W2011/ 135429PCT/ 1B2011/ 000891 APPARATUS AND KI T FOR ENCAPSULATI NG AT LEAST
ONE COVPOUND FOR THERAPEUTI C AND/ OR DI AGNOSTI C USE | N ERYTHROCYTES 5

TECHNI CALWBI28110 35429 The present invention rel ates t@canBapperoasius, a
kit, uses and a nethod for introducing at |east one conpound within
erythrocytes. 10 BACKGROUND OF THE | NVENTLON Many attenpts have

been recently focussed on the devel opnent of procedures for the targeted
rel ease of pharnmaceutical agents in specific sites in a patient or to

obt ai Z?Fpé‘RéT‘gWP’%lKé&s%ORoFN% JEATINCt Me LpatT SNE. CPECTY I8 |WNGHT TRat AREOR
effectiveness of a drug can increase when the appropriate target site is
effectively reached by the gihdGstat Wichntdxer@iddgrks preferably released in
the organ to be treated or in the cell to be treated. Furthernore, the
toxicity of a drug can be reduced when 20 the total ampunt of adm nistered
drug is mnimsed although maintaining its therapeutical action upon sl ow
rel ease of the drug. The interest in drug adm nistration systens rel ates
both to conventional agents, nmany of which are relatively sinple organic
nol ecul es, and to 25 nore conpl ex pharmacol ogi cally active agents such as
pepti des, proteins, enzynmes, antibodies, antisense oligonucl eotides, decoy
ol i gonucl eofTIR{BBNIGAIt KIRI&S, nucl eic acids, and conbi nations thereof, etc
-2 A field of recent interest relates to the use of red blood cells
(herei nafter desiTeat pdeasnt eriyvardcydrestebateRBESY ) ans apgatadiss + oar el ease
t herapeuti cal dosages of drugs in the blood circulation 5 in | ow doses or
at a desired&idit euFgsa i entMethed o fipthr dBYreSURAPIbeat | dBREF ANEh

bi ol ogically active agents and hy nmeans of a process in which the cell

menbr anes OFOEI}P@%'["%T%M Y e Ser neabl e and one or nore agents are

added t py t e, LAY RE ' Fll TnvenTIon

Many attempts have been recently focussed on the

development of procedures for the targeted release of
pharmaceutical agents in specific sites in a patient or
to obtain a slow release of drugs in the patient. It is
15 known that the effectiveness of a drug can increase when
the appropriate target site 1is effectively reached by
the drug, or when the drug is preferably released in the
organ to be treated or in the cell to be treated.
Furthermore, the toxicity of a drug can be reduced when
20 the total amount of administered drug is minimised
although maintaining its therapeutical action upon slow
release of the drug. The interest in drug administration
systems relates both to conventional agents, many of
which are relatively simple organic molecules, and to
25 more complex pharmacologically active agents such as
peptides, proteins, enzymes, antibodies, antisense
oligonucleotides, decoy oligonucleotides, cytokines,

nucleic acids, and combinations thereof, etc.



10 resealing the cell nenbranes. These "l oaded" or "treated" erythrocytes
of fer several advantages as drug rel ease systens and targeting systens as

t hey ar e woadagnsaabl e, can be maintai ned in the circul @Cirap20ionoosoing
periods of time and can be targeted to cells such 15 as for exanple

macr ophages. Processes for the preparation of a cell suspension | oaded
in a physiological solution are disclosed in German patent No. 23 26 244
and in Gernman patent applications published with No. (0S) 23 26 161 and 24

95 20 119, in whicgh th | nb f th t | db ti

pressure anhnan L?%c§%$%§$?t|g%¢?é§3§§?%ﬁ%$r. %%@g %%ZF8[E¥V¥§§3%y¥£SSgg c
. Ay crr el A oy

(Faresh 26 Tar gregp " IBRIEL OO (HERERANRERER | PdeBlong8H o0

133-142) disg&g%%§dgy%égmap§ylam%gﬁsag pQﬂ§phﬁégfggrgrqu;oc¥ £Sasht 1S

i ndi cated that "the suggested neth I nvol ves t ysis of erythrocytes and

that the treale@dpeut iVt HMAGES Sf eavaghedn HARL\WIood tel ScaPHPELR
menti oned or suggested that the concentration of the treated erythrocytes

must andd or iganlde deeeaset. adS patdertird 4s224. 343, 4 Zparalemnn eheal ), 5
di scl oses a nethod to prepare a nass of cells |oaded in suspension in a
sol ution i nergaddrogytes peapeds | rlypadedr hevicel | bdedbydeally ascekvernal |y
i nduced osnotic pressure or an electric field or both. The material to be
| oaded i ncl adents pandndeeumesals agénta whirolsesas ihe which the cell

membranes of the erythrocytes are made permeable and one

or more agents are added to the erythrocytes then
10 resealing the cell membranes. These “loaded” or

“treated” erythrocytes offer several advantages as drug

release systems and targeting systems as they are

biodegradable, can be maintained in the circulation for

long periods of time and can be targeted to cells such
15 as for example macrophages.

Processes for the preparation of a cell suspension
loaded in a physiological solution are disclosed in
German patent No. 23 26 244 and in German patent
applications published with No. (0S) 23 26 161 and 24 95

20 119, in which the cell membranes of erythrocytes are
lysed by osmotic pressure and an electric field,
respectively.

The paper “Erythrocytes as carriers of primaquine-
preparation: characterization and evolution” (Naresh

25 Talwar et al.; Journal of Controlled Realease, 20 (1992)
133-142) discloses the encapsulation of phosphate in
erythrocytes. It is indicated that the suggested method

involves the lysis of erythrocytes and that the treated



10 ability, when incorporated in a cell, to prematurely destroy the cel
menbranes, and a stabilising agent that can inhibit the reaction of the
phar mmcewocali/ageat with the cell nmenbranes. US pat ent PNI/TB204 78008214
(Franco et al.) discloses a 15 nethod for incorporating substances within
erythrocytes changing the internal osnogic pressure of RBCs by neans of the
action of chem cal agents, such as DMSO and gl ycerol, which can cross the
cell nmenbrane and enter the cells by diffusion. 20US patent N. 4.652. 449,
(Ropars et al.), discloses a nethod and an apparatus, to i,ncorporate

material s WOEMtRTOGHIRSOCyRES byWasdiisli ¢ PBPWSYAFe. THe méthodadcTfe
Thra im0 Mg Caisel | Bt SHRSTRESE Gty i ABIFURA Brbo8? | B8 bi ood
Wth the dr 1§ oaech B et dnqs o S B ol adiooes o4 a
T ted of fect | vakee P Srantt i dedt F et tolbuneRiail. R RIS " @

ani oni ¢, 5 0 3§ AYAY G ety 20} 'ké;t)_Qis'é hSmAQk RyfesNMt1S idaddg Yhrtually

i sotoni ¢ agueous nmeans at a concentration sufficient to cause the required

increases i BushRnpaloreali |4t ¥oRhtibh eakkeawlihiothd hredRsdiritpnoef the
cells. Heubsch et al., J. Cell. Physiol., 122:266-272 10 (1985), show that,

i n osnoti cakhe sewelllenmeablranet heydoahl eektpinal dyer ih@Gatefor osmbdhic
menbr ane detaches fromthe cytoskel eton of the cell, and the cel
consi der abl pressug® id¢1s 3nzelandriecdiesl & pier bobh. Thies migesrimt becur in

normal conditions. 15The patent apglication'mjth publ i cation nunber
EP1466968 dibscliesaledh mﬂ@e%\n@ rhanpareeticnlergapdulvwitiqly ks vhee

substances in erythrocytes., .
10 ability, when incorporated in a cell, to prematurely

destroy the cell membranes, and a stabilising agent that
can inhibit the reaction of the pharmaceutical agent
with the cell membranes.

US patent N. 4.478.824 (Franco et al.) discloses a

15 method for incorporating substances within erythrocytes
changing the internal osmotic pressure of RBCs by means
of the action of chemical agents, such as DMSO and
glycerol, which can cross the cell membrane and enter
the cells by diffusion.

20 US patent N. 4.652.449, (Ropars et al.), discloses
a method and an apparatus to incorporate materials
within erythrocytes by osmotic pressure. The method and
the apparatus have been employed and tested only on
large volumes of blood. This limits many applications to

25 employing autologous blood, i.e. blood obtained from the
same patient which will then receive the blood loaded
with the drug.

US patent N. 4.931.276, (Franco et al.), discloses



Revi ews of nethods for incorporating substances in cells are given by
Franco et al. in Life Science 20 32:2763-2768 (1983), Am J. Hematol.

17: 393- 4000(200885429e J. Cell. Physiol. 129:221-229 (198@rT1/1B2011/0088¢21hough
the use of erythrocytes as drug rel ease systens has been investigated by
many, the methods and the devi ces whi chgi npl enent these nethodol ogi es have
not 25 yet been devel oped to the point of being applied normally in
clinical practice, in diagnostics and in research. Furthernore, the

t hodol ogi d the deyi -5 devel oped up to, t sufficientl
{1 exi bl e as o BFFOICt o bBFa) PATYRTH GEVPES 1 GO Tichd BROHE fnifhe

ther apeut | ¢ .,4)30n08)d & andesgaraBalield. J niggsthaul ar oy fablawi ng the

pr ocedur es di ose nth e of e art, I'S often not posSSible to

obtain a pr =3 3{},3& L Asddal dyehe U[?&‘d ﬂ?é‘ tﬂ?cgi-é‘ngé’EééfiC £9r not

t her apeuti c) A recent” exanpl e of an apparatus for encapsul ating

a conmpound ighirAldlr Y 1BS disi RO S SSDFE bt PALEP! 1 d OnbS6h 38880

Al t hough this apparatus represents a consi derable | nprovenent with respect

to the pseviigus ghate oirthaiagyt, isotsniel atdp@douLonaldhs expensi ye and
difficult to use. In this connection, it should be noted that the operation
of the apparcanterfragmEitentsdisf 1dSHRO836 cane rse t heqpi ee@nircaadsebe
continuous intervention of a specialised operator which nust operate the

di fferent cdmpdientemfeabiel dpparfattise icelhe wbirheet skquadastrudhapsf ore,
the treatnent (loading) of erythrocytes is relatively tine-consum ng and

i nvol ves 20¢%thd&hg sleldfs + he operator naki ng ni st akes. The known

apparatuses cannot be appropriately carried. Due to the fact they cannot be
carried, the prodkdhscthe&ds €4 -thefef ofelbe cBRYSi@lout 1#2#é8PTAVEd

sccossiHie faERi-entBOWEEREr miFe, OFRGE KHONAY o e eEdty r ENFre

o orous ¢ BB e e il Bl Aile WeBE £nL e BLLRYE PLER' °°
the cytoskeleton of the cell, and the cell considerably
varies 1its size and becomes spherical. This does not
occur in normal conditions.

15 The patent application with publication number
EP1466968 discloses a method and a machine for
encapsulating active substances in erythrocytes.

Reviews of methods for incorporating substances in
cells are given by Franco et al. in Life Science

20 32:2763-2768 (1983), Am. J. Hematol. 17:393-400 (1984),

e J. Cell. Physiol. 129:221-229 (1986).

Although the use of erythrocytes as drug release
systems has been investigated by many, the methods and
the devices which implement these methodologies have not

25 vyet Dbeen developed to the point of being applied
normally in clinical practice, in diagnostics and in
research.

Furthermore, the methodologies and the devices



6 It is an object of the present invention to provide an apparatus, a
kit, a use and a nethod, which allow to overcone at |east partially the

dr awbackswohotinesebat e of the art and are at the same tipoe/BERYOI@8® cost- 5
effective to inplenment. SUMVARY According to the present invention
there are provided an apparatus, a kit, suses and a nethod according to the
foll ow ng i ndependent clains and, 10 preferably, according to any of the
claims directly or indirectly dependent on the independent clains. BRIEF
DESCRI PTI ON

OF ent.i on _w no; e descri bed
with refereﬂﬁ?%i?gégiaﬁx§ﬁm%ﬂV| ﬁedPQh ﬁi%f%ﬂ%QH¥¥¥u£&§ﬁ#%f)rﬁ?af?ve 15

enbodi nent s ere

di d
accordi ng t8 %ﬁka¥$v%ﬂ¥F%ﬁ E?@uﬁ8raaF§a raggéﬁaﬁgﬁgpﬁgrg%gﬁdna ©
enmbodi nent (th %Qﬁalrcat u;s d%oasﬁe éo t sé’é{xec?ﬁ”t f fgt [ ong

20figure 3 is a 5zagran1o nent of an apparatus hade _
accor di ng t 9,.the JH18SENtLyY AN PILg éﬂ@%f%{eaér@s Py &L f&s@mﬂee&éve vi ew

with details renoved for clarity of a reusa devi ce of apparatus of

figure 15 2%thit@urer Sché ardi ag'tarﬂgitdﬂté&pnédteﬂos%blle to obtain a
product that can actually be used in the diagnostic (or
therapeutic) field.

A recent example of an apparatus for encapsulating
a compound in erythrocytes is also disclosed in patent

10 Us6139836. Although this apparatus represents a
considerable improvement with respect to the previous
state of the art, it is relatively complex, expensive
and difficult to use. In this connection, it should be
noted that the operation of the apparatus of patent

15 US6139836 requires the presence and the continuous
intervention of a specialised operator which must
operate the different components of the apparatus in the
correct sequence. Therefore, the treatment (loading) of
erythrocytes 1is relatively time-consuming and involves

20 the risk of the operator making mistakes.

The known apparatuses cannot be appropriately
carried. Due to the fact they cannot be carried, the
procedure needs to therefore be carried out in dedicated
structures and it is not possible to operate at sites

25 which are more accessible to patients. Furthermore, the
known apparatuses require the continuous intervention of
specialised staff and are not always precise and/or

sufficiently effective.



details renoved for clarity, of the apparatus in figure 1; Figures 6 and 7
are side perspective views - 7 - with details renoved for clarity of the
appar at uswofofiyigss2e 5; figure 8 diagranmatically showspsomB2pandosoiof the
apparatus of figure 1; 5-figure 9 diagrammatically shows a di sposabl e
device of the apparatus of figure 1; _fggure 10 is a fluoroangi ographic

I mage obtained by using an infusion of erythrocytes |oaded wth |ndocyani ne
Green with a haematocrit of 6.4% and 10figure 11 is a fl uoroangi ographic

I mage obtai ned by using an_infusion of erythrocytes | oaded with |Indocyani ne
Green with a hae%ﬁt&&ri 8P3§$%>Q§w§§ﬁIﬂ§%ﬁ§Q§:lﬂ%?ﬂ?%ﬁ?ﬂﬁ?)@?&%b Qing to

a first aspect of th resent. 15 i nvention, _the i ravi,de n ar at us
for the (n PBIAPPFGACHR ai I'kst DritsBoRRBuR ACARt ST ccyias 8 |12
figures 1, QVFQFo%eaQH:81e£§€952kt}aiﬁ9'%ﬁh?ﬁd@éwﬁagﬁg'8fanﬁPR§E£E85 for
I nt roduci ng at” ['east onhe
of the art and are at the same time easy and cost-
5 effective to implement.
SUMMARY
According to the present invention, there are
provided an apparatus, a kit, uses and a method
according to the following independent claims and,
10 preferably, according to any of the claims directly or

indirectly dependent on the independent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described with reference

to the accompanying drawings, which show non-limitative
15 embodiments thereof, in which:

- Figure 1 is a diagram of an apparatus made
according to the present invention;

- figure 2 is a diagram of a second embodiment
of an apparatus made according to the present invention;

20 - figure 3 is a diagram of a third embodiment of
an apparatus made according to the present invention;

- figure 4 is a partial perspective view with
details removed for clarity of a reusable device of
apparatus of figure 1;

25 - figure 5 is a diagrammatic top view, with
details removed for clarity, of the apparatus in figure
1;

- Figures 6 and 7 are side perspective views



20 conpound within erythrocytes. In particular, apparatus 1 is adapted to
receive a sanple of bl ood containing erythrocytes; receive the sanple with
a physi olwgi2eali13sebuti on so as to separate the plasnma apdTasiiodsood cells
fromerythrocytes; swell the erythrocytes and |lyse 25 them | oad the
conpound within the erythrocytes; and-chose the | oaded erythrocytes so as
to obtain treated erythrocytes. In particular, the physiological solution
is saline -8 and is for exanple an aqueous solution of 0.9% NaCl

wei ght/vol une._ Accor di to alternative enbodinents,. it is another solution
Sui Labl e f oML HIRG2bEBod SRBFE | AOBarTiAA Y, OhePE hEERAIHEER aftpl e | 5 5
contacted vwéﬂé a first solution, the erythrocytes swell. The swollen

eryt hrocytes F%fiﬁﬁn exposed to a second solution, that |leads themto

partially or totally lﬁ%féﬁ)sgﬂgsﬁmﬁwgl!&S%ﬁ‘g%y%?é‘%?é%%té yged

erythrocytes are concentrated in a haenofilter: partially
lysed eryt hioey bepaFa oM aciqd, M4 tih at | east one conpound. Thereby, the
conmpound is distributed both inside and outside the |ysed or partially
lysed erythrocytes. |Figuliey WidHngreai tdicaing nehewsl es @f spbeawoapound
are introduced within the erythrocytes. The 15 erythrocytes, which (at this
stage of theepioecdfr ahe G ratue cnjigints lare t hen exposed to a sealing
solution. The exposure to the sealing solution induces the cell nenbranes
to seal back, thereby famamesul 20i nd st hea cofpuwmdaniativigrapid ccel imagae
so-called resulting 20 "RBC carrier” or "treated erythrocyte" is then
washed (wit ®btird neghebphyssindgiedal inbusieen ofs prevhsgsyvesndleaded). This
is done to renpve what has not been encapsul ated in RBCs during the

procedure. With Indoqvaning iGhgen with & iRt RCHte Shcapktl a2%¢ using 25
t he ne;ggds of the prezﬁpt i nvention. r@]ccordin to %ﬂ?E enpodi nent s,
the conmpound is Sel ect éd ¥¥6m tte gtBupconsi iV BATLHHS ogt APy
active agenty, a;phay "GOl 00 6ol Ly aCitY€:189°Ur erYthrocytes loaded

with Indocyanine Green with a haematocrit of 54%.

EMBODIMENTS OF THE INVENTION

According to a first aspect of the present

15 invention, there 1is provided an apparatus for the

introduction of at least one compound within
erythrocytes.

In figures 1, 5, 6, 7 and 8, numeral 1 indicates as

a whole an apparatus for introducing at least one

20 compound within erythrocytes. In particular, apparatus 1

is adapted to receive a sample of blood containing

erythrocytes; receive the sample with a physiological

solution so as to separate the plasma and other blood

cells from erythrocytes; swell the erythrocytes and lyse

25 them; load the compound within the erythrocytes; and

close the loaded erythrocytes so as to obtain treated
erythrocytes.

In particular, the physiological solution is saline



nanoparticles up to 500 nmin dianeter, a contrast nediumfor diagnostics,
a substance that nakes the erythrocytes identifiable with fluorescence,
optical, wegoatizss2and/ or echographi c detectors (and/ or wctrhsanyodsat her

met hod suitable to detect the contrast medi umincorporated by the procedure
in the erythrocytes). In particular, thg conpound is a drug, a nolecul ar
probe or a prodrug (i.e. a precursor of a biologically or pharmacol ogically
active agent). 10According to sone enbodi nents, the conpound is sel ected
fromthe group cpnsisting of: _peptides,

ol i gopept i d&%" o+§pé§Eid §?BP6?eﬁﬂ%,@ﬁ¥FﬁE§, S°1uti?n' of 0j9% NaCl

ngents. pr o Ea el HAtiEy ACGSEART ok B1EEPtaN et tmGeE | TR oY
[ | ..d | ej i . i | whi ch

vel F Rnown &8 aaghiey ebIlcledl Bt BHIE S AR diedds 000 Cour ihe

(6-MP) or azathi gpytd ngnand,thudg QQLnegBEﬂSpbﬁée MQéﬁQdarﬁaﬁBfBDnig used

as i mmunosuppressive 20 agents and 1 nhibitory agents for the growh of

mel i gn o2l | gontaetREBOSARY W atiedazdaldidi ditie (Adhhrshwesxyaképsi ne

(ddC) and di deoxiinosine (ddl), which are useful as anti-viral agents, in
particul ar irhet hsvdTBad mert thiroblbes 2hHFor thsan:@osed to a second

dexamet hasone- 21- phosphate (d-21P) can be encapsulated in RBC carriers and
when the | oadedtRBGs artat nieadkicelddemntbheacitialdlgt ory totsticy oiyse mammal ,
the d-21P is slowy converted to the drug dexanet hasone. - 10 -
Subsequently, the lysed or partially lysed erythrocytes
are concentrated in a haemofilter. The 1lysed or
10 partially lysed erythrocytes are contacted with at least
one compound. Thereby, the compound is distributed both
inside and outside the 1lysed or partially 1lysed
erythrocytes. In other words, some of the molecules of
the compound are introduced within the erythrocytes. The
15 erythrocytes, which (at this stage of the procedure)
contain the compound, are then exposed to a sealing
solution. The exposure to the sealing solution induces
the cell membranes to seal back, thereby encapsulating
the compound within the cell. The so-called resulting
20 “RBC carrier” or “treated erythrocyte” is then washed
(with the same physiological solution as previously
indicated). This is done to remove what has not been
encapsulated in RBCs during the procedure.
In particular, the compounds are encapsulated using
25 the methods of the present invention.
According to some embodiments, the compound is

selected from the group consisting of: a biologically

active agent, a pharmacologically active agent,



Si nce dexanet hasone can cross the cell nmenbrane of the carrier erythrocytes
(while d-21P cannot), this process ensures that the mammal is provided with
a const anyol2euelsseb the biologically active agent (in tlpcsiBas€eomsol

dexanet hasone) for a certain period of tine. According to specific
enbodi ments, the conmpound is selected_fgomthe group consisting of: am no
aci ds, oligopeptides (2-10 am no acids), polypeptides (10-20 am no acids),
proteins (nmore than 20 am no acids), 10 hornones, corticosteroids,

| ucocorticoids, FANS, gl utathione t oki nes, _toxins, oligonucleot]jdes (u
tgo 20 nucl e&?P&Q@f,tlﬁ&e%nUBPeoF?de%O(fm tll’?andiﬁmﬁﬁgf‘feot?ge%??t%%{: (e

i | eot i | yaucl i.d i ai di fied
Ol fone! otifistyantdaol WoueLBaLdes can SonLebcaneRLe MRSl thed, |
and the pol ypeptdes «ean ﬁaﬁh%ﬁ%i%ﬁeorwg%e £p b)f:%gge geno ﬁﬁtﬁéaﬂ am no
acid anal ogs. “I'n particul ar, the conpound is selecte romthe group
consi sting fhondiiko Ath ASr %,Eh%?ﬁﬁh&éfsdét?e‘é&@é“ 8naPLES ki th0! ARG i des

20 (10-20 amno acids), proteins (nore than 20 am no aci ds), hornones,

corticosyergicier ghdenear t §6PEA61e FANS, QA hicaee, oMt PKEBESmed D NS,
ol i gonucl eotides (up to 20 nucl eoti des), dexanet hasone sodi um phosphate and

bet anet hasonacsegod@tpidophatRe @rvicridurenein 28hiendasytdirices tgysgen (hCG) .
Accordi ng to sone enbodi nents, the conpound is selected fromthe group

consi sti ng phrtactilae,pdrereraipeginch|isagentyg peptmaesculantEroise dor nones,
dexanet hasone sodi um phosphate and bet anet hasone sodi um phosphat e,

gl ut at hi onea t pxodgussi gl -@ -st randeEargpublal sta arfkieell @Fi gohlic| e@¥i des
(whi ch may include nucl eotide anal ogues), nanoparticles with a dianmeter up
5 to 500 nnPhprogcedesicaddentstivifi@daiiine green (1 CQ, other agents

detectabl e by optical,_ .echographic or etic _resonance apparatuses, other
contragto agents ﬁﬁgprr‘ﬁdﬁlgoe%l?seﬁ‘@? d?’gggaé’t“?etﬁeangﬁﬁf %9‘58?;‘6? ahd ki nd.

10 L | 2 of {on. ch . an_ingroduci
i 173 Lo CBPMFOLRE Sansi e BHEal AR neCRytAF B0t obha i MePERMAT At us 1,

a separatin i f. epar at | %n% [Jfere (ponent s y)%‘p sanpl e
(in parti cu%al?"eﬂtoﬁee%g!lgser?sd and?’fgggh ot(ﬁéeé;’ cel IrBsr(?gr)om er ythr%(gzz e%f and a
conbi ni ng URplmencdi Ch EBRFPLESEEcROTBES! VOI §18cbLBrRRELIQEl T, Fon-

col l ection bag) and at which the erythrocytesS and the conpound are conbi ned

toget her sosgerbedaht aint it-he AlRRdRb8f WU ! §Srotdasdioihli becops ed that,
20 advant ageously, apparatus 1 has a weight |lower than 35 kg. Apparatus 1
i s therks or gleaayhionegr r eytokines, toxins, oligonucleotides and
other nucleic acids and nucleoside analogs which are
well known as useful therapeutic agents. These include
6-mercaptopurine (6-MP) or azathiopurine and fludarabine
phosphate which are commonly used as immunosuppressive
20 agents and inhibitory agents for the growth of malign
cells, and phosphorylated azidothimidine (AZT) ,
dideoxycitosine (ddC) and dideoxiinosine (ddI), which
are useful as anti-viral agents, in particular in the
treatment of AIDS.
25 For example, dexamethasone-2l-phosphate (d-21P) can
be encapsulated in RBC carriers and when the loaded RBCs

are introduced in the circulatory system of a mammal,

the d-21P is slowly converted to the drug dexamethasone.



Apparatus 1 also conprises an inlet 7 (in particular a perforatable septum
of reservoir 6) to take the conpound in reservoir 6; and a feeding unit 8,
whi ch 25 wonpriisegea channel 9 to feed the first sol uti egranghisosmbannel 10
to feed the second sol ution. The first solution is adapted, when

contacted with the erythrocytes, to sweld the erythrocytes and, in - 12 -
particul ar, consists of an aqueous solution of one or nore inorganic salts
with an overall osnmolality (i.e. adding the concentrations of all the

di | d [.t f baout 100 nmOsnm Kg t bout 0 m Kg. i 5
et oot ar Yikder [ d SRR e BB oD SRt hbe AR S bgthel

| uti ti f d t t ti f. .0. 9%
wei ght /vol i tavd et wflif) AegTBo Rt ccft S Ercottie
second sol Ut ict ¢AELECkaNSRBAN Astech i ldd YRIPT ! NEORNEER: 1O

| yse the erythrocytes and, 1n particular, ‘consists of an aqueous sol ution
of one or Mg JINosPanive SBEbIoWiER18) QuariBld ageBkal ({y Ehi® addeng up
the concentrations of all the dissolved salts) fromabout 10 nOsm Kg to
about 159 n@emdali@thMyond)n fér RArddraddial .pdrieod igBtriam ution consists of 6
vol unes of physiol ogical solution (aqueous solution of NaCl at a
concentration of ARcedsmicghtd vebaorfiandmBodahemnes , ofthdi sdomp@thd of s
dei oni sed) water. It should be noted that inlet 7 allows not only to 20

i ntroduce tselesmeoundraimt hther exeouwi rcaBisimiting soft:0 amkpot hacsésl i ng
solution into reservoir 6. The sealing solution is adapted, when in contact
with the erplhgopgpdddaso (éséfl ammer paidsdyt eposwraptidest (b@s20
partially encapsul ate the conmpound. In particular, 25 inlet 7 conprises a
per f or at abl 874&F uRF1AsS) . APEOLEIRS t d™e5Re ERBBdI ABnt3MiRAe 3ehffhg

solution is_a phosphate-inosine-glucpse-pyruyate-adeni ne (Pl GPA) _sol ution.
The bl B BRI oy ¢ oeel 53 PLESPas, PYT GRS AT AT FHang)

glutathione, cytokines, toxins, oligonucleotides (up to
20 nucleotides), polynucleotides (more than 20
nucleotides). The oligonucleotides and polynucleotides
can contain one or more modified nucleotides, or
15 nucleotide analogs. The amino acids, the oligopeptides
and the polypeptides can contain one or more modified
amino acids or amino acid analogs. In particular, the
compound is selected from the group consisting of: amino
acids, oligopeptides (2-10 amino acids), polypeptides
20 (10-20 amino acids), proteins (more than 20 amino
acids), hormones, corticosteroids, glucocorticoids,
FANS, glutathione, cytokines, toxins, oligonucleotides
(up to 20 nucleotides), dexamethasone sodium phosphate
and betamethasone sodium phosphate, glutathione,

25 indocyanine green (ICG).
According to some embodiments, the compound is
selected from the group consisting of: active

pharmacological agents, peptides, proteins, hormones,



- 13 - about 33 nmM NaH2PO4; about 1.606 MKC1, about 0.194 M Nad ; about 0.1
M i nosi ne; about 5 nmM adeni ne; about 20 mM ATP; about 0.1 M gl ucose; about
0.1 M pyrwoaveyi3sszd about 4 mM MgCl2. Accordi ng to ot hercenbmdi/nmatis, the 5
seal ing solution consists of an agqueous sol ution of one or nore inorganic
salts which has the sane or higher osmojplity than blood (i.e. the sane or
hi gher than 280 nOsm kg). I n an advantageous enbodi nent, about 5 m to 7 m
of the sealing solution are used to reseal a volune 10 of about 50-90 m of
| ysed erythrocytes. ratus ncentrating unit 11

L !
to concentr af‘}‘?éﬂ’(?&"rﬂl%f\sp l%s@hﬁ?ﬁgi"gg?co r?"(,r(ﬂles '?a"etg"(t)"ﬁfi}‘%n??di T \whi ch
i i 13 (i ti | .col | t.i b t | t
CPebt ea’ 15 B RRRE os otila B AAEL AoRiSR | SRl L2 s dhden | oL | e
a4 X ot roduc > . S the
it e feedollan StEHland (PR R0 gs SOBMAM oha 1fter 68 ST
parti cul ar, chanRRl &Y SN &S] Shin8haPRecPbs TR 8HChAMEL e 80T gol N

particular, system2 conprises a connection channel 14 between separating
unit 4 amd eMygu ngmUNElubredeent dngenite  adv¥RLROYe afiRash mentg) ,in the

25 present text, unless otherw se specified, by channel there is intended a
duct whi ch ioxheade apferalsastdaxaddtalsiied orbgabl eptad£l | al eclislgrapshdedi 6g t o
sonme enbodi ments, is substantially transparent in at |east sonme parts. In
magnetic resonance apparatuses, other contrast agents
that may be used as diagnostic means of any sort and
kind.
10 Apparatus 1 comprises a system 2 of connection
channels; an introducing unit 3 to carry the sample
containing the erythrocytes within apparatus 1; a
separating unit 4 for separating the different
components of the sample (in particular the plasma and
15 the other cells from erythrocytes); and a combining unit
5, which comprises a reservoir 6 (in particular, a
collection bag) and at which the erythrocytes and the
compound are combined together so as to obtain the
treated erythrocytes. It should be noted that,
20 advantageously, apparatus 1 has a weight lower than 35
kg. Apparatus 1 is therefore easy to carry.

Apparatus 1 also comprises an inlet 7 (in
particular a perforatable septum of reservoir 6) to take
the compound in reservoir 6; and a feeding unit 8, which

25 comprises a channel 9 to feed the first solution and a
channel 10 to feed the second solution.

The first solution is adapted, when contacted with

the erythrocytes, to swell the erythrocytes and, in



- 14 - particular, the duct is nmade of silicone, PVC or other polyners.
Moreover, it can also contain textile inserts to inprove the toughness.
Appar at uswb 200mmpséi28es a control unit 15, which is 5 adaptcedBtol/ewgust the
operation of apparatus 1. Figures 1-3 show the electric connections (or
connections by el ectromagnetic waves)_ et ween the control unit and the

di fferent conponents of apparatus 1 by neans of thin |ines. Advantageously,
control unit 15 conprises an 10 electric control unit and an operator
interface (HM), which is provided for exanple with a display and/or a
keyboar d t hPGGHCHIAdh tFRNObeFat 6F GIh ABHPPYSaf@IitifspPhy o Gperati ve

paranmeters and the operation ecifjcations. 15 ordin Q , SOnNE,
enbodi ment sMOFft r ??@l%nistai(%sco‘ﬁ’p‘? s8% LYerd aP&B‘ngaééﬁé’ugFﬁee(or in

Comnect o), SCROTOexaNpi &by kAt Toh2, €6, Ando 5 RiSeRanad 4BLEFL "

connected),a%

part i oul ar, saoficilogt 380¢hgaR ke Boeidout TURIUHAN KDL L v 5P

conprises adjusting neans 1 partic a val chare arranged

al ong channgh 18 -and ar &adapi et t oo pdi Ush tBAsELeW adlrong wdmanned 48

According to sone enbodi nents, channel 18 is connected to channel 14

bet ween sepahgkind odd dall tsdlandos Onbiglicdtisunédldtion ofl V@RIt acul &r,

adj usting neans 19 are adapted to totally occlude channel 18 (so as to
subst anti al tynpeaterit itdie qfastadfe wéighuydoalmey ehdnrdel5 k3lameks abfow -
15 - the free flow of fluid through channel 18. More in particular,

adj usti ng ndassildeconor skeicrdmed| embsrs which are adapted to deform
channel 18 so as to totally occlude the |umen of channel 18. Adjusting
means 19 are 5 oﬁ‘@aeats@m@%wqiomm ighiadapged, whewceprfiagted Wb
enbodi nents, the separating unit 4 conprises a centrifuge assenbly, 20 for
separ atithg the efyVRhEOFYESSandLEr %M@etréﬁﬁede€Y9¥ﬁ?6¥€?§s #2dm tHe ot her

conponents of the sanple. Areservair 21 (in .
P particu arlg? consists of an aqueous solution of one or

more inorganic salts with an overall osmolality (i.e.
adding up the concentrations of all the dissolved salts)
from about 10 mOsm/Kg to about 150 mOsm/Kg. More in
15 particular, the first solution consists of 6 volumes of
physiological solution (aqueous solution of NaCl at a
concentration of 0.9% weight/volume) and 8 volumes of
distilled (or deionised) water.
It should be noted that inlet 7 allows not only to
20 introduce the compound within reservoir 6, but also to
take the sealing solution into reservoir 6. The sealing
solution 1is adapted, when 1in contact with the
erythrocytes, to reseal the erythrocytes so as to at
least partially encapsulate the compound. In particular,
25 inlet 7 comprises a perforatable septum.
According to some embodiments, the sealing solution
is a phosphate-inosine-glucose-pyruvate-adenine (PIGPA)

solution. The PIGPA solution comprises, in particular,



10 particular, a collection bag) is adapted to collect what has been
separated fromerythrocytes fromseparating unit 4 (in particular)
centrifugeouniwi3zy Reservoir 21 is connected to centri PagaBami/no® by a
channel (in particular a channel of system 2) 22. 15According to sone
enbodi nents, centrifuge unit 20 conprises a (substantially horizontal)
plate 23 adapted to rotate and a separation bow 24 nounted on plate 23.
More in particular, centrifuge group 20 conprises a notor 25 (in

ticular, i th f 20 ti d i i d
Partent) - WABIRG o Sa0dp e NAHBEP et neRoREa: b 656 SR EBRE arl 14 B 2"
tical IS, 1_al i .
%6 1o det cctiGh: TP ap L nB5i e ROSE S D HOR b5F e BRAENEY) obi .
cyano haemoghpbidi. NagBRLOG Il a OXIREASE! Y anBAL §3h SPTSPFSVERE; TRARU NG
absor bance/transm ttance, measurement o fFuorescence, gnheti1c’ resonance,

acoustic waygdiRasyr e Nigel, 16accot8$A89r@aPhyinapd/in i ifdniRar apgker s
upstream of separating unit 4 with respect to introducing unit 3. In

particul ar, ssNsiolg 26o1st Béh apgadi 8t one £Channruebhd el yreri shaghebnd8 and
centrifuge unit 20. Sensor 26 is 5 connected to control unit 15 and is

adapted to cxmuoreatimorgininassbheen dgiiet eHaal atge chbamaelord 4htigheent r ol
unit 15. According to specific enbodi nents, sensor 26 is adapted to detect
oxygen (and/cemclial)itypsthaanbbbodepar at i nheusiamed an thi glespethano280

i ntroducing unit 3. In particular, sensor 26 is an ultrasound sensor
(for the def@sm/diwlof X ramdvaniacepamnenbadinment ( aaboubsb Bl sendor 26)
a Shore A hardness (measured according to ASTM D2240) |ower than_70 (and in
15 particul & Hghehet Fea1509 maEisatiare arF§dhitgneresamdn B0YOLEREr eby,

dotoct i Th adth A 3t e e D et SroTroBERar 26 Ts for example an
AO A0 W LT SSOIGER ASLECoha 86, LORESLBALT ). (Bl dg L oxgr o
26) . to concentrate the content of reservoir 6; and a
collecting unit 12, which comprises a reservoir 13 (in
particular a collection Dbag) to collect treated
15 erythrocytes.
Channel system 2 connects (i.e. allows the passage
of fluid between) introducing unit 3, separating unit 4,
combining unit 5, feeding unit 8, concentrating unit 11
and collecting unit 12;
20 In particular, channel system 2 consists of one or
more channels. More in particular, system 2 comprises a
connection channel 14 between separating unit 4 and
combining unit 5.
According to advantageous embodiments, in the
25 present text, unless otherwise specified, by channel
there is intended a duct which is made of elastically
deformable material and, according to some embodiments,

is substantially transparent in at least some parts. In



Sensor 26 allows to |imt the presence of polluting agents w thin apparatus
1 and to inprove the efficiency 25 and precision of the introduction in the
er yt hr ocywe=11Ass42ber nor e sensor 26 allows to obtain t heceapmti1/000891

di scrimnation between air and |liquids during the automated process,
thereby ensuring that the steps are - {lo/ - perforned correctly, and that
there is no air where liquid should be and vice versa. Sensor 26 pronptes
the correct performance of the process in its nore automated version.
5Feedi ng unit 8 conprises reservoir (i articular

connected t 83 G&%@?wrﬁQ%QQUEEaﬁﬁqug%ﬁogyg%%h??neRe§¥QKéQ %€QEBntalns

t he above nenéloned f| st solutipon. The eedln i ses anoh?er

reservoir 2BYASLE p QF?RH%E a hagF @hPEH GC 99&ﬁhé¥?% 1o 98¢
t hr ough cha@gehmggdyé §¥%§ 1%¥uﬁ§§§rv0|r 28 contains the above nmenti oned

second sol utTon ng unit 8 conprises adjusting nmeans 29 (in

parti cular a val y ¥Bha Wi BT ofibl 28880 22 it ANRNARL £ 9115 Atk A e1g0apt ed

to adjust the flo ong channe
5 adapted to adjust the operatlon of apparatus 1. Figures

1-3 show the electric connections (or connections by
electromagnetic waves) between the control unit and the
different components of apparatus 1 by means of thin
lines. Advantageously, control unit 15 comprises an

10 electric control unit and an operator interface (HMI),
which is provided for example with a display and/or a
keyboard through which the operator can modify and/or
display the operative parameters and the operation
specifications.

15 According to some embodiments, introducing unit 3
comprises a perforatable septum 16 (or in any case a
connection), through which the blood sample can be
injected (or connected), (for example by means of a
syringe 17) in channel 18 (in particular, a duct) of

20 channel system 2. Introducing unit 3 also comprises
adjusting means 19 (in particular, a valve), which are
arranged along channel 18 and are adapted to adjust the
flow along channel 18. According to some embodiments,
channel 18 is connected to channel 14 between separating

25 unit 4 and combining unit 5.

In particular, adjusting means 19 are adapted to
totally occlude channel 18 (so as to substantially

prevent the passage of fluid along channel 18) and allow



I ntroducing unit 8 conprises adjusting neans 30 (in particular a valve),

whi ch are arranged al ong channel 10 and are adapted to adjust the flow

al ong chanoebi11i@s42bn particul ar, adjusting neans 29 andp@®1Bfma1/2dsadapt ed
to totally occlude channels 9 and respectively 10 (so as to substantially
avoi d the passage of fluid along channelss 9 and 10, respectively) and all ow
the fluid to freely flow through channels 9 and 10, respectively. Mre in
particul ar, adjusting nmeans 29 and 25 30 conprise corresponding cl anp

el enent s mhlgg'age ada ed tqfd ﬁ nnel and rgsq_ctl 10 so as
to totally & Ee?he ?meﬁ> ﬁ%ﬁ% 0 8§ at 4Bl e
(|ndependentl of e. angt he troI i ng
unit 8 also g%ﬁﬁf?@%% pua(5 uéng %T‘ a Elg aﬁ?éam%de%%@gg %e first

and/ or secopgl ;39| tgfeoradagef@é&isté h§e58£‘i*&' BhQHnBT' t185 dPlas anne?&ﬂli uni t

4). In partlcular punpi means 31 are arranged al ong a

system 2) tgctavad had Imﬁez@n@f Oéhéﬁﬁe‘feigndAﬁqh@t‘ 9% trﬁzc_raﬂsghw:haﬁael 32.
Channel 32 connects channels 9 and 10 to channel ccording to sone

enbodi ment s ppeuiERiafd TEANTonk i) GO 1SR a perlstaltlc punp. More in
particul ar, punping neans 31 conprise a rotor, on which one or nore rollers

are nounted, whi alccdeiding (tdr oohé epmbbdimeht8? tdee atepinatiovg ngnat ong a
segnent of channel 32. Advantageously, collecting unit 12 conprises 15

adj usti ng méamenggises ch certoptugeabbsenplyodlr dourdepamtinadihet the
flow towards reservoir 13 fromsystem 2. In particular, adjusting neans 33
are arrange@raltdrgcyteisanaed/ gy (Wi syseaked), e RFO G @D ANt RS

reservoir 13. 20Adjusting nmeans 33 are structurally substantlally | denti cal
to adjustln@tP€5n5C9@P8ﬁ§n§§ afl opR? atL hafneFe867361&m 41 ~ (in

SUbSt anfd aI Idl%'?l IaCral avva 1 Seca%:df Lb g% rgesanasdangtggdtgocgflggt?nnﬁlE 9 and

has been separated from erythrocytes from separating
unit 4 (in particular) centrifuge unit 20. Reservoir 21
is connected to centrifuge unit 20 by a channel (in
particular a channel of system 2) 22.
15 According to some embodiments, centrifuge unit 20
comprises a (substantially horizontal) plate 23 adapted
to rotate and a separation bowl 24 mounted on plate 23.
More in particular, centrifuge group 20 comprises a
motor 25 (in particular, a DC motor with sensors for
20 detecting speed, direction and current), which is
adapted to rotate plate 23 about a substantially
vertical axis.
Apparatus 1 also comprises a sensor (or more
sensors) 26 to detect air, partial oxygen pressure,
25 carbon dioxide, haemoglobin, cyano haemoglobin,
haematocrit, osmolarity, optical sensors for measuring
absorbance/transmittance, measurement of fluorescence,

magnetic resonance, acoustic wave measurement



Advant ageousl y, combining unit 5 conprises a m xing 25 device 35 operatable
by control unit 15 to nove reservoir 6 so as to mx the content thereof. In
parti cul avp 20omi3s4zong unit 5 conprises a support plate BETHB20h00W®8I1

reservoir 6; and an actuator (of the known - 19 - type and not shown) to
nove (i.e. basculate) plate 36 and thergfare m x the content of reservoir
6. The above nentioned actuator conprises a stepper notor and 4
position sensors to control the horizontal 5 position of plate 36, the

e up to

oscillation an anqgl +/- 300 and the nmi ntenance of an an
So (s o B oo PPRGAE s PR o RS p EPERG S reGbrvors

(of the kno %?i'e 50 UL choti Rt e dtte (B Y anlie)
control |l abl I heat en re 644The
operation o the 5%?nggﬂ*%ﬁ%ﬁtb?s g%nt%gﬁﬁﬁggg %18L ra?ﬁ%éﬁ%?obeé of the

known type gadyagin Siphd o 15 488! eehtw@ugeehat 50 o hesanfoby2§ egdback by

means of control unit 15. Advant ageous nbining unit 5 also

conpri ses agopneEidd t hed ceahtﬂ@mushmlrtea% esahfie Wei ghddpded hetknown
type and not shown - for exanple a loading cell) 20 controllable by control
unit 15 to eeasmird ddre wehaht h&er begnunyteotrddi aédngn chaseiedoi 14 6to
Accordi ng to sone enbodi ments, concentrating unit 11 conprises a filter 37
(in particulcamtardlaemmfiit] t 85 .or Adcakysng f tbt esPpetdfsepaenmibedamnehtast
partially the 25 erythrocytes treated by a liquid (in particular, an
aqueous sol SENEPsuEh assf crdanked| € hadatiacst anygehe éavdnarsoriTi on, the

seal ing solution and/or a physiol ogical sqlution). .
upstream of séparating unit 4 ' 'with respect to

10 introducing unit 3.
In particular, sensor 26 is an ultrasound sensor
(for the detection of air bubbles). Channel 14 has (at
least at sensor 26) a Shore A hardness (measured
according to ASTM D2240) lower than 70 (and in
15 particular higher than 50; more specifically higher than
60). Thereby, sensor 26 can appropriately adhere to
channel 14 (and therefore perform its detection
activities with greater precision).
Sensor 26 is for example an AD8/AD9 ultrasound
20 detector of Introtek®. Channel 14 is for example made of
PVC XS of Sorin Group® Italia (at least in the area of
sensor 26).
Sensor 26 allows to limit the presence of polluting
agents within apparatus 1 and to improve the efficiency
25 and precision of the introduction in the erythrocytes.
Furthermore sensor 26 allows to obtain the exact
discrimination between air and liquids during the

automated process, thereby ensuring that the steps are



- 20 - Concentrating unit 11 conprises an aspirator 38 (in particular,
a vacuum punp that can al so operate the other way around as a conpressor in
parti cul avoeolwuisseps of the present invention, which arecmaBdi/s@sosed 5
herein), which is controlled by the control unit 15 and is adapted to suck
at |east part of the liquid through filter_37. Aspirator 38 is controlled
by one or nore pressure sensors of the known type (not shown herein).
Accordi ng to sone enbodi nents of the present 10 invention, aspirator 38 can
i ntroduce air w thin the channel §¥§ em?2, to test fhe hydraulic sealing

t her eof andPFELCRPSA sCREFREEL Ypo o wFPRTPeshRcd 02&dj UERPRE neans
on which it i.s _pasitioned. .Concentrating unit, 11 al so co ises a
Ceservorr 33 EERE AN ke Q. BAGROVEREP o SRRSO A OTOr S| TEE: ¢ he
l'iquid that S fidt 7 Punpi ns._ 4 al so
provi ded toc\tgg ggt%h %%gtrﬁ%%% dréesté#ev%ﬁo 5 10%%%%(15\,?$h§%$r{1%{:8§7_ n
particul ar, yeystiem 2 conprises a channel 41, through 20 which, in use, the
material to be filtered and already subjected to filtration passes from
reservoig 6 to fipde@fing/ anfitvi C® vebmpridhd, aCCHIENGJiG SO  (in
enbodi nents, a suction channel 42, which connects filter 37 to reservoir 6
and in the pasgielulaft cla t bagphr,eswtien25isequbhrdcted nmoyi ngysbemf | i ds

al ong channel 41 is created. Punpi ng nmeans 40 are arranged al ong
channel 42 &hdoaghachagesls|dy aomydtsm £ pResdmardic Jungontdiesi bhe- 21 -
particul ar, punping neans 40 conprise a rotor, on which one or nore rollers
ar e nount edabgiviec Readfionad thimsttt |s®luwhamel 42 repeatedly noving al ong a
segnent of channel 42. 5Channel, system 2 al so conprises a channel 43, which
connects filter Fhe daadiag oM 3Eomprd ses RitidIeu 4 eIREVRbANeEt §10

reservaoj I 39 to . aspirator 38. ) .
16 particular a Dbag), which 1is connected to system 2

through channel 10 of system 2. Reservoir 28 contains
the above mentioned second solution.
Introducing unit 8 comprises adjusting means 29 (in
particular a valve), which are arranged along channel 9
15 and are adapted to adjust the flow along channel 9.
Introducing unit 8 comprises adjusting means 30 (in
particular a valve), which are arranged along channel 10
and are adapted to adjust the flow along channel 10.
In particular, adjusting means 29 and 30 are
20 adapted to totally occlude channels 9 and respectively
10 (so as to substantially avoid the passage of fluid
along channels 9 and 10, respectively) and allow the
fluid to freely flow through channels 9 and 10,
respectively. More in particular, adjusting means 29 and
25 30 comprise corresponding clamp elements which are
adapted to deform channels 9 and respectively 10 so as
to totally occlude the lumen. Adjusting means 29 and 30

are operatable (independently of one another) by control



Apparatus 1 al so conprises another feeding unit 45 to feed a third solution
(in particular, a physiological 10 solution). In particular, feeding unit
45 conpriweoadissebi ng neans 46, which are operatabl e byceatooboogsni t 15 to
adjust the flow fromfeeding unit 45. Accordi ng to the enbodi nent
shown, adjusting neans 46 are arranged jgd ang a channel 47 (of system 2). 15
Adj usting nmeans 46 are structurally substantially identical to adjusting
means 29 and 30 and operate on channel 119.38 cma substantially identical
way as adj usti.ng ans 29 and 30 on channels 9 and 10. Advant ageously,

feedi ng uni s &genpri ses a 20 reservoir 48 (in particular, a bag), which

contains the phy;&gﬁﬁﬁfcal fgl%}iQEsang isrfonnectedeP CQ@”%@' §ysten12,
in particular, throug Jehdhnel 47 %{B%ar‘?ffus L (R0l coﬁﬁlr Pses punpi ng

means 49, WhgRAT 5 APCLALABLR DLoCORLLAl PALL 4B-apd Z/aHaniedotg 25

nmove fluids at st between the I'ntroduction, separation, conbination and
collecting 4ght®idn 4towafd e AdVARLAGRGUSLY £ PWIDI(BY NBahsS-40iREe

adapted to nove fluids between the introducCtion, separation, - 22 -

combi nat3 onungel lecti ef gng-dieadidy, UpLkpidg %edns 121 aBGeAdarrange®uUnpi ng
means 49 are arranged al ong channel 14. According to sone enbodi nents,

punpi ng neandoh® canmtaamdl a3per (of aldysrgmnp) Mo e movepathiecuf frst punpi ng
means 49 conprise a rotor, on which one or nore rollers are nounted, which
def orm (t hr end/e)x dilemnséciddr epdattddiny thomough abbagnelségnenthafinehannel
14. Advant ageousl y, introducing unit 3 and collecting 10 unit 12 are
connect ed t é2c 6oRBECten chigamedis P4 apst ke F puahsinmelneldhs 49 and conbi ni ng
unit 5. Feeding unit 8 (and possibly feeding unit 45) is also connected to
connection channéCCPFAEGeER PROMT nEHROSHIIY Sind PESRENG ngeaRst &L

10 comprise a peristaltic pump. More in particular, pumping
means 31 comprise a rotor, on which one or more rollers
are mounted, which deform (throttle) channel 32
repeatedly moving along a segment of channel 32.

Advantageously, collecting unit 12 comprises

15 adjusting means 33, which are operatable by control unit
15 to adjust the flow towards reservoir 13 from system
2. In particular, adjusting means 33 are arranged along
a channel 34 (of system 2), which is connected to
reservoir 13.

20 Adjusting means 33 are structurally substantially
identical to adjusting means 29 and 30 and operate on
channel 86.36 cm a substantially identical way as
adjusting means 29 and 30 on channels 9 and 10.

Advantageously, combining unit 5 comprises a mixing

25 device 35 operatable by control unit 15 to move
reservoir 6 so as to mix the content thereof. 1In
particular, combining unit 5 comprises a support plate

36 to house reservoir 6; and an actuator (of the known



15According to sonme enbodi nents, the apparatus al so conprises adjusting
means 50, which are operatable by control unit 15 and are arranged al ong
sai d chanwel2oiihis42n particul ar, adjusting nmeans 50 are acrasgadodsimeen
feeding unit 8 and separating unit 4. 20Adjusting neans 50 are structurally
substantially identical to adjusting-mgans 29 and 30 and operate on channel
14 in a substantially identical way as adjusting neans 29 and 30 on
channel s 9 and 10. According to sone enbodi nents, adjusting neans 50 25 are

arranged between separating unit 4 and feedin nit 8, According t
speci fi c enb88FmMARS, 1] jﬁ%FWﬁﬁ neAnZO8E e rkéﬁﬁﬁﬂlﬁg?&e§ﬂ%ﬁ%r%%ucing
unit 3 and Il ecti ynit .12 ¢and ssi.bly. feeding.unig 45) on one side
and - 23 -gggn%ﬁﬁf%gog% e &%let ﬁé)%g:t i oxsgc‘l 5ee.seﬁé’é%olrrdi6ﬁfg to the

g Tont s, STounea st TG RIGAE £66,0ESeTaRch e Pl ggepeare 1

and conbining unit 5. ordi ng are not

shown, 5 appgkeatkUsinh h#ispBe; adbHS IS IRANS, Sontrol ABAY 1
apparatus 1 also conprises a wei ghing device 51'which Is adapted to detect

the wei ght pbshiesenyefl latea Bk 28chdebgbi N¥adeyhCBydhn andjlso wslagbed to
detect the weight of reservoir 39. 10 Advantageously, weighing device 51 is
adapted to deétedD t mdwilghtmaint@s@tic®i 6f 2an Aaglediupg tico 450Te( embodi ment s
(not shown), weighing device 51 is adapted to detect the wei ght of
reservoir 48pre inclined position is taken during the emptying of
reservoir 6).
Advantageously, combining unit 5 also comprises a
10 heating element (of the known type and not shown - for
example an electric resistance) controllable by control
unit 15 to heat the content of reservoir 6. The
operation of the heating element is controlled by
temperature probes of the known type and not shown to
15 control the operation thereof by feedback by means of
control unit 15.

Advantageously, combining unit 5 also comprises an
element that continuously measures the weight (of the
known type and not shown - for example a loading cell)

20 controllable by control unit 15 to measure the weight
(or volume) contained in reservoir 6.

According to some embodiments, concentrating unit
11 comprises a filter 37 (in particular a haemofilter or
dialysis filter) to separate at least partially the

25 erythrocytes treated by a 1liquid (in particular, an
aqueous solution such as for example the first and the

second solution, the sealing solution and/or a

physiological solution).



Accordi ng to sone enbodi nents (not shown), weighing 15 device 51 is adapted
to detect the weight of introducing unit 3. Wei ghi ng device 51 is
adapt ed twotwansgsizbd the detected data to control unit 1pcThB20080d08€LI ar,
control unit 15 is adapted to adjust the operation of adjusting 20 neans 29
and 30 of punping nmeans 31 and of aspirgjor 38 as a function of the weights
of reservoirs 27, 28 and 39 detected by wei ghing devices 51. Accor di ng
to some enbodi ments, aspirator 38 can introduce air within channel system 2
before the 25 opg,rator i_ntr.oduces. syringe 17. containing.the blﬂgd .o test

the hydraul i o sesPHTEHEERT M v (5P S87 10 (A POT T Bhi 6 WHEh
. . . TR i q. - ] A
L??gfcdesgrF%?Fg%hg%&?Rgagﬁgggfggn%%#&%pgg?gfd%ﬂil%g ?58 658 %heF%?nafter

starting fremmarl iR a%&%&%erﬁﬁ%éﬁcﬁf %P%%ﬁh:’géu‘r?};% ;%ggﬁ%&ﬁéough

septum 16 by neans of syringe 17 ( al'so a 5 bag).

The fol | oW ag deser i pircdeniPeGidvatidd) esthidheranse gxpl 1 @i stvosadi cat ed,
that the different parts of apparatus 1 are controlled by control unit 15.
During t3e hejredh)qQn wifidiei s aspherodlpdsbiyngheeadst2dl Ithiand Z6ande

mai nt ai ned cl osed whil e adjusting 10 neans 19 are nmai ntai ned open and

punpi ng neans 4dapned the saokl ett dwass saEpar afi npeuntiiiquid Mhooudb | s
operated so as to rotate plate 23 (and separati on bow 24). Wen the whole
sanpl e has &alléead 3h. sdpmiaEitonr bdM i24, corpsolled dHat cone e porgence of
conpounds (in 15 particul ar oxygen) al ong channel 14, adjusting neans 19
are cl osed &ﬁ&séﬂF@sﬁi%%@y@%r@%ﬁéﬂ?%o(ft%atshq}'é’l pgrsEe Pl bgi cal

sol ution reaches separati on bow 24, At this point, separation bow
24 separates thePECPIRLEGyt d° f rIPME he®PPasiReRRE offer g | PTEPERR are 20

ke 40 BB aspiearPht la SERN SHACKadich Il HRpRC! 870

QSFEL??ngeﬁéglﬁé%ﬁn%ﬁﬁaim@g edipsthaonRantn it 8 Ak Sehsbasgd and
and verify its correct positioning with respect to
adjusting means on which it is positioned.

Concentrating unit 11 also comprises a reservoir 39

15 (in particular a bag or a rigid container) to collect
the liquid that was passed through filter 37.

Pumping means 40 are also provided to take the
content of reservoir 6 in contact with filter 37. In
particular, system 2 comprises a channel 41, through

20 which, in use, the material to be filtered and already
subjected to filtration passes from reservoir 6 to
filter 37 and vice versa; and, according to some
embodiments, a suction channel 42, which connects filter
37 to reservoir 6 and in the area of which the pressure

25 required for moving the fluids along channel 41 is
created.

Pumping means 40 are arranged along channel 42 and

advantageously comprise a peristaltic pump. More in



25 At this point, punping nmeans 49 are stopped and punpi ng neans 31
operated so as to take the first solution into reservoir 6. During the
transfer wdwhesbiwst solution within reservoir 6, adjugtirng0meenss30 - 25
- and 50 (in particular, also adjusting neans 19, 33 and 46) are nmaintai ned
cl osed while adjusting nmeans 29 are maigt ai ned open. The operation of
punpi ng nmeans 31 (and therefore 5 the amount of the first solution taken in
the reservoir 1) is adj usted by control unit 15 on t he basis of t he wei ght
(in particul a 1 the variation of th% meight reservoir tﬁcted by
wei ghi ng de?a&)é:lﬁl 3oc FURGY arer Adt FORP 8d|am§ﬁ r’aa‘?rhs‘f’ hg™1

means S0 ar g iyt e QDALA0 LNatn Rt thecd Aéé#%érﬁhréﬁ%dféfhes

separation D o) as Wash: separ ati on’ b oW S case

portion of E'i‘l%rfrierlshlfofé%é&@e& tmb¥i1hgkghohy g€ gﬁér&“ $PWen %ﬁn ?I st

transferred to reservoir operating puhping means 15 Once

sol ution haggbeen introduced in reservoir 6, punping neans 31 are | ocked
and the actuator of plate 36 is operated so as to gently tilt reservoir 6.
The tiltsng proceddhirdalr Stdm P 20 48 nebmgsei doerehyhaihel e4y) hyacyhes are
at least 20 partially swollen. After tilting, the content of reservoir
6 is taken iconmesdmariiivarbom 284 hesepercdtd ng9 purgndnga medanndd aad

mai nt ai ni ng adj usting neans 50 open. In separation bow 24 (when
punpi ng neat$atg commes sstugsEadjoithe httd exsnipatrar 38y swol | en
erythrocytes are concentrated by the operation of notor 25. After
havi ng concent r at@PanaEus vk rbegt eeMPrpEef 2apothest dgrsdnghdipiiepthg neans

49 are activated so as_. - 26
to feed a third solution (in particular, a physiological

10 solution). In particular, feeding unit 45 comprises
adjusting means 46, which are operatable by control unit
15 to adjust the flow from feeding unit 45.
According to the embodiment shown, adjusting means
46 are arranged along a channel 47 (of system 2).
15 Adjusting means 46 are structurally substantially
identical to adjusting means 29 and 30 and operate on
channel 119.38 cm a substantially identical way as
adjusting means 29 and 30 on channels 9 and 10.
Advantageously, feeding unit 45 comprises a
20 reservoir 48 (in particular, a bag), which contains the
physiological solution, and is connected to channel
system 2, in particular, through channel 47.
Apparatus 1 also comprises pumping means 49, which
are operatable by control unit 15 and are adapted to
25 move fluids at least between the introduction,
separation, combination and collecting units 3, 4, 5 and
12. Advantageously, pumping means 49 are adapted to move

fluids between the introduction, separation,



to take the at least partially swollen erythrocytes back into reservoir 6.
At this point, adjusting neans 50 are closed and punpi ng neans 31 are

oper at ed wgabn/mei2at ai ni ng 5 adj usting nmeans 29 open angcadpraipmgoineans 30
cl osed so as to take the second solution into reservoir 6. Accor di ng
to alternative enbodi nents, adjusting means 50 are mai ntai ned open so that
part of the second solution reaches separation bowl 24 so as to wash 10
separation bow 24. In this case, the portion of the second solution that
is taken in separati.on bow 24 is transferred.to reservaojr oper at I, ng
punpi ng neafr® Patlanﬂhﬁo%iﬁ?ﬁfPBnaGQ ﬁﬁgnﬁﬁﬁESSii(agd &ﬁeriéore t he
anount of the ﬁg@pnd solution taken in reservoir 1) 15 is adjusted by
control uni H the basis of the weight (in particular, of the variation

of the veight) ofpiigseryoh,28 dps ectad by Mkl 1A SRy Chadher 14 OTCE

t he second solution“has been introduced 1n resServoir 6, punping neans 31

are |ocked gl 2D @ IHO erffodlit 36 SRy hesh §048SchRpPERL! y ti |t

reservoir 6. The tilting operation proceeds for about 1- 30 m nutes,

advant aggougl Ybe-i2d Nt gumpl hewhy , id et YT DE Y L SSmBi 8g aheb8ESLI
partially lysed. During m xing of reservoir 6, adjusting nmeans 50 are kept
cl osed. 25 Abmiptisepoant ropohpi ngh medrishd40oaee apemaired trollleke taeecont ent
of reservoir 6 to filter 37 through channel 41. When the erythrocytes have
reached fil meun¥ad,pusipicl dedostdO( @ stloppedhandedspi4 arepedBedsy - 27 -
then operated so as to concentrate the at |least partially |ysed

eryt hr ocyt ediovimg @disenta earents Qerdirnnel ukdi| an appropri ate anount of
fluid is recovered in reservoir 39. The correct content of 5 reservoir 39

i s measured by dANEIGRYIINS N i ARFBAABELIREe Uitgh? PG eS@EVBFELIBE by

means of g wel ghing, fleyi ge Bl LA NS U918, c L ORSIRMLON £ n3eRbLA! o7 38
pumping means 49 and combining unit 5. Feeding unit 8
(and possibly feeding unit 45) is also connected to
connection channel 14 between pumping means 49 and
combining unit 5.

15 According to some embodiments, the apparatus also
comprises adjusting means 50, which are operatable by
control unit 15 and are arranged along said channel 14.
In particular, adjusting means 50 are arranged between
feeding unit 8 and separating unit 4.

20 Adjusting means 50 are structurally substantially
identical to adjusting means 29 and 30 and operate on
channel 14 in a substantially identical way as adjusting
means 29 and 30 on channels 9 and 10.

According to some embodiments, adjusting means 50

25 are arranged between separating unit 4 and feeding unit
8. According to specific embodiments, adjusting means 50
are arranged between introducing unit 3 and collecting

unit 12 (and possibly feeding unit 45) on one side and



t herefore the anobunt of the aqueous solution taken into 10 reservoir 39) is
adj usted by control unit 15 on the basis of the weight (in particular, of

t he vari avoaniiofBsi2he wei ght) of reservoir 39 detected bycmaBghi/n@sgevi ce
51. After the at least partially |lysed erythrocytes 15 have been
concentrated, aspirator 38 is stopped gyl punping nmeans 40 are operated so

as to take the erythrocytes back into reservoir 6. The oper ator
therefore injects the conpound through inlet 7 and subsequently plate 36 is
tilted for about, 1- 20 45 m nutes. After tiltin t he opera i njects

the seal i ngCOBRITISY | WRDE r EsePWoithes PHRTgR i0R- et AGCOREIRY; é"opoﬂrﬁ? t he

' | t.ed f t 10-40. t t t { f_ab
25-40C 50 as—n{D' GHERS (R 25 DR | D 5kt A Br yPHT By R

The content Wre%%n%%{gl@ |H§eag§ter4egf (gn%t A nfi:]r{ggequ}ﬁ ser voir 13 bS/

operating punplng aining ad) nmeans 50 and 33 open and

ﬁglaﬁgt Izggan;l gg) AdEAE éﬁcorg?c#?e cLAs6dif n%ﬂaga%&%%l Ar i adhyeh! N9
gto an e I ment (not shown), apparatus 1
has no pUmPbLpgaRads 31 hdd ddissfkasend Meddd sfo and the

Advantageously, apparatus 1 also comprises a
weighing device 51 'which is adapted to detect the weight
of reservoirs 27 and 28. Weighing device 51 is also
adapted to detect the weight of reservoir 39.

10 Advantageously, weighing device 51 is adapted to detect
the weight of reservoir 21. According to some
embodiments (not shown), weighing device 51 is adapted
to detect the weight of reservoir 48.

According to some embodiments (not shown), weighing

15 device 51 is adapted to detect the weight of introducing
unit 3.

Weighing device 51 is adapted to transmit the
detected data to control unit 15. In particular, control
unit 15 is adapted to adjust the operation of adjusting

20 means 29 and 30 of pumping means 31 and of aspirator 38
as a function of the weights of reservoirs 27, 28 and 39
detected by weighing devices 51.

According to some embodiments, aspirator 38 can
introduce air within channel system 2 before the

25 operator introduces syringe 17 containing the blood, to
test the hydraulic sealing thereof and verify its
correct positioning with respect to the adjusting means

on which it is positioned.



5 second solution are noved in virtue of punping nmeans 49 and appropriately
control the above nentioned adjusting neans. Figure 3 shows a vari ant
of apparavoofi/i3bey differs from apparatus 1 of fi gurespiTapzh18o@adly
because 10 apparatus 1 has no punping neans 40, conprises adjusting nmeans V
(in particular, arranged al ong channel J4 between punpi ng nmeans 49 and
separating unit 4) and channel 42 is connected to connection channel 14 (in
particul ar, between punpi ng nmeans 49 and separating unit 15 4). In this
case, the transfer _of, the content, of reservoir 6 to filter 37 is perforned
by operating punpi RF iefariesfyr id Oith die rﬁP%‘ﬁﬁ%’s‘?Pﬂrf#n%%ﬂ%r%ﬁu pen and
adj usting neans,.V cl ose .hAd'usti g nmeans V are_structurally substantially
20 identicalSt FERFIRTS ﬁﬁéﬁgafg End 88 SR o @ %ﬁm@ha $212% n a

subotant ol bl 4900 ol %, o ebLassERRTE, S A% Aetgclg O o

10. Figure variant appar ar us concen e the

{reated eryiBRagy B BoEpRGe! B9 ARliaNSIan d Cal E3epUoephdcctIGy agl ant of

figure 2 differs from ariant o Igures 1 and exclusiv y

conpri sigg %a%!-’r.t hefndi | @R 1941k p@éééfg;h@{oﬁ hagimiiifitedr, orufliasysing
filter) and adjusting neans 53 - 29 - and 54 (operatable by control unit
15). Filter cvhecand sadjaigiliing tansbit el Moty i e et dbPfeedanneast41l and

42 and are adapted to concentrate the at |east partially treated (and
washed) eryolir eppaeathef dr @atdeontrolled by control unit 15.
During the injection of the sample, adjusting means
50, 33 and 46 are maintained closed while adjusting
10 means 19 are maintained open and pumping means 49 move
the sample towards separating unit 4. Motor 25 is
operated so as to rotate plate 23 (and separation bowl
24). When the whole sample has entered in separation
bowl 24, sensor 26 detects the presence of compounds (in
15 particular oxygen) along channel 14, adjusting means 19
are closed and adjusting means 46 are opened so that the
physiological solution reaches separation bowl 24.

At this point, separation bowl 24 separates the

erythrocytes from the plasma and other cells, which are
20 taken into reservoir 21.

After separation of the plasma, motor 25 is stopped
and the erythrocytes are taken into reservoir 6 by
operating pumping means 49 and maintaining adjusting
means 19, 46 and 33 closed and adjusting means 50 open.

25 At this point, pumping means 49 are stopped and
pumping means 31 operated so as to take the first
solution into reservoir 6. During the transfer of the

first solution within reservoir 6, adjusting means 30



5 erythrocytes are transferred to reservoir 13. Adjusting neans 54 are
arranged al ong channel 41 between reservoir 6 and filter 37. Adj usting
means 53 woadobsi3ane structurally substantially identicalpcraBady/o®going neans
29 and 30 and 10 operate in a substantially identical way as adjusting
means 29 and 30. In use, in partigggar, after the at |least partially
treated erythrocytes have been obtained in reservoir 6, the content of
reservoir 6 is taken to filter 52 by 15 operating punpi ng nmeans 40 and

mai nt ai ni ng adj usting neans 54 _cl osed and a¢dj usti ng neans 53 apen. en the
eryt hr ocyt e@aRY r E5RhBETELCLERTE2 A AR FERS B62RFe Ihophtd@Bitd

aspirator 38 is operated so ag tqQ concentrate the at |east parjJ al

treat ed ery%ﬁﬁoéVﬁ%smaiﬁt?ﬁﬁeaoﬁﬁ@ﬁ%&%fﬁﬁﬁﬁ saé%V?g?ﬂ%dmﬁﬁﬁ% %glar

appropriatengﬁg&%p of fl%gg is recovered in reservoir 39. After the at
y

| east partia ﬁé%‘%éxﬁrythrocytes have been concentrated, aspirator 38

| s stopped and puipl ng,gE2050A0 A CoORBTAL MRS O (LBHE EhiergryLBr ooyt es

back into 25 reservoir 6. tageously, apparatus 1 conprises a

di sposabl e Qe Gamt SO€ ERe PALFEEULBALLHBHN & a¥enMiirt e kOMPEEELGoRL! the
parts of the apparatus which cone into direct - 30 - contact with the

erythrocyteg.) lis pagfustbar bydeyorcerSb GANPr i1Seort heR8ebasyist & 2the
reservoirs 6 and 13 and inlet 7. According to sone enbodi nents, (for

exanpl e t hatwedlgdmn (in f pgut&cl)adeviofe 35 avapiavipni ofs tthe wefghter/s 37
and/ or 52, reservoirs 27, 28 and 48 and separation bowl 24. Advantageously,
devi ce 55 alofo resmnicies 27esktaritesl Xy areii going devige shbul d be noted t hat
device 55 conprises the only parts that are in contact or could potentially
cone 10 in cont adcagindinche st ol teammatise temoduleRres 55 @@J@$Eb6§able
considerably sinplifies the use of apparatus 1 and inproves the_safety and
speed of0us@eans Shpnemadntained OH®HY isRsthateharhl €fdee et 555twhi ch

is adapted to_serve as a support on i ch devi.ce
P solution reaé%e%p separgglon owl 24 so as to wash

separation bowl 24. In this case, the portion of the
first solution that is taken in separation bowl 24 is
transferred to reservoir 6 operating pumping means 49.
15 Once the first solution has been introduced in
reservoir 6, pumping means 31 are 1locked and the
actuator of plate 36 is operated so as to gently tilt
reservoir 6. The tilting proceeds for about 5-20
minutes. Thereby, the erythrocytes are at least
20 partially swollen.
After tilting, the content of reservoir 6 is taken
into separation bowl 24 by operating pumping means 49
and maintaining adjusting means 50 open.
In separation bowl 24 (when pumping means 49 are
25 stopped) the at least partially swollen erythrocytes are
concentrated by the operation of motor 25.
After having concentrated the erythrocytes, motor

25 is stopped and pumping means 49 are activated so as



15 55 is nmounted. Sone details of an enbodi ment of device 56 are shown in
figure 4. Devi ce 56 conprises punpi ng neans 49 and adj usti ng neans 29,
30 and 33woActiongizng to some enbodi nents, (as that showrcCrnBiolgoossd)
device 56 al so conprises punping 20 neans 49, adjusting neans 19 and 46,
the nmotor to rotate plate 36 (and, advayy ageously, plate 36). Device 56
advant ageousl y al so conprises aspirator 38 (and advant ageously sensor 26
and wei ghing device 51). According to specific enmbodinents, device 56 also

25 conprises adj ing neans 50. In particular,_ device 56 al s0 co i ses
punpi ng meams §%%§h&Mﬁ'@ﬂ)leaSt Rar ﬁ%ﬁﬁ%&§W°¥ﬁﬁﬁﬁ%ﬁ¥F%ﬁ°%%He%8b$8%icate a

| ocki ng arm.,and a hou5| f separation bow 24, respectively. - 31 -
Above dlsclégga Cﬁ%‘fphas several advantages with respect to the

tate of the art t r Q?Pﬂg i o] t n ly al
fhe operative stepsn?%f%bkgﬁhithe eé?ugfeﬁﬁgh%ogﬁ%eg 8#hegg%§i g & Z 5 tine
and possi bi Ly tmsaﬁger%tlor LPemaks, distdkes agllihng an@agﬁfﬂgre are

consi derabl y reduced. Apparatus 1 iI's also relatively sinple, easy to

carry aml caghugffierf imensTN® WiertfarPRaIAldsi dg iednl th@rcBbEREi §bed and
the safety is further inproved in 10 that apparatus 1 conprises a

di sposabl e kisndooftadevitte Second sdlutivs eaesdseryoit &houl d be not ed
that, according to advantageous enbodi nents, the apparatus conprises no
nore than three pumpimbimeans (gl termmrive ul ambodistewes, t vwadfmslt ihgee) and
at least four adjusting neans (advantageously 5). Furt hernore, above
di scl osed appanst i lare mxineabhgdfopgibke &hlhdwipagt a?ﬁ)n‘g:i'l@tﬁ%¢011ﬁ| ngs,

to obtain treated erythrocytes with different 20 concentrations of

i ntroduced EOAYGIRR aF@aghss wiseRagptionenbtowdendfocEPt s2&ndtPi ndRSHol unes.

10 separation bowl 24. In this case, the portion of the
second solution that is taken in separation bowl 24 is
transferred to reservoir 6 operating pumping means 49.

The operation of pumping means 31 (and therefore
the amount of the second solution taken in reservoir 1)

15 1is adjusted by control unit 15 on the basis of the
weight (in particular, of the variation of the weight)
of reservoir 28 detected by weighing device 51.

Once the second solution has been introduced in
reservoir 6, pumping means 31 are locked and the

20 actuator of plate 36 is operated so as to gently tilt
reservoir 6. The tilting operation proceeds for about 1-
30 minutes, advantageously 5-20 minutes. Thereby, the
erythrocytes are at least partially lysed. During mixing
of reservoir 6, adjusting means 50 are kept closed.

25 At this point, pumping means 40 are operated to
take the content of reservoir 6 to filter 37 through
channel 41. When the erythrocytes have reached filter

37, pumping means 40 are stopped and aspirator 38 is



Above di scl osed apparatus 1 allows for a high degree of automation and
control (w thout the need of a human control by an operator) of all the
sequenceswof202513a20i ons that allow to introduce at | eastconBaon@eund in
the red bl ood cells. I n accordance with a second aspect of the present
invention, there is provided a disposall®e kit for - 32 - apparatus 1; the
kit conprises device 55 as defined above or parts of device 55 to be
assenbl ed to obtain device 55. In accordance with a third aspect of the

t 5 tion, devi 56 i i ded fined ab . I
accor dance WHER a HERAFhs fiot F 8 pFEBERD EATEnt iDHE et hSREFor

i ntroduci ng l. o] o] i i cular, i ghove)_w thin
erythrocytegg%glgﬁé idg§F&$ﬂ2 %@?Eﬁ%gggﬁ%%rseEES s?%ﬁlé%h%%gﬁégfng%sduring
which the e r S at a i I¥ﬁ§g] ei S degd.in a
hypot oni ¢ sg%ggggg%%ﬁtfﬁﬁﬁfiné%gr?%%ﬂﬁg%?%ggyde |nedpaﬁg€e)€§£ﬁ% ag?irst
concentrati pgcoiRRediigh iresdiRggGUEN 1 0 die dPr&ic | Vebmgednd gHring
which the at |east partially lysed 15 erythrocytes are concentrated by
means of5 haesekirioiat i39. is meaddvrad dgeodstycting wRehadrCieirdrsesta

swel l'ing step, which precedes the step of Iysing and during which the

eryt hr ocyt esher evesigiitl eof byebeirngisuSPermedmeana 2@ fweaigghimgpodewice
solution (in particular as defined above) so as to obtain a suspension; the
first hypot8ai.c solution has a greater concentration of solutes with

respect to the second hypotonic solution. According to sonme
enmbodi ment s, t he IRetdiden svasiper tae neBerpt horhefagsRigateracthr 62Rg to the
first aspect of the present invention, The nethod al so conprises a

conbi ni ng stBFreMRTEn the MRt anebuthorIEPPSWSP Ut on ke ntR®r ati ng

10 reservoir 39) is adjusted by control unit 15 on the
basis of the weight (in particular, of the variation of
the weight) of reservoir 39 detected by weighing device
51.

After the at 1least partially lysed erythrocytes

15 have been concentrated, aspirator 38 1is stopped and
pumping means 40 are operated so as to take the
erythrocytes back into reservoir 6.

The operator therefore injects the compound through
inlet 7 and subsequently plate 36 is tilted for about 1-

20 45 minutes.

After tilting, the operator injects the sealing
solution into reservoir 6 through inlet 7. At this
point, the reservoir is tilted for about 10-40 minutes
at a temperature of about 25-40°C so as to obtain the at

25 least partially treated erythrocytes.

The content of reservoir 6 is therefore transferred
to reservoir 13 by operating pumping means 49,

maintaining adjusting means 50 and 33 open and adjusting



- 33 - step and during which the at |east partially lysed erythrocytes are
conbi ned with the conpound; a closing step, which follows the conbining
step and wonongi3sdroch the at | east partially |ysed eryt rcoaproeso@msel cl osed
so 5 as to at |east partially encapsul ate the conpound and obtain the
treated erythrocytes; and a second cancgntrating step, which follows the
closing step and during which the treated erythrocytes are concentrated.
The concentration of the treated erythrocytes after 10 the closing step

(and before the second concentratin tep)_is lower than the_treated
eryt hr ocyt oBeaREar 3¢ h@TEhcbid TAReht f D1 MESE I Hor B 15PeTSBISELEY ¢ he
end of the ¢l osingsstep, (and before the second concentrating step) the
treated eryﬁﬁ%@@y%@saggé3i 'solution at a 15 first concentration; at the

end of the secong&gﬁﬁﬁtg;ﬁ%d'r a%% %ﬁﬁ?éiﬁ%ﬁg ea{@g Sq{w)rpc&gﬁgrg&gsi i

solution at a secon gher than the rst concentration.

During the $@eoRe RREAMY didaHs SHEP. 1alls |add, rei® Ve -4 ¢ osng hensol ution
of treated erythrocytes. 1n other words, the solution of treated

eryt hr ooyt egedlond & ot idn tdwee chesédgiat oRrtand oFe iR iidte meaendag
concentrating step) has a higher water fraction with respect to the water
fracti on of ahlbe sgpndpromatcdl vt rest etdoR5they thooey e taforidie &diuotinde
second concentrating step. It should be noted that the present invention
has, - 34 meamsprisingly not all concentrations of treated erythrocytes
lead to effective results. This problemwas conpletely absent in the state
of the art. Advadt@y&6usPy, sBawengat heaseashd eéncepPareing 1 that

differs from apparatus 1 of figures 1 and 8 only because
10 apparatus 1 has no pumping means 40, comprises adjusting
means V (in particular, arranged along channel 14
between pumping means 49 and separating unit 4) and
channel 42 is connected to connection channel 14 (in
particular, between pumping means 49 and separating unit
15 4). In this case, the transfer of the content of
reservoir 6 to filter 37 1is performed by operating
pumping means 49 and maintaining adjusting means 50 open
and adjusting means V closed.
Adjusting' means V are structurally substantially
20 identical to adjusting means 29 and 30 and operate on
channel 14 in a substantially identical way as adjusting
means 29 and 30 on channels 9 and 10.
Figure 2 shows a variant of apparatus 1 that allows
to concentrate the treated erythrocytes before the
25 transfer to reservoir 13. The wvariant of figure 2
differs from the variant of figures 1 and 8 exclusively
by comprising a further filter 52 (in particular a

haemofilter or dialysing filter) and adjusting means 53



5 step, the treated erythrocytes are concentrated by using a haenofilter.
According to sone enbodi nents, the nethod conprises a third concentrating
step, whiwb 20nli3su the swelling step and precedes the lpgsiiBp1sv@goand
during which the 10 content of water of the suspension is reduced,
accordingly increasing the concentratiagyaf the erythrocytes in the
suspensi on. According to sonme enbodi nents,the third concentrating step
is perforned by using a separation 15 step conprising a centrifuge unit (in
particul ar as defijned above)., Advant ageoysly, _during the ¢l osing step
the at | eas@ffart4 aI‘P?eW@égl@r Jvhr 625 EEQL 2R 1Y - i ﬁlgSﬁFac:tz WARR Tt he
seal ing sol utj.on (.in particulLar, as define 0, above) According to
Some. ebodi AEHES Eirite TRAT Ao S0 AR R JETTH o RP RS SH e NS 1 | UG-t he
cl osing step-( Si de i nd
2 %gfé[ ) agi%ﬁrt%oﬁq:eo (for{&%éreactog%}gé)vr\%tfEf%%%r%%f{:fg%%g

during which™t reate rocytes are washe yS1 0 i cal

sol ution. The uashj ng sLLR is“%h%@dqd t oo f ﬁ‘%}t,ggscorrw(g hat :gas not

entered the erythrocytes and other undesired substances (for exanple

pr ot ei NS Or e$4@MirdAUd ) transBerred to MeseeeRyidance. Vadiuseingth
aspect of the present invention, a nethod for introducing at |east one

conpound (i mepaist iSAUlate aSgiffdded clpuhamidi 41 epythsosytesSeirsoprovi ded.
The net hod conprises a step of 5 lysing, during which the erythrocytes are
at | east past aald ¥illysad i ng suspended in a hypotonic second solution (in
particular, as defined above); and a first concentrating step, which is
subsequent to t hé&dSuetiafg | ymeagsanddurand wh4h ene atsteastupatival ly

| ysed 10 erythrocytes are concentrated by neans of haenofiltration.

Advant ageouSps tald imdtliyo d despdade s a $5iP Jredns i cdngr @ e@rd t he

step of lysing and during which the erythrocytes _are swoll en bei n
susBend]eQ:lyi Hp%rate fn ag substantfallfz/ ricien>tl:ical way as ad?gstfngg

means 29 and 30.
In use, in particular, after the at least partially
treated erythrocytes have been obtained in reservoir 6,
the content of reservoir 6 is taken to filter 52 by
15 operating pumping means 40 and maintaining adjusting
means 54 closed and adjusting means 53 open. When the
erythrocytes have reached filter 52, pumping means 40
are stopped and aspirator 38 1is operated so as to
concentrate the at least partially treated erythrocytes.
20 The concentration 1is performed until an appropriate
amount of fluid is recovered in reservoir 39. After the
at least partially treated erythrocytes have been
concentrated, aspirator 38 is stopped and pumping means
40 are operated so as to take the erythrocytes back into
25 reservoir 6.
Advantageously, apparatus 1 comprises a disposable
device 55 (see in particular figure 9) which comprises

all the parts of the apparatus which come into direct



15 first hypotonic solution (in particular as defined above) so as to
obtain a suspension; the first hypotonic solution has a greater
concent r avpani 10354201 utes with respect to the second hypeconBmigoedosri on. The
met hod al so conprises a conbining step, which 20 foll ows the concent
step and during which the at |east partygplly |lysed erythrocytes are
conbi ned with the conpound (or sinultaneously with several conpounds

same tine);

a closing step, which follows the conbining step and dur

whi ch the at | east partlaugg 25 I%sed er throcg}es ar cIo d so
t

| east parti SPPY3&kc

FEY LIRBOVRES ¢ oF e BRAFEHS ?ﬁﬁ%ﬁ

erythrocytes; and a secpnd concentrati ng stg mhlch f IIo e
step and pr8888§§sfﬁe ﬂa ? I@%ﬁ?ﬁpstép aﬁgeﬁu h i W h%gwa %@
content of

concentration o

¢ e ?“Sﬁe”SA féu{ d‘dSGd %Oreﬁrlﬂ%gi i ea?EBgl SPle

e erytnroc In suspensi on. ‘Accor 0O SO

embodi nment syphhe é?%xpﬁ’d ﬁCCP{éthf‘Q 9) device 55 also comprises the

5

10

15

20

25

filter/s 37 and/or 52, reservoirs 27, 28 and 48 and
separation bowl 24. Advantageously, device 55 also
comprises reservoirs 21 and 39.

It should be noted that device 55 comprises the
only parts that are in contact or could potentially come
in contact with the blood. The fact that device 55 is
disposable considerably simplifies the use of apparatus
1 and improves the safety and speed of use.

Apparatus 1 also comprises a reusable device 56,
which is adapted to serve as a support on which device
55 is mounted. Some details of an embodiment of device
56 are shown in figure 4.

Device 56 comprises pumping means 49 and adjusting
means 29, 30 and 33. According to some embodiments, (as
that shown in figure 4) device 56 also comprises pumping
means 49, adjusting means 19 and 46, the motor to rotate
plate 36 (and, advantageously, plate 36). Device 56
advantageously also comprises aspirator 38 (and
advantageously sensor 26 and weighing device 51).
According to specific embodiments, device 56 also
comprises adjusting means 50. In particular, device 56
also comprises pumping means 31 and/or 40.

In figure 4, numerals 57 and 58 indicate a locking

arm and a housing for separation bowl 24, respectively.
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5to the fifth aspect of the present invention has one or nore features of
the method of the fourth aspect of the present invention (in this case, it
shoul d bewopabadi3s4zat t he second concentrating step of treTfiBioiivo@spect
corresponds to the third concentrating step of the 10 fourth aspect and

vi ce versa). I n accordance with _a i xth aspect of the present

I nvention, the use of an apparatus of the first aspect of the present
invention is provided for the introduction of at |east one conpound wthin

15 erythrocytes. vant ageousl| the c ound is defined according to
the above di scl o&bP¥e %gSéEOé%éLQP%#¥€F?% 0 Seﬁ&ﬁﬁﬁ%iﬂ%éaﬁqlagﬁﬁ of the
apparatus tak place accordi tq,the four and/.or fi . Aspest of the
present i nv‘évﬁgflonlfgﬁ%e(g%cgrodaér}g% \?\Atf—’lﬁ%a Osflpeici:::ﬂﬁ c‘-’ufatpé'pe(‘Z:L%21 c#‘;’{tgle | n%ght i on,

an appar at ug@taﬁarta\éi ded, {d NEo | BEESAUEL ﬂegg&e,gbgheaﬂe efooYnd

wi thin the rocytes; apparatus I's siml stantially 1dentical)

to thgt 25 Qkéﬁhoﬁﬁﬂ éﬁQQiHi%ﬁé“%fé&tédrékyéﬁ?@é&t@&.tﬁ%d@éﬁ%ﬁ“tﬁ@VentiOn
and differs therefrom because in addition or as an alternativeé to sensor

26, it RS eAReOrar®IBoOsibhei Pl lFow nhd eaper£6or ApPanaikes miCedmpes ses
reservelt during the procedure are considerably reduced.

Apparatus 1 is also relatively simple, easy to
carry and cost-effective. The use of apparatus 1 is
further simplified and the safety is further improved in

10 that apparatus 1 comprises a disposable kind of device
55.

In this connection, it should be noted that,
according to advantageous embodiments, the apparatus
comprises no more than three pumping means (in

15 particular, between two and three) and at least four
adjusting means (advantageously 5).

Furthermore, above disclosed apparatus 1 is
extremely flexible allowing, among other things, to
obtain treated erythrocytes with different

20 concentrations of introduced compound and also with
different haematocrits and final volumes.

Above disclosed apparatus 1 allows for a high
degree of automation and control (without the need of a
human control by an operator) of all the sequences of

25 actions that allow to introduce at least one compound in
the red blood cells.

In accordance with a second aspect of the present

invention, there is provided a disposable kit for



- 37 - 27 and reservoir 28 to contain the first and respectively the second
solution. Channels 9 and 10 are connected to reservoir 27 and,

respect i webyoitsseservoir 28. Apparatus 1 conprises a weirgBingowsst 51 5
to weigh the third and fourth reservoir 27, 28. Control unit 15 is adapted
to control adjusting neans 29 as a funcizon of the weight of third
reservoir 27 and adjusting neans 30 as a function of the weight of the
fourth reservoir 28. Apparatus 1 conprises a reservoir 10 21 to collect

Seventh resBPEBTAHS bt 4N ndot 1 5?%9‘% P | BhVTER a1 %U@?%néd
physi ol ogi cabesal Ui ophca %rfan@&r 4 88N1SCtSd LACLARILUOIL, 4B d

channel 22 connected To reservoir annel s are connected to
reservoir 23o37¢d espectively to fourth reservoir 28. Apparatus 1 conprises
a wei ghing unit 51 to weigh reservoirs 27 and 28, reservoir 21 and
reservoir 13. Conty Ghcedtdadde widthapt edhl edC¥gdt PYAPItHE NBAESeRt
(and/ or 40 and/or 20 49) as a function of the weight of reservoirs 13

(and/ or 21 antkeortidn,amddvdlce2® and! @ra3d dadl/ay df)ined abdwe accor dance
with further aspects of the present invention the followng is provided.
The sol uti on (codmaiadenrdaree ewibhd ac dieritlr adsdecR5 odr \Whe qoyésenti .

obtai ned after the second concentrating step) for use as a nedi canent.

The sol uti oARVEBHHLAMI n@ t resked anforonéafrpduedng at least one

erythrocytes,i.e.obtai nedafterthesecond - 38 - concentrating step) for use
inin vivo GPRERHECs. (in  maetigela¥. théssold@tfrlélﬁd( cORAW ngvi FeERed and
concentrated er hroc tes, i.e. .optain aft he second concentrating
Step) Tor ¢ REYPRGaGESn S5t TF G TR A ettiod 'Corpr 1865 &S Eep"S

10 lysing, during which the erythrocytes are at least
partially lysed being suspended in a hypotonic second
solution (in particular,- as defined above); and a first
concentrating step, which is subsequent to the step of
lysing and during which the at least partially 1lysed

15 erythrocytes are concentrated by means of
haemofiltration.

Advantageously, the method comprises a swelling
step, which precedes the step of lysing and during which
the erythrocytes are swollen by being suspended in a

20 first hypotonic solution (in particular as defined
above) so as to obtain a suspension; the first hypotonic
solution has a greater concentration of solutes with
respect to the second hypotonic solution.

According to some embodiments, the method is

25 performed with the apparatus according to the first
aspect of the present invention.

The method also comprises a combining step, which

is simultaneous (or follows) the first concentrating



The use of the solution (containing treated and concentrated erythrocytes,
| .e. obtained after the second concentrating step) for the production of a
medi camenwo 200A3phar maceut i cal conposition conprising tireT/IB2011/000891

sol uti on(cont ai ni ngtr eat edandconcentrated erythrocytesi.e. obtained after
t he second concentrating step). Unless xplicitly indicated otherw se, the
content 15 of the references (papers, texts, patent applications, etc.)
cited in this text is herein integrally incorporated. In particular t he

above nmentioned references are herein._incorporated by reference t her
feat ur es of SLA? pf’lﬁge SROF Roan PerC YR 0 Aban PRSEr NRE RASL 0P oty Pes

di | f d .

non-1 i i t at FTEE ?rr R 7" RolthaRRAS A %h%h%?ﬁpgﬁg?éieﬁa%%%r% ' on

tests of the,ga d %%o{i%e te, IBERTRLNATMAGT Y AR rhoLhOVS he
the ? ?he

i ndi cations~0 description o eratron o apparatus osed
above w th %ﬁ%p%@:féhé?%péff§élf§p§9ée8fg&?%h&%%%%@%'dP@“Eldgbd 5039 -

Ei ght |oading tests w th ‘dexanet hasone sodi um phoSphate were perforned

(enmpl oyimg 3Q0 v@ her leadt ppaceddl ey idhdupsin dtd Pheodoapldundieahdi ng
from50 m of whole blood from heal thy donors.
obtain the treated erythrocytes; and a second
concentrating step, which follows the closing step and
during which the treated erythrocytes are concentrated.
The concentration of the treated erythrocytes after
10 the closing step (and before the second concentrating
step) is lower than the treated erythrocytes after the
second concentrating step. More precisely, at the end of
the closing step (and before the second concentrating
step) the treated erythrocytes are in solution at a
15 first concentration; at the end of the second
concentrating step the treated erythrocytes are in
solution at a second concentration higher than the first
concentration.
During the second concentrating step, water is
20 removed from the solution of treated erythrocytes. In
other words, the solution of treated erythrocytes at the
end of the closing step (and before the second
concentrating step) has a higher water fraction with
respect to the water fraction of the solution of treated
25 erythrocytes at the end of the second concentrating
step.
It should be noted that the present invention has,

among other things, stemmed from the fact that



5The materials used for the tests are: device of figure 4;

devi ce of

figure 9; Hypotonic solution 1 (400 mM with an osnolality of 180
nOsm Kg) ,whiepotiesize sol ution 2 (200nL 10 with an osnol alPCoryBmii1/0@891
nOsm KQ) ; Reseal i ng hypertonic solution (Pl GPA) (about 33 nM NaH2PO4;

about 1.606 M KC1, about 0.194 M NaC; =spaout 0.1 M i nosine;

about 5 nmM

adeni ne; about 20 mM ATP; about 0.1 M glucose; about 0.1 M pyruvate; and 15
about 4 "M MgA 2) (7 nl at 2500-3800 mOsni kg). Dexanet hasone sodi um

phosphate in a eous oI utlo 500 20 m’tﬁ( used &0
| nj ect abl e § é’ | ogi™t® e At

SR cele o o) ¢ treREedn of

Plgflt ﬁte ]9I ?Os/o Wag%tdﬁl\é:%l ugEQfLéforZ%O%e secondyg] *'\;Sl %%rgrcg%f%? \Mang o e
bl ood from hegl fiy eq%n saéglttlbclquﬂ@tset% OalltU of sodic heparin

Resul ts 25The ata

y the tests are own in the follow ng table,

where the actual A(ﬁ/%&%‘é@d?iél‘)}y stuxtﬁegr%tss@éa}&w dibhesRPlat 854S DY

standard devi ati on can be verified

5 step, the treated erythrocytes are concentrated by using

a haemofilter.

According to some embodiments, the method comprises

a third concentrating step, which follows the swelling

step and precedes the lysing step and during which the

10 content of water of the suspension is
accordingly increasing the concentration

erythrocytes in the suspension.

According to some embodiments, the

reduced,

of the

third

concentrating step is performed by using a separation

15 step comprising a centrifuge unit (in particular as

defined above).

Advantageously, during the closing step the at

least partially lysed erythrocytes are placed in contact

with the sealing solution (in particular, as defined

20 above) .

According to some embodiments, the method comprises

a washing step, which follows the closing step (and

possibly precedes the second concentrating step) and

during which the treated erythrocytes are washed with a

25 physiological solution. The washing step is adapted to

remove the compound that has not entered the

erythrocytes and other undesired substances (for example

proteins or sealing solution).



WO 2011/ 135429PCT/ 1 B2011/ 000891 - 40 - Table 1 AVERAGE STANDARD DEVI ATI ON
Data on whol e bl ood Pre-procedure Vol une of whole blood (n) 50.0 0.5 nCV
(fentolitwop118id54292. 1 PCT/IB2011/000891
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In accordance with a fifth aspect of the present
invention, a method for introducing at least one
compound (in particular, as defined above) within
erythrocytes is provided. The method comprises a step of

5 lysing, during which the erythrocytes are at 1least
partially lysed being suspended in a hypotonic second
solution (in particular, as defined above); and a first
concentrating step, which is subsequent to the step of
lysing and during which the at least partially lysed

10 erythrocytes are concentrated by means of
haemofiltration.

Advantageously, the method comprises a swelling
step, which precedes the step of lysing and during which
the erythrocytes are swollen by being suspended in a

15 first hypotonic solution (in particular as defined
above) so as to obtain a suspension; the first hypotonic
solution has a greater concentration of solutes with
respect to the second hypotonic solution.

The method also comprises a combining step, which

20 follows the concentrating step and during which the at
least partially lysed erythrocytes are combined with the
compound (or simultaneously with several compounds at
the same time); a closing step, which follows the
combining step and during which the at least partially

25 lysed erythrocytes are closed so as to at least
partially encapsulate the compound (or compounds) and
obtain treated erythrocytes; and a second concentrating

step, which follows the swelling step and precedes the



Haematocrit (% 40.0 4.6 Data Post-procedure MCV (fentolitres) 80.1 3.9
Haematocrit (% (w thout further concentration) 10.0 1.7 Collection volune
(wi t hout worbhemsse2encentration)(m) 83.9 PCT/IB2011/000891
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lysing step and during which the water content of the
suspension is reduced accordingly increasing the
concentration of the erythrocytes in the suspension.

According to some embodiments, the method according

5 to the fifth aspect of the present invention has one or
more features of the method of the fourth aspect of the
present invention (in this case, it should be noted that
the second concentrating step of the fifth aspect
corresponds to the third concentrating step of the

10 fourth aspect and vice versa).

In accordance with a sixth aspect of the present
invention, the use of an apparatus of the first aspect
of the present invention 1is provided for the
introduction of at least one compound within

15 erythrocytes.

Advantageously, the compound is defined according
to the above disclosure.

According to some embodiments, the use of the
apparatus takes place according to the fourth and/or

20 fifth aspect of the present invention.

In accordance with a specific aspect of the
invention, an apparatus is provided for the introduction
of at least one compound within the erythrocytes;
apparatus 1 is similar (substantially identical) to that

25 disclosed according to the first aspect of the present
invention and differs therefrom because in addition or
as an alternative to sensor 26, it has one or more of

the following features. Apparatus 1 comprises reservoir



3.9 Total dexanethasone sodi um phosphate encapsul ated within red bl ood
cells (nmg) 12.30 3.0 Efficiency in the recovery of red blood cells with
respect twoiznitvizad2onunber (% 43.1 10.3 Data after furt remr/iB2onaboosst
concentration Haematocrit (% (after concentration) 60.7 7.2
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27 and reservoir 28 to contain the first and

respectively the second solution. Channels 9 and 10 are

connected to reservoir 27 and, respectively, to

reservoir 28. Apparatus 1 comprises a weighing unit 51

5 to weigh the third and fourth reservoir 27, 28. Control

unit 15 is adapted to control adjusting means 29 as a

function of the weight of third reservoir 27 and

adjusting means 30 as a function of the weight of the

fourth reservoir 28. Apparatus 1 comprises a reservoir

10 21 to collect what has been separated from the

erythrocytes by separating unit 4; a seventh reservoir

48 containing a third solution (in particular a

physiological solution); a channel 47 connected to

reservoir 48; and a channel 22 connected to reservoir

15 21. Channels 9 and 10 are connected to reservoir 27 and

respectively to fourth reservoir 28. Apparatus 1

comprises a weighing unit 51 to weigh reservoirs 27 and

28, reservoir 21 and reservoir 13. Control unit 15 is

adapted to control pumping means 31 (and/or 40 and/or

20 49) as a function of the weight of reservoirs 13 (and/or
21 and/or 27 and/or 28 and/or 39 and/or 48).

In accordance with further aspects of the present

invention the following is provided.

The solution (containing treated and concentrated

25 erythrocytes, i.e. obtained after the second
concentrating step) for use as a medicament.

The solution (containing treated and concentrated

erythrocytes, i.e. obtained after the second



WO 2011/ 135429PCT/ 1 B2011/ 000891 - 41 - finale Collection volune 8.2 2.5
(wi thout further concentration)(m)
WO 2011/135429 PCT/IB2011/000891
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concentrating step) for use in in vivo diagnosis.

The use of the solution (containing treated and
concentrated erythrocytes, i.e. obtained after the
second concentrating step) for the production of a

5 medicament.

The use of the solution (containing treated and

concentrated erythrocytes, 1i.e. obtained after the

second concentrating step) for the production of a

medicament.

10 A pharmaceutical composition comprising the
solution (containing treated and concentrated
erythrocytes - i.e. obtained after the second

concentrating step).
Unless explicitly indicated otherwise, the content
15 of the references (papers, texts, patent applications,
etc.) cited in this text is herein integrally
incorporated. In particular, the above mentioned
references are herein incorporated by reference.
Further features of the present invention will
20 result from the following disclosure of some embodiments
of apparatus 1 given by mere way of non-limitative
illustration.
Example 1
This example discloses operation tests of the
25 device of figure 1. The method used hereinafter follows
the indications of the description of the operation of
apparatus 1 disclosed above with respect to the first

aspect of the present invention.



Table 1 shows the data of the whole pre-procedure blood, the data after the
encapsul ati ng procedure (including the |oading of the drug in the red bl ood
5 cel | s) woaofiimad2by the effect of the increase of the RragmB2ooCniIOBIIAS a
consequence of the final concentration by means of a further
haenoconcentrating filter (or dialyser g shown in figure 2). By

ef fecti veness of the post-procedure step there 10 is instead intended the
percentage of the recovered blood cells with respect to the initial blood
cells which started_ the process and correl ates fhe net weight of .the

col l ection bag afd9e VHIIERT  heshlen¥t&lr i d5A™ f $AL PP ocess
i th t.t h | d 15 th I f.the dntial t it of
the bl ood ueBESPURtheirBcattreoned GBS A il AR eRE obj oot
£ th ; . : s | :
extronely PPBEEYE And procPreal Shey R Gt A opcragirsd et o0 Bampl o 2
Superparanaggeh%géga@@gggifydﬁshégﬂ%ﬁﬁxggﬂggguﬂicnanoparticlesarealready

avai | abl e and used as contrast agents’in Magneti ¢ 25 Resonance | magi ng
(MR). However, oheenate?Gl8% ivtdd'For 4 tests are:

] device of figure 4;
. device of figure 9;
. Hypotonic solution 1 (400 ml with an

osmolality of 180 mOsm/Kg), Hypotonic solution 2 (200ml
10 with an osmolality of 120 mOsm/Kg) ;
* Resealing hypertonic solution (PIGPA) (about
33 mM NaH,PO,; about 1.606 M KC1l, about 0.194 M NaCl;
about 0.1 M inosine; about 5 mM adenine; about 20 mM
ATP; about 0.1 M glucose; about 0.1 M pyruvate; and
15 about 4 mM MgCl,) (7 ml at 2500-3800 mOsm/kg) .
° Dexamethasone sodium phosphate in aqueous
solution 500mg/20 ml (used completely)
° Injectable grade physiological saline solution
(aqueous solution of NaCl at 0.9% weight/volume) (2L
20 bags of which 1.8L were used; 0.8 litres for the first
washing and 1L for the second washing)
L 50 ml whole blood from healthy donor
anticoagulated with 10000 IU of sodic heparin
Results
25 The data obtained by the tests are shown in the
following table, where the actual reproducibility of the
results among different tests by standard deviation can

be verified.



bl ood circul ation by i
by the plasmatic conponents of the bl ood,

t hat

r esuwWwoonpinsei2al
them easily recogni sable for the major defence system of the body, i

. V.

i njection,

. €.

nmononucl ear phagocyte system The encapgulation of superparanmagnetic
nanoparticles in human erythrocytes has therefore been obtained by the

present appar at us,
circulation and th

in order

?;ef

to avoid 10 their rap

id renoval

t he nanoparticles are rapidly covered
a process known as opsoni sation
in determning the faith of the namopaBtoich@sss meki ng

t he

fromthe bl ood
gre obtain broader |nage time ranges in intravascul ar

magneti c resc S . AL C qf—contrasting
agents for nagnetlc resonance |nag|ng) As an exa €e %ﬁ%ﬁ# % of
the contragt agent 5HUS55A has been perfornmed by |t @ﬁg&gg% g '%%%d
procedure gnd apparatus which are the object of the presen L &P guch as
in figure p—Hhre—eonrecentrator—of—SHISSSA—wWhta—the c.yt.ﬁfg? €53 %? t he
end of the %%geg r @ﬁ% de ggghﬁgdogoh#ﬁﬁpng NIVH %@ asyr nts of |the
relaxivity ? t he sanpl es € encapsul at1on yield conputled
t hereby def gfigbacd SHU555A ,gmggatqﬁhgons in the jerythrocytes in the|range
of 1-2.1 nM Fe. In order tofvertfy whether tte tgrts toadgdwtir25ghe
magneti ¢ napeedpiiodiedurey "ERARY Qkchi®13RRAYL US |dgpcyoseq amfigure|l
mai nt ai ned|t he properties ofthe mative erytrirocytes, NMEAJUr EMENTS Off sone
i ndi cators]of cell integritypwemaceerhicedsqut. O 4dep basi|saof these| - 43
- measur enpnts, 1T was poss[Dbie To establish that[ the progedure does |not
| ead to sigpatacant nodificaycongfemtolitres) 80.1 3.9
Post-procedure |Haematocrit (%) 10.0 1.7
(without further
concentration)
Collection volume 83.9 3.9
(without further
concentration) (ml)
Total dexamethasone |12.30 3.0
sodium phosphate
encapsulated within
red blood cells
(mg)
Efficiency in the 43.1 10.3
recovery of red
blood cells with
respect to initial
number (%)
Data after Haematocrit (%) 60.7 7.2
further final (after
concentration concentration)




the RBC properties such (MCV), nean corpuscul ar 5 corpuscul ar

result in the ranges for as nean corpuscul ar vol une haenogl obin (MCH) and

haenogl obi n

mean conowotarizene( MCHC) which the previous exanpl e (dexTaB2018)00891As a

concl usi on,

di agnostic

t he sel ected superparamagneti ¢ nanoparticles were successfully
encapsul ated within the RBCs by neans qf the use of the apparatus 10 figure
1, therefore providing a product requirenents for use in clinics to be
purposes in MRl (magnetic resonance Exanple 3 Contrast agent
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in figure 2. This is proposed as a new strategy for diagnostic and
t herapeutic purposes for the display and/ or the photocoagul ati on of new 25
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(including the loading of the drug in the red blood
cells) and finally the effect of the increase of the
haematocrit as a consequence of the final concentration
by means of a further haemoconcentrating filter (or
dialyser as shown in figure 2).

By effectiveness of the post-procedure step there
is instead intended the percentage of the recovered
blood cells with respect to the initial blood cells
which started the process and correlates the net weight
of the collection bag and the value of the haematocrit
at the end of the process with respect to the volume and
the value of the initial haematocrit of the blood used
for the procedure.

The above data show that the object of the present
invention allows to obtain erythrocytes loaded in an
extremely effective and practical way and with optimum
vields.

Example 2

Superparamagnetic nanoparticles

Superparamagnetic nanoparticles are already
available and used as contrast agents in Magnetic

Resonance Imaging (MRI). However, once injected in the

q

q
J

f

™

I'R)” contrast agent confaining tricarbocyani ne and

hni que
i's

t he
shown



phot odynam c therapy. Its use as a contrast agent takes advantage of the
fact that nost biological nolecul es neither absorb nor emit in the region
near | R wbusiihsk@ading to an interference free fl uoreseemaB01Tb@sact ual
use of 1CG as a fluorescent marker and photostabilising agent is however
limted by several factors: Instabilityid n water, degradation due to |ight
and heat, short half- life in the blood circulation (about 2-4 m nutes) and
10 fast hepatobiliary clearance due to binding to plasma proteins.

Furt hernore ecul es. can diffuse tFroug t&]&ivessm S, an

_ _ t he 1 CG 9 the
di f f usi on plb&&??s Cclo{lg‘gi?ﬁ?%em’e the aht? BhFaBhi c RREAE The 88l i very
o L 10 S S IR T S R MRS L R TR,
the RBGs, iiisqon Qnepfbggss known as opsonisation that results
pivotal in determining the faith of the nanoparticles
5 making them easily recognisable for the major defence
system of the body, i.e. the mononuclear phagocyte
system. The encapsulation of superparamagnetic
nanoparticles in human erythrocytes has therefore been
obtained by the present apparatus, in order to avoid
10 their rapid removal from the blood circulation and
therefore obtain broader image time ranges in
intravascular magnetic resonance applications
(PCT/EP07/06349 Delivery of contrasting agents for
magnetic resonance imaging). As an example, the loading
15 of the contrast agent SHUS555A has been performed by the
above disclosed procedure and apparatus which are the
object of the present patent, such as in figure 1. The
concentration of SHU555A within the erythrocytes at the
end of the procedure was determined following NMR
20 measurements of the relaxivity (T1 and T2) of the
samples. The encapsulation yield computed thereby
determined SHUS55A concentrations in the erythrocytes in
the range of 1-2.1 mM Fe.
In order to verify whether the cells loaded with
25 the magnetic nanoparticles by means of the apparatus
disclosed in figure 1 maintained the properties of the
native erythrocytes, measurements of some indicators of

cell integrity were carried out. On the basis of these



protected frominactivation by endogenous factors and, on the other side,
Its encapsul ation in autologous RBCs inplies a protection of the organi sm
agai nst twe 20nixi3s4280 ef fects of the agent itself (nauseacTapmiii/oosssh,
hypot ensi ve shock, etc.). In light of this and in order to significantly

I mprove the features of coroidal angiogfpphy and of |aser photocoagul ati on,
the apparatus in the version shown in figure 2 was used, so as to |oad 25

| CG i nto autol ogous human erythrocytes. After the red blood cells were

| oaded, theﬁﬁﬁgre con%gntrated again by. ingia seco%g.h enngilteéhso as to
obtain' the SSASNAINRCSr 1EG Mita BS VHIUESEBdAF T bB9Fe 45 -
suspensi on Rayi g, .o ges REEMPL8” b ANrlNSIEY Sudhi Y AN LR ot
concentrati on.
the RBC properties such as mean corpuscular volume
(MCV), mean corpuscular haemoglobin (MCH) and mean
5 corpuscular haemoglobin concentration (MCHC) which
result in the ranges for the previous example (dex 21
P). As a conclusion, the selected superparamagnetic
nanoparticles were successfully encapsulated within the
RBCs by means of the use of the apparatus shown in
10 figure 1, therefore providing a product with the
requirements for wuse 1in clinics to be used for
diagnostic purposes in MRI (magnetic resonance imaging).
Example 3

Contrast agent indocyanine green (ICG)

15 Another application of the innovative technique
relating to the transport of exogenous molecules into
red blood cells is represented by the encapsulation of
contrast agents to be used in fluoroangiography or with
other optical and/or fluorescence detection methods. As

20 an example, results are shown of the encapsulation of
the contrast agent indocyanine green (ICG) obtained with
the apparatus as shown in figure 2. This is proposed as
a new strategy for diagnostic and therapeutic purposes
for the display and/or the photocoagulation of new

25 vessels of the choroid in degenerative and vascular
diseases of the retina.

ICG is an infrared (IR) contrast agent containing

tricarbocyanine and approved by the FDA for diagnostic



When the | CG encapsul ati ng procedure was conpl eted using the apparatus as
defined in figure 2, thus with a 5 final step of further erythrocyte
concent r avoani1/8s4t of |1 CG contai ni ng RBC (0.3 unvol i/ nml pRBEB200E0@sMbt ai ned
with a 44% haematocrit which can be further increased up to 60% haemat ocrit
by extending the concentrating step. Exaple 4 10

Tar get i ngof eryt hrocyt eswi t hencapsul at ed pharnacol ogi cally active substances
and/ or encapsul at ed substances for diagnostic use The targeting to

nehi cved 1585 Hb CSBOA SESHARTY [P T Gre 1T o P BRoctatre
simlar to I 1. en_fl uydarabj S S

encapsul at i hg%tggéﬁlﬁgm&% iet)r%%[ﬂé%n'celn ra‘tlls%nggf aogg%%ﬁ\g%g:s%o%%t?n%%?eﬁ‘he _
erythr ooyt eaqheabed | Bt irks WEUCHE End £CORNS i BY 0k81 04RYPed gFs 20 11
per cent ages over % the total nunber of processed c S. Exanple A

first sol ut heR tpkrer xbE6PEY s | eRded ¥ t Rnlddpeyabh NG ddLeRRrVASLRRE ai ned.
This solution (which was 25 not concentrated after |oading the indocyanine

in the & ytheagihes)ohath drMaxemmiresidd Hed. Ak v@icd N B eslctilad
patient. Figure 10 is a fluoroangi ographic inmage of the patient treated in
this way. wusé6of ICG d&s secHhdosekutnanmafrkery tarrd tesod waloelh s mdp

| ndocyani ne Green was obtained. This solution (which was not concentrated
after | oadi agenite iisndoeyearsimaé imi tetk ey yaevermt ectens a Tnepadbbbity of 54%
and was injected 5 in a patient. Figure 11 is a f| uoroangi ographic inmage of
the patient 1Br Wa{ted i ,qlelgmagia‘};a.»o_n due to light and heat, short half-

life in the blood circulation (about 2-4 minutes) and
10 fast hepatobiliary clearance due to binding to plasma
proteins. Furthermore, the ICG molecules can diffuse
through the vessels and the diffusion process could
influence the angiographic semiology. The delivery of
ICG in the vascular compartment by using erythrocytes as
15 carriers allows to overcome such limitations. Thereby,
once the molecule is within the RBCs, it is on one side
protected from inactivation by endogenous factors and,
on the other side, its encapsulation in autologous RBCs
implies a protection of the organism against the toxic
20 effects of the agent itself (nausea, vomit, rash,
hypotensive shock, etc.). In light of this and in order
to significantly improve the features of coroidal
angiography and of laser photocoagulation, the apparatus
in the version shown in figure 2 was used, so as to load
25 ICG into autologous human erythrocytes. After the red
blood cells were loaded, they were concentrated again by
using a second haemofilter so as to obtain the same

amount of ICG in a reduced volume of erythrocyte



From the conparison of the two images it is clear that surprisingly, where
the diluted solution (figure 10) does not allow a diagnosis, the
concent r avedoiizsbuti on (figure 11) allows an easy di agowaBm11/000891 | n this
connection, it should be noted that, before the present invention, it was
not foreseeable that the result of an igmcreased concentration would be such
a clear result. In particular, it is absolutely surprising 15 that the

| oaded erythrocytes were not dispersed in the organism but instead noved

t th dth f, | 1, d_to.obtai t I I i . _ - 47 -
LPgner eng kel ghe ol B B e AR LA o SRS o0,
th t ; i t 2 f ti
L 0 i ghf FRECEALUSCLLGBINL 00 2 eyt (2) of connecton
L1000 Unl g a1 61 LA FaUm s GOBEBLNLED. b clsfuGRY

different cogppgerhe FpoddtatiAM$L déomaneianeifsre 2, CemicnivBEmt (5),
whi ch 10 conprises a first reservoir (6) and in the area of which the
erythrogytesinall klkepCoFpFurd hate &9ihirded tleo @intemn t5@ thsor 0 @hinidf t r eat ed
erythrocytes; an inlet (7) for inserting the conpound in the first
reservoir (860G eoheadnigguRBC ((8).3 hmolfieedi RBC fweard chdlditiesh wivlough 15
the first channel (9) and feeding a second solution through the second
channel (10%; 44%cdrsmmteerity which( taph for Dworiceer r ancngashd conttemt of
the first reservoir (6); and a collecting unit (12), which conprises a
second resepQdi hapmaFofrgi teblyl extengdinge dhed cROCeNHIItIAG &ep- t he
system (2) of channels connecting the introducing unit (3), the separating
unit (4), tHEEBSi fling unit (5) , the feeding unit (8), the concentrating
unit ( andrgb%.ggllechi g unit , 2§S thewgp:aratqacga '

char acteri se 5

(49), whi Chp 28 ‘ g lalby tvcnér té'géé.sn:(é

nmove fl ui ds thtt
substances for diagnostic use
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The targeting to macrophages of erythrocytes
containing drugs and/or contrast means can be achieved
15 by the apparatus shown in the figure following a
procedure similar to that used in example 1. When
fludarabine was used as an encapsulating agent, a final
concentration of 0.8 mM was obtained. The erythrocytes
treated in this way were recognised by autologous IgGs
20 in percentages over 80% the total number of processed
cells.
Example 5
A first solution of erythrocytes loaded with
Indocyanine Green was obtained. This solution (which was
25 not concentrated after loading the indocyanine in the
erythrocytes) had a haematocrit of 6.4% and was injected
in a patient. Figure 10 is a fluoroangiographic image of

the patient treated in this way.



- 48 - (3), the separating unit (4), the conbining unit (5) and the
collecting unit (12); the feeding unit (8) conprises first adjusting
means (290 20hi/isk2ar e act uat abl e by the control unit 5 @ECFIBzNdI@SH
arranged along the first channel (9) to regulate the flow along the first
channel (9); and second adjusting nmeanyd 30), which are actuatable by the
control unit (15) and are arranged al ong the second channel (10) to

regul ate the flow al ong the second 10 channel (10); the collecting

unit (12) conprises third adjusti.ng neans (33), which are actuatable by the
control unit (15} af§<& adgé)atu&d'o?‘b af%nus‘%nf AGFS ovv-}a‘?%‘ie#hew%\élaond
reservoir ( 15t he apparatus conpri.ses,an.alr sensor (2 for

i dentifyi nglgﬁgc ?‘géglﬁcéb%oefenaiwrasl e st e%rrl'%](SZ)soo utc%%%ng%%l%%t%%n t he

|t oduct nod! {edloAih L8 SHRBAL Aga it ch) 1 oo ARDALE e

according to claim1, erein the 20 g unit nprises second

puUNpi NG NBaBRSykREbcyWalsGh HIE AChaldhabberby bhesaanti@l Wil tididdcaad are

designed to nove the first and the second sol ution towards the combining
unit (5)5 3in AhpakARatat Bs @EEONdI NG tp PN arddiogFR8aett Nndde CbAI NS,

wherein the conbining unit (5) conprises a mxing device (35) controllable
by the cont thke paittientSkrieatedvd i hifd maly .reservoir (6) so as to mx the
content thereof; and at |east one heating el enent controllable
From the comparison of the two images it is clear
that surprisingly, where the diluted solution (figure
10) does not allow a diagnosis, the concentrated
10 solution (figure 11) allows an easy diagnosis.
In this connection, it should be noted that, before
the present invention, it was not foreseeable that the
result of an increased concentration would be such a
clear result. In particular, it is absolutely surprising
15 that the loaded erythrocytes were not dispersed in the

organism, but instead moved together and therefore

allowed to obtain an extremely clear image.



- 49 - by the control unit (15) to heat the content of the first reservoir
(6). 4. The apparatus according to one of the precedi ng cl ains,
conpri si nyoaotihizsaror eservoir (27) and a fourth 5 reservecr/1ga8)/06sy1
containing the first and respectively the second solution; the first and

t he second channel (9, 10) being connecgied.-to the third reservoir (27) and
to the fourth reservoir (28), respectively; the apparatus (1) conprising a
wei ghing unit (51) for 10 weighing the third and the fourth reservoir (27,
28); the control unit (15) is adapted to control the first adjusting neans
(29) as a function of the weight of tHPNR rd reservoir (27) and the second
adj usting neans (;30) ,as a _function of the weight of the fopurth reservoir
15(28). 5. lThe Ae{lppéirpﬁaursaté]cscoréﬂ%g Jtr\é\@%c%gu%*nq heatf)re %%I‘T’Flg eHSi s,
conpri sing f i unj ich i esi eed third
sol ution (i%°%§%%?§%|a§&ghg%ysi%FXSﬁgQFyggkutioﬁ?ga|o%§5§r%ﬁF%d cﬁg%nel

(47) of 20 thapisam £2)sywr&hanpgl soAnGHREN 55s EadnhhR1ad] Ushigg nmeans

(46), which are actuatable by the control unit (15) and are arranged al ong
the thirsl chamrnelddsd7h feirsegudndi ng thedddWoene1t heot hi 1d) chagnel

(47). 256. The apparatus according to one of the preceding clainms, wherein
t he system @(2rrodudianesi cotBli fox aimsamnetdidon Gwplel <ddiabeimgen the
conmbining unit (5) and the separating unit (4); said first punping neans -
50 - (49) béienerartlamgnded ongthie tbanepphoatoasanisl; (dldgepabhaeting
introducing unit (3), the collecting unit (12) and possibly the feeding
unit (8) andndite (4irtfer seeafaging the48)fferentc sormsnantso ehethe
connection channel (14) 5 between_ the firstmgunping nmeans 249) and the
conbi ni ng uﬁpmg@%_ rom one another; a combining unit (5), which
10 comprises a first reservoir (6) and in the area of which
the erythrocytes and the compound are combined together
so as to obtain treated erythrocytes; an inlet (7) for
inserting the compound in the first reservoir (6); a
feeding unit (8), for feeding a first solution through
15 the first channel (9) and feeding a second solution
through the second channel (10); a concentrating unit
(11) for concentrating the content of the first
reservoir (6); and a collecting wunit (12), which
comprises a second reservoir (13) for collecting treated
20 erythrocytes;
the system (2) of channels connecting the
introducing unit (3), the separating unit (4), the
combining unit (5), the feeding unit (8), the
concentrating unit (11) and the collecting unit (12);
25 the apparatus (1) being characterised by comprising
a control unit (15); and first pumping means (49), which

are actuatable by the control unit (15) and are designed

to move fluids at least between the introducing unit



7. The apparatus according to claim6, conprising fifth adjusting nmeans
(50), which are actuatable by the control unit (15) and are arranged al ong
sai d conneotznan3izochannel (14) between the feedi ng uni PCT8B20and08sIe
separating unit (4) and between the introducing unit (3), the collecting
unit (12) and possibly the further feedighg unit (45) on one side and the
conbining unit (5) on the other side. 158. The apparatus according to one
of the preceding clains, wherein the introducing unit (3) conprises sixth

adj usting ns 9), which .are actuatable by the control unit_(15) _and are
adapt ed tonﬁgéul &}’g SRR TGS dﬁ’r’t%e&ﬁm rgb%c‘?‘?@”tﬂﬁ?g (lél}l.tzz)%). ﬁ’i)ﬁ‘a
apparatus a rdi tQ.one qf..th recedi ng clains, wherein the
concentrati%égugpgqffﬁflg%ﬁ%?ﬁéégjﬁ'fiIter (37) for at least partially
separating the treate r ocytes from i Quid; Spi . (38),
which is controlfg% b%eEQéB%gn?¥%? ué? (% %%%g%s EgP%gaﬁ%%%&f%lé%ck at

| east part gbahle (24 d WJHIGOBrEN&ddddi@biS37by the EBntHod apRagatus
according to claim9, wherein the concentrating unit (11) conprises a fifth

reservoiy (39p) -aldd arkoraeedh@sdi agohle theuitd rshat cha@snenss®d tosough
the filter (37); and third punping neans (40) for conveying the content of
the first resgolaite (6Ghei nftowt axlong t ltHehe fliidstter chdnhelt h¢9dappasmadus (1)
conprising a weighing 5 unit (51) for weighing the fifth reservoir (39);

t he second adjusting means (30), which are actuatable by the

control unit (15) and are arranged along the second
channel (10) to regulate the flow along the second

10 channel (10);

the collecting unit (12) comprises third adjusting
means (33), which are actuatable by the control unit
(15) and are adapted to adjust the flow towards the
second reservoir (13);

15 the apparatus comprises an air sensor (26) for
identifying the presence of air in the system (2) of
channels between the introducing unit (3) and the
separating unit (4).

2. The apparatus according to claim 1, wherein the

20 feeding unit (8) comprises second pumping means (31),
which are actuatable by the control unit (15) and are
designed to move the first and the second solution
towards the combining unit (5).

3.- The apparatus according to one of the preceding

25 claims, wherein the combining unit (5) comprises a
mixing device (35) controllable by the control unit (15)
to move the first reservoir (6) so as to mix the content

thereof; and at least one heating element controllable



control unit (15) is adapted to control the aspirator (38) as a function of
the weight of the fifth reservoir (39) detected by the weighing unit (51).
11. The appanatwss4s2accordi ng to one of the preceding 10 ecaipmii/deesiei n the
separating unit (4) conprises a centrifuge assenbly (20) for separating the
erythrocytes and/or the treated erythraopytes fromthe other conmponents. 12.
The apparatus according to one of the preceding 15 clains, conprising a
third reservoir (27) and a fourth reservoir (28) for containing the first
and respect t he second solutign,, a sr rvor r col l ecting
Shat has beBN sthfir SO0F FHoritht. ety by HEEy Che COPLEET | G FRE (4) . o
sevent h reser r%Errggék,ZO co aining athird solution (in particular a

physi ol ogi car soI ut| on)VOlr h| rd channel (47) connected to the seventh

reservoir (48); T}’héc %‘?e‘%:o ngécég%%ng 8?6 h%d o0 éﬂ? ?fé%gd{ﬁ ervoir

(21); the first and anne el ng connected to the third

25 reservoi t163 Ak, aNbriBsReGid V§| ¥hiedl *’teesfé}qfdﬁ reservahe @8outfR
apparatus (1) conprising a welghing unit (51) for weighing the third, the

fourth reseregiervolds (28), fidie Intdidiesrrotd reil) &l tdepSCEDREly

reservoir (13); - 52 - the control unit (15) is adapted to control the
punpi ng neamnkte( Heccfld 48)luasoa;f wisd i 6hrot tdEl wehghkeabnidhechaseeYoi rs
(13; 21; 27, 28; 39; 48). 13. The apparatus according to one of the

precedi ng 5 (8l ail®s, imy i cdmygecte@usabtbedehicd (EBprvedich(Zbnpandes
punpi ng neans, usting neans, the control unit (15) and possibly a
rot ating pl &0e (‘2*159 offoﬂlﬁéfben¥¢$¢n‘g@l§sse(r&ﬁ)y t FespPFtiwrdor (26he the

wei ghi ng devi ce %é‘-l and the aspirator (38); and a disposable 10 device
(55) whi ch EBREFPSES tHd) syﬁoémr(l?)lrkﬁ (ﬂfiarW?éllgéuncgne Weder vor bk ab@r

FggirbH%)the q E%Elﬂjﬁgdtﬁlrgpan. OUI‘%ﬁ)rggeégglgqu%lfqgg)assenbly

the control unit (15) is adapted to control the first

adjusting means (29) as a function of the weight of the

third reservoir (27) and the second adjusting means (30)

as a function of the weight of the fourth reservoir
15 (28).

5. The apparatus according to one of the preceding
claims, comprising a further feeding unit (45), which is
designed to feed a third solution (in particular a
physiological solution) along a third channel (47) of

20 the system (2) of channels and comprises fourth
adjusting means (46), which are actuatable by the
control unit (15) and are arranged along the third
channel (47) for regulating the flow along the third
channel (47).

25 6. The apparatus according to one of the preceding
claims, wherein the system (2) of channels comprises a
connection channel (14) between the combining unit (5)

and the separating unit (4); said first pumping means



14. The apparatus according to one of the preceding clains, wherein the
conbining unit (5) conprises a 15 m xing device (35) controllable by the
control wwot20(11B54200 nove the first reservoir (6) so asprwIBi1/bde9ICONt ENt
t hereof; and at |east one wei ghing device for weighing the content of the
first reservoir (6). 15. A disposgble kit for the apparatus (1)
according 20 to one of the preceding clains; the kit conprises the system
(2) of channels and the reservoirs connected to the system (2) of channels

f th 1); at | t f t h | s.(14) .of t 2

of channel o 3" At 1Rg S prEAROEaoRa TR aCHRPRRESEN SR Tian ( 7B) Shor o' &
id 5 ' L 26) . 6. Th

1 acoordi S5 oURraraRI o Chak?, 3315 P CEeP sRERRR) el Y saey gngi. T

concent rat | eyl Wdhe Fepenscating: Doh G LAE 38aMd [ Hgeapsgendl y

(20) for -753 - the separatingunit (4), a sixth reservoir (

col l'ecting whdte has)oern RERMAI&Ldd AB e HMMNECEVSLScRInAEE FERRr ating

unit (4) and a seventh reservoir (48) for containing the third solution (in
particulmr detwysi thegftaktSudipied) means (4917 and rgusabbsbdeihge
according to claim13. 18. Use of an apparatus according to one of
clainms 1 toubdtfdb)i.ntroducing at | east one conpound within erythrocytes;

t he conpound is selected fromthe group 10 consisting of: active

phar macol ogi cal &dgerfflze pppardess @aoogidisig hioo nohesm dexarenprseiegsodi um
phosphat e and bet anet hasone sodi umﬁghosphate, gl ut at hi one, toxins, single

stranded or fddh ediushinig nearpnlef ot Whdsh( wiiec Rt tialdlaidey ntleeeot i de

anal ogues), nanoparticles 15 with a dianeter up to 500 rim fluorescent

agents, ot h&P é’H‘témdé%e‘é‘t%bl%“%f’i?ptarrc‘é}r}g%tﬂ)]g‘?%tﬁ%i%rcﬁﬁ%@%‘éﬁ?n _
resonangs apRALaLSes: 9t NEL G Aghe 0FLA; I LRY DfaYocdngs dhaonostic
separating unit (4) and between the introducing unit
(3), the collecting unit (12) and possibly the further
feeding unit (45) on one side and the combining unit (5)
on the other side.

15 8. The apparatus according to one of the preceding
claims, wherein the introducing unit (3) comprises sixth
adjusting means (19), which are actuatable by the
control unit (15) and are adapted to regulate the flow
from the introducing unit (3).

20 9. The apparatus according to one of the preceding
claims, wherein the concentrating unit (11) comprises a
filter (37) for at least partially separating the
treated erythrocytes from the liquid; an aspirator (38),
which is controlled by the control unit (15) and is

25 adapted to suck at least part of the ligquid through the
filter (37).

10. The apparatus according to claim 9, wherein the

concentrating unit (11) comprises a fifth reservoir (39)
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for collecting the liquid that has passed through the
filter (37); and third pumping means (40) for conveying
the content of the first reservoir (6) in contact with
the filter (37); the apparatus (1) comprising a weighing
unit (51) for weighing the fifth reservoir (39); the
control unit (15) is adapted to control the aspirator
(38) as a function of the weight of the fifth reservoir
(39) detected by the weighing unit (51).

11. The apparatus according to one of the preceding
claims, wherein the separating unit (4) comprises a
centrifuge assembly (20) for separating the erythrocytes
and/or the treated erythrocytes from the other
components.

12. The apparatus according to one of the preceding
claims, comprising a third reservoir (27) and a fourth
reservoir (28) for containing the first and respectively
the second solution; a sixth reservoir (21) for
collecting what has been separated from the erythrocytes
by the separating unit (4); a seventh reservoir (48)
containing a third solution (in particular a
physiological solution); a third channel (47) connected
to the seventh reservoir (48); and a fourth channel (22)
connected to the sixth reservoir (21); the first and the
second channel (9, 10) being connected to the third
reservoir (27) and respectively to the fourth reservoir
(28); the apparatus (1) comprising a weighing unit (51)
for weighing the third, the fourth reservoir (27, 28),

the sixth reservoir (21) and the second reservoir (13);
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the control unit (15) is adapted to control the pumping
means (31; 40; 49) as a function of the weight of the
reservoirs (13; 21; 27; 28; 39; 48).

13. The apparatus according to one of the preceding
claims, comprising a reusable device (56), which
comprises pumping means, adjusting means, the control
unit (15) and possibly a rotating plate (25) of the
centrifuge assembly, the air sensor (26), the weighing
device (51) and the aspirator (38); and a disposable
device (55) which comprises the system (2) of channels,
the reservoirs and possibly the filter/s and a
separating bowl (24) of the centrifuge assembly (20).

14. The apparatus according to one of the preceding
claims, wherein the combining unit (5) comprises a
mixing device (35) controllable by the control unit (15)
to move the first reservoir (6) so as to mix the content
thereof; and at least one weighing device for weighing
the content of the first reservoir (6).

15. A disposable kit for the apparatus (1) according
to one of the preceding claims; the kit comprises the system
(2) of chammels and the reservoirs connected to the system
(2) of channels of the apparatus (1); at least one of the
channels (14) of the system (2) of channels has at least one
segment with a hardness lower than 70 Shore A; said segment
being adapted to be arranged at sensor (26).

16. The kit according to claim 15, comprising at
least one filter (37) for the concentrating unit (11), a

separating bowl (24) for a centrifuge assembly (20) for
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the separating unit (4), a sixth reservoir (21) for
collecting what has been separated from the erythrocytes
by the separating unit (4) and a seventh reservoir (48)
for containing the third solution (in particular a
physiological solution).

17. A reusable device according to claim 13.

18. Use of an apparatus according to one of claims
1 to 14 for introducing at least one compound within
erythrocytes; the compound is selected from the group
consisting of: active pharmacological agents, peptides,
proteins, hormones, dexamethasone sodium phosphate and
betamethasone sodium phosphate, glutathione, toxins,
single stranded or double stranded oligonucleotides
(which may include nucleotide analogues), nanoparticles
with a diameter up to 500 nm, fluorescent agents, other
agents detectable by optical, echographic or magnetic
resonance apparatuses, other contrast agents that may be

used as diagnostic means of any sort and kind.



