg. by gluing or welding the wall conponéﬁts together. As can be seen the
inner cylindrical wall 26 15 and the outer cylindrical wall 14 define the
annul ar chanber in mhlch centrlfugatlon takes place. The radii of these
wal |s fromthe | ong, | t nt I; ho so that at
t he desired speeds eghgéffh@“%%tt%#$%$ge%d§1§?gayégfto 20
mai nt ai n concentr@@M§§b§Kaﬂﬁoﬁndfthﬁeb¢¢@uldﬁddnﬁﬁwmwmgntCﬁSCGGYse this

Wi ll vary dependi fghstPtudd'@nl iAbkdrandstRecasd WiichPeedeonh@Er8gparating
bl ood, for exanple, a Gfaqrce of about 400 to about 1000 G should be

mai nt ai ned usi ng tHe g 5 by peang REf meghing,thregds tRaFheor speeds
of about 5, 00G- 10z &;ﬁ)maﬂl\/lcompehenablw ammexﬁzmezaw chbecbpdwa:uof t he

depend ng upon ¢ HESienet, 1% pH fRe e PindtReds SIS hnbphBaf Ry 55”7
cylindrical wall econrstihures@modtkagral cspructiure miun:ht s senpteetsdze to be

accommdat ed. Qutgs 4 Alar8lcABRNEoR. fal P Aiftiinehe CR2RegbOVe ar e
sui table for separf. ¥ﬁ£lﬂ %gy ggonents in the 000 - 10 000 RPM r ange.

Preferably the ra®t® Véb%u%°TQ943nts 14, 16 and 18 may
10 constitute three separate components which are joined

together by means of meshing threads or in any other
appropriate matter, e.g. by gluing or welding the
wall components together.
As can be seen the inner cylindrical wall 26

15 and the outer cylindrical wall 14 define the annular
chamber in which centrifugation takes place. The
radii of these walls from the longitudinal axis of
the container 10 are chosen so that at the desired
speeds of rotation a sufficient G-force is created to

20 maintain concentric separation of the liquid
components. Of course, this will vary depending upon
the liquid and the desired speeds. For separating
blood, for example, a G-force of about 400 to about
1000 G should be maintained using the present

25 apparatus. This provides that for speeds of about
5.000-10,000 RPM, preferably about 5,000 RPM, the
radius of the inner cylindrical wall 26 is typically
at least about 1.0 to about 1.5 cm depending upon the
speed and blood sample. The radius of the outer

30 cylindrical wall can vary accordingly depending upon
the sample size to be accommodated. Outer radii of
about 2.0 to about 3.5 cm and above are suitable for
separating blood components in the 5,000 - 10,000 RPM
range. Preferably the ratio of inner wall radius rj



- 19 - to outer wall radius [err] is fromabout 0.3:1 to about 0.8:1 and
npst preferably about 0.5:1. The piston conponent 22 conprises a
cylindrical wall conponent 26 which seals against the 5 above nenti oned
Oring sealing 24. The cylindrical wall conponent 26 is integrally
connected to a circular plate conponent 28, which is sealed relative to the
I nner surface.of the cylindrical wall conponent 14 by nmeans of an Oring
sealing 30. The 10 Oring sealings 24 and 30 allow that the piston

| conponent 22 may be raised and | owered LehgtLve to the housing 12 for
varying the inner chanbers defined within"the sanple container 10 as w ||

! be explained in greater detail below and for sealing the inner 15 chanbers
relative to one another and relative to the environment. The piston

conponent 22 basiwalduy egaiyadef Fa8iQ8ey., 130 Qont chagber it hin the
housi ng 12 of thfp }QHEI e cont ai ne% 1075‘3 vli S a-ovi SQb?:?FS?gEg Oe\r%%(gugo whi ch
an

is of a basicall A Festi Breher alyiahawtd ®dtkeen the cylindri cal
wal | conponents 14 and Athe Pisephi eBAbosEO L WHMpigsedehi ned bet ween the

| bottomwall conp 18 and t circul ar te ,conponent 28, and an
! optional third Cﬁtﬁﬁ%&drgga eVPEZdCWPﬁT?PtZB&JGat"ﬁ’é FeA4F BARLHAF | R nponent
i 26 of the pisbondheye a@ntEpoedt beringeseaslirfned .of Theechdiharivad |

- conponent 18, an.gati %@Pgéggggi?g %&%%lggéggs%ﬁgngoo nore separate

cam el ements or a circu protrusi o ) ] | y"sO that the
i nner vol une of tHEYd@ShPlakanperpoaent ot whighcds sealedorelitive: t he

second chanber 34omhebénnee! gdetade dos e dylitlargeai gakior bi ochenical

agent 40 Tn any fQn ke 1970y PRedi€ %l % ' 23inY seliThacho " Hle ®

10 O-ring sealings 24 and 30 allow that the piston
component 22 may be raised and lowered relative to
the housing 12 for varying the inner chambers defined
within the sample container 10 as will be explained
in greater detail below and for sealing the inner

15 chambers relative to one another and relative to the
environment.

The piston component 22 basically can define

one, two or three chambers within the housing 12 of
the sample container 10, yis a-vis first chamber 32

20 which is of a basically annular configuration defined
between the cylindrical wall components 14 and 26, an
optional second chamber defined between the bottom
wall component 18 and the circular plate component
28, and an optional third chamber 36 defined within

25 the cylindrical wall component 26 of the piston body
- _ :

From the inner surface of the bottom wall

component 18, an optional protrusioh 38 constituted
by one or more separate cam elements or a circular

30 protrusion extends upwardly so that the inner volume
of the second chamber 34 is not reduced to zero.
Within the second.chamber 34 may be included a
desired first chemical or biochemical agent 40 in any
form which can be used to treat or interact with a



- 20 - liquid conmponent separated in the first chanber 32 and extracted
into the second chanber 34. The piston conponent 22 can optionally be
further provided with an annular 'lid conponent 42 5 which serves the

pur pose of receiving and supporting an optional syringe 44. The syringe 44
can basically be a conventional disposable syringe conprising a cylindrical
housi ng 46. The syringe 44 as described below in this preferred enbodi nent
is useful for 10 introducing a desired sggond chemical or biochemn cal
agent or solution into said second chanbei "34. Alternatively, the syringe
44 may be substituted by an anpulla or a syringe of a sonmewhat different
structure and configuration for conplying wwth 15 specific requirenents

such as requirenengsid etéhpded© i QERALL DLLT EahELAliYE O 2
di spenser "or syringe assenbly 1 n which the anpulla or _the syringe is to be
used. At the upp%?&n§¥tEﬁEF?a ML he fRGAN hePrEg348, an outwardly

protruding 20 annul ar Thanges¥éni Sompstverite @ RRhmloptienkolerpest end of
the cylindrical ' 46 a. coni end tube 50 .i, rovi ded [ ch is
connected to thegggﬁ#%%r?ééﬁaéﬁékﬁi Iﬁn(ﬁnqqi rb&ﬁlnngegPeﬂBn@#ng 46
through a botS onvhath Servés tthe qurpaie ol rHewmedwvigg48ndVétpporing t he
cylindrical housj ; | URgEL- O, 54 ﬂsﬁ e | nd tube
50 can be receiv%@ga§€h?ﬁag %%nlé% _g%hpﬁg#§ wﬁ?%hqéo%%§n§%% %%i%f its
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syringe 44 may bge%ennvedtfron1th inaﬁri r_qQf the.thirdchagber 36 w thout
di sconnect i ng t hestdWi t “Rhg RIRLeE Y e iment 1s useful for

10 introducing a desired second chemical or biochemical
agent or solution into said second chamber 34.
Alternatively, the syringe 44 may be substituted by
an ampulla or a syringe of a somewhat different
structure and configuration for complying with

15 specific requirements such as requirements relating
to mechanical compatibility relative to a dispenser
or syringe assembly in which the ampulla or the
syringe is to be used. At the uppermost end of the
cylindrical housing 48, an outwardly protruding

20 annular flange 48 is provided and at the lowermost
end of the cylindrical housing 46 a conical end tube
50 is provided which is connected to the cylindrical
outer wall of the cylindrical housing 46 through a
bottom wall 52 of the cylindrical housing 46. Wwithin

25 the cylindrical housing 46, a plunger body 54 is
received.
| The conical end tube 50 can be received within
a conical adaptor 56 which communicates at its lower
end with a tubing 58. The tubing 58 can be of a

30 substantial length as illustrated by the signature of
the tubing 58 allowing that the syringe 44 may be
removed from the interior of the third chamber 36
without disconnecting the conical end tube 50 of the
syringe 44 from the conical adaptor S6. The tubing



syringe 44 fromthe conical adaptor 56. The tubing 58 extends through a
central bore of the circular plate conponent 28 into the second chanber 34
and comruni cates through a branch piece with a further tubing 60. The

t ubing 60 communicates with an inlet 5 62 provided at the uppernost end of
the cylindrical wall conponent 26 of the piston conponent 22 at which
outlet a filter elenent 64 is provided. The tubing 60 constitutes an inlet

t ubi ng through which a second chem cal or biochem cal agent 88 shown in
FIGURE 2 is 10 introduced into an inner spaae-defined within the :
cwW indrical housing 46 of the syringe 44 which inner space is defined bel ow
the plunger body 54 as the plunger body is raised froma position shown in
‘FIGURE 1 to the position shown in FIGURE 2. After 15 the introduction of

it e agent 88 into BheXTARds Ghrrudhia (9rnteali here At the cArselay s
preferably seal edpbyt&cedmpdhert SERl it GHe dJejormhewamdert Ba dhaw ng.
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process to be destubbred 6@l ovrhe t tubigig réedh cormuriElcadeESwi-thO anThalet
communi cati on 4 r ogut d nﬁﬂp ' 5%?ﬁ3 ' de a
m croporous fi terahrrégﬂgféggvﬁgc |§£9%?ét}d\%e%@?\}&t Lr??nleglere es}édgr@%\%?ded 25
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cylindrical housing 46 of the syringe 44 which inner
space is defined below the plunger body 54 as the
plunger body is raised from a position shown in
FIGURE 1 to the position shown in FIGURE 2. After

15 the introduction of the agent 88 into the inner space
of the syringe 44, the inlet 62 is preferably sealed

by means of a sealing cap, not shown on the drawing.

Alternatively, the inlet 62 may serve as a venting
outlet for venting any excess air of the tubing 58
20 and the tubing 60 into the atmosphere in the process
to be described below with reference to FIGURES 2-10.
The communication from the second chamber 34
to the tubing 58 may include a microporous filter
means 66 which is received within a recess provided
25 in the circular plate component 28 at the lower side
surface thereof. A desired biochemical or chemical
agent can also be immobilized or adsorbed onto said
filter means 66 or elsewhere within said tubing 58 to
treat a first liquid component which is separated in
30 the first chamber 32 and extracted therefrom. From
the first chamber 32 communication is established to
the second chamber 34 through a conduit 65 which is
established extending through the cylindrical wall
component 26 and the circular plate component 28 of



conponent 26 and the circular plate conponent 28 of -22- the piston
conponent 22. It is to be realized that the conduilt 65 is shown provided at
a radial position within the outer surface of theicylindrical wall
conponent 26. The conduit 65 can optionally be 5 provided el sewhere in the
upper surface of the piston plate 28 within the first chanber 32 according
to which liquid conponents are desired to be collected. The conduit 65 is
normal Iy cl osed by nmeans of a check valve 68 which may conprise a sealing
plug body 70 10 and a spring 72 journalled on a supporting stem 73 and
biasi ng the sealing plug body 70 toward a ggaling, or closing position.
Preferably, the check valve 68 is positioned as close as possible
relatively to the |ongitudinal axis of the sanplelcontainer 10. Thus, 15
ih an alternative or nodified enbodi nrent of the sanple container 10, the
check val ve 68 isb@ﬂcbdsednmtbmbanensemaraum i@bt@hbébﬁéapﬂﬁéai@mgg within

the third chanber arat e I rd nmber. t hrough a
separate wal | com;'g%e?l:?q gef ng?t Q é%m tcog‘ ﬁegaﬁ § Wgﬁafhgoﬂ"?g
chanber 32 througwiéhéﬁnshet0@&@%%&“#@?Q&n°¢h@hEtnwlcyﬂrndalcwhlhalI
component 26 of tleenpbhkAl DOUY e Abditalesy Qo obBtorbesy Hal ve 68 may

be housed wthin a _se g gte recess provid he circul ar plate
conponent 25 28. PFAYaCg nﬁﬁﬁ?ﬂ%ﬁ?%n”%H#Hhéﬁ*FﬁésBGﬁﬂﬁPt°§5thﬁt51$ﬁ%nsecond
chanber 34 is est glllatehed whthighche fEirddtechamberparouecériing ebement 74

i cr oporous 1111 eParB sty PebeG R aat dreTEEReES0Be R r 801 ded a
the lower side surfheceonfiuihebliisutermal iyt closedobynmeadsobft aecheskon
.conponent  22. valve 68 which may comprise a sealing plug body 70

10 and a spring 72 journalled on a supporting stem 73
and biasing the sealing plug body 70 toward a sealing
or closing position. Preferably, the check wvalve 68
is positioned as close as possible relatively to the
longitudinal axis of the sample container 10. Thus,

15 in an alternative or modified embodiment of the
sample'container 10, the check valve 68 is enclosed
within a separate sub-chamber positioned within the
third chamber 36 and separated from the third chamber
36 through a separate wall component and further

20 communicating with the first chamber 32 through a .
conduit extending through the cylindrical wall
component 26 of the piston body 22. Alternatively,
the check valve 68 may be housed within a separate

recess provided within the circular plate component
25 28. The communication through the conduit 65 into
the second chamber 34 is established through a
further microporous filter element 74 similar to the
microporous filter element 66 described above. The
microporous filter element 74 is received within the
30 recess provided at the lower side su;face of the
circular plate component 28 of the piston component
22.
The first chamber 32 further communicates with
a supply tubing 76 through a bore 78 provided at the



The first chanmber 32 further comunicates with a supply tubing 76 through a
bore 78 provided at the -23- top wall conponent 16 of the housing 12.
The supply tubing 76 can be at its outer end provided with an adaptor for
receiving a needl e of a syringe (not shown in the draw ngs) containing a
sanple, 5 preferably a blood sanple to be introduced into the first chanber
32 of the sanple container 10. The first chanber 32 preferably comrunicates
with the environment through a venting tubing or conduit 82 establishing
communi cation fromthe 10 interior of the first chanber 32 to a venting
outl et 84 provi ded opposite to the outtedd 62 di scussed above. The

comuni cation fromthe first chanber 32 through the venting tubing or
cenduit 82 is generally established provided t he piston conponent 22 is in

15 the | ower nost pO%:thﬂ as shogg ? RE 1 as the inlet to_the venting
tubi ng or conduF$P §8%k GORPORENLHdPe0 hEhﬁ e A4 ngTHE SHBPRMed the
pi ston conponentullihg s76 dascthet ataipssouten @sd Yromided wech. anFl GURE 4. 20
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and further for extracting a od constituent fromthe plasma as will be

descri bed belomﬁﬁiﬁ¢lqnﬁmﬁﬁ§h@@ P@ EheurRpRpbe 1eenqainerGIRE 2 a first step
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conduit 82 establishing communication from the

10 interior of the first chamber 32 to a venting outlet
84 provided opposite to the outlet 62 discussed
above. The communication from the first chamber 32
through the venting tubing or conduit 82 is generally
established provided the piston component 22 is in

15 the lowermost position as shown in FIGURE 1 as the
inlet to the venting tubing or conduit 82 is raised
above the O-ring sealing 24 provided the piston
component 22 is raised to a position as shown in,
e.g., FIGURE 4.

20 Alternatively, vent means can be provided at
any convenient location with said container 10.

The sample container 10 is as mentioned above
preferably used for separating a blood sample into
blood cells and plasma having a high content of

25 platelets or alternatively a low content of platelets
and further for extracting a blood constituent from
the plasma as will be described below with reference
to FIGURES 2-10.

' In FIGURE 2, a first step of a first process

30 of separating a blood sample 86 into specific liquid
components and of separating a blood constituent from
one of the liquid components is shown.

In FIGURE 2, a blood sample 86 is contained
within the first chamber 32 and filling out a



one of the liquid conponents is shown. In FIGURE 2, a blood sanple 86 is
.chtained within the first chanber 32 and filling out a - 24 - specific
:volume of the first chanmber 32 providing a residual air space 87 above the
bIood sanple 86. In a preferred enbodi nent, the blood sample in the first
chanber 32 is in the presence of -an antlcoagulant 5 Any anti coagul ant can
be enpl oyed, and suitable exanpl es include heparin, EDTA, hirudin, citrate
and ot her cal cium chel ators such as NTA, HEEDTA, EDDHA, EGTA, DTPA, DCTA,
HEPES, H MOA, etc. The bl ood sanple 86 contained within the first chanber
32 i's 10 designated by the plurality of _sggll circles. Above the bl ood
sanple 86, an air space 87 is provided. In FIGJURE 2, the plunger body 54 of
the syringe 44 is raised and the redissolving buffer agent 88, which can
be, e.g., a redissolving buffer solution and 15 which has preferably been

i ntroduced into th@ebﬁteei061@ﬁet$ﬁiEhﬂiﬁﬁr3c4éhaabd2832iﬁ*ﬁbfﬂﬁhgféhrough
‘the tubing 60, is cQ
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aspartic acid, euhaﬁma.abmﬁAanUC!aJtBEEESéuﬂIMﬂh etc. The blood

sample 86 contained within the first chamber 32 is

10 designated by the plurality of small circles. Above
the blood sample 86, an air space 87 is provided. In
FIGURE 2, the plunger body 54 of the syringe 44 is
raised and the redissolving buffer agent 88, which
can be, e.g., a redissolving buffer solution and

15 which has preferably been introduced into the
interior of the syringe 44 as described above through
the tubing 60, is confined within the interior of the
syringe 44. The piston component 22 of the sample
container 10 is in its lowermost position allowing

20 that the first chamber 32 is vented through the
venting tubing or conduit 82 as the blood sample 86
is introduced into the first chamber 32. The°
redissolving buffer 88 is designated by a plurality
of small triangles.

25 The redissolving buffer agent 88 can be any
acid buffer solution preferably those having a pH
between 1 and 5. Suitable examples, include acetic
acid, succinic acid, glucuronic acid, cysteic acid,
crotonic acid, itaconic acid, glutonic acid, formic

30 acid, aspartic acid, adipic acid and salts of any of
these. Succinic acid, aspartic acid, adipic acid and
salts of acetic acid, e.g., sodium acetate are
preferred. Also, the solubilization may also be
carried out at a neutral pH by means of a chaotropic



these. Succinic acid, aspartic acid, adipic acid and salts of acetic acid,
e.g., sodiumacetate are preferred. Al so, the solubilization nay al so be
-carried out at a neutral pH by nmeans of a chaotropic -25 - agent.
Sui t abl e agents include urea, sodium brom de, guani di ne hydrochl ori de,
KENS, potassiumiodi de and potassium brom de. Concentrations and vol unes of
such acid buffer or such chaotropic agent are as 5 described in EP 592, 242.
In FIGURE 3, a second step of the first process is shown as the entire
sanpl e container 10 is rotated round the central |ongitudinal axis of the
sanple container 10. It is to be realized2shat the 10 overall structure of
the sanple container 10 is of a basically symmetrical configuration as is
evident fromFIGURE 1. It is further to be realized that the bl ood sanple
contained within the first chanber 32 is exposed to a basically constant
centri fugal forceagﬂm:l5 Suhtabldeagert S0nhclud@Outeas sbéitmrbtombdeber is

of an overal | annlshi a3l houEath 0 e Kol pobBLEuRALALqY ARG o0 and
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sample container 10. It is to be realized that the
10 overall structure of the sample container 10 is of a
basiéally symmetrical configuration as is evident
from FIGURE 1. It is further to be realized that the
blood sample contained within the first chamber 32 is
exposed to a basically constant centrifugal force of
15 the order of 500-1,000 G as the first chamber is of
an overall annular configuration of a fairly small
radial variation and as the sample container 10 is
rotated at a rotational speed of approximately 5,500
RPM. In FIGURE 3, the blood sample contained within
20 the first chamber 32 is separated into two
cbmponents. a liquid 90 containing blood cells and
designated by the above described circles, and plasma
92 designated by a plurality of small squares. The
liquid 90 containing blood cells is of a somewhat
25 higher density than the plasma 92 causing a
separation due to the high rotational speed generated
as the sample container 10 is rotating at a
rotational speed of 5-10,000 rpm.
As the sample container 10 is rotated at the
30 above mentioned rotational speed, the check valve 68
is opened as the sealing plug body 70 is forced
radially outwardly. Although the check valve 68
opens, the liquid contained within the first chamber
32 does not flow through the conduit 65, as on the



30 above nentioned rotational speed, the check valve 68 is opened as the
sealing plug body 70 is forced radially outwardly. Although the check val ve
68 opens, the liquid contained within the first chanber 32 does not flow

t hrough the conduit 65, as on the - 26 - one hand the liquid which is
sgparated into the liquid 90 and the liquid 92 is :forced radially outwardly
towards the cylindrical wall conponent 14 and.as on the other hand the
conduit 65 as pointed 5 out above, is provided at a radial position within
the-cylindrical wall conponent 26. Wiile the sanple container 10 is stil
rotating, the piston conponent 22 is in.aghio-d step of the first process
rai sed fromthe position shown in FIGJRE 3 to the position 10 shown in
FIGURE 4 causing a transfer of liquid fromthe first chanber 32 to the
second chanber 34. During the initial raising of the piston conponent 22,
the air contai nedowd thend tthe fligeidcwaihdierisS2seémanatededntior eligh t he venting

tubing or 15 conpihliB30 a4kt €f1etb§qﬁ{f&‘?§£‘9jf§ L%f&d)l’ra(‘dngli't 82 is raised
above the Oring $¢§§;4313§§ any exceSs air of the air ‘spacé 87 above in.

FI GURE 2 of the f gwagdsi the  grkindricnk walde compongnshadber 34 as
any colunetric diddidraness thet veRert hand ifid iy 630 as3podntelhe second

the second shanbel e AEsLdR PREVIREY dBorbead at So%g omuLsPasm 02
shown in FI GURE 3the cylimdrigaif walkdcémpondrite 16 r whidlkamher sdaple the
o asrm transt or r b ainet 100 de SEELELOCE SIS bile Bheron REBPRFBFance
numeral 94 and sh®wishyinsguihdsdastep sefisthel fixste pracesise radisede of t he
second chanber from the position shown in FIGURE 3 to the position
10 shown in FIGURE 4 causing a transfer of liquid from
the first chamber 32 to the second chamber 34.
During the initial raising of the piston
component 22, the air contained within the first
chamber 32 is vented through the venting tubing or
15 conduit 82. After the venting tubing or conduit 82
is raised above the O-ring sealing 24 any excess air
of the air space 87 above in FIGURE 2 of the first
chamber 32 is transferred to the second chamber 34 as
any columetric differences between the first chamber
20 32 and the second chamber 34 are equalized through
the venting tubing 60 communicating with the second
chamber 34 through the microporous filter 66. The
plasma 92 shown in FIGURE 3 is also transferred from
the first chamber 32 to the optional second chamber
25 34 through the conduit 65. In FIGURE 4, the plasma
transferred to the second chamber 34 is designated
the reference numeral 94 and shown by squares as
discussed above. As the volume of the second chamber
34 is increased, the optional chemical or biochemical
30 agent 40 are also shifted from their positions shown
in FIGURES 2 and 3 to positions at the inner
cylindrical surface of the enlarged second chamber
34, The-agent 40, as discussed above, can be in any

-

form, for example, an agent or enzyme can be adsorbed



34 is increased, the optional chem cal or biochem calf 30 agent 40 are al so
shifted fromtheir positions shown in FIGURES 2 and 3 to positions at the

i nner cylindrical surface of the enlarged second charfber 34. The agent 40,
as_ di scussed above, can be in any form for exanple, |an agent or enzyne can
bes adsor bed - 27 - or imobilized onto a particul ate substrate such as
an, enzyne bound to agarose gel or other such particles. After a
predet er mi ned anmount of plasma has 5 been transferred fromthe first
chanber 32 to the second chamber 34 or aftiddr “substantial all plasma has
been transferred fromthe first chanber to the second chanber 34, the

rai sing of the piston conponent 22 is stopped. It is to be realized that

t he m cropor ous Silter. 74 events_ that .any particles such as
bl ood cel|'s may %g &ghé g%?%§n$$%%1?fégﬁﬁﬁﬁﬂf%ﬁﬁmﬁ&ﬁs 2 SPFE 88cond
chanber 34 in ca$8 ehReYpesboundobpoagaros del rax swhexb@ueha position in
which the plasmap3Zchasesl! been transferred fromthe first 15 chanber 32
to the second chanber 34. It is fyrther to_be realized that the transfer
of liquid fromthe firsPEERENBePradersrnined amornt ifhirashe 2@$ parti cul ar

the state in $hi beehherphssebrbastbefntie afify rthnded tize i ikple chanber 32
cont ai ns bl ood Zg

|| xglusiyely is easily detected.hy detecting the
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10 filter element 74 prevents that any particles such as
blood cells may be transferred from the first chamber
32 to the second chamber 34 in case the piston
component 22 is raised above a position in which the
plasma 92 has all been transferred from the first

15 chamber 32 to the second chamber 34. It is further
to be realized that the transfer of liquid from the
first chamber 32 to the second chamber 34 and
particular the state in which the plasma has been
transferred and the first chamber 32 contains blood

20 cells exclusively is easily detected by detecting the
force which is employed for raising the piston
component 22 as the force required for transferring
the blood cells from the first chamber 32 to the
second chamber 34 through the microporous filter

25 element 74 is far higher than the force required for
raising the piston component 22 causing the transfer
of the plasma from the first chamber 32 to the second
chamber 34. The transfer of all plasma from the
first chamber 32 to the second chamber 34 is

30 consequently easily detected as a radical increase in
the force required for further displacing the piston
component 22.

Thereupon, in a fourth step of the first
process the rotation of the sample container 10 is



chanber 34. The transfer of all plasma fromthe first chanber 32 to the
second chanber 34'is 30 consequently easily dgtected as a radical increase
in the force required for further displacing the piston conponent 22.
Thereupon, in a fourth step of the first procegs the rotation of the sanple
centainer 10 is - 28 - stopped as shown in FIGURE 5. In FIGURE 5, the
suspensi on of the agent 40 within the plasma 94 contained in the second
chanber 34 is allowed to react for a predeternined period of tinme. For 5
exanpl e, an enzyne, e.g., Batroxobin, converts the fibrinogen fromthe

pl asma into fibrin nonomer which al nost _i Bgt ant aneously pol ynerizes into a
non- crosslinked fibrin polynmer typically in the formof a gel as is nore
clearly described in the 10 aforementioned EP 592,242. In a fifth and
sixth step of the first process shown in FI GURES 6 and 7, respectively, the
non- crosslinkedstopped pslghevnaid Ficusiats.oxa WIGmRQbEngﬁg in Agarose.

gel particles 40 e | wr |t nall ves i s
separ at ed fromtﬁaggfégﬁgHQ con% %ditaﬂ(f q’{lﬁl g‘&; 5s@ﬂa er 34. The
second chanber 3§°ﬁﬁ913¢601@ohha|aeemndrnhamhgn|3Hdnscaﬂlmnéﬂ BO as to
provide that theréaé@nﬂofhaﬁsfédééefﬁlﬁéécbéﬂfa& e clel GBE 6. the 20

sanpl e contagger 10 i h step of the first process rotated at a

rotational spted®® ﬁﬂgfﬁg 395%5§¥%?1oﬁ B PARFLXOPIB c GRPYPEFHtR®e non-
crosslinked fi br Ebibpbhggen gfbmaﬂﬂetﬁEaimEhﬁntdﬂfﬂbramlhbﬁoﬁéﬁsﬂﬁaéﬂ The

rotational speedy OEQ'EHSEQStgéeQEQ%E éﬁ@%ﬂg@g &Pgols BOtatEd in the

fifth step of the tirst ﬁrocess can
crosslinked fibrin polymer typically in the. form of a

gel as is more clearly described in the
10 aforementioned EP 592,242.

In a fifth and sixth step of the first process
shown in FIGURES 6 and 7, respectively, the non-
crosslinked fibrin polymer and the Batroxobin
immobilized in Agarose gel particles 40 and

15 designated by a plurality of small waves is separated
from the plasma 94 contained within the second
chamber 34. The second chamber 34 may also contain
an inner cylindrical wall so as to provide that the
second chamber 34 is also annular. In FIGURE 6, the

20 sample container 10 is in the fifth step of the first
process rotated at a rotational speed causing a
separation of a phase 96 containing the non-
crosslinked fibrin polymer gel and the bodies 40 from
the plasma 94. The rotational speed at which the

25 sample container 10 is rotated in the fifth step of
the first process can be any speed but is
conveniently in this process is somewhat lower than
the afore-used rotational speed at which the sample
container 10 is rotated in the second step of the

30 first process as described above with reference to
FIGURE 3, such as a rotational speed of approximately
0.5 times the above rotational speed, i.e. a
rotational speed of the order of 2,500 RPM - 3,000
RPM or lower. After the separation of_the




conveniently in this process is sonewhat |ower than the afore-used

rotati onal speed at which the sanple container 10} s rotated in the second
step of the 30 first process as described above Wwth reference to Fl GURE
3, such as a rotational speed of approximately 0.5 times the above
rotational speed, i.e. a rotational speed of the oyder of 2,500 RPM - 3,000
RPM or |ower. After the separation of the - 29 gel / parti de phase 96
fromthe plasma 94 contained within the second chapber 34, the piston
conponent 22 is in the sixth step of the first profess | owered causing a
transfer of the plasma 94 fromthe second 5 chanbef 34 through the conduit
65 to the first chanber 32 as the check 98 ve 68 i opened. It is to be
"realized that the mcroporous filter elenent 74 prevents that any particles
or |arger bodies such as the agent particles 40 may be transferred fromthe

10 second cha I hAr,Qu ondui 5 eaki 32 th
nicroporous filtq}/gégﬁéﬁg gﬁaégﬁ%gfﬂﬁpbk%% Pﬁgs®?a%é;é$ﬁ%$ﬂﬁg¥s{clesazr ©
bodies. After thdthdmplchei sacondtchamteanidd .caher biegan cemperentrezind
second pl asma  ANGekpe! EhxchNgedy of G4 iBATBRbceds SPbRbyegONt al ns the

l'iquid 96 including the non-cross brin gol mer and the agent
particles 40 as GVWSiRg A Frappfer ofythe Plasasf ﬂs%rEHaﬁBSrs%EPn m xt ure

98 of |i qui dscordrinbe?d 34henhbbegl €6d |conahilth@Spkasher eirgtisferred from

the 20 second chanber s contained as-.indicated he | ned synbol s
of circles and 8L génaﬁl EﬁP{Eca]?e‘ﬁﬁevﬁaé'(ﬂ S8 15 ﬁﬁgéﬁ ferfgg’bé g:'élin )alt
seventh step of beedalizedprbaessheduixrdpamushdidgerngdenant 74 he second
chanber 34 by | QURLING < RRatSand! JREELc Y62 a¥lgelBolY BENEEcH 4agtnd

si mul t aneousl y

the agent particles 40 may be transferred from the

10 second chamber 34 through the conduit 65 to the first
chamber 32 as the microporous filter element 74
simply blocks the transfer of particles or bodies.

' After the completion of the second centrifugal

separation and second plasma transfer step, the

15 second chamber 34 solely contains the liquid 96
including the non-crosslinked fibrin polymer and the
agent particles 40 as shown in FIGURE 7. Within the
first chamber 32, a mixture 98 of liquid containing
the blood cell and the plasma retransferred from the

20 second chamber 34 is contained as indicated by the
combined symbols of circles and squares.

In FIGURE 7 the redissolving buffer 88 is in a
seventh step of the first process added from the
syringe 44 to the second chamber 34 by lowering the

25 plunger body 52 of the syringe 44 and simultaneously
raising the piston body 28 in order to provide a
complete transfer of the redissolving buffer 88 from
the syringe 44 to the second chamber 34 and
preventing that the redissolving buffer 88 is forced

30 into the branch piece of the tubing 58 and further
into the venting tubing 60.

After a certain period of time during which
the redissolving buffer 88 causes the dissolving of
the non-crosslinked fibrin polymer from the agent



rai sing the piston body 28 in order to provide a conplete transfer of the
redi ssol ving buffer 88 fromthe syringe 44 to the $econd chanber 34 and
preventing that the redissolving buffer 88 is forc¢egd 30 into the branch
pi ece of the tubing 58 and further into the venting tubing 60. After a
cestain period of time during which the redissolvinpg buffer 88 causes the
di ssol ving of the non-crosslinked fibrin polynmer flomthe agent - 30 -
particles 40, formng a fibrin nonomer-containing golution which is to be
transferred to the syringe 44 in an eighth and ninth step shown in Fl GURES
9 -dnd 10, respectively. The separation of ,t;he fibrin 5 nmonomer fromthe
Batroxobin in a liquid 100 produced in thé second chanber 34 through the
action fromthe redi ssolving buffer 88 is sinply carried out by any
convenient separation process, e.g., through a filtering or preferably a

centrifugal separgdica1be 4 0E68RiAG & ﬁ%?l'n“ﬂfoh%ﬁe&h%ﬁeélﬁfmfzho"m in
FIGQURE 9. The centrj fugal se ratloné?rocess rried out | | GURE 9

t hr ough whi ch t he® HyJres 28 &9 redo kPt Rie 'f‘ljﬁ%‘ESQ_O%‘l and
col lected at the imrar edighehsanfaninth stdup GhowndinC&#IGURES goamdnent 15

14 of the chanber 4 t at_a rotational
speed which is noré%ﬂﬁ?}gfggﬁéggpfha € é%g? J:l'%(gnrél gégeggbﬁinmhich t he
sanpl e cont ai Fer mmnqm@rrdkamenhEnBchemgﬁgaraau@hlsnmpg LP0upreducedi n
FFGURES 3, 4 and f, ad @%c%ﬁacbhgﬂbei‘aié’ Etﬁi%dggxe%b %%EESH EPofPERe f O

provi di ng access through the condU|t fromt secqnd anper 64 to the

first chamber 32. r?qiﬁﬂQéMREQQ Fﬁ@rlgguﬁﬁj%%?R%@hF@Fﬁé&dePﬁlFyt%@Yf|rst
chanber 32 is cl ewdqeﬂmce)sppaedtimepﬂ‘bmgr @igt,qt ichwalighi &l d as the

liquid filtering or preferably a centrifugal separation

10 process or a combination thereof as shown in FIGURE
9. The centrifugal separation process is carried out
in FIGURE 9 through which the agent bodies 40 are
separated from the liquid 100 and collected at the
inner side surface of the cylindrical wall component

15 14 of the chamber 34 as the sample container 10 is
rotated at a rotational speed which is normally
smaller than the rotational speeds at which the
sample container 10 is rotated in the separation
steps illustrated in FIGURES 3, 4 and 6 as the check

20 valve 58 is not caused to open for providing access
through the conduit 65 from the second chamber 64 to
the first chamber 32. In FIGURE 9, the liquid 98
contained within the first chamber 32 is clearly not
exposed to a high gravitational field as the liquid

25 is not on the one hand caused to be separated into
liquid components of different densities and on the
other hand not shifted from the position also shown
in FIGURE 8 in which the liquid surface is
horizontal.

30 Afrer the separation of the agent particles 40
from the ligquid 100 in a ninth step of the first
process shown in FIGURE 10 as discussed above with
reference to FIGURE 9, the liquid 100 is transferred
from the second chamber 34 of the sample container 10



25 is not on the one hand caused to be separated into |iquid conponents of
different densities and on the other hand not shifted fromthe position

al so shown in FIGURE 8 in which the liquid surfade is horizontal. 30

After the separation of the agent particles 40 friomthe liquid 100 in a
ninth step of the first process shown in FIGURE 10 as di scussed above with
reference to FIGURE 9, the liquid 100 is transferred fromthe second
chanber 34 of the sanple container 10 -31- to the syringe 44 contained
Wi thin the third chanber 36 of the sanple container by sinultaneously
raising the plunger body 54 of the syringg 44 and |owering the piston body
22. After the transfer of the fibrin 5 nononer solution to the syringe 44
in the ninth step of the first process shown in FIGURE 10, the syringe 44
ks renoved fromthe sanple container 10 as a unitary structure integrally
connected to theté uthergyafinge ddglkeohbainediwidhiadateothierdrchatmbelr t he 10

coni cal end tube,50, of f1i_N 1S _recelved, ls 8 is of a
substantial | eng%% %és) “ﬁ%%@s"é& g&&éé#’%eﬁ%up%“ﬁﬁﬁ%%%‘%%é%f%“?s
di sconnect ed frobhe plungen dasynd4i aérthe swringe t%iangflsl@weymat by nmeans

of a heating toolnsifdddH4UYS L2CAUREREr dle il fdl) oF e fliteanend of
the tubing 58 connected to thé conical adaptor 56.,Cbnseg§$n I§, t he
[

coni cal adaptdr BeRURRX SOOI & tHRaFYRIRGR M i FhR t&Ral i ng
adapt or seal i ng bhechét £idsy priodese syownOin 4AFIGUREAL10/ e dhe tdyaiee r onnent

Soal ed. Ater nat thcrAovad ko SAACERRERe fotniA TEAGE T om che
sanpl e cont ai ner uabtarhestmimtiviengntggradlyt tennegyed torhhe tabing s
di sposed and destgughfsugh the conical adaptor 56 on which the
10 conical end tube 50 of the syringe 44 is received, as
the tubing 58 is of a substantial length as discussed
above. Thereupon, the syringe 44 is disconnected
from the sample container 10 as the tubing 58 is cut
by means of a heating tool simultaneously causing a
15 sealing of the free end of the tubing 58 connected to
the conical adaptor 56. Consequently, the conical
adaptor 56 serves the additional purpose of providing
a sealing adaptor sealing the interior of the syringe
44 relative to the environment as the free end of the
20 tubing connected to the conical adaptor 56 is sealed.
After the removal and disconnection of the syringe 44
from the sample container 10, the remaining part of
the sample container 10 is disposed and destructed
without spilling any liquid constituents from the
25 sample container which constituents might expose the
individual or individuals operating the centrifugal
separation and processing apparatus on which the
sample container 10 is processed to hazardous
infection agents as bacteria or vira causing
30 dangerous diseases such as hepatitis or acquired
immune deficiency syndrome.
As discussed above, this syringe 44 can be
used to coadminister the so-produced fibrin polymer
solution with appropriate alkaline buffer or



wi thout spilling any liquid constituents fromthe 25 sanple contai ner
whi ch constituents m ght expose the individual or{individuals operating the
centrifugal separation and processing apparatus on which the sanple
container 10 is processed to hazardous infection |agents as bacteria or vira
causing 30 dangerous di seases such as hepatitis or acquired i nmune
deficiency syndrone. As discussed above, this syrjnge 44 can be used to
coadm ni ster the so-produced fibrin polynmer solutlon with appropriate

al kal i ne buffer or -32- distilled water, preferably with a source of
calciumions, to provide a fibrin sealant 8@ a patient. The above descri bed
sanpl e container 10 and the above described first process of separating a 5
bl ood sanple into specific liquid conponents and of separating a bl ood
constituent fron1one of .the liquid conponents nay be altered in nunerous
ways. First of al [9istidled, wager 44prefensblynmitbdaasouhee t&f rdakhimber 36

of the sanple contidnagr taopﬁavlaen&tfmtﬁ; %Q-alaneheabsr pafidfE ch the

redi ffusion buffer is in al taln 0 l'ied to In a_step of the
first process correspondlhﬁ f Yﬁe %§ﬁbﬁﬁ eFF@EFEleeﬁnaolﬁPG whi ch
the fibrin contaiMhmgabbqaldeéﬁﬁlbedlﬁﬂnyt @&oteassberéeﬁaracﬂné'aal process
step 15 simlar e se aration,of . the

pl asma in the gt egﬁsh ﬁﬁﬁl % #]?%%Rﬁ é@ﬁ?r??%‘é eré%f)a?’é‘?l%% may be
substituted by a §G@§rétﬁn9térbhgoéthnsuicmhmchfrha oneroporbesliquidr

elenent 74 is si orpléh o] r t e % i ch
the fibrinis |i %ﬁg Fﬁﬁlt% ?ﬁ%%icﬁ%&gﬂqn Bamggseé ‘E&% Zgﬁlgs'lt's %\T]rrpl
rf

forced back into &t S¥RiRge 44 may be omitted as the "ehird
chamber 36 of the sample container 10 may constitute

10 a chamber in which the rediffusion buffer is
initially contained or supplied to in a step of the
first process corresponding to the step shown in
FIGURE 8 and into which the fibrin containing liquid
100 is later on transferred in a final process step

15 similar to the step shown in FIGURE 10.

The separation of the plasma in the step shown
in FIGURE 6 through centrifugal separation may be
substituted by a simple filtering step in which the
microporous filter element 74 is simply used for

20 retaining the agent bodies 40 to which the fibrin is
linked within the second chamber 34 as the plasma is
simply forced back into the first chamber 32.
Similarly, the step of filtering the bodies 40 from
the liquid 100 as shown in FIGURES 9 and 10 through

25 centrifugal separation may be substituted by a simple
filtering separation step in which the microporous
filter element 66 is used for retaining the bodies 40
within the second chamber 34 as the redissolving
buffer including the fibrin is forced into the

30 syringe 44 or alternatively into the third chamber 36
-.of the sample container.

In FIGURE 11, a second embodiment of a sample
container implemented in accordance with the
teachings of the present invention is shown



Simlarly, the step of filtering the bodies 40 fromthe liquid 100 as shown
In FIGURES 9 and 10 through 25 <centrifugal separatijon may be substituted
by a sinple filtering separation step in which the i croporous filter

el ement 66 is used for retaining the bodies 40 withijn the second chanber 34
as the redissolving buffer including the fibrin is florced into the 30

~

syrtnge 44 or alternatively into the third chanber 36 of the sanple
container. In FIGURE 11, a second enbodi ment of a sgnpl e contai ner

i npl emented in accordance with the teachings of the |present invention is
shown - 33 - designated the reference-mgeral 10! in its entirety. In
FIGQURE 11 and the FI GURES 12-18 which illustrate specific steps of a second
process of separating a blood sanple into specific |iquid conponents and of
5 separating a bl ood constituent fromone of the liquid conponents, when
enpl oyi ng the sarffsianated tbe referangespumexdalbrbesin \arsy entdrediyni l ar to

the process di scussadourevaInahd ERbersa6Res 0L FLARAR & 10 caymanant s or

el ements of the second. .enbodi ment o e sanp
conponents or el TR "é:r SteREnPEc 8l SEEORAPERGPTH i §Qﬂareﬂtelmnas

descri bed above vibldod éaﬁipalecanta EbetiESc 11 1guad e L hrid1®

ref erence nunwral LGJRE 1-10. The eco enbodi nent 10' of t he
sanpl e cont a|mr$er %Eﬁ%asla% I Py glo ngn?%bﬁ’r‘?We s‘b£? rlﬁ

enbodi ment in trEEONHRqub§bowhsod§m220ninghehé|sampxnﬂnnhuamneﬁUIO's

' substituted by a m%%a@wgﬁvseee& Geby! Mhth Vs ShITHL G AN AUA on and

structure. The piston bo onprises a cylindrical wa conponent
26' and a circul H159ussed; gPRYReNithgreferenge o FIPRESATihat t he

cylindrical wall components or elements of the second embodiment of

10 the sample container 10' which components or elements
are identical to the components or elements described
above with reference to FIGURES 1-10 are designated
the same reference numerals as used in FIGURE 1-10.
The second embodiment 10°' of the sample container

15 Dbasically differs from the above described first
embodiment in that the piston body 22 of the first
embodiment 10 is substituted by a piston body 22' of
a slightly different configuration and structure.
The piston body 22' comprises a cylindrical wall

20 component 26' and a circular plate component 28°*.
It can also be seen that the cylindrical wall
component 26' is recessed slightly at and above the
conduit 63°' compared to the area of cylindrical wall
26' below the conduit 63°'. The shoulder created

25 herein helps keep blood cells out of the conduit 63°
during the final stages of separation. 'Furthermore,
the protrusion 38 shown in FIGURES 1-10 can be
omitted as the chemical or biochemical agent, e.g.,
Batroxobin immobilized in Agarose gel, is provided in

30 a filtering container.

Within the piston body 22*' of the second
embodiment 10', the syringe 44 is received within the
third chamber 36 and communicates with the second
chamber 34 of the sample container through a tubing



conponent 26' is recessed slightly at and above the conduit 63" conpared to
t,he area of cylindrical wall 26" below the conduit §3'. The shoul der
created 25 herein hel ps keep blood cells out of thejconduit 63" during the
final stages of separation. Furthernore, the protrugion 38 shown in FlI GURES
1~ 10 can be onmtted as the chem cal or biochem cal agent, e.g., Batroxobin
i nmobi lized in Agarose gel, is provided in 30 a filtlering container. Wthin
t he pi ston body 22' of the second enbodi nent 10", the syringe 44 is
received within the third chanber 36 and comuni cates with the second
ehltanber 34 of the sanpl e container throug@ a tubing - 34 58 simlar to
the tubing 58 shown in FIGURE 1, however, @i ffering fromthe tubing 58

di scussed above in that the branch piece establishing connection fromthe
fubing 58 to the venting tubing 60 is onitted as 5 the venting tubing 60,

the outlet 52 andgthg;ki re gl ef . htted. The
communi cati on betg\%/eeﬁl{n?iggfi th?gﬁgén%%){rn%;%ag%ﬁ%tﬁ 12’253%?“%%%er 34 of the
sanpl e cont ai ner hPWeveE, sAiffering sfromithe w8 discussed fbenet he

structure 10 di sgusehdtabR¥ChyhhCh '8 E¢&NES 41 FdHAAGE cbnnble ieaMF¥BImCat i on
i ncl udi ng check Vﬁlves whi c wever, are caused to open through t he

ho
generation of a [y Ssgﬁpénﬁig?e?%nEQeaﬁEP?&ﬂng ing &8 A5 eMif5PEeass a
cl ear distincsionher venthrgcbebiknyab®e e stuosket 1521 and GHREfilaesd

di scussed above. npgat tyee ' o er 32 and the
second chanber SElgﬁeﬁggHg@%%?e6§g%€gi%%rgﬁéﬁgwé%*%%ésqﬁﬁg conduits. The
first conduit incompusicabiennbetveengretfinst chapber 3zZ2na@nd thest check

20 val ve 68 i nt elseRpBRACthafibbPe3 408 Uthe SSANBTY Scdhitaidied 10° is also
of a structure somewhat different from the structure
10 discussed above with reference to FIGURE 1. The
communication including check valves which, however,
are caused to open through the generation of a
pressure difference and not a gravitational force as
a clear distinction from the check valve 68 shown in
15 FIGURE 1 and discussed above.

The communication between the first chamber 32
and the second chamber 34 of the sample container 10°'
includes two conduits. The first conduit includes
two conduit segments 63°* and 65' and a first check

20 valve 68 interconnecting the conduit segments 63*' and
65' and implemented as a ball check valve including a
ball 70' and allowing the transfer of liquid from the
second chamber 34 to the first chamber 32 and
preventing the transfer of liquid from the first

25 chamber 32 to the second chamber 34 through the first
conduit. The second conduit includes two conduit
segments 63* and 65* and a check valve 68"

implemented as a ball check valve including a ball
70" and further a container 69 in which an agent,

30 e.g., Batroxobin is supported on a filter 66". It is
to be realized that the inlet of the second conduit
from the first container 32 is recessed relative to
the outlet of the first conduit 63' provided an
annular chamber of somewhat reduced volume



65' and inplenented as a ball check valve including;a ball 70" and all ow ng
the transfer of liquid fromthe second chanber 34 t¢ the first chanber 32
arfd preventing the transfer of liquid fromthe firstt 25 chanber 32 to the
second chanber 34 through the first conduit. The se¢ond conduit i ncludes
two, conduit segments 63" and 65" and a check val ve 8" inplenmented as a
bal1 check valve including a ball 70" and further afcontainer 69 in which
an agent, 30 e.g., Batroxobin is supported on a filtler 66". It is to be
realized that the inlet of the second conduit fromtihe first contai ner 32
I's recessed relative to the outlet of the fgrst conduit 63 provided an
annul ar chanber of sonmewhat reduced vol une - 35 - comunicating wth the
second conduit exclusively further inproving the accuracy of separating the
pkasma fromthe bl ood sanple which is introduced into the sanple container
10' as will be desemmyniicaeing Bith tthe afexrondc eohdukt GelRERud vl The

second check val veyB8hed! } m¥Eot {15 tg@sgcgurgcgnig?girsgg%gg%%??ﬂ{érst chanber

32 to the second chanber 34 and prevents retrans or romthe
second chanber 34PL{8sPfcirem theland ssmple whdsh: he sowrodyesd 6MLol0 The

communi cation to ghd 5ampléheontd fier NS 34 11hbaUaBsELPELE NBd 1 gpNdUI t
conpri si ng thes cond nents 63'_and 65'. throu e sec cqndui t

E#trsg B gh th n
conprising the coffduft*s gﬁ%ﬂ?@ %% FIGIRESS 124 Bast BRI SREPT 1 a single
m croporous filtevalSe 68etnablows tie airansflerceifvadquihfnom tentral recess

‘provided in the CEEEHEaElaQﬁ\BéP %r@%;ﬁ‘% Ao cﬁgﬁb{e?"fitaﬁéde surface

t hereof. The second enbodi ment € sa e container 1s like the
above descri bed fP¥eyvents retransfer of liquid from the second chamber

34 to the third chamber 32 through the container 69.

10 The communication to and from the first chamber 32
through the first conduit comprising the conduit
segments 63* and 65*' through the second conduit
comprising the conduit segments 63* and 65" is
established through a single microporous filter

15 element 66 which is received within a central recess
provided in the circular plate component 28' at the
lowest side surface thereof.

The second embodiment 10' of the sample

container is like the above described first

20 embodiment 10 of the sample container preferably used
for separating a blood sample into blood cells and
plasma and further for extracting a blood constituent
from the plasma as will be described below with
reference to FIGURES 12-18.

25 In FIGURE 12, a first step similar to the
first step described above with reference to FIGURE 2
of a second process of separating the blood sample 86
into specific liquid components and of separating a
blood constituent from one of the liquid components

30 is shown.

In FIGURE 13, a second step of the second

process similar to the second step discussed above
with reference to FIGURE 3 is shown in which second




20 enbodi nent 10 of the sanple container preferably used for separating a
blood sanple into blood cells and plasma and further for extracting a bl ood
constituent fromthe plasna as will be described bplow with reference to
FI GURES 12-18. 25 In FIGURE 12, a first step simlar to the first
st e descri bed above with reference to FIGURE 2 of |[a second process of
separating the bl ood sanple 86 into specific liquid conponents and of
separating a bl ood constituent fromone of the liquid conponents 30 is
shown. In FIGURE 13, a second step of the_ ond process simlar to the
second step di scussed above with reference To FIGURE 3 is shown in which
second - 36 - step the plasma 92 is separated fromthe liquid 90
cqontaining blood cells. In FIGURE 14, a third step of the second process

sinilar to the thi Eﬁeﬁt@lﬁ)e b EdiisS 93 2RO¥EpArYELH ff‘ér&‘ h[ﬂ RE 4 is
shown in which third g gg ﬁ pI%13 az I'S transferre ﬁ I'rst
chanber 32 to the SBBLALHMA Fed Bough the second condU|t conpri si ng

t he conduit segnents 65" IndFERRENA,f ar theérdt Seephef kene@lseond’ and the 10
cont ai ner r m the first chanmber 32
to the second chan%£§ g%éls cg%#ggfeghg ?ﬁi%ﬁ éféhré%&ﬁﬂ%ﬁ e APRVRed wi t hin
the container 69, Whehprefemenaenttai FSGURE! Ai &s t showsecionwhdichnbbirdd
contains Batroxobi acé§U§h@§biak§naC@QV§ StPl éferfédffﬂ{n{ Reger tcem the

plasma into fibrin Ho oner |ate nerizes into_a
non- crossl i nked fiB e s?ﬁen@r rcﬁ4tQK¥QM9§s#Befron1the
first chanber 32 tsetdmdsmmummme&ssﬂghanet@oﬁmm@mdsassa fairly

low speed in order1g @élogﬁd further the check valve 68* and the

10 container 69. As the plasma which is transferred
from the first chamber 32 to the second chamber 34 is
contacted with the Batroxobin contained within the
container 69, the plasma contained within the second
chamber 34 contains Batroxobin causing the conversion

15 of fibrinogen from the plasma into fibrih monomer
which immediately polymerizes into a non-crosslinked
fibrin polymer gel. The transfer of the plasma from
the first chamber 32 to the second chamber 34 has to
be performed at a fairly low speed in order to allow

20 the plasma to react with the Batroxobin contained
within the container 69. It should be understood
that the speed with which this transfer is made
should correspond to the time necessary for the
batroxobin or other chemical agent to react with or

25 treat the fibrinogen within the plasma.

After the transfer of the plasma 94 to the

second chamber 34, and optionally after a specific
reaction period in which linking of fibrin gel is

formed the sample container 10' may be rotated or may
30 be stopped, the fibrin gel is separated from the
remaining plasma liquid 94 and agent bodies 40 and in
a fourth and fifth step of the second process shown
in FIGURES 15 and 16, respectively, corresponding to
the fifth and sixth step, respectively, of the second



20 the plasma to react with the Batroxobin contaipned within the container
69. It should be understood that the speed with whjch this transfer is mde
shoul d correspond to the tine necessary for the bajroxobin or other

chem cal agent to react with or 25 treat the fibr{nogen within the plasma.
After the transfer of the plasma 94 to the second ghanber 34, and
optionally after a specific reaction period in whi¢h linking of fibrin gel
is formed the sanple container 10° nmay be rotated Er may 30 be stopped,
the fibrin gel is separated fromthe remaining plasma liquid 94 and agent

bodies 40 and in a fourth and fifth step_ t he second process shown in
FI GURES 15 and 16, respectively, corresponding to the fifth and sixth step,
respectively, of the second -37- process discussed above with reference

t.o FIGURES 6 and 7, respectively. The plasma 94 contained within the second

chamber 34 of thepsgowts ST abdvel withapsferd flPPrGbReEeGONd
chanber 34 to the férzt 15 chanber 32 th g%t heaqf‘{/rst condui t .conprising
3I

ou ,
the conduit segnmefit SFRPE Velyy tﬂgecﬁ 3 a1 § SPPaipesy WALhiRe check
val ve 68" prevent shehsecomd qhanbar 34 bf thansimple dkdrivaingr loe dsecond

conduit. In FIGU | xt 0 S r.QC [ hown in
which step the re I%éﬁ%xﬁéd(b%ﬁﬁz SLFégﬁgans%é}?er%g’f&% %‘Z‘%f if%fi%rrf
cont ai ni ng |i dui dchambey %grﬁhqﬂhmkp@hlei figrstecordit s stompyy simigf ¢hes88 from

the syringe 44 i NcgndBif CechdHt 6310 ah8C65! Candll ! SHUEIRRRASeMelgh
reference to FIGU3558 second process of separating the

. 15 The
bl ood sanpl e i nt oWRBERRF | the i ATk ¥aIN8nEAT SPERYERRS Lk dhen®lasmrood
constituent, the fabisncrdnéferdddetirdaghl ehérseeam cdnduie .l i quid

conponents when In FIGURE 17, a sixth step of the second

10 process is shown in which step the redissolving
buffer 88 is transferred to the fibrin containing
liquid 100 by simply expelling the redissolving
buffer 88 from the syringe 44 in a manner similar to
the step discussed above with reference to FIGURE 8.

15 The second process of separating the blood
sample into specific liquid components and of
separating a blood constituent, the fibrin of the
blood sample from one of the liquid components when
employing the sample container 10' is finalized in a

20 seventh step of the second process shown in FIGURE 18
and corresponding to the ninth step shown in FIGURE
10 by transferring the fibrin-containing liquid 100
from the second chamber 34 of the sample container
10* to the syringe 44 contained within the third

25 chamber 36 of the sample container by simultaneously
raising the plunger body 54 of the syringe 44 and
lowering the piston body 22'. Alternatively, the
transfer of the liquid 100 from the second chamber 34
of the sample container 10' to the syringe 44 may be

30 controlled by detecting the force which is used for
moving the circular plate component 28' relatively to
the housing 12 of the sample container 10' as
described above with reference to the first
embodiment of the sample container implemented in



enpl oyi ng the sanple container 10' is finalized in a 20 seventh step of the
second process shown in FIGURE 18 and corresponding to the ninth step shown
i#n FI GURE 10 by transferring the fibrin-containing liquid 100 fromthe
second chanber 34 of the sanple container 10" to {he syringe 44 contained
within the third 25 chanber 36 of the sanple container by simultaneously
ra|S|ng t he plunger body 54 of the syringe 44 and;l owering the piston body
22'. Alternatively, the transfer of the liquid 100 fromthe second chanber
34 of the sanple container 10" to the syringe 44 rmay be 30 controlled by
det'ecting the force which is used for movi,gg the circul ar plate conponent
28 relatively to the housing 12 of the’s e container 10' as described -
above with reference to the first enbodi mrent of the sanple container

L.npl enented in - 38 - accordance with the teachings of the present

[rvention. | Like YieoldankePl,860sendoaeilhoth a00Y brll bheceher ence Lo Fi CLRES

enbo e e contalner described above
with reference tdnvedyReni, the second process described above with

reference 50 F|GERES éZLHiea%%eth$r§ecﬁfﬁbéﬁﬁxuhs6¥ﬂbeafabbgeSﬁFﬁhe .
cont ai ner described above w th_reference. t altered an
modified in 10 HRARSFERECNEPs FIGURES 2 §¥U£§§§F§B5§§ e%P?gige?ﬁr?ﬁer to
be realized tBat ﬁHﬁaéampﬂe endtaenenddesﬂnxhednﬂhpv@Owanu téfedesncei bed
above with refer %égﬁ v urther
be nodified by s%ﬁ) f"&ﬁm ngl‘::?ﬁesggmw}%%cn%&l rtlfer gbhuﬁggg”ghﬁ I n

whi ch case the smﬁgrmm FISURESpb3T18 andl Wiso Becopd Fmbgglﬁﬁ&ﬁber 32
and above the thig#d «{aei130 container described above with

reference to FIGURE 11 may be altered and modified in

10 numerous ways, e.g. as discussed above. It is
further to be realized that the first and second
embodiments 10 and 10' described above with reference
to FIGURES 1-10.and 11-18, respectively, may further
be modified by simply turning the sample containers

15 upside down in which case the second chamber 34 is
positioned above the first chamber 32 and above the
third chamber 36.

In FIGURE 19, a third embodiment of the sample

container is shown constituted by a prototype

20 embodiment. The third embodiment of the sample
container is designated the reference numeral 10" in
its entirety. The Sample container 10" is of a
structure basically identical to the structure of the
first and second embodiments 10 and 10*' described

25 above with reference to FIGURE 1 and 11,
respectively. In FIGURE 19, components and elements
which are identical to components and elements
described above with reference to FIGURE 1 and 11 are
designated the same reference numerals as used in

30 FIGURES 1 or 11. The housing 12 of the third
embodiment 10" differs from the housing 12 of the
first and second embodiments 10 and 10°,
respectively, in that the top wall component 16" of
the third embodiment comprises a skirt part 17" which



In FIGURE 19, a third enbodi nent of the sanple container is shown
constituted by a prototype 20 enbodinment. The third enbodi nent of the
ganpl e container is designated the reference nungral 10" in its entirety.
The sanple container 10" is of a structure basicglly identical to the
siructure of the first and second enbodi nents 10 {and 10" described 25
above with reference to FIGURE 1 and 11, respectiWer. In FI GURE 19,
conponents and el enents which are identical to conponents and el enents
descri bed above with reference to FIGURE 1 and 11 are designated the sane
reference nunerals as used in 30 FIGURES 3%0r 11. The housing 12 of the
third enbodi mrent 10" differs fromthe housing 12 of the first and second
enbodi ments 10 and 10, respectively, in that the top wall conmponent 16" of
t.he third enbodi ment conprises a skirt part 17" which - 39 -
circunferential | $1EREMESEENE }lky ranglosesnthel chpFymENgak waidl
esltablji shi Ing aI f&&hpdnéﬁﬂ?ﬁﬁiéﬁ_?ﬁnﬁﬁﬁtgﬁﬁt Qéaiédle?&uiéé@fbrﬁftdlgt&xe e b
cylindrical wa one . ro e top.wa co nent "... the bore
7 5 oxt ends togSURSF HEGR GFSARE GfoRhe EYRADAY Lohl AL dPnRanT
constitutes a veAdi.ngThoodghtthe tidmwald chapoovenitiil6'82' thieswredd above
with referen t ek I-C atalaR g 3 4 | t 84"

Ce QbeﬁHBEt%l%eet 84%’{, Sq;%”&n %hhg?%%f @o?{&ﬁéArE?r%zléa

simlar to the venting, ou own in 11. 10 ternatively,
the venting out| 82"sWhighycoRseitas By viepsABgorordei bt AT il ing cap,
not shown on thetdeavbagsit Vé2 hidesdiGbed abooe With hPebdrendy de, a piston
comonent 22 Seetoisl B S8TT AU PR B WEnTh 0G0 ERIRIEN ¢ o 22
recei ved and sealsétilaratovehe overicingpurdlet 84’ shown in FIGURE 11.
10 Alternatively, the venting outlét 84" may be closed
by means of a closure or sealing cap, not shown on
the drawings. Wwithin the interior of the housing 12,
a piston component 22" serving the same purposes as
the piston components 22 and 22' described above with
15 reference to FIGURES 1 and 11, respectively, is
received and sealed relative to the top wall
component 16 through the O-ring sealing 24 which
seals against the peripheral outer wall of a
cylindrical wall component 26" of the piston.
20 component 22*. The cylindrical wall component 26"
constitute a length of a tube which is provided with
outer threads at opposite ends for establishing

connection to a top flange component serving the
purpose of supporting the flange 48 of the syringe 44

25 which top flange component is not shown in the
drawings and of meshing with interior threads of a
cylindrical connection piece which is integrally
connected to a circular plate component 28" similar
to the circular plate components 28 and 28' described

30 above with reference to FIGURES 1 and 11. The
junction between the cylindrical connection piece 29
and the cylindrical wall component 26 is sealed by
means of an O-ring sealing 31. -



conponent 16 through the o-ring sealing 24 which seal s against the

pesi pheral outer wall of a cylindrical wall conponent 26" of the piston. 20
conponent 22". The cylindrical wall conponent 26" constitute a |length of a
tube which is provided with outer threads at opposite ends for establishing
cohnection to a top flange conponent serving the purpose of supporting the
fl ange 48 of the syringe 44 25 which top flange conponent is not shown in
the drawi ngs and of nmeshing with interior threads of a cylindrical
connection piece which is integrally connected to a circular plate
cohponent 28" similar to the circular plate conmponents 28 and 28' descri bed
30 above with reference to FIGURES 1 and 1140The junction between the
cylindrical connection piece 29 and the cylindrical wall conmponent 26 is
seal ed by neans of an o-ring sealing 31. -40- Bel ow the | ower side
surface of the circular plate conponent 28", a mi croporous filter el enent
66" is arranged constitutBeley therlewemsisle supifece of cwaventéwnat cheese

cloth, preferably guapert i CT. I WL eEs tifutin .
p y PpURper t&fpéert 28 CIORACRESokbLL Fi 005 %‘tg,eﬂ_‘er}%#aﬁ s

conposite filter st.rsucture. he mc,rqforo s filter e
the same purpose adStAREFREFDTFbiE Hhe% PYal ERENEXEBPlehorpiere|aBURE 11.

Through the cylindcpovkntadnak cclpmremtclai’h, prefeysBEYy ssshddtdd orftfd anged
iroun orent iy macregptols "RTRE "a¥lcMedil 4 etmAtRITe Jiluer « ne
interior of the pi StEHCEBRPoncThe Mmicroporows Eadhser eatlemdnt hes pi st on
component 22", 15 falf@$3Snthe <MD Hhirpdsed agCthel ndBPYbdFod SFENE S and a
tubular element s 34REQF! g6l AN G AE 19" fhrough the
cylindrical wall component 26", two'symmetrically
10 arranged bores 27 extend establishing communication
from the chamber 32 cifcumferentially encircling the
¢tylindrical wall component 26* to the interior of the
piston component 22*.
At the lower end of the piston component 22+,
15 an assembly comprising a set of annular elements and
a tubular element is supported within the interior of
the piston body 22*. This annular assembly, shown
here within the piston shaft but able to be located
anywhere within this or another centrifuge device,
20 serves the purpose of filtering/chemically treating
the liquid component separated in the first chamber
32. Generally, in annular concentric arrangement,
this assembly comprises an outermost annular support
in body 108, and two annular filters spaced inwardly
25 of the body 108 such that these open annular areas
.are defined
1) inward of the body 108;
2) inward of the first filter; and,
3} inward of the second filter.
30 More particularly, the assembly comprises a central
component 102 which is integrally connected to a
tubular element 103 which is provided with outer
threads at the upper end thereof which meshes with
similar internal threads of a fitting 56" which



t he piston body 22". This annul ar assenbly, shown here within the piston
shaft but able to be | ocated anywhere within this or another centrifuge
device, 20 serves the purpose of filtering/chemcally treating the liquid
conponent separated in the first chanber 32. Generally, in annul ar
concentric arrangenment, this assenbly conprises an oufernost annul ar
support in body 108, and two annular filters spaced ipwardly 25 of the
body 108 such that these open annular areas are defined 1) inward of the
body 108; 2) inward of the first filter; and, 3) inward of the second
fifter. 30 Mre particularly, the assenbly, conprises a central conponent
102 which is integrally connected to a tubUtar el enment 103 which is
provided with outer threads at the upper end thereof which neshes wth
simlar internal threads of a fitting 56" which - 41 - serves the sane

purpose as the coiiSals 2¢@PsaheBuPpdsyS Edtﬁ‘é’gﬁ,’ﬁ#%ﬁ %ﬂ e to Fl GURE

1, vis-a-vis the purpose of recelying apd esta oﬁheqtlon to the
syringe 44. 5 ﬁs&sseﬂeapem Wi CRORBERERRCE 00 BI ilde LGt vis

t hr ough- goi ng bortthel Gurpodel ¢Et Petedvihngnaner s8tabi Sy I¥edialn 104
which is arrangedr_c; ree%i ?t.ratigg wi th the through-going bore 27 of the
cylindrical wall cog%bn KT 1282 24he conponent 102 is 10 fixated and seal ed
relative to the circul aThd aubudamrpcomponéfit b3 ntansrofided widH rgs 106

annui ar JEEJ?%@%@%%@E% 165530 PR OHEP OF s 201 e 1o
the inner 15 cyli goingaberef 1PAcwhich niig aeranged igonponent
registration with the through-going bore 27 of the

cylindrical wall component 26*. The component 102 is

10 fixated and sealed relative to the circular plate
component 28" by means of two O-rings 106 and 107.
The component 102 further serves the purpose of
supporting an annular supporting body 108 which is
circumferentially sealed relative to the inner

15 cylindrical surface of the cylindrical wall component
26" by means of an O-ring 109. The supporting
annular component 108 supports a set of annular
filtering elements 110 and 112 which together define
an annular space therebetween. The annular filtering

20 elements 110 and 112 are, as is evident from FIGURE
19, arranged in registration with the through-going
bores 27 and 104 of the cylindrical wall component
26" and the tubular element 103, respectively. The
annular filtering elements 110 and 112 are further

25 supported by an additional supporting component 114
which is provided with a circumferential outer O-ring
sealing 115 and which is of a configuration similar
to the configuration of the supporting annular
component 108. On top of the annular supporting

30 component 114, a spacer element 116 is provided,
which spacer element is provided with internal
threads meshing with the outer threads of the tubular
element 103.




26" by neans of an Oring 109. The supporting annul ar conponent 108
supports a set of annular filtering elenents 110 and 112 whi ch toget her

. define an annul ar space: t herebetween. The annular {iltering 20 elenents 110
and 112 are, as is evident fromFI GURE 19, arrange@ in registration with

t he through-goi ng bores 27 and 104 of the cylindric¢al wall conponent 26"
and the tubular el enent 103, respectively. The anndlar filtering el enents
110 and 112 are further 25 supported by an additional supporting conmponent
14 which is provided with a circunferential outer Oring sealing 115 and
which is of a configuration simlar to Lhﬁzcgnfiguration of the supporting
annul ar conponent 108. On top of the annul’ar supporting 30 conponent 114, a
spacer elenent 116 is provided, which spacer elenent is provided with .
Lnternal threads nmeshing with the outer threads of the tubular el enent 103.

- 42 - The assenbly desahebadsahpyp déddrivderRRrR LQLh! QeJBEféﬁcEScéhO‘m in
expl oded view in EI E@EIQO" The third ergg:(aeﬁent, of ,the sarrE e _cont ai ner
10" shown in FI GIRESREg 13ndS 2800 ot e Y18WpiBcEIGURE2Par to the
processes descri bed aboThaenichiirdeémbedinserito 08 GHeESanple abfdtaznés for
separating a bl ogd.s kot L | Juid .CcO nepts and_for
separating a bl ogg c%@hﬁt EgnF@‘rﬁgﬁn# ol e Aé#dq;%?e l%i %gﬁagﬁﬁpbﬂeﬂt s. The bl ood
sanpl e is as i sOTOcessasédndlan totthelpeatdsses teectibed abaweewi®? and
separated i nto apgif@tedce0RbaE R I a S otating
the entire sanpl contaF%eFblggﬁﬁgﬁﬁdg?ﬁggﬁgkaﬁtggiEg? ggPéP%EE€ of at a
hi gh rotati onal Eﬂ@@& SPBPLE; AOtR cPR9GiTign licadd: sompAnentssandefor gher
density bl ood celsepafratinghe plésdbcondttituent from one of the liquid

components. The blood sample is as discussed above
10 introduced into the first chamber 32 and separated -
into a liquid containing blood cells and plasma
through rotating the entire sample container 10*
round the longitudinal axis thereof at a high
rotational speed providing centrifugal separation of
15 the higher density blood cells from the plasma. The
plasma is transferred from the first chamber 32 to
the second chamber 34 by raising the piston component
22" while the sample container is rotated at the high
rotational speed causing an initial venting of excess
20 air through the venting outlet 84* and a transfer of
the plasma to the second chamber 34 through the
through~going bores 27 and 104 of the cylindrical
wall component 26* and the tubular element 103,
respectively, and the filtering elements 110 and 112
25 positioned between the through-going bores 27 and 104
and further through the central through-going bore
" 105 of the tubular element 103 to the microporous
filter element 66". The Batroxobin immobilized in
the Agarose gels may be enclosed within the space
30 defined between the annular filtering elements 110-
112 which consequently constitute a structure having
a function similar to the container 69 discussed
above with reference to FIGURE 11 or alternatively be
enclosed within the second chamber 34 and supported



plasma is transferred fromthe first chanber 32 tp the second chanber 34 by
rai sing the piston conponent 22" while the sanplef container is rotated at

t ke high rotational speed causing an initial ventjng of excess 20 air

t hrough the venting outlet 84" and a transfer of [ he plasma to the second
chanber 34 through the through-going bores 27 and} 104 of the cylindrical
wal | conponent 26" and the tubular el enent 103, respectively, and the
fittering el enents 110 and 112 25 positioned between the through-going
bores 27 and 104 and further through the ggntral through-going bore 105 of
the tubul ar elenent 103 to the mcroporous filter elenent 66". The

Bat r oxobi n i mobilized in the Agarose gels may be enclosed within the space
30 defined between the annular filtering elenments 110- 112 which

cansequent lesg gonsdn‘atwﬁ:aezswguebuéebbaszéagsﬂniwrcg?orth%i abbatl to the |
cont ai ner I SC oV, ce to, Fl alternatively
be encl osed V\ﬁthl#gf e ses‘cé1 d\@g% 5?8 .\ | ‘%’[ﬁ}b&'ret EFENCE. 93 - on carrier
Agar ose bodi es si F¥GURES 2-t1i9s AdJoer phetextzacuubnkﬂﬁnﬁlbednaﬁ@wm wheh
reference to FIClgiggggJibod@gfgﬁohhgfegiﬁgﬁﬁ {ﬁhdﬁfﬁﬂ | A, f @ the plasna,
conversion of Fibrin into Fibrin nki n r|n lto

Bat r oxobi n, tRe ptiR¥ERGRE Fdbrdn, gnSPeP?EH"’EQPJE‘he ’-'-fr!er ?tla(?H'&nﬁ‘éY bBe in

accordance with th@tf&ﬁ§ﬁer}&fe@(t63 cHes eirbedcm W2 in af:ebeaaacteo FI GURES
2-10 or alternatlve e t g& erred to,the éx e 44 t,
s e

ou
activation of the'p s BT e5G8P ndePHe owﬁghTS% gﬁePﬁFo t he
interior of the sych@ﬁﬂnss ZﬂiOFDGUREtEtnaanvahpdnamwanﬁdermedemolng t he

sampl e container gl epEMA dan cheoapAoERE At fvddiod HCRNRIB1GhgERS

pr esent |nvent|on an pertorm ng
cau51ng the plasma to be forced into the interior

of the syringe 44.

In FIGURE 21, an apparatus for receiving the
sample container implemented in accordance with the
teachings of the present invention and performing the

15 process of separating the blood sample into specific
liquid components and of separating a blood
constituent from one of the liquid components in an
automatized or semi-automatized manner is disclosed
and designated the reference numeral 120 in its

20 entirety. The apparatus comprises a housing 122
which is basically divided into three compartments,
an upper compartment 126, -a central compartment 126
and a lower compartment 128. The compartment 126 is
preferably thermostatically controlled to a specific

25 temperature and access to the interior of the
compartment 126 for positioning the sample container
10 within the compartment and for removing the sample
container and the syringe 44 from the compartment 126
is obtained through an openable shutter or door 127.

30 within the central compartment 126, the sample
container 10 is received and supported on a rotatable
turntable 130 which is journalled on a journalling
shaft 132 which constitutes an output shaft of a
motor 134 which is housed within the lower



15 process of separating the blood sanple into specific |iquid conponents
and of separating a blood constituent fromone of {the liquid conponents in
an automati zed or sem -autonmati zed manner i s discliosed and desi gnated the
reference nuneral 120 in its 20 entirety. The apparatus conprises a
kousi ng 122 which is basically divided into three {conpartnents, an upper
conpartnent 126, a central conpartnent 126 and a |ljower conpartnent 128. The
conpartment 126 is preferably thernostatically controlled to a specific 25
tenperature and access to the interior of the conpartnent 126 for
positioning the sanple container 10 within, the conpartnent and for renoving
the sanpl e container and the syringe 44 Triththe conpartnent 126 is
obt ai ned t hrough an openabl e shutter or door 127. 30 Wthin the
central conpartnent 126, the sanple contai ner 10 i's received and supported

on a rotatable tueaﬁgggéhgﬁ¥13?y chT?g hgggpaii éébgﬁgqgﬁf ling shaft 132

whi ch constitutes an ouf put a not or Used within the
| ower - 44 - cSﬁﬁ%HWé‘l"ﬂs B geanse fppt g Fn%ﬁtl%rﬁmm y, constitutes a

means for gener at rogatbéendl gdbdea alti @AdkhsPRE Usathp M ichtldifer2M0) 45

of "separating a bfSORt St FHARE L6, BEBPRCOF | T AR ARBREL DR of P
separating a W oonrooassmﬁesapafnamrncne bloodesample d.rmmmrwﬂfs.c I n the
VOrT Ty o HAdia e R SECPSRR G om0 8 v
cooperating wth FHBSE+E#@R# one of the Liguiycompanentishe annular |id
conponent 42 of the piston Ges e Comparhent EPLCIiwSInotors 136
and 138 are arranged cooperating with vertically
10 reciprocating actuator levers 140 and 142,
respectively, cooperating with the plunger body 54 of
the syringe 44 and the annular lid component 42 of
the piston body component 22, respectively.
The apparatus 120 further includes a control
15 section 146 of the housing 122 including an
electronic circuitry, preferably a microprocessor
controlled electronic circuitry which is operated by
means of keys 148 for initiating an controlling the
operation of the apparatus 120 for performing the
20 above described process. The section 146 is further
provided with a display 150 on which the actual
process step and any relevant information such as the
duration of the process, the temperature of the
second compartment 126 of the housing 122 is
25 presented to an operator. The section 146 is
preferably further provided with interface means for
interfacing the apparatus with an external computer
such as a personal computer and provided with
detector means for detecting the overall operation of
30 the apparatus including the transfer of liquid from
one of the above described chambers. The detection
of liquid transfer may be based on optical detection
of conductivity detection involving the detection of
constant or varying electric or magnetic fields. The



The apparatus 120 further includes a control 15 section 146 of the housing
122 including an electronic circuitry, preferablya m croprocessor
controlled electronic circuitry which is operated by neans of keys 148 for
initiating an controlling the operation of the apparatus 120 for perfornm ng
the 20 above described process. The section 146 isl further provided with a
di splay 150 on which the actual process step and dny rel evant information
such as the duration of the process, the tenperature of the second
conpartment 126 of the housing 122 is 25 presented to an operator. The
section 146 is preferably further providetbw th interface neans for

I nterfacing the apparatus with an external conputer such as a personal
conputer and provided with detector neans for detecting the overal
operation of 30 the apparatus including the transfer of liquid fromone of
t he above descri®ReRHAH&Ls limnadderansfen Hfomithe Eirsanshambery be based

on optical detecéf afhefsamip et&cC e tion of
constant or varyi a ]? esct ri %UgPhﬁhEirr]ig?l %8 éﬁ?é&ééﬁ?ﬁi \thgbg%og gﬁ ection of

liquid transfer ¥ [ROALDEr . n AFBB, e $erond ghambesnedi fbe to the
second chanber ofamgpile samyadneentai sre, tﬁiﬁﬂnéﬁhmm%&CQﬁdtﬁEagbﬁbl@f the

sanpl e cont aigner of th tainer _and from
thremsecond chanbceérr&%*ﬁe ggnﬁﬁgﬁngﬁ?afﬁ%?mfo&?%% > Eﬁaﬁﬁ@P]'Sf t he
sanpl e cont ai nercoRtainearetoatheckfyrse bhamhlenmﬂatm&:tsamplef the force
transmtted {0 !&enidien ey TaIRERhaBEyLIF HO KL PRI a@ckgcaﬂﬁ ggston

conmponent |ncreaﬁq ra |callé ter nents through whi ch the

liquidis to be t RHQWSTagﬁgl FeedkE® EQGHPEERPQXQQW?O§FH§tﬁértharger
bodi es such as tferdgappidedcko the piston component increases

10 radically as the filter elements through which the
liquid is to be transferred are blocked by blood
cells or other larger bodies such as the Agarose gel
bodies. The above described embodiments of the
sample container constituting a separation component

15 in which a blood sample is separated into blood cells
and plasma which is further processed for the
provision of a Fibrin extract constitutes a component
in which a blood sample provided from a patient is
simple introduced intb a first chamber of the sample

20 container in which the entire separation and
processing operations are carried out without the
necessity of human contact with the blood sample or

" constituent thereof eliminating to any substantial
extent the risk of exposing laboratory personnel or

25 operators to infectious agents from the blood sample
which agents may cause diseases such as hepatitis or
acquired immune deficiency syndrome. The Fibrin
extract which is produced in accordance with the
teachings of the present invention as described above

30 is contained within a syringe which is preferably
used in a syringe dispenser of the type described in
international patent application, application No.
PCT/DK92/00287, international publication No.
WO093/06940, in which applicator the fibrin monomer



bodi es. The above descri bed enbodi nents of the sanple container
constituting a separation conponent 15 in which bl ood sanple is
separated into blood cells and plasma which is funther processed for the
provision of a Fibrin extract constitutes a conporjent in which a bl ood
safpl e provided froma patient is sinple introducgd into a first chanmber of
the sanple 20 container in which the entire separlati on and processing
operations are carried out without the necessity af human contact with the
bl ood sanple or constituent thereof elinlggtlng to any substantial extent
the ri sk of exposing | aboratory personnel operators to infectious
agents fromthe bl ood sanpl e which agents may cause di seases such as
hepatitis or acquired imune deficiency syndrone. The Fibrin extract which

i"s produced in aw&amagmeuwecs&aﬁméw%muhhehar §§€Dﬁgé nygnison as
descri bed above 30 .is contalﬂe W t yrin referably used

in a syringe di spEREERLiEeAnhERFQNER #ﬁ%ﬁren%PﬁPePnﬁFPBHg*l6%?%nt
application, applagesti.onThe. pP6désKuH Hephtatiifgephasmanstonuil bLeddon No.

W93/ 06940, in ppl.iscato f|br| ai ni ng

i quid contai ne\é\@a&ﬁ%?ngbﬁeg% %’l‘tthzg';e %%?’3%??%&8 Fﬁéghﬁhff?\ m xture
wi th a neutraPi zithe 2desma may prg)cebg; qﬁrrsqdapmtl Ay pteemdancenwitl ood
sanpl e and of exﬁﬂﬁpkb%ﬁngﬁuﬁﬁp {gﬁ]'fﬂwﬂ%éfhﬁﬁbﬁ hgﬁfﬁb gu nay e.g. be

carried out in accordance w ni ques describ t he above.

mentioned inter na?ﬂ‘tﬁ?é‘latﬁaf‘éﬁtpiwtr ARnldcation.i @RPLéRaRkeon BT/ DK87/ 00117,
publication No. \MAHDRR27800L7 FRdiSPickkionl@lo. Wwo88/022B68 &anpl e cont ai ner

10 which is SUprﬁ;%§29345he turntable 130 may preferably be arrested and
10 The sample container 10 which is supported on
the turntable 130 may preferably be arrested and
fixated relative to the turntable 130 by means of
arresting or locking components which are shown in
greater details in FIGURES 22a, 22b and 22c. The

15 locking components are constituted by a downwardly
protruding, circumferential rim part extension 160 of
the cylindrical wall component 14 of the housing 12
of the sample container 10. The rim part extension
160 is provided with angularly spaced apart bores

20 e.g. 900 or 1200 spaced apart bores one of which is
shown in FIGURES 22a-22c and designated the reference
numeral 162. The downwardly protruding,
circumferential rim part extension 160 is adapted to
be received within a circumferential groove provided

25 in the top surface of the turntable 130. Within a
radial bore extending from the outer circumferential
rim surface of the turntable 130, two locking pins
166 and 170 are received. The pins 166 and 170 are
biased by means of springs 168 and 172, respectively,

30 towards one another and afe provided with blunt,
conical end parts 167 and 171, respectively, which
are contacted with one another at the center of the
circumferential groove provided in the top surface of
the turntable 130 unless the pins are moved apart as



fixated relative to the turntable 130 by neans of arresting or |ocking
components which are shown in greater details in FIGURES 22a, 22b and 22c.
The 15 | ocking conponents are constituted by a downhwardly protruding,
circunferential rimpart extension 160 of the cylingrical wall conponent 14
of» the housing 12 of the sanple container 10. The rim part extension 160 is
provided with angul arly spaced apart bores 20 e.g. 900 or 1200 spaced
apart bores one of which is shown in FI GURES 22a-22¢ and desi gnated the
reference nunmeral 162. The downwardly prgtéﬂdLng, circunferential rimpart
extension 160 is adapted to be received within a circunferential groove
provided 25 in the top surface of the turntable 130. Wthin a radial bore
extending fromthe outer circunferential rimsurface of the turntable 130,

tio | ocking pins 66wAngnlFEcURE JRECIALE 1‘6%1-%&& 5§§taﬂd4139 ghe biased
by means of sprln%s 168fand lz%} specti é? towar s one anot her and
are provi ded with“BFEHRESERNT éﬁﬁgﬁﬁFﬁéyl °§ﬁHdi?¥ riBsBeEti vel y, which
are contacted witlexbensaont héd id ﬁdn:aﬂambahwatdﬂyebetweuﬁfehenpiﬁb groove
provided in the t S a I Opunl p aned
apart as - 47 ?gghgé\n& ??0 F%ﬁ%%&z%rﬂé ?ﬂ»@ quc:é)’werg Sggﬁéggd E‘?ig%
circunferentiad, G@ﬂﬁhﬁFdIkaﬁcnxnﬁhﬁﬁf Cleb] é&ﬂtaaﬂt§h§|snr1695|%680rced

downvar di y bet weeaniihe7pi gfe %m&mt@ﬁﬁstm &aelannsot:e 8¢ egparated
fromone 5 anot her. Thepglns 166 and 170 an 68 and 172 are

pri
arrested within t FYFREAPLE By means fe & &Bﬁep gﬂswﬁ#ca 48al i ng plug
174 which is | ockddckadpisipooition atdlat ive tthe thier em&t&meateﬁtwut er rim

surface of the tuglbab! £ QulYalUP le HArRRaBIAI14E 63 Reall 3BV 201 e

appropriate | ockin
10 meshzng threads, or any another appropriate locking

structure.

In FIGURE 22a, a first step of positioning the
sample container 10 relative to the turntable 130 is
shown in which step the pins 166 and 170, as

15 described above, are forced apart as the lower end
part 164 forces the pins 166 and 170 apart allowing
that the lower end part 164 may pass downwardly
relative to the pins 166 and 170.

In FIGURE 22b, a second step of arresting the

20 sample container 110 relative to the turntable 130 is
shown in which step the pins 166 and 170 are forced
into contact with one another within the through-
going bore 162 of the downwardly protruding rim part
extension 160 of the cylindrical wall component 14 of

25 the housing 12. However, the sample container may
still be removed from the position shown in FIGURE 2b
by simply raising the sample container causing the
pins 166 and 170 to be separated from one another as
shown in FIGURE 22a.

30 The mounting and removal of the sample
container relative to the turntable 130 as shown in
FIGURES 22a and 22b are accomplished while the
turntable 130 is stationary. As the turntable 130
starts rotating propelled by the motor 134 of the



structure. In FIGURE 22a, a first step of positionijng the sanple container
40 relative to the turntable 130 is shown in which |step the pins 166 and
170, as 15 described above, are forced apart as thg lower end part 164
forces the pins 166 and 170 apart allowi ng that thel |ower end part 164 nay
pass downwardly relative to the pins 166 and 170. Ijh FI GURE 22b, a second
step of arresting the 20 sanple container 110 relatjve to the turntable 130
is shown in which step the pins 166 and 170 are forced into contact with
one another within the through- going bore 162 of the downwardly protruding
ri-m part extension 160 of the cylindricat R conponent 14 of 25 the
housing 12. However, the sanple container may still be renpoved fromthe
position shown in FIGJURE 2b by sinply raising the sanple container causing

t Ae pins 166 and e rate e t her hown .i.n FI GURE
22a. 30 gﬁ%’%llr?&’]%t is?l‘éefg‘n K‘r er%{\fg#’n g?' t E{égs%w 386063&%\,41&;6 rel ative
to the turntabl e a3 agseshomon PyYFRGOREST 2fugahdiovte arhdclr ctavysiesshed whil e

the turntable 13G-# t-al I1@RaL t r t salii ng
propel | ed by theQﬁ%fg?x%%j%@fapﬁéﬁﬁo ?64%:é§%§§g§%$§8ﬁ§ﬁ%aﬁ§fﬁgé%%URE 21,

the pins 166 and AtfFet PLosdtd@ny §5RwWHy in fedGt ¥rEELGhhithe Pdfises t he
pins 166 and $70 166 Ny Withinhothedboter 262 abfOEhe i qsdrtd on shown i n

R 22e b SR P b ok SR b0 e B r il S | Mo
t he turntabl e 130digtidrnedted fromaithe andncabieqli2dtwlyiledcchmnpl e cont ai ner
are rotated at thgHih i Gl ¥ontedilentdl, tRECISmILE ! &hrainer are
rotated at the high and low rotational speeds during
10 the process described above with reference to FIGURES
1-18.

In FIGURES 22d and 22e, two alternative
embodiments of optical detector means for detecting
the transfer of liquid from the first chamber of the

15 sample container to the second chamber of the sample
container are shown. In FIGURES 224 and 22e, the top
wall component 16 of the sample container is of a
conical configuration connected to an annular wall
component within which the cylindrical wall component

20 26 of the piston component 22 is received and sealed
by means of the O-ring 24. The annular wall
component 17 is like the cylindrical wall component
26 of the piston componént 22 preferably made from a
light transparent material allowing the transmission

25 of light through the wall components. In FIGURE 224,

~the transfer of liquid from the first chamber of the
sample container is initiated and the plasma 92 is
consequently forced into a narrow annular chamber
defined between the outer surface of the wall

30 component 26 of the piston component 22 and the inner
surface of the wall component 17. As the transfer of
plasma from the first chamber of the sample container
proceeds, the liquid 90 containing blood cells is
forced into the above described narrow annular



10 the process described above with reference to FI GURES 1-18. In FI GURES
22d and 22e, two alternative enbodi ments of optical detector neans for
detecting the transfer of liquid fromthe first Jchanber of the 15 sanple
container to the second chanber of the sanple c¢ntai ner are shown. In
FHLGURES 22d and 22e, the top wall conponent 16 of the sanple container is
of a conical configuration connected to an annular wall conponent within
which the cylindrical wall component 20 26 of the piston conmponent 22 is
received and seal ed by nmeans of the Oring,24. The annular wall conponent
7 is like the cylindrical wall conponent 36 of the piston conponent 22
preferably made froma light transparent material allow ng the transm ssion
25 of light through the wall conponents. |In FIGURE 22d, the transfer of

Fiquid fromthe thambeghagbehe gh1ddia SAMIL ctARLALEFLS ! Sl (A&t ed and the
plasma 92 is conigguentgém%orced Into a narrow annul ar chanber defi ned

bet ween the out eF*E8Ff § €T 1Pk LRE Isample GRpEALRET 26 The (BResRRGSN
conponent 22 andotfhplasmar opusiternadivdls WlobdceapveapicHin ise t he

transfer of plas Lr ha r..Qf Jgthe _sanple contaliner proceeds,
the liquid 90 col ﬁ%ﬁg%l‘gﬁ%%ﬁ Sal M Hle BELORER, En B ALACL PI Do
nar r ow annul a? ~ surfagecpfinbhe el indy idads ald2 componems {26 refl them t he
first chamber of pﬁ?@oﬁa%hﬁo{i%a%{eénd e ALRRENEG P cé"é‘fn%g?r

alternatively blood cells W e narrow annul ar _chanber i ned between
the outer 5 surf@BBuUdpriNaliyromppenent ljais dekpehedtbyaneans ref piston

conponent 22 andopbgcaln@etadtdrateatis IdtmpriRihgr aWeighe (@S0l 7 1S
detected by meanyqff ,QR! LEAbpE el QL dRAE 188 TP ERL "D dhe | gl SSISE AL OF

10 180 is positioned outside the annular wall component
17 and includes a lamp 184 which is connected through
an electric wire 182 to the control section 146 of
the apparatus 120 shown in FIGURE 21. The lamp 184
generates light which is focused by means of the

15 focusing lens 186 providing a substantially parallel
light beam 192 which is irradiated to the above
described annular chamber and the liquid present
within the annular chamber. Opposite to the light
generator 180, an optical detector 188 is positioned

20 which is connected to the control section 146 of the
apparatus 120 through an electric wire 190. The
optical detector 188 receives the light transmitted
from the lamp 184 and focused by means of the
focusing lens 186 through the above described annular

25 chamber. The light generated by means of the lamp
184 is optionally filtered for providing a
substantially narrow light spectrum which exhibit
high transmission characteristics through plasma and
low transmission characteristics through blood cells

30 in order to improve the detection of blood cells
within the annular chamber. The light generator 180
and the optical detector 188 may be supported within
the second compartment 124 of the'housing 122
described above with reference to FIGURE 21 for



180 and an optical detector 188. The |ight generator 10 180 is positioned
ouf side the annular wall conponent 17 and include$ a |anp 184 which is
connected through an electric wire 182 to the confrol section 146 of the
apparatus 120 shown in FIGURE 21. The lanp 184 genperates light which is
foeused by means of the 15 - focusing |lens 186 providing a substantially
paral [ el |ight beam 192 which is irradiated to theg above descri bed annul ar
chanmber and the liquid present within the annul ar jchanber. COpposite to the
| i ght generator 180, an optical detector 188 is pasitioned 20 which is
cohnected to the control section 146 of thegpparatus 120 t hrough an
electric wire 190. The optical detector 188 receives the light transmtted
fromthe lanp 184 and focused by neans of the focusing |lens 186 through the
above described annular 25 chanber. The |ight generated by neans of the

lanp 184 is optionkrtadiadimer ddghor optovike ngbave Wesicaibedl byngaagow | i ght

spect rum whi ch exh realls h |st|c hrou pl asma and
| ow transm ssion c ar ac{}lerl sdi |f§g pﬁ?%é?ﬂngl oﬂﬂc(ee'{qcel&? FR™ o?ggr to -
i nprove the detect@%ﬂ#kﬁrtﬂhﬁwﬁeﬁelrssnﬁchlwelme annul ar chanmber. The |i ght

generator 180 and the omm@:aﬂmtaegbar tHE PRYsdifcs WP Y1oed Wehflish the
second conpartq?nt l%ﬁ of .the ho S|n8 122 descr| bed above wth reference to

FI GURE 21 for Eﬂﬁ annHdar; Ghamber o1s Hetashee dBsAFcpEdanRfiul ar
chanber and for demamitltrl@ Imgm; teansmedsimrﬂéd:ermwIcai:hnhquber

onular chanber | ShaERRgtaYety o tBErREREEnTe GF oG el 12 W ERAE A
det ection technlqu@nn QQHQhﬂNb¢GI§h0wnelpréiﬁﬁﬁﬁﬁ(ﬁZQﬂanddZBGImsymbehln t he
. detected in accordance with the light reflection

10 detection technique as shown in FIGURE 22e.

In FIGURE 22e, the light generator 180 and the
optical detector 188 are substituted by an integral
light generator and optical detector 180° including a
lamp 184' similar to the lamp 184 shown in FIGURE 22d

15 and an optical detector 188' similar to the optical
detector 188 also shown in FIGURE 22d. The lamp 184°
and the optical detector 188°' are connected to the
electronic circuitry of the apparatus 120 through
electric wires 182' and 190*, respectively. The lamp

20 184' generates a light beam 192*' which is irradiated
to the annular chamber defined between the outer
surface of the cylindrical wall component 26 of the
piston component 22 and the inner surface of the
annular wall component 17. The wall component 17 is

25 like the wall component 17 described above with
reference to FIGURE 224 preferably made from a light
transparent material whereas the cylindrical wall
component 26 may be made from a non-transparent
material, e.g., a light reflecting material. The

30 light irradiated to the liquid present within the
annular chamber is partly reflected as indicated by a
light beam designated the reference number 194°'. The
presence of blood cells within the annular chamber is
in accordance with the light reflection detecting



annul ar chanber shown in FlI GURES 22d and 22e nmay be fgetected in accordance
with the light reflection 10 detection technique as|shown in FI GURE 22e.
In FI GURE 22e, the light generator 180 and the opticpl detector 188 are
substituted by an integral -1ight generator and opticpl detector 180
i'ncluding a lanp 184" simlar to the |anp 184 shown |n FIGURE 22d 15 and
an optical detector 188 similar to the optical detector 188 al so shown in
FI GURE 22d. The lanp 184' and the optical detector 188 are connected to
the electronic circuitry of the apparatus 5126 t hrough el ectric wires 182
and 190', respectively. The lanp 20 184' generates a |light beam 192" which
is irradiated to the annul ar chanber defined between the outer surface of
the cylindrical wall co or&ent 26 .of the_ piston conponent_ 22 and the inner
Surface of the anritfftdt qr% eLShhEReRT oM ded Heh e\ ightowhdRBNES17 is 25 |ike
the wal | conponentrdad icerssey |tbedhebauﬁumi- fbkﬁﬁlﬁxeri@ptaﬁttEyGHBEoﬁde

preferably made f I n as the dr| cal
wal | conponent 2615%?1%0 Ile%g’ltof)rao%gg a spg}eemlg t SFPSF2 é

| ight reflecting %he elramp 18gHe 130prefgmbly rexckdamdchant greeh; qmghcpr esent

wi thin the angul a\shférarmerréﬂeee&al »syreﬁéeﬁiféin@%z '&‘ilidcﬁbggrmé apll ght beam

desi gnated the reference presence bl oo I STwithin

e
the annul ar chantig?® i%ed rpr]&@@oFBMEe"ﬁn H\etm%%r& -r ePPe&bpoRagdBect i ng
- 51I - teﬁh% que clftos eshxrﬁtowfgeﬁet Betéd:ﬂi'tbnvﬂgilgﬂh]l %elnlé&‘ad_?_ﬁtbﬁ Eﬁet Ih_e ]
annul ar chanber i sor be ood us, sthe Iight
generated by the ?%P%ﬁ%fe%% gﬁfeggpabl ghf)r% HRah #’é‘é’ﬁ’dl FS S5 which is
reflected by the Vpitdsxm U amtudbrochavben iﬂsie@rnt;lrmddeelths of the
liquid 90. Ongt h€eP@Strfonic circuitry of the control section of the

apparatus 120.



of the shift of the detection signal generated by the optical detector
188', the presence of blood cells within the annuj ar chanber is determ ned
by the 10 electronic circuitry of the control section of the apparatus 120.
-52- EXAMPLE A prototype enbodi ment of the sanpl ef contai ner inplenented as
shown in FIGURES 19 and 20 was nmade 5 fromthe foll ow ng conponents: The
housing 12 of the sanple container 10" was constituted by a cylindrical
housi ng conponent of an inner dianeter of 70 mm puter dianeter of 75 nm
and a height of 80 mm The bottomwall 18 of the housing 10 conponent 12
trad a thickness of 2.5 nmm The housi ng <@zpenent 12 was cast from

pol ynet hyl net hacryl ate (PMVA). The lid conponent 17" was cast from POM and
had an inner dianeter of 75 nm and outer dianeter of 80 mm and an axi al

Wei ght of 13 nm The piston 15 conponent 22" was constituted by a circular
pl at e conponent 28" of an outer di anet cEXMMPLE) nm - 0.1 nmm and a thickness
of 7.4 mm The sealing Oring 30 was received within a groove of a height
of 3.4 mmand a depth of. 2.5 nm The circular plate conponent 28" 20 was
al so cast from PMA.  THe PEPEPRYPEcaRbodinerty b tdet saepleasontdénérom a

100 mm | ength ofimplitdAtiedbasoéhevini IWEFTGUREENY agl 30 WH: mdde Wal |

conponent 26" zWa u t g circular plate conponent 28". The body 102,
t he tube 103, 5t hzﬂg%nd?%%%oiggvl?ﬁec &P and t he body 116 were all nade

from PMWA. At a rotati oFfie hpuwsdngfl2bofitthe SddingRleMdoheasdaeeechiri was
separation of P'Qiﬁ&tiQﬂtEde9|Qogyffﬂéf&é§¥1ﬂHﬁg%ﬁS“chﬁgﬂggtfégnAAOD of
contai ner as distjnct .

inner diameter of 70 mm, outer diameter of 75 mm and

a height of 80 mm. The bottom wall 18 of the housing

10 component 12 had a thickness of 2.5 mm. The housing
component 12 was cast from polymethylmethacrylate
(PMMA). The lid component 17" was cast from POM and
had an inner diameter of 75 mm, and outer diameter of
80 mm and an axial height of 13 mm. The piston

15 component 22" was constituted by a circular plate
component 28" of an outer diameter of 70 mm - 0.1 mm,
and a thickness of 7.4 mm. The sealing O-ring 30 was
received within a groove of a height of 3.4 mm and a
depth of 2.5 mm. The circular plate component 28*

20 was also cast from PMMA. The cylindrical wall
component 26" was made from a 100 mm length of a PMMA
tube of an inner diameter of 30 mm. The wall
component 26" was glued to theé circular plate
component 28*. The body 102, the tube 103, the body

25 108, the body 114 and the body 116 were all made from
PMMA.

At a rotational speed of about 5,500 RPM the
concentric separation of plasma and red blood cells
can be seen (viewed from top of container as distinct

30 concentric rings) almost immediately, i.e., within
the first minute. Over the next minute or two, the

platelets can be seen leaving the plasma as is
evidenced by the lightening of the color of the
plasma. For platelet-free plasma to be collected,
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pliatedeRsl.ar asny desired portion of such a sample or
the entire platelet containing sample can be utilized
as desired. Also, as would be apparent to those
skilled in the art, plasma samples with specific
platelet contents or specific purities can be
collected by varying the speed, time of collection,
amount of collection, etc.

In FIGURE 23, a diagram is shown illustrating
the dependency between the gravitational force
generated within the first chamber 32 of the
prototype embodiment 10" shown in FIGURES 19 and 20
and described in the above example and the rotational
speed at which the sample container is rotated. A
curve A represents the gravitational force at the
outer wall of the housing 12, i.e. adjacent to the
inner side of the wall component 14, and a curve B
represents the gravitational force at the outer side
of the cylindrical wall component 26" of the piston
component 22*. It is evident from FIGURE 23, that
the gravitational force generated within the annular
first chamber 32 is represented by the area between
the curves A and B and further that the gravitational
force at the outer wall component 14 is approximately
twice the gravitational force at the cylindrical wall
component 26". Thus, a gravitational force varying
less than approximately 2 is generated within the

force

In



first chanber 32 is represented by the area between|{30 the curves A and B
and further that the gravitational force at the outé¢r wall conponent 14 is
approximately twice the gravitational force at the ¢ylindrical wall
conmponent 26". Thus, a gravitational force varying lfess than approximtely
2-is generated within the - 54 - annular first chanber 32 as the sanple
container is rotated. In FIGURE 24, a diagramis shown representing the
dependency between the tine of rotating the 5 prototype enbodi ment of the
sarnfpl e contai ner shown in FIGURES 19 and_20Q,and described in the above
exanpl e at a rotational speed of approxinmately 5,500 RPM and the percentage
of a blood sanple of a volune of 90 m which has been separated into plasm
and blood cells. 10 In FIGJRE 24, two curves C and D are shown representing

~the time of separahh@la®fsif RAUMHr2G2 85 tHE BhmPlle SAIRLLiIASF Psoviding
- separation of plasma fromthe blood cells which plasma includes platelets

" as represented by*Pha*®%rve C and further 15 separating the platelets from
the plasma as illustratelnbJIG¢YURE Q4 ,va Qiabram EsGERbwR4repiresenevnhgent

t hat an al nost COERLG&??%ﬁéEFéQiﬁglﬁﬁégﬁgﬁfﬁ§?§?y3§h§5ﬁ?%ﬁ%@sgﬁQOd cells and

pl asma has been acconp ter L or even 20
af ter approxi nat epyotorype temkod inenth lofothecshrmpiencontairer aphewki it el y

15% of the bl ood gaghhesMY Ahd¢ £ HescRépbl! LHEEn8CABG?E Cexamp Dy ded
the platelets are to be separated fromthe Elasqa, a conplgﬁf separgtlon of
PRE ¥ y- 304,

platelets free pl 8n@ FIL3Lional shaediofc APRERXIRARR REM eand The
separation of plaghe pectetage Wf£lodd samplieeok! aodoranpl 6fi $0 ml

preferably as nenahggﬁdhas been separated into plasma and blood cells.

10 In FIGURE 24, two curves C and D are shown
representing the time of separation of the percentage
of the blood sample for providing separation of
plasma from the blood cells which plasma includes
platelets as represented by the curve C and further

15 separating the platelets from the plasma as
illustrated by the curve D. From FIGURE 24, it is
evident that an almost complete éeparation of the
blood samplé into blood cells and plasma has been
accomplished after approximately 1.5 minutes or even

20 after approximately 1 minute as the blood cells
constitutes approximately 15% of the blood sample
which part cannot be further separated. Provided the
platelets are to be separated from the plasma, a
complete separation of platelets free plasma is

25 provided after approximately 3 minutes.

The separation of plasma including platelets
from the blood sample is preferably as mentioned
above accomplished in a continuous process in which
the piston body 22 of the first embodiment 10 or the

30 piston body 22* of the second embodiment 10' is
raised continuously in order to continuously transfer
the plasma from the first chamber 32 of the sample
container to the second chamber 34 of the sample
container while the sample container is rotated at



above acconplished in a continuous process in which the piston body 22 of
the first enbodi nent 10 or the 30 piston body 22' ¢f the second enbodi nent
10" is raised continuously in order to continuously transfer the plasma
fromthe first chanber 32 of the sanple container {o the second chanber 34
aF the sanple container while the sanple containerlis rotated at - 55-
the high rotational speed causing the separation oﬁ the bl ood sanple into
pl asma and bl ood cells. The continuous raising of the piston body is easily
controlled by detecting the transfer of plasma from5 the first chanber to
t ke second chanber based on the above desd i-bed optical detector techni ques
or alternatively the detection of the force transmtted to the piston
conponent for raising the piston body. Provided the transfer of plasma from
the first 10 chanber to the second chanber is carried out after a conplete
separation of plthenmhighorotatibhabdspesd| causing dten sgpacetivheofl asm

Includes very feyePhabehekampid FRYo OYE av%re@rh%la iR Plahglset - hge pl asm

provi ded t he centrlfugal separation_h een carried oyt for an
ext ended peri od SOPLENNQUS| relsing gf Bhei RN badvyiisc §asddYahove. On the
basis of the datdbrﬂt@-bﬂ&&ﬁnb?ddeaeEt%EtRé transfiere df iplaismausiroated in a

diagran1sho RE. 25, i ust uj k
acconpllshln ngué?é ggﬁﬁhgfl %ﬁg é%ﬁéééﬂghfﬁﬁ£ q%%edsagb Pc vol une
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enmbodi nrent of t I t e r 0 RPM
embod et e *aelc%%ml : glvgqg ehe &eé&c%b@n of aén@ggicroc;eg?%g%éw@bl NG

sanpl e may be s&atRee@istes SPBBGnEEFI§°ﬁnﬁab§%ﬁﬁn¥h9uﬂ IRy berel ets. A

bl ood Provided the transfer of plasma from the first -

10 chamber to the second chamber is carried out after a
complete separation of plasma from the blood sample
has taken place, the plasma includes very few
platelets and may even constitute platelet-free
plasma provided the centrifugal separation has been

15 carried out for an extended period of time, i.e.,
about 3 minutes, as discussed above.

On the basis of the data represented in FIGURE
24, a curve E is illustrated in a diagram shown in
FIGURE 25 illustrating the time required for

20 accomplishing a complete separation of a blood sample
of a specific volume in dependency of the time of
rotating the above described prototype embodiment of
the sample container at the rotational speed of 5,500
RPM. From FIGURE 25, it is evident that within 60

25 seconds, a 90 ml blood sample may be separated into
blood cells and plasma including platelets. A blood
sample volume of the order of 100 ml constitutes a
maximum blood sample which may be separated by means
of the sample container of the above example as the

30 blood sample fills out a majority of the annular
first chamber of the sample container. Larger
containers.‘as may be required, can easily be
utilized within the scope of the teachings herein.



sanpl e volune of the order of 100 ml constitutes a maxi num bl ood sanpl e
whi ch may be separated by neans of the sanple contaj ner of the above
exanple as the 30 blood sanple fills out a najoritF of the annular first

chanber of the sanple container. Larger containers,| as—ay-be required, can
easily be utilized within the scope of the teachings herein. - 56 - Wat

is-claimed is: 1. An apparatus for separating a liquid Euw

portions of different densities into said phase portion ’ml{mﬂ”ﬂwmse
g:"a :

separation, 5 conprising: a phase separation container, conprisi *

housi ng havi ng concentric inner and outer gylindrical walls defining.a

| ongi tudi nal axis, a bottomwall, and a top wall, said outer cylindrical 10
wal |, said inner cylindrical wall, said bottomwall and said top wall
defi ni ng together an annul ar chanber for receiving said liquid sanple, a

pi ston body consth&@&ingggagmgglﬁgn1malI or top wall of said housing and
bei ng di-splaceable 15 w.thin said annul ar chanber froma first position in
whi ch a maxi num i nteri or lvol fifk PPAFBLLFEON $RFFAENY @nddi@ddchanber to a
second position i samplehhavihgi phdse ot idnsvolfudefEsréiet i datsiiide n sai d
annul ar chanber, %9%02 ai n, condui comuni cating with

sai d annul ar chanber, gaFFqﬂbﬁsgLéh#%}9ﬁ§a FSPE§EE§$§+n%e%%E%F%?%Uid

sanpl e to sai ddaneomprishagber of said phase separation chanber as said
piston body is in said 23 phikat s8984d h BrtRliAerTPRARpERL IAGE LI NG sai d
phase a housing having concentric inner and outer

cylindrical walls defining a longitudinal axis, a

bottom wall, and a top wall, said outer cylindrical

10 wall, said inner cylindrical wall, said bottom wall

and said top wall defining together an annular

chamber for receiving said liquid sample,

a piston body constituting said bottom wall or
top wall of said housing and being displaceable

15 within said annular chamber from a first position in
which a maximum interior volume is defined within
said annular chamber to a second position in which a
minimum interior volume is defined within said
annular chamber, and

20 a drain conduit means communicating with said
annular chamber,

a liquid supply means for supplying said
liquid sample to said annular chamber of said phase
separation chamber as said piston body is in said

25 first position,

a motor means for rotating said phase
separation container round said longitudinal axis at
a rotational speed causing a separation of said
liquid sample into said phase portions, and

30 an actuator means for displacing said piston
body within said annular chamber from said first
position towards said second position while said
phase separation container is rotated at said
rotational speed so as to expel one of said phase



separation container round said | ongitudi nal axis at

a rotationa

speed

causing a separation of said liquid sanple into sdid phase portions, and 30
an actuator neans for displacing said piston body {within sai-d annul ar

chanber fromsaid first position towards said secgnd position while said
phase separation container is rotated at said rotaLLgn&FﬁﬁuﬂﬂT?ﬁTzﬁﬁ?t

b

eylindrical wall such that said phase por®i’on to be expelled fromsaid
annul ar chanber is the phase portion of |owest density. 3. The apparatus
according to Claim?2, wherein said drain conduit neans being constituted by

expel one of said phase - 57 - portions fronls I-d
t Arough said drain conduit means. 2. The apparatus a
wherein said drain conduit neans is provided at or 5

10 a conduit extendln t@rou gh said bottomwall and being p

control | abl e val \RPRGHS

V|ded with a

IoWofRt I?%&H%??rQHﬂW?qEIGEEBuHBsFFFan ¥3iBn open

position for causnnghsalmeane of said phase portions to be expelled from
sai d annul ar

chanber . 15 C to daim2,
wherein said conduit is pr OVI e@p&ar&%ﬁ% §§E§?3%H$ %rﬁ%%’frp\% and sai d
one of said phasehrueingsaidodbeinxpenduit fmeanssaJSdpa‘nmﬂad eham:)er is the
phase por i onsof JUnasl; cleRRety cyRbndrica) vall sFRA BRAR! 8bYa aﬁscid' ng to

Clam?2,

centrifuga

25

10

15

20

25

30

sai d controllab e val ve elgg
from said cl osed BRFG¥A0 % BesgxBed

f or caedh gphasel popbash 6£PPewds®Metwilegi.ner is rotated at said
rotational speed.

IS swmt
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3. The apparatus according to Claim 2,
wherein said drain conduit means being constituted by
a conduit extending through said bottom wall and
being provided with a controllable valve which'is
controllable from a closed position to an open
position for causing said one of said phase portions
to be expelled from said annular chamber.

4. The apparatus according to Claim 2,
wherein said conduit is provided at said outer
cylindrical wall and said one of said phase portions
to be expelled from said annular chamber is the phase
portion of highest density.

5. The apparatus according to Claim 2, said
controllable valve being a check valve which is
switchable from said closed position to said open
position when exposed to a centrifugal force when
said phase separation container is rotated at said
rotational speed.

6. The apparatus according to Claim 1, said
drain conduit means being constituted by a conduit
extending through said top wall.

7. The apparatus according to Claim 6, said
conduit being provided at said inner cylindrical wall
and said one of said phase portions to be expelled
from said annular chamber being the phase portion of
lowest density.



6. The apparatus according to Claim1l, said drain qonduit neans being
constituted by a conduit extending through said tog wall. 7. The apparatus
according to Caim6, said 30 conduit being provided at said inner
cylindrical wall and said one of said phase portions—te—be—expefted from

sai'd annul ar chanber being the phase portion of | owest ' - 8.
The apparatus according to Caim6, said conduit bei ngﬂﬁﬂﬂ“ﬂqwm\mﬁ‘h
outter cylindrical wall and said one of said phase port' ® expetled
from said annul ar chanber being the phase ggrgion of highest density. 9.
THe apparatus of claim 1, wherein said nbt means provides rotation of
sai d phase separation container around said |ongitudinal at a rotational
speed sufficient to generate a gravitational field within said annul ar

chanber so as to separatg saipleal LAKL | i d e portigns at
any location w thin aai, dgénngﬂgr hgggg%gggp%gcaﬁ%g;gégarc&&gﬁg .c6)1' g%%ugm 1
i ncl udi ng a recei FERABRENBRING Rrowidad, atg saaldopkes ecybindmical peilled from

sai d annul ar chanaed. sdid dfe GPRATRT PhadeCPoetiens Ordl Bé b1 d drain
condui t neans inckgghng g rea%ggfn hanber .1 n mhiﬁh reagent | s encl osed
for reacting with $3Pd>3hd FHORLATy £, beiPgnthe AT PITHAs Atd

annul ar chanbe? fhﬁghastfgemsdﬁyglcﬁ a reaction product. 12. The apparatus
chanber ' which & reagedt | The,epparatRs 6t e hal® TRCONCON (o
phase portions ex[BEFEanf A NQLPmMaansg: pspyAdes foratien fof maidn of a
reaction product. phase separation container around said longitudinal
at a rotational speed sufficient to generate a
10 gravitational field within said annular chamber so as
to separate said liquid sample into said phase
portions at any location within said annular chamber.
10. The apparatus of claim 1 including a
receiver chamber for receiving said phase portion
15 expelled from said annular chamber.
11. The apparatus according to Claim 10, said
drain conduit means including a reaction chamber in
which a reagent is enclosed for reacting with said
one of said phase portions expelled from said annular
20 chamber for the formation of a reaction product.
12. The apparatus according to Claim 10, said
receiver chamber constituting a reaction chamber in
which a reagent is enclosed for reacting with said
one of said phase portions expelled from said annular
25 chamber for the formation of a reaction product.
13. The apparatus of Claim 10, wherein said
inner cylindrical wall defining a further receiver
chamber extends around the same longitudinal axis as
said annular chamber and wherein said chambers are
30 separated by said piston body.
14. The apparatus of any of claims 1-13,
_wherein said inner cylindrical wall defining said
annular chamber comprises a cylindrical wall

component of said piston body. T
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13. The apparatus of C aim 10, wherein said inner clylindrical wall defining
a further receiver chanber extends around the sane | ongitudinal axis as
sai d annul ar chanber and wherein said chanbers are separated by said piston
body. 14. The apparatus of claim1l, wherein said inher cylindrical wall
defining said annul ar chanber conprises a cylindrichl wall conpone

sai d pi ston body. 15. The apparatus according to}Caim 14, said inner
cylirndrical wall defining a further receiver chanbef co ' ﬂ““‘ﬂﬂ“ﬁ\“\
sai d reaction chanber through a further PQ$PUit means f&““““g "5
reaction product fromsaid reaction chanber” 16. The apparaﬁusLachrﬁing to
Claim 15, said further receiver chanber being constituted by a separate
syringe conponent received within said inner cylindrical wall. 10

17. An apparatus for sepggg;&gg gpbéfggﬁgsggggfaﬂﬂ@vggg?gggfelppr;59@3 of

different densities into said phase portlons_bg centri separation
conprising: a phat®ReepLn@dnallcAefipifg;aj fypthes receiver 5 pgysing
havi ng concentri cchamisér acuhmiritatdyly kdehcsaidatésctioin whaghber ongi t udi nal
axis, a bottomwa | i lindri.cal Il.,, said
I nner cylindrical L%}\E @sagié&g%& orﬁo\f\gﬁllqa gégéu gy’fo e‘iﬁé‘lvlqng\é\%arﬁdng
t oget her an arfhul Beacuiempratdudtofnoge satdnyesat ton ichambegzanpl e, sai d i nner
and outer cylindrical wajgs I B | r r asli i rr d

165 48k 922?5*?@% ?§§ﬁ¥dl kol 88him 157728

[err], respectively, relative to g tudi nal™ axis, and said 1 nner and
outer radii definfiEthe¥ Xeceivar, chambercbgingr copspituted PYafout 25 0. 8: 1;

separate syringe component received within said inner
cylindrical wall.

10 17. an apparatus for separating a liquid
sample having phase portions of different densities

into said phase portions by centrifugal separation,
comprising:

a phase separation container, comprising:

15 a housing having concentric inner and outer
cylindrical walls defining a longitudinal axis, a
bottom wall, and a top wall, said outer cylindrical
wall, said inner cylindrical wall, said bottom wall
and said top wall defining together an annular

_20 chamber for receiving'said liquid sample, said inner
and outer cylindrical walls defining inner and outer
radii, ri and ro, respectively, relative to said
longitudinal axis, and said inner and outer radii
defining a ratio rij/ro of the order of 0.3:1 to about

25 0.8:1;

a piston body constituting said bottom wall or
top wall of said housing and being displaceable
within said annular chamber from a first position in
which a maximum interior volume is defined within

30 said annular chamber to a second position in which a
minimum interior volume is defined within said
annular chamber; and

a drain conduit means communicating with said
annular chamber; |



a piston body constituting said bottomwall or top wall of said housing and
bei ng d|splaceabLeAWFPth_saLd_annuLar chanber frama first position in
which a ﬁHXIﬁUﬁ]In or volune is defined withinji30 said annul ar chanber

to a second pOSitI cefd num i nterior violume is defined within
sai d annul ar chanber I ‘ conduit neans co nlcatlng with said
annul ar chanber; qui d supply neansg -fot auppiying sald
liquid sanple to said annular chanber of said phas:

said piston body is in said first position; a notor gﬂgﬁ‘“ il p sald
phase separation container round said | ongptudi nal axi c aLrosats ona
speed causing a separation of said liquid sanple into said phase portions;
and an actuator neans for displacing said piston body within said annul ar
chamber fromsaid first position towards said second position while said
phase separation contai redigeidosuely atessws dorosappbybhgspaid so as to

cxpel one o 53l d4185C sRghi4 005 JL N o2 Bkt IGEDELLS oML S O

drai n conduit neans appara us o tiois
about 0.5:1. 19. SERArappapachambar @sisaidy bisteni hodyi isihmesaiddi us and
speed are chosen figgh pbBatcgo®yavitational force needed for the concentric
separation of_said phase Rortions ofdglfferent denS|é|es I S provided at al

areas within 3aid annul & PRROFLRSANS FOrTFOLATINE, SR PRRFSI m 1,

separation container round said longitudinal axis at
a rotational speed causing a separation of said
liquid sample into said phase portions; and

an actuator means for displacing said piston
10 body within said annular chamber from said first
position towards said second position while said
phase separation container is rotated at said
rotational speed so as to expel one of said phase
portions from said annular chamber through said drain
15 conduit means.

18. The apparatus of claim 17? wherein said
ratio is about 0.5:1.

19. The apparatus of claim 17? wherein said
inner radius and speed are chosen such that a

20 gravitational force needed for the concentric
separation of said phase portions of different
densities is provided at all areas within said
annular chamber.

20. The apparatus of any of claims 1-19,

25 wherein said apparatus includes connector means to
connect said housing to said motor means.

21 The apparatus according to Claim 20, said
connector means being constituted by snap fitting
connector means provided at said outer cylindrical

30 wall of said housing.

22. The phase separation container according
to any of claims 1-21. .

23. A method of separating a liquid sample
having phase portions of different densities into



wherei n said apparatus includes connector neans to connect said housing to
said notor means. 21 The apparatus according to Cjaim 20, said connector
nmeans bei ng constituted by snap fitting connector [nmeans provided at said
outer cylindrical wall of said housing. 22. The phase separation contai ner
according to claim1. 23. A nethod of separating a |iquid sanple having
phase portions of different densities into sai d phase portions by

centrifugal separation, said nmethod conprising: providi
separation container, conprising: 5 _ 61 a housing Rﬁml@ Hiﬂﬂ(ﬂ“l"l“l
[ [ * [ bot t om

i hiner and outer cylindrical walls defining a |ongitudinal* axis- a#
wall, and a top wall, said outer cylindrical wall, said inner cylindrical
wal |, said bottomwall and said top wall defining together an annul ar 10

chanber for recgiid Iggiaig@'ogo&gghg ﬁg@é&ﬁﬂﬁp%%ﬁ%%st isbyty ng said

bottomwall or to I .sai d housing an ern splacedbl™e Wi thin said
annul ar chanberm?W§°F’PF§F1ﬁ8§i tion in which a maxi numinterior volume is
defined within 15 saiptomidihgr acbhaberséParasis® bmasiddon i n which a
nininun1intericg°@ﬁy.gg% I,s defined within said annul ar chanber; and a drain
condui t neans provi qf said inner cylindrical wall and conmunicati ng
with said afnul ar 20 aihovsdng bapphgi consentric ginnkrsand eutersai d annul ar

chanber of sal cypliae 1eanaLAL1 QNAERARRAS 2916 Lullishan Bady s i said
first position; rotatlnq sal d phase separation contalner roun
bottom wall, and a top wall, said outer cylindrical
wall, said inner cylindrical wall, said bottom wall
and said top wall defining together an annular
10 chamber for receiving said liquid sample
a piston body constituting said bottom wall or
top wall of said housing and being displaceable
within said annular chamber from a first position in
which a maximum interior volume is defined within
15 said annular chamber to a second position in which a
minimum interior volume is defined within said
annular chamber; and
a drain conduit means provided at said inner
cylindrical wall and communicating with said annular
20 chamber;
supplying said liquid sample to said annular
chamber of said phase separation chamber as said
piston body is in said first position;
rotating said phase separation container round
25 said longitudinal axis at a rotational speed causing
a separation of said liquid sample into said phase
portions; |
displacing said piston body within said
annular chamber from said first position towards said
30 second position while said phase separatidn container
is rotated at said rotational speed so as to expel
one of said phase portions from said annular chamber
through said drain conduit means.



25 said longitudinal axis at a rotational speed causing a separation of
said liquid sanple into said phase portions; displ.acing said piston body
wi thin said annul ar chanmber fromsaid first positijon towards said 30
second position while said phase separation contaijner is rotated at said
rotational speed so as to expel one of said phase pu.Liuns fromsaid

annul ar chamber through said drain conduit neans ‘ - 24. A nethod of
separating a |iquid sanple having phase portions of d !ﬂﬂpﬂnmuﬁﬂﬂrlﬂlﬁ

into said phase portions by centrifugal separation, si ng:
5+ provi di ng a phase separation ¢ ai ner, conpr|5|ng a ou5|ng
havi ng concentric inner and outer cylindrical malls defining a | ongitudinal
axis, a bottomwall, and a top wall, said outer cylindrical 10 wall, said

i nner cylindrical wall, said bottomwall and said top wall defining

toget her an annul ar chamaer £ eletiRsEios @]ap"a&b@lh i dléamlsa 1 i ston body
constituting salquptt nbmall or tog hb said h u5|n ei ng

di spl aceabl e 15 WXATY PRRAFSaRRAFAPEENQRHAH FFRFRS §SPPF8n i n which

a HHX|nun1|nter|@mxdobhaselpodeionsdbmncemMr££Ughkusuﬁarau&banbsalao a
second position i I3C LRkAUM interior volunme is defined within said
annul ar chanber; ”éqyaf anpg&g&ﬁy a drain conduit means comruni cati ng
with said anndl ar chanb@F°V§GépgyBn§h§§PdSPP@E#¢P@%u§9n§aknanm d annul ar
chanber of said peapisemgrati on chanber as said piston body is in said

first p05|t|on
a housing having concentric inner and outer

cylindrical walls defining a longitudinal axis, a
- bottom wall, and a top wall, said outer cylindrical
10 wall, said inner cylindrical wall, said bottom wall
and said top wall defining together an annular
chamber for receiving said liquid sample,
'a piston body constituting said bottom wall or
top wall of said housing and being displaceable
15 within said annular chamber from a first position in
which a maximum interior volume is defined within
said annular chamber to a second position in which a
minimum interior volume is defined within said
annular chamber; and
20 a drain conduit means communicating with
said annular chamber;
supplying said liquid sample to said annular
chamber of said phase separation chamber as said
piston body is in said first position; ' ,
25 rotating said phase separation container round
said longitudinal axis at a rotational speed causing
the generation of a gravitational field within said
annular chamber so as to separate said liquid sample
into said phase portions at any location within said
30 annular chamber:;

' displacing said piston body within said
annular chamber from said first position towards said
second position while said phase separation container
is rotated at said rotational speed so as to expel



25 rotating said phase separation container round said

| ongi tudinal axis at a rotational speed causing the generation of a
gravitational field within said annul ar chanber sq@ as to separate said
liquid sanple into said phase portions at any |locgtion within said 30
arnul ar chanber; displacing said piston body wthijn sat
fromsaid first position towards said second posit{i on whj '
separation container is rotated at said rotationall speediﬂlﬁﬁlﬂ!ﬂﬁ@@%ﬂ"'
-63 - one of said phase portions from said annul ar chanbe I"dx
drain conduit nmeans. 25. A nethod of sepamati-ng a |iquid sanple having
phase portions of different densities into 5 said phase portions by
centrifugal separation, said nmethod conprising: providing a phase
separation container, conprising: a housing having concentric inner and
outer 10 cyli ndriad ofalsiad ddphasenpoat iams)i fnok salidasnaularbohambenal |, and
a top wall, said QR | i; ad t5i .salfd inner cylindrical wall, said
bottomwall and said f%ﬁgﬁép|&§§?#n§§gé?ﬂég% é#ﬂan annul ar chanber for
receiving said |iquid sé&éwl & method of separpgtingnabbiguidbreannle ing said

bottom wal | or tdavsmlg phlaseapdriQufikngs adik feidnt diepBliageabigeyi thin said
annul ar chanbgr froqga first E§S|t|o in which a_maxi muminterior _volume is

defined withi R sdltaPNGsE PORLABRE Py cen aloSePRRAtiARwnERRda 20
m ni mum i nt eri or metlhade compatdékiingd Wit hi n sai d annul ar chanber; and a drain
condui t neans provi ded gl g 3CEnG¥b! B4 LA 1 R dord Al na@ N cat i ng
wi th said annul ar o !
comprising:

a housing having concentric inner and outer

10 cylindrical walls defining a longitudinal axis, a
bottom wall, and a top wall, said outer cylindrical
wall, said inner cylindrical wall, said bottom wall
and said top wall defining together an annular
chamber for receiving said liquid sample;

15 a piston body constituting said bottom wall or
top wall of said housing and being displaceable
within said annular chamber from a first position in
which a maximum interior volume is defined within
said annular chamber to a second position in which a

20 minimum interior volume is defined within said
annular chamber; and

a drain conduit means provided at said inner
cylindrical wall and communicating with said annular
chamber;

25 supplying said liquid sample to said annular
chamber of said phase separation chamber as said
piston body is in said first position;

continuously rotating said phase separation
container round said longitudinal axis at a

30 rotational speed causing one of said phase portions

to be separated from said liquid sample; and
displacing said piston body within said

annular chamber from said first position towards said

second position while said phase separation container



chanber; 25 supplying said liquid sanple fo said annul ar chanber
of said phase separation chanber as said piston bogly is in said first

position; continuously rotating said phase separatijon container ro id
| ongi tudi nal axis at a 30 rotational speed causing one/gL/sa%d’ﬁﬁaggd,gay
‘portions to be separated fromsaid |iquid sanple; and di spl acj N!&
pi ston body within said annular chanber fromsaid first X“\\i‘.\k\\“i\“ﬁ

sai d second position while said phase separation contai,naf®® - 64 *is
rotated at said rotational speed so as tqﬂgqptinuously\expel sai d one of
sai d phase portions from said annul ar chahber through said drain conduit as
sai d one of said phase portions is separated from5 said liquid sanple. 26.
An apparatus for separating a |iquid sanple having phase portions of
different densitigsrodcedald NP oRALLLARE MelfUd Iddidy separalion

conprising: 10 . a phase separation contaj ner, conprising: a housing
havi ng concentriE°Pﬁ+&H°Q§#§<ﬁﬁH§l Saifnapecef said Phase MoFE i®nsongi t udi nal

axis, a 1 bottontrehlsabdhrmilar whambegat Broudlersad iddiinc dondrlik, said

i nner cylindrica | d. bot t. |l 15  and said top wall] defining

t oget her an annu%g\(l\@%%% rgér ?%Faﬁggﬁfﬁgpgﬁ?hoﬁ ot dsespé%@t&‘i £ZPR i nner
and outer cyl3d ndsatdl livalid shefple.ng i nner and outer radii, [err] and

[err], respectively, rejati | (#H¥ ' saxi g, :gaid i nner and
outer radii 20 definin%@é_ﬁgtégpfgég&ég t%% gggg%ﬁéfgo;gagfﬁq about

0.8:1, preferabl §2ER? H@VERE Bhages poxt pras off AEELaxanh dansitdesai d bottom

wal | or into said phase portions by centrifugal separation,
comprising:
10 & phase separation container, comprising:

a housing having concentric inner and outer
cylindrical walls defining a longitudinal axis, a 1
bottom wall, and a top wall, said outer cylindrical
wall, said inner cylindrical wall, said bottom wall

15 and said top wall defining together an annular
chamber for receiving said liquid sample, said inner
and outer cylindrical walls defining inner and outer
radii, rj and ro,, respectively, relative to said
longitudinal axis, and said inner and outer radii

20 defining a ratio rj/ro of the order of 0.3:1 to about
0.8:1, preferably approximately 0.5;

a piston body constituting said bottom wall or
top wall of said housing and being displaceable
within said annular chamber from a first position in

25 which a maximum interior volume is defined within
said annular chamber to a second position in which a
minimum interior volume is defined within said
annular chamber; and

a drain conduit means communicating with said

30 annular chamber;

a liquid supply means for supplying said
liquid sample to said annular chamber of said phase
separation chamber as said piston body is in said
first position;



top wall of said housing and bei ng displaceable w {hin said annul ar chanber
froma first position in 25 which a maximuminterjor volune is defined
wi'thin said annul ar chanber to a second position i which a mni num
interior volune is defined wthin said annul ar chajrber; and a drain conduit
means conmuni cating with said 30 annular chanber;|a |igu

for supplying said liquid sanple to said annul ar chanber of _sai

separation chanber as said piston body is in said first *“m! “E “mﬂﬂﬁ“““
mot.or means for rotating said phase separation contai ner

| engi tudi nal axis at a rotational speed -cggsi-ng the generatlon of a
gravitational field within said annular chanber so as 5 to separate said
liquid sanple into said phase portions at any location within said annul ar
chanber; an actuator neans for displacing said piston body within said
annul ar chanber from saial nfdtost meesst fon rovatinkg swid pbased position while
a0 1 orase SRR AT IREr | ol AUth AlongddaiAbd! brag! appeed <o

as to expel one o se portrons fromsald annul.ar chanber through
said drain condui? ?ﬁﬁﬂﬁ#onéﬂdSpﬁéﬁn§a$%¥nﬁkﬁQQHQQﬂfrﬁﬁé°BhSﬁaéter|stlcs of

one 15 or both Oéréﬁeta?cqmnemiélw hbtmﬁae@hcpfaaﬁm&ep&hamben gonaai ner
during said s aratloqﬁfrocess % net ccordln% % claim 26, said
liquid sanpl e *bei 1Y SEAAGSE §§ﬁ8l iqy §%WQi sg4d,Pp %?e portions

bei ng pl asma. 20 portions 2& ang &Bbhbdoﬁmltmmma@‘f chambguid i nto
two or more of its compogenisudidy RRaRENE6P! alp it Baid pididn

conponents by centri fug;
dy within said annular chamber from said first

position towards said second position while said

10 phase separation container is rotated at said
rotational speed so as to expel one of said phase
portions from said annular chamber through said drain
conduit means; and,

means for detecting the characteristics of one

15 or both of the components within said phase

separation container during said separation process.

27. The method according to claim 26, said
liquid sample being a blood sample, and said one of
said phase portions being plasma.

20 28. A method for the separation of a liquid
into two or more of its components yia the concentric
ordering of said components by centrifugation
comprising the steps of:

a) introducing a fixed amount of said

25 1liquid into a cylindrical processing chamber of
variable volume, said chamber being defined by inner
and outer chamber walls at fixed radii from the
chamber's longitudinal axis, wherein the radius of
said inner wall is chosen such that at a desired

30 speed of rotation a G-force is provided at said inner
wall at least equal to that which is necessary to
maintain a concentric interface between a first and a
second component of said liquid;



conprising the steps of: a) I ntroducing a fixed apount of said 25 -:iquid

nto a cylindrical processing chanber of variable vplune, said chanber

bei ng defined by inner and outer chanber walls at f{xed radii fromthe

chanber's 'OngerdL“aL~@¥L§NaﬂggLfi” the radius of paid inner wall is

choSen such that, at a desire speed of rotationja Gforce is provided

at said i nner tfhea&hggg% to that which is 1eces§5T7‘r0*narﬁfa+ﬂ—a__
|

concentric inter Irst and a second canponen
-66- b) rotati { about its IégFﬂtudlnal axl , u ’
speed to provide said conce c interface d'contan|ng sal

Whi | e; c¢) reduci ng the volume of said processing chanber so as to force
one of said liquid conponents through a drain neans thereby separating said
conmponent s; whereby said jonce t C |g nents is
substantial ly nalntalnedlfhrough Flhg 5 @-éhéﬁ;é?ﬁ PngE Sfor separating
a bl ood conponent }9RFAtdinadd axisphs éé rdg$¥ﬁﬁdlaﬂaeddu0|pgoalﬂexed

vol ume of bl ood inégid édr{c@nc%al&ullﬁﬁeﬁhaabean&fc@nﬁ%tﬁx'gf 48 qappar atus

where the annul ar CH&%? efined by a cylindrica 67 outer wall and
a cylindrical innet®w@ition %Pﬂemalls extendi ng coaxial |y about a conmon
axis, as well a&s reducing the volume of said processing

chamber so as to force one of said liquid components
through a drain means thereby separating said
components;

whereby said concentric interface of said

10 components is substantially maintained throughout
step (¢).

29. An annular assembly locatable within a
centrifuge device, for exposing a liduid to a
chemical or biological agent during centrifugation

15 comprising, in concentric arrangement,

a) an outer annular wall defining an
annular outer liquid entry chamber;

b) a first annular filter dlsposed inwardly
from said entry chamber;

20 c) an annular agent chamber containing a
source of said chemical or biological agent and
disposed inwardly from said first filter;

d) a second annular filter disposed
inwardly from said agent chamber; '

25 e) an inner liquid exit conduit disposed
inwardly from said second filter; and,

£) pressure means sufficient to provide

liquid flow in an inward direction during
centrifugation.
30 30. A process for separating a blood
component from a blood sample comprising:
introducing a fixed volume of blood into a
first annular chamber of a centrifuge apparatus
where the annular chamber is defined by a cylindrical



by atop wall and a bottomwall where the top wall or the bottom wal
: formed by a piston body displaceable within saidi|first chanber; rotating
said centrifuge apparatus about said common axis j{to substantially
centrifugally separate said blood into two or norje fractions of different

densities; transferring one of said fractions intljo a second_gnggggihgz‘_h‘
action of said piston while continuing said centrifugation so as to
mai ntain said separation in said first chanber, said semmgm

X wal | extending coaxially about sai d co mﬂ I
subj ecting said transferred fraction to_ agent capabl e ‘of separatl

by -a cylindrical

desired bl ood conponent fromsaid transferred fraction;

bl ood conponent

(7))

fromsaid transferred fraction, wherei n sai d appar at

| is

s

and renovi ng the

us is

i'n accordance with clains 1-21. 30. A process for preparing a fibrin

monorer from bl opdeeeNWALBidHY d #4190k B8] i fhel eyl UB @ Jl10gd i
first annul ar chanber .of a centr.i y.Wgspugparatus wher'e the annular chanber

is defined by a E¥FPRAFNE FoRtHah!

nd SOMIRR RIFIalas ekl A8 | |

nto a

bot h

wal | s ext endi ng boaai abbywahblﬁnmacmamaxabl witere|dheax dyy vmltlolbr\/\m | and

a bottom wal l

‘body di spl aceabl gh% Pﬁ?ﬁ&? rfgkﬂﬁgbgy é)g%m%% I%S 43r(r:r§gt lr)ny 39(? ston

dasnlegﬁmh&ﬁeﬂ@nblmOsggusfansta¢hthnwm|-|fugal|y separ at e

appar at us abdut
-68- said bl ood
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into a egthe{iAREdid RRErarRhesaPphiFaGid Ubout said

common axis to substantially centrifugally separate

-said blood into two or more fractions of different

densities; _

transferring one of said fractions into a
second chamber by action of said piston while
continuing said centrifugation so as to maintain said
separation in said first chamber, said second chamber
defined by a cylindrical wall extending coaxially
about said common axis;

subjecting said transferred fraction to an
agent capable of separating the desired blood
component from said transferred fraction; and

removing the blood component from said
transferred fraction, wherein said apparatus is in
accordance with claims 1-21.

31. A process for preparing a fibrin monomer
from blood combrising:

introducing a fixed volume of blood into a
first annular chamber of a centrifuge apparatus where
the annular chamber is defined by a cylindrical outer
wall and a cylindrical inner wall, both walls
extending coaxially about a common axis, as well as
by a top wall and a bottom wali where the top wall or
the bottom wall is formed by a piston body
displaceable within the first chamber;

rotating said centrifuge apparatus about said
common axis to substantially centrifugally separate
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transferring said plasma fraction into a second chanber by action of said
pi ston while continuing said centrifugation so as{to nmaintain said
separation in said first chanber, said second chanber defined by a
cylindrical outer wall extending coaxially about said—coemmer—axs,—
stihj ecting said plasna fraction in said second chanber t hronbi n-11i ke
enzyne wherein said plasma * fraction is separated int )ﬁ’,iu j, ﬂﬂﬂm
and a fraction containing non-crosslinked fibrinp Iy

fluid fromsaid second chanber; solubilizing said non- crossllnked f{brin
pol ynmer to provide a fibrin nDnoner-contalglng sol ution; and, renoving said
thronmbin-1i ke enzyne fromthe so-forned f|br|n nonomner - cont ai ni ng sol ution,
wherein said apparatus is in accordance with any of clainms 1-21. 31. The
process of claim30 wherein a third chanber is included within said inner

cylindrical wall é:gldsqglq,oanguharacggﬁpefram&h drd o0 fabamher contains a

redi ssol ving sol ution which is dispensed into said second chanber to
provi de for said qrdion *zing of said non-crosslinked fibrin polyner and
wherein said third charrttmamssfe&dangedam phddmet framatthidn hirivo a

nmonomer - cont ai ni | S optionally,
sai d enzyne rem\%&%%ﬁ %roe ]é&gf cls%ltr#éé(fzt %{ %J\%nerel n said
t hi rd chamber 3i s eonbinuigg. said- cegtrifBgatiorheprase dws mefingladiomsaddnher ei n

?al d Pog cr oissl :c r&%zfdltlfilbhnlﬁok)m&rfff@t Seidhdd P idh i HYRInd [chaflezCt €d
romfibrin \Bidihed K by a cylindrical outer wall extending

coaxially about said common axis;
subjecting said plasma fraction in said second
10 chamber to a thrombin-like enzyme wherein said plasma
fraction is separated into a fluid fraction and a
fraction containing non-crosslinked fibrin polymer;
removing said fluid from said second chamber;
solubilizing said non-crosslinked fibrin
15 polymer to provide a fibrin monomer-containing
solution; and,

removing said thrombin-like enzyme from the
so-formed fibrin monomer-containing solution,

wherein said apparatus is in accordance with

20 any of claims 1-21. _

32. The process of claim 31 wherein a third
chamber is included within said inner cylindrical
wall of said annular chamber, which third chamber
contains a redissolving solution which is dispensed

25 into said second chamber to provide for said
solubilizing of said non-crosslinked fibrin polymer
and wherein said third chamber is adapted to collect
said fibrin monomer-containing solution following

~ said solubilization and, optionally, said enzyme

30 removal.

33. The process of claims 31 or 32 wherein

said third chamber is a syringe.
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Hes BB fibrin. .34. The process of claim 30 wherein said thronbin-Iike
enzyne is selected from Acutin, Venzyne, Asperase, Botropase, Crotal ase,
FI avoxobi n, Gabonase, Batroxobin and thronbin.

|\

o i
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34. The process of claim 31 wherein said
non-crosslinked fibrin polymer and said fibrin
monomer are selected from fibrin I, fibrin II and
des BB fibrin. '

5 35. The process of claim 31 wherein said

thrombin-like enzyme is selected from Acutin,
Venzyme, Aspefase. Botropase, Crotalase, Flavoxobin,
Gabonase, Batroxobin and thrombin.
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