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(57) ABSTRACT 

The invention refers to method for selectively binding and 
separating at least one component from Whole blood or a 
body ?uid; Whereby the blood or body ?uid is alloWed to 
pass through a rigid integral separation matrix Without being 
excluded therefrom. The matrix has a porous structure With 
a pore siZe ranging from 5 micron to 500 micron as Well as 
an active surface ranging from 0.5 cm2 to 10 m2; and the 
surface is able to bind such components. 
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SEPARATION 

[0001] The present invention relates to improvements in 
removal of components from Whole blood or a body ?uid. 
More speci?cally, the invention relates to a method, Wherein 
blood or body ?uid is alloWed to pass through a rigid integral 
separation matriX Without being excluded therefrom. 

[0002] In?ammatoric processes, such as sepsis, are a 
major cause of morbidity and mortality in humans. It is 
estimated that, yearly, 400 000 to 500 000 episodes of sepsis 
results in 100 000 to 175 000 human deaths in the US. 
alone. In Germany, sepsis rates of up to 19% of patients 
stationed at Intensive Care Units have been noted. Sepsis has 
also become the leading cause of death in intensive care 
units among patients With non-traumatic illnesses. Despite 
the major advances of the past decades in the treatment of 
serious infections, the incidence and mortality due to sepsis 
continues to rise. 

[0003] There are three major types of sepsis characteriZed 
by the type of infecting organism. Gram-negative sepsis is 
the most common. The majority of these infections are 
caused by Esherichia coli, Klebsiella pneumoniae and 
Pseudomonas aeruginosa. Gram-positive pathogens, such 
as the staphylococci and the streptococci, are the second 
major cause of sepsis. The third major group includes the 
fungi. Fungal infections constitute a relatively small per 
centage of the sepsis cases, but they result in a high mortality 
rate. 

[0004] A Well-established mechanism in sepsis is related 
to the toXic components of gram-negative bacteria, i.e. the 
lipopolysaccharide cell Wall structure (LPS, endotoXin), 
Which is composed of a fatty acid group, a phosphate group, 
and a carbohydrate chain. 

[0005] Several of the host responses to endotoXins have 
been identi?ed, such as release of cytokines, Which are 
produced locally. In case of an eXtensive stimulation, hoW 
ever, there is a spill over to the peripheral blood and 
potential harmful effects are obtained, such as induced organ 
dysfunction. 

[0006] The key mediators of septic shock are Tumor 
Necrosis Factor (TNF-ot), Interleukine 1 (11-1) and Interleu 
kine 17 (ll-17), Which are released by monocytes and 
macrophages. They act synergistically causing a cascade of 
physiological changes leading to circulation collapse and 
multi organ failure. Indeed, high concentrations of TNF-ot 
can mimic the symptoms and outcome of sepsis. 

[0007] Normally, endotoXins are kept Within the lumen of 
the intestine. For eXample, during cardiopulmonary bypass 
the presence of splanchic ischemia or dysoXia causes dis 
ruption of the mucosal barrier and translocation (i.e. the 
transport of endotoXins from the intestine to the circulation 
system) of endotoXins from the gut lumen to the portal 
circulation. 

[0008] Antibiotics of varying types are Widely used to 
prevent and treat infections. HoWever, for many commonly 
used antibiotics an antibiotic resistance is developed among 
various species of bacteria. This is particularly true for the 
microbial ?ora resident in hospitals, Where organisms are 
under a constant selective pressure to develop resistance. 
Furthermore, in the hospital the high density of potentially 
infected patients and the eXtent of staff-to-staff and staff-to 
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patient contact facilitate the spreading of antibiotic resistant 
organisms. The antibiotics used are the most economical, the 
safest and the most easy to administer and may not have a 
broad enough spectrum to suppress certain infections. Anti 
biotics can be toXic to varying degrees by causing allergy, 
interactions With other drugs, and causing direct damage to 
major organs (e.g. liver, kidney). Many antibiotics also 
change the normal intestinal ?ora, Which can cause diarrhea 
and nutritional malabsorption. 

[0009] Certain antibiotics are knoWn to neutraliZe the 
action of endotoXins, such as polymyXin B. This antibiotic 
binds to the lipid A part of endotoXin and neutraliZes its 
activity. PolymyXin is not used routinely due to its toXicity. 
It is only given to patients under constant supervision and 
monitoring of the renal function. 

[0010] Furthermore, in order to overcome some of the 
limitations inherent to active immuniZation against bacterial 
components, various techniques have been used to produce 
endotoXin-binding antibodies. A large number of antibodies 
have been prepared by immuniZation of humans With bac 
teria. In order to develop more consistent preparations of 
therapeutic antibodies, numerous LPS-reactive monoclonal 
antibodies have been developed. Unfortunately, the clinical 
studies have not resulted in bene?ts. HoWever, it should be 
noted that these trials Were performed in humans after onset 
of symptoms of sepsis. It is Widely believed that an anti 
endotoXin antibody treatment, administered after sepsis, 
may yield little bene?t because these antibodies cannot 
reverse the in?ammatory cascade initiated by the endotoXin. 

[0011] In JP 06022633, an adsorbent for anti-lipid anti 
bodies is shoWn, Which comprises a compound With an 
anionic functional group immobiliZed onto a Water-in 
soluble porous material. The porous material can be agarose, 
cellulose, deXtran, polyacrylamide, glass, silica gel, or a 
hard polymer made of a styrene-divinylbenZene copolymer, 
and the porous material is packed as a bed of separate 
particles in a separation device. 

[0012] In attempts to remove components from blood, 
different adsorbent materials have been prepared. An endot 
oXin removal adsorbent comprising a ligand immobiliZed on 
a solid phase support medium is shoWn in WO 01/23413. A 
preferred support medium is in the form of beads. When 
packed in a separation device, the solid phase support 
medium is porous enough to alloW passage of blood cells 
betWeen the beads. 

[0013] In WO 00/62836, the adsorbent material has a siZe 
and a structure adapted to remove [3-2 microglobulin from 
blood. The adsorbent material of this document can be a 
macroporous synthetic polymer With a surface of beads and 
of pores modi?ed as to prevent adsorption of proteins and 
plateletes. HoWever, individual spherical beads of the poly 
mer Were mechanically destroyed at a loading of about 500 
g, Which is obtained in for eXample a column packed With 
the beads. Such a loading results in a considerable pressure 
drop over of the column. 

[0014] In order to reduce the pressure drop, an absorbent 
has been prepared in EP 464872, Which comprises Waterin 
soluble porous hard gel particles having an exclusion limit 
of 106-109 Dalton. The gel bed is used for selective removal 
of lipoproteins from blood or plasma in eXtracorporeal 
circulation treatment. 
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[0015] Likewise, in WO 01/23413 the porous support 
material for endotoxin removal is beads, Which can be ?lled 
into a container, the beads having a siZe suf?cient to provide 
the requisite space betWeen the beads When packed into a 
column or ?lter bed. The porous support material can also be 
micro?ltration holloW-?bers or ?at sheet membranes in 
order to minimiZe pressure drops. 

[0016] In EP 424698 an adsorbent for eliminating biom 
acromolecules is shoWn, Which consists of a carrier of 
porous spherical particles having a particle siZe of 50-150 
microns and an exclusion limit of at least 105 Dalton. 
Polymyxin B is coupled to the particles, Which are subse 
quently ?lled in a cartridge to be used in a system for 
extracorporeal endotoxin removal from Whole blood. 

[0017] In these traditional systems for extracorporeal 
removal of toxic components from blood, a container or 
cartridge is ?rst ?lled With a liquid and the adsorbing porous 
beads are introduced afterWards. In US. Pat. No. 6,408,894 
a method is shoWn, Which provides a more uniform distri 
bution and denser packing of the beads. The method 
involves forcedly supplying a mixture of liquid and beads 
into a container in such a manner that the liquid is squeeZed 
out of the mixture and out of the container. 

[0018] Thus, an elimination of blood cells facilitates the 
removal of compounds present in plasma as described 
above, eg in WO 00/62836 or WO 01/23413. HoWever, 
such a technique involves tWo separation steps Which both 
could contribute to an enhanced risk of adverse cellular 
activation due to bioincompatability. 

[0019] The purpose of the present invention is to provide 
a neW method for selective binding and separating at least 
one component from Whole blood or body ?uids, Whereby 
the above mentioned problems in connection With in?am 
matoric processes are eliminated. 

[0020] Another purpose is to provide such a method, 
Whereby the selective binding and separation can be accom 
plished on Whole blood Without the need of separating blood 
into plasma and blood cells. 

[0021] A further purpose of the invention is to provide 
such a method, Which is not siZe-dependent, i.e. the blood 
components are not separated by means of exclusion. 

[0022] Still another object of the invention is to provide 
such a method, Whereby high ?oW rates can be obtained in 
a separation device Without signi?cant pressure drop With 
time. 

[0023] Yet a further purpose is to provide such a method 
Without subjecting the blood to shear forces in a separation 
device even at very high ?oW rates While maintaining a loW 
line pressure in order to avoid damage to bloodvessels. 

[0024] These objects are achieved by the present invention 
having the characteristic features of claim 1. Other advan 
tages of the invention Will become apparent from claim 21 
and the subclaims. 

[0025] According to the invention, a method is provided 
for selectively binding and separating at least one compo 
nent from Whole blood or a body ?uid. The blood or body 
?uid is alloWed to pass through a rigid integral separation 
matrix Without being excluded therefrom, the matrix having 
a porous structure With a pore siZe ranging from 5 micron to 
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500 micron and an active surface ranging from 0.5 cm2 to 10 
m2, Which is able to bind one or several components. 

[0026] In a preferred embodiment of the invention the 
matrix further comprises at least one functional group Which 
has been introduced by means of coating and/or surface 
modi?cation of the porous structure. This results in that the 
active surface obtained, alone or in combination With non 
functionaliZed regions of the same, is able to selectively bind 
at least one component of Whole blood or a body ?uid. The 
components to be removed can be natural as Well as non 
natural, i.e. a speci?c ligand, such as an antibody, is attached 
to the component. 

[0027] Furthermore, the functional groups, obtained by 
means of direct or indirect selective conversion of the 
surface of the porous structure, have been further used for 
immobiliZation of ligands. HoWever, the functional groups 
of the porous structure can be utiliZed as they are in the 
inventive method. 

[0028] The pore siZe as Well as the surface of the skeletal 
like porous structure has been adapted to be used in the 
separation matrix of the inventive method in connection 
With Whole blood puri?cation. HoWever, the method accord 
ing to the invention can also be used for the removal of 
components from other body ?uids as Well as aqueous 
solutions. It is an important aspect of the invention that 
neither any component nor any solvent is excluded from the 
matrix during a separation procedure. 

[0029] According to the invention, the rigid integral 
matrix should have an available surface from 0.5 cm2 to 10 
m2, and the density of the matrix structure is not limiting for 
performing the inventive method. 

[0030] In this connection the term “rigid” means that the 
matrix is not ?exible, not bending or yielding, but able to 
Withstand a pressure of at least 0.5 bar. The term “integral” 
means that the matrix With high surface area is an entire 
entity. 

[0031] The porous structure of the matrix in the inventive 
method is made of metal, inorganic oxide, carbon, glass, 
ceramic, synthetic polymer, and/or natural polymer, or mix 
tures thereof. Porous solid metal structures With Well-de 
?ned pore siZes and high surface areas can be manufactured 
by using strictly controlled sintering processes that produces 
uniformly-siZed pores. 

[0032] Different polymers have been produced as a moul 
ded or extruded porous material With a porous structure, 
having the desired pore siZe as Well a high surface area for 
the matrix. They have also been produced as foam. For 
example, polyurethanes prepared from isocyanates and vari 
ous other organic compounds have active hydrogen atoms, 
Which have been used for producing poly-addition products. 
This active hydrogen can come from bifunctional or poly 
functional compounds, such as polyalcohols, polyamines. 
Reactions With Water gives rise to primary amines Which 
have been used for covalent immobiliZation of speci?c 
ligands. 

[0033] AWide variety of metals and alloys have been used, 
such as stainless steel, nickel, titanium, monel, inconel, 
hastelloy and other special metal materials. High surface 
area inorganic oxides, especially alumina and Zirconia, have 
also been utiliZed With the same techniques to produce 
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ceramic materials With de?ned pore structures. Likewise, 
such ceramics as Well as sintered glass can be purchased, 
Which have adequate pore siZes. 

[0034] Other natural rigid materials, such as amorphous 
silica, e.g. Zeolites, and lava rock, have also been used. 

[0035] Natural materials and hybrides thereof, Which can 
be used as a matrix material in the inventive method, are 
polysaccharides, such as cellulose, and other polymeric 
carbohydrate materials. Other suitable natural polymeric 
materials are polyamino acids, also those involving syn 
thetic amino acids, polylactic acid, polyglycolic acid and its 
copolymers With lactic acid. 

[0036] In this connection the term hybrid encompasses 
derivatives of such natural materials, for example cellulose 
diacetate, Which is a preferred polysaccharide derivative. 

[0037] Suitable synthetic polymers for the matrix to be 
used in the present invention are polyole?nes, such as 
polyethylene, polypropylene, polybutylene, polymetylpen 
tene, and ethylene vinyl acetate copolymers; vinylic poly 
mers, such as polyvinyl alcohol, polyvinyl acetals, and 
polyvinylpyrrolidone; ?uorine containing polymers, such as 
polytetra?uoroethylene, ?uorinated ethylene-propylene 
copolymer, polychloro?ouroethylene, polyvinyl?uoride, 
and polyvinylidene ?uoride; polyacrylates, such as polym 
ethylmethacrylate, cyanoacrylate, polyacrylonitrile, and 
polymetacrylates; polyamides, such as polyacrylamide; 
polyimides, such as polyethylenimines; polystyrene and its 
copolymers, such as polystyrene and acrylonitrile-butadi 
ene-styrene-polymers; silicone rubbers; polyesters/ethers; 
polycarbonates; polyurethanes; polysulfonates; polyglycols; 
polyalkydeoxides such as polyehtyleneoxide, polypropyle 
neoxide; and copolymers or hybrids thereof. 

[0038] In the preferred embodiment, at least one func 
tional group has been introduced onto a porous structure of 
the rigid integral separation matrix. The functional groups 
can be of different kinds, ie of the anionic, cationic or 
nonionic type. The functional groups of the porous structure 
have been used to covalent bind substances like peptides/ 
proteins and bile acids (eg deoxycholic acid), antibodies 
and fragments thereof as Well as other biomolecules and 
substances having the ability to selectively bind endotoxins 
and/or proin?ammatory mediators. 

[0039] A surface modi?cation, ie a surface functional 
iZation in an indirect Way, Was accomplished by means of 
electro-deposition, electro-evaporation, plasma chemical 
deposition, deposition from an ion plasma ?oW, or chemical 
vapor deposition (e.g. plasma polymeriZation, plasma 
enhanced surface polymer deposition). The surface modi? 
cation methods are knoWn per se and found in “Plasma 
surface modi?cation and plasma polymerization” by N. 
Inagaki, 1996, Technomic Publishing, Lancaster, USA. Dif 
ferent three-dimensional matrix structures have been treated 
by means of these methods, a very homogeneous modi?ca 
tion of the active surface being achieved. 

[0040] Polymerization of bifunctional monomers of 
acrylic or allylic double bonds With polar groups as OH, 
NH2, CN and COOH have been used to produce plasma 
polymers With high density of the functional groups. For 
example, surface functionaliZation of the inorganic and 
organic surfaces have been carried out in a plasma environ 
ment of allyl compounds, such as allylamine. 
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[0041] It has also been possible to organic polymeric 
surfaces in NH3, O2, or CO2 plasma environments, Which 
give rise to either of the functional groups =NH, —NH2, 
=CN, —OH, or —COOH. Other examples of gases used 
are Well-knoWn Within the art. 

[0042] Aplasmachemical processing have also been com 
bined With classic chemical synthesis, the selectivity of 
surface modi?cations for polymers being signi?cantly 
enhanced. One approach has been to apply a speci?c plasma 
gas surface functionaliZation immediately folloWed by a 
chemical uni?cation of the coexisting plasma functional 
groups. 

[0043] Another Way of introducing the functional groups 
is by means of a direct functionaliZation, i.e. coating the 
surface With a polymeric material. In this connection the 
synthetic or natural polymer has been coated onto the high 
surface metal, inorganic oxide, carbon, glass, ceramic, as 
Well as another suitable synthetic polymer, and/or a natural 
polymer, or mixtures thereof. 

[0044] Many of the above-mentioned polymers, especially 
those Without functional groups, such as polyethylene, 
polypropylene, polytetra?uoroethylene etc., need a further 
treatment in order to alter their surface properties. Thus, a 
plasma or corona treatment, as mentioned above, of the 
polymer surface Will generate a very unique functional 
group, like hydroxyl, carbonyl, carboxyl, amino, and imino 
groups etc, Which are covalently attached to the surface. 

[0045] The coating has also been accomplished by means 
of adhesion or adsorption of a polymeric substance having 
functional groups. Examples of such substances are polyl 
ysine, polyarginine, and polyethyleneimine. 
[0046] By for example using a plasma technique, poly 
ethyleneimine-like substances Was obtained on the porous 
surface. When a separation matrix is used in the method 
according to the invention for selectively binding and sepa 
rating at least one component from Whole blood or a body 
?uid, the hydrophilic as Well as the hydrophobic regions of 
proteineous blood components can interact With the pro 
cessed surface in order to remove the desired components. 
After functionaliZation, When the matrix surface for selec 
tive binding and separation comprises a polyole?ne, eg a 
polyethylene or polypropylene, the positive charges of the 
amino groups are likeWise used for electrostatic interactions 
and the hydrophobic regions are used for hydrophobic 
interactions. This approach is used in the inventive method 
for the selective binding of different regions of for example 
lipopolysaccharides. 
[0047] Polymers and metals, having for example reactive 
hydroxyls, can also be functioniliZed by means of silaniZa 
tion. 

[0048] Accordingly, various different functional groups 
have been covalently coupled to the high surface porous 
matrix structure. After a direct and/or indirect functional 
iZation, the porous structure can have hydrophilic as Well as 
hydrophobic regions, Which can interact the different blood 
components. Thus, the characteristic properties of a sub 
stance of interest are utiliZed When preparing the surface to 
be used in the method according to the invention. 

[0049] Preferably, the functional groups of the active 
surface are sulfhydryls, carboxylates, amines, aldehydes, 
ketones, hydroxyls, halogens, hydraZides, and active hydro 
gen. 
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[0050] In another preferred embodiment, a ligand has been 
coupled to the at least one functional group of the high 
surface porous structure in a covalent Way. In this connec 
tion, a ligand is a substance With high af?nity for the 
component to be removed from Whole blood or a body ?uid. 
Thus, the ligand is used to enhance the adsorption properties 
and the efficacy of binding. 

[0051] The ligand can be a protein, preferably a recom 
binant protein, a peptide, an antibody or a fragment thereof, 
a carbohydrate, eg a polysaccharide, a hormone, an anti 
oxidant, a glycoprotein, a lipoprotein, a lipid, a fat soluble 
vitamin, e.g. vitamin E, a bile acid, a reactive dye, allantoin, 
uric acid, or polymyxin, or combinations thereof. 

[0052] Asuitable bile acid is deoxycholic acid, Which is an 
endogenous hydrophobic substance. Such a bile acid can be 
coupled either directly to the functional groups, via a spacer, 
or coupled via a large molecule, and is then used for 
removing endotoxins from blood, body ?uids and aqueous 
solutions as in the method according to the invention. 

[0053] In this connection a spacer is a molecule, large or 
small, Which connects the ligand to the surface of the porous 
structure. 

[0054] For example, if in the inventive method the porous 
structure of the separation matrix comprises a polyole?ne 
having an added amine-group, this group can have an 
albumin coupled thereto and in turn at least one a bile acid 
moiety coupled to this large molecule. 

[0055] Thus, the invention also refers to a neW use of a bile 
acid moiety immobiliZed on a support for eliminating a 
component from an aqueous solution comprising the same. 
Preferably, the bile acid moiety is a deoxycholic acid moiety. 

[0056] Accordingly, a suitable solid support for immobi 
liZation of the bile acid moiety is a rigid integral separation 
matrix having a porous structure With a pore siZe ranging 
from 5 micron to 500 micron, preferably from 70 micron to 
170 micron, and an active surface ranging from 0.5 cm2 to 
10 m2. 

[0057] It is also preferred that the ligand of the matrix in 
the inventive method is albumin or an albumin produced by 
means of recombinant technology, Which can be used 
instead of serum albumin, polymyxin B (i.e. charged groups 
on a hydrophobic structure), or deoxycholic acid. 

[0058] Thus, a ligand can also act as a spacer in the 
method according to the invention. For example, it has also 
been possible to ?rst covalently attach a human recombinant 
protein or another large molecule (e.g. hyaluronic acid) to 
the porous structure, Which alloWs for a subsequent binding 
of the ligand speci?c for the component to be removed. 

[0059] If necessary, a crosslinker is coupled betWeen the at 
least one functional group and the ligand in a covalent Way. 
In this connection, a cross-linker is an element that 
covalently bonds the ligand to the supportive porous struc 
ture, the element being a spacer When linking the ligand at 
a distance from the porous structure itself. Such molecular 
spacers are knoWn Within the art. They have been introduced 
in order to increase the af?nity for the component to be 
bound and separated from Whole blood or body ?uids by 
providing a better availability to the ligands. The biocom 
patibility of the surface of the porous matrix structure is also 
increased by the introduction of these molecular spacers. 
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[0060] A crosslinker/spacer can comprise a Zero-length 
cross-linker alone or in a combination With an intervening 
crosslinker, the ?nal complex obtained being bound together 
by virtue of chemical substances that add structures to the 
crosslinked substance. These intervening crosslinkers can be 
of type homobifunctional (e.g. dialdehydes), heterobifun 
tional (e.g. amino acids) or trifunctional crosslinking type. 

[0061] The main purpose of the spacer is to increase the 
bioavailability of the speci?c ligand used. 

[0062] The spacer can for example be a silane, a diisocy 
anate, a glycolate, a polyethyleneglycol, a succinimidyl 
reagent, a dihydraZine, adipidic acid, a diamine, an amino 
acid, a poly or oligo amino acid, a polyamino acid, a peptide, 
or a protein. Preferably, the protein is a human recombinant 
protein. 
[0063] The functional groups of the cross-linker are 
designed to react With amino groups (Lys, Arg), With sulf 
hydryls (Cys), or With carboxyls (Asp, Glu), to cite a feW 
examples. 
[0064] In connection With the chemistry of reactive 
groups, reference is made to Bioconjugate Techniques, Greg 
T Hermanson, Academic Press, USA 1996. 

[0065] Thus, the active porous matrix surface is in the 
inventive method capable of removing for example endot 
oxins, alone or in combination With non-functioniliZed 
regions of the available surface of the porous structure. The 
active surface can also be used as a tool for covalent 
immobiliZation of chemicals, such as biomolecules like 
amino acids, polypeptides and antibodies in order to selec 
tively enhance the elimination of such speci?c components. 

[0066] Aseparation matrix, Which is intended for selective 
removal of at least one component from Whole blood or 
body ?uids, can be produced With a porous structure of a 
certain pore siZe and/or a certain pore siZe range in depen 
dence on the intended application. Preferably, the porous 
structure should permit passage of blood cells. Accordingly, 
certain types of blood cells can also be removed from Whole 
blood by means of the inventive method. Such cells sick 
cells or cells With speci?c surface receptors, for example 
activated phagocyting cells. 

[0067] The metal structure can for especial applications be 
magnetic. Amagnetic matrix can for example be obtained by 
coating sintered magnetite With a polymer, e.g. polyethyl 
ene. An efficient removal of cells can then be performed 
alloWing antibodies, having a magnetic dextran iron label, to 
attach to speci?c cells in the blood. 

[0068] The pore siZe should be Within the range from 5 
micron to 500 micron, preferably from 70 micron to 170 
micron, most preferred from 80 micron to 100 micron, so 
that high ?oW rates can be maintained Without cellular 
damage or cellular exclusion. Thus, the separation accom 
plished With the method according to the invention is not 
based on any siZe distribution of components. Virtually all 
components of Whole blood or a body ?uid might be 
eliminated by means of the inventive method. 

[0069] After the removal of one or more primary toxic 
effectors, i.e. an endotoxin, further secondary toxic effectors 
can be removed. The secondary effectors can be cytokines 
(e.g. TNF-ot), interleukines (e.g. Il-1), reactive oxygen and 
nitrogen radicals, etc. 
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[0070] When performing the method according to the 
invention, one or several separation matrixes are protected 
Within a housing, Which can have various shapes and vary 
ing and/or different in- and outlets depending on the appli 
cation. Such a device can then be used for endotoxin 
removal and/or cytokine removal and/or cytokine neutral 
iZation. This is accomplished by passing blood or other body 
?uids through the device, applied intra, para, or extracor 
porally, Without the liquid being excluded from the rigid 
integral separation matrix therein. The active surface of the 
porous structure, the functional groups and/or speci?c 
ligands thereon then selectively binds and separates at least 
one component from the liquid. The device can advanta 
geously also be used for removal of endotoxins from aque 
ous solutions. 

[0071] An important feature of the inventive method is 
that all aspects of septic shock can be provided for, i.e. 
primary as Well as secondary toxic effectors can be removed 
by means of the inventive method. 

[0072] Reference is made to FIG. 1 in connection With 
performing the method according to the invention. A device 
1 comprises a housing 2, the housing (or cartridge) of the 
device being integrated into a closed circulation, in Which 
Whole blood or body ?uids is circulated by means of a pump. 
In the housing 2 at least one separation matrix 5a, 5b, . . . 
is arranged, each intended to selectively remove one com 
ponent from Whole blood or body ?uids. The housing 2 is 
provided With an inlet 3 and an outlet 4, the sites of Which 
are of no importance as long as an adequate ?oW is obtained 
Within the separation matrix(es) and the housing. Preferably, 
the pump is arranged upstream the inlet 3. 

[0073] In this Way a device is obtained Which can maintain 
?oW rates from 5 ml/h to 6 000 ml/min Without a signi?cant 
pressure drop. When applied extracorporeally, a line pres 
sure of not more than 300 mm Hg from pump to cannula is 
obtained even at very high ?oW rates. 

[0074] The rigid integral separation matrix can be pro 
duced in different shapes to be used in the inventive method. 
It can for example be designed as a disk, a rod, a cylinder, 
a ring, a sphere, a tube, a holloW tube, a ?at sheet, or other 
moulded shapes. 

[0075] Since the ?oW Within each separation matrix is 
dependent on its porosity, the contact time of the compo 
nents in blood or a body ?uid With the active surface can be 
controlled. Furthermore, a desired ?oW gradient can be 
created Within a separation device by changing the porosity 
and con?guration of the individual separation matrixes 
therein. 

[0076] In FIG. 2 and FIG. 3 different schematic embodi 
ments of devices are shoWn, Which can be used When 
performing the method according to the invention. ArroWs 
indicate the ?oW of blood or body ?uid Within the individual 
separation matrixes and the housings therefor, large arroWs 
indicating a higher ?oW rate than small arroWs. In these 
examples of different con?gurations the separation matrixes 
can have the same or different porosities With or Without the 
same or various types of functional groups or ligands in 
order to remove one or several components from blood or a 

body ?uid. 

[0077] The separation matrixes are preferably integrated 
With the housings (each having an inlet 3 and an outlet 4) in 
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order to ensure that no liquid or components therein are 
prevented from entering the matrix or matrixes, i.e. being 
excluded therefrom. In FIGS. 2(a) and (b) examples of one 
separation matrix 5 Within a housing 2 are given, the matrix 
being of different con?gurations. Examples of tWo separa 
tion matrixes 5a, 5b Within a housing 2 are shoWn in FIGS. 
2(c) and In the device of FIG. 2(c) an impermeable 
coating 6, such as an applied skin, on the outside periphery 
of the separation matrix 5a ensures that all the material 
supplied to the device Will pass this entire matrix. In the 
device of FIG. 2(a), on the other hand, some of the material 
supplied Will have a shorter residence time in the separation 
matrix 5a than in the separation matrix 5b, and vice versa. 

[0078] In FIG. 3 each device comprises several separation 
matrixes 5a-5g. In FIG. 3(a) a partition Wall 7 ensures a 
?oW through all matrixes. The separation matrixes can be 
positioned laterally or transversally relative to their longi 
tudinal directions, as in FIGS. 3(b) and (c), respectively. In 
FIG. 3(a') the device comprises separation matrixes of 
different siZes. 

[0079] In conclusion, the inventive method can be used 
With an intra, para, or extracorporeally applied or stand 
alone device, Which is thereby capable of reducing circu 
lating endotoxins and potential harmful pro in?ammatory 
mediators, especially TNF-ot, IL-1 and IL-17, preferably in 
blood. It is also possible to selective remove endotoxins 
from other aqueous solutions. The components are consid 
ered to bind to the active surface of the rigid integral 
separation matrix by means of adhesion. 

EXAMPLES 

[0080] The invention Will noW be further described and 
illustrated by reference to the folloWing examples, Which 
have been carefully selected in order to encompass the 
invention. Accordingly, they should not be construed as 
limiting the invention in any Way. 

[0081] Surface Modi?cations 

Example 1 

[0082] The surface of a matrix of porous polyethylene 
(Porex Technologies, Germany), having a porosity of 350 
micron and an active surface of 10 cm2, Was modi?ed by 
means of plasma enhanced chemical vapour deposition by 
using 02 (Plasma Science, USA, Type PS 0350 Plasma 
Surface Treatment System). 

[0083] The formation of hydroxyl groups on the porous 
structure surface of the obtained matrix Was assayed With a 
Dye test, the hydrophilicity thereof being con?rmed. 

Example 2 

[0084] The surface of a matrix of porous polyethylene 
(Porex Technologies, Germany), having a porosity of 100 
micron and an active surface of 20 cm2, Was modi?ed by 
means of plasma enhanced chemical vapour deposition by 
using CO2. (Plasma Science, USA, Type PS 0350 Plasma 
Surface Treatment System). 

[0085] The formation of carboxyl groups and the amount 
on the porous structure surface of the obtained matrix Was 
determined by conversion into hydroxamic acids. In this 
connection all hydroxamic acids give a red or violet color 
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With ferric chloride in acid solution as described in Feigel et 
a1.; Microchemie 15:18, 1934. 

Example 3 

[0086] The surface of a matrix of porous polyethylene 
(Porex Technologies, Germany), having a porosity of 170 
micron and an active surface of 0.04 m2, Was modi?ed by 
means of plasma polymeriZation by using allylamine 
(Plasma Science, USA, Type PS 0350 Plasma Surface 
Treatment System). 

[0087] The amount of primary amines on the porous 
structure surface of the obtained matrix Was determined by 
means of trinitrobenZene sulfonic acid (TNBS) assay. 

Example 4 

[0088] The surface of a matrix of porous polyethylene 
(Porex Technologies, Germany), having a porosity of 70 
micron and an active surface of 0.26 m2, Was modi?ed by 
means of plasma polymeriZation by using acrylic acid 
(Plasma Science, USA, Type PS 0350 Plasma Surface 
Treatment System). 

[0089] The amount of carboxyl groups on the porous 
structure surface of the obtained matrix Was assayed as 
described in Example 2. 

Example 5 

[0090] The surface of a matrix of porous polyethylene 
(Porex Technologies, Germany), having a porosity of 5 
micron and an active surface of 0.9 m2, Was modi?ed by 
means of plasma polymeriZation by using NH3 (Plasma 
Science, USA, Type PS 0350 Plasma Surface Treatment 
System). 
[0091] The amount of primary amines on the porous 
structure surface of the obtained matrix Was assayed as 
described in Example 3. 

Example 6 

[0092] The surface of a matrix of porous polytetra?uor 
ethylene, PTFE L. Gore & Associates Inc., USA), 
having a porosity of 10 micron and an active surface of 100 
cm2, Was modi?ed by means of plasma enhanced chemical 
vapour deposition by using NH3 (Plasma Science, USA, 
Type PS 0350 Plasma Surface Treatment System). 

[0093] The amount of primary amines on the porous 
structure surface of the obtained matrix Was assayed as 
described in Example 3. 

Example 7 

[0094] The surface of a matrix of porous, Polystyrene 
(DoW Chemical, USA), having a porosity of 10 micron and 
an active surface of 300 cm2, Was modi?ed by means of 
plasma enhanced chemical vapour deposition by using CO2 
(Plasma Science, USA, Type PS 0350 Plasma Surface 
Treatment System). 

[0095] The amount of carboxyl groups on the porous 
structure surface of the obtained matrix Was assayed as 
described in Example 2. 

Example 8 

[0096] The surface of a matrix of porous polyurethane 
(Polymers Unlimited, SWeden), having a porosity of 80 
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micron and an active surface of 100 cm2, Was modi?ed by 
means of a 2% solution of an Aldehydic Alkoxy Silane, Art 
No. (PSX 1050, United Chemical Technologies Inc., USA) 
in 95% ethanol. The pH of the solution Was adjusted to pH 
5.5 With acetic acid and the solution Was perfused through 
the matrix, Which Was incubated over night at room tem 
perature and then Washed With 0.9% physiological saline. 

[0097] The aldehyde functionality of the obtained matrix 
Was evaluated by using a catalytic acceleration of the 
oxidation of p-phenylenediamine by hydrogen peroxide, 
p-phenylenediamine being oxidiZed by hydrogen peroxide 
in an acid solution, Which is knoWn as BandroWski’s base. 

Example 9 

[0098] The surface of a matrix of porous silicone (Nusil, 
France), having a porosity of 200 micron and an active 
surface of 0.5 m2, Was modi?ed by means of a 2% solution 
of a Amine-Silane (Art No. 0750, United Chemical Tech 
nologies Inc., USA) in 95% ethanol. The solution Was 
perfused through the matrix, Which Was incubated over night 
at room temperature and ?nally Washed With 0.9% physi 
ological saline. 

[0099] The amount of primary amines on the porous 
structure surface of the obtained matrix Was assayed as 
described in Example 3. 

[0100] Coating by Means of Covalent Bonding 

Example 10 

[0101] Poly-Lysine (200 mg) Was dissolved in 10 ml of 50 
mM sodium carbonate solution and a matrix of porous 
polycarbonate With a porosity of 100 micron (MicroPore 
Plastics, USA) Was then immersed into the solution and kept 
at 4° C. for 24 h in order to obtain a covalent bonding 
betWeen the poly-lysine and the polycarbonate matrix. The 
porous matrix Was ?nally Washed With excess distilled 
Water. 

[0102] The amount of primary amines on the porous 
structure surface of the obtained matrix Was assayed as 
described in Example 3. 

Example 11 

[0103] The porous polyethylene matrix obtained accord 
ing to Example 4 Was perfused With an aqueous solution of 
1-byb1ohexy1-3-(2-morpholinoethyl)carbodiimide metho-p 
toluenesulfonate (WCCM) (Aldrich) at a How rate of 5 
ml/min in a closed circuit at room temperature for 6 h. Then 
it Was rinsed With Water and a solution of polyethyleneimine 
(Sigma) (10 mg/ml, pH 7.0) Was ?nally added and the matrix 
Was incubated over night. 

[0104] The amount of primary amines on the porous 
structure surface of the obtained matrix Was assayed as 
described in Example 3. 

Example 12 

[0105] The porous polyethylene matrix obtained accord 
ing to Example 3 Was conjugated by using 1.0% glutardial 
dehyde in 0.2 M phosphate buffer, pH 7.5, and perfused at 
a How rate of 1 ml/min for 6 h at room temperature. The 
matrix Was then Washed With buffer before incubation With 
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a hyaluronic acid solution (2 mg/ml) for 16 h at room 
temperature. Excess hyaluronic acid Was ?nally rinsed off. 

[0106] The hyaluronic acid content on the porous structure 
surface of the obtained matrix Was veri?ed and determined 
With Alcian Blue (Sigma). 

[0107] Coating by Means of Adhesion 

Example 13 

[0108] A matrix of porous polyethylene (Porex Technolo 
gies, Germany), having a porosity of 70 micron and an 
active surface of 0.18 m2, Was perfused at a How rate of 1 
ml/min in a closed circuit for 16 h at room temperature With 
2 mg/ml hyaluronic acid solution (BioHyos, Sweden, 12106 
Da) at a pH of 3.3, Which Was adjusted With 0.1 M HCl. 

[0109] The hyaluronic acid content on the porous structure 
surface of the obtained matrix Was veri?ed as in Example 
12. 

Example 14 

[0110] A matrix of porous polyethylene (Porex Technolo 
gies, Germany), having a porosity of 70 micron and an 
active surface of 7.0 m2, Was placed in a glass tube. The 
tube, With the porous matrix therein, Was ?lled With a 
solution of 0.13% poly-Lysine (Sigma) in 350 ml Water, and 
the pH Was adjusted to pH 3.3 With 0.1 M HCl. Then the 
solution of poly-lysine Was recirculated through the tube 
With its ?lter matrix for 16 h at room temperature at a How 
rate of <5 ml/min. The porous matrix Was ?nally rinsed With 
reverse osmosis Water. 

[0111] The amount of primary amines on the porous 
structure surface of the obtained matrix Was assayed as 
described in Example 3. 

Example 15 

[0112] A matrix of porous polyethylene (Porex Technolo 
gies, Germany), having a porosity of 70 micron and an 
active surface of 3.4 m2, Was placed in a glass tube. The tube 
With the the porous matrix therein Was ?lled With a 0.2% 
RecombuminTM (recombinant Human Serum Albumin, 
HoechstPharma, USA) solution in 350 ml of reverse osmo 
sis Water and then adjusted to pH 3.3 With 0.1 M HCl. 

[0113] Then the RecombuminTM solution Was recirculated 
through the tube With its ?lter matrix for 16 h at room 
temperature by using a pump at a How rate of <5 ml/min. 
The porous matrix Was ?nally rinsed With reverse osmosis 
Water. 

[0114] The surface protein content on the porous structure 
surface of the obtained matrix Was determined by using 
Coomassie Brilliant Blue (BioRad, USA). 

Example 16 

[0115] The porous polyethylene matrix obtained accord 
ing to Example 4 Was perfused With a polyethyleneimine 
(Sigma) solution, 10 mg/ml, over night at a How rate of 5 
ml/min in a closed circuit. Then, the porous matrix Was 
rinsed With Water. 
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[0116] The amount of primary amines on the porous 
structure surface of the obtained matrix Was assayed as 
described in Example 3. 

[0117] Direct Conjugation of Ligands 

Example 17 

[0118] The porous polyethylene matrix obtained accord 
ing to Example 5 Was conjugated With deoxycholate (DOC) 
by using an aqueous solution of WCCM. A solution of 300 
ml 40% dimethylformamide (DMF) (Sigma) in Water, Which 
contained 1 mmol of sodium deoxycholate, Was added to the 
porous polycarbonate With stirring While adjusting the pH 
With 0.3 M HCl to pH 4.8. Asolution of 6 mM WCCM in 
DMF:Water (1:1.8) Was then added over a period of 10 min. 
The suspension Was maintained at pH 4.8 for 3 h by the 
addition of 0.3 M HCl. 

[0119] The DOC content on the porous structure surface of 
the obtained matrix Was determined by using a Bile Acid Kit 
(Sigma). 

Example 18 
[0120] The porous polyethylene matrix obtained accord 
ing to Example 3 Was conjugated by using 12% glutardial 
dehyde in 0.15 M phosphate buffer, pH 7.0 for 24 h at room 
temperature. The matrix Was Washed With 0.15 M phosphate 
buffer and then anti CD14 antibodies (DAKO, Denmark) 
Was added at a concentration of 1 mg/ml and incubated at 8° 
C. for 24 h. Subsequent reduction With sodium cyanoboro 
hydride Was performed in order to produce stable secondary 
amine linkages. 

[0121] The antibody content on the porous structure sur 
face of the obtained matrix Was indirectly determined by 
means of UV spectroscopy of the antibody buffer solution 
before and after incubation With the porous matrix. 

Example 19 
[0122] The porous polyethylene matrix obtained accord 
ing to Example 8 Was Washed With 0.15 M phosphate buffer 
and then a recombinant IL-1 receptor (Kineret, Amgen, 
USA) Was added at a concentration of 1 mg/ml and incu 
bated at 8° C. for 24 h. Subsequent reduction With sodium 
cyanoborohydride Was performed in order to produce stable 
secondary amine linkages. 

[0123] The IL-1 receptor content on the porous structure 
surface of the obtained matrix Was indirectly determined by 
means of UV spectroscopy of the IL-1 receptor buffer 
solution before and after incubation With the porous matrix. 

Example 20 
[0124] The porous polyethylene matrix obtained accord 
ing to Example 5 Was conjugated by using 1.0% glutardial 
dehyde and 0.2 M phosphate buffer, pH 7.5. The matrix Was 
incubated With this solution for 3 h. After Washing With 
phosphate buffer the matrix Was incubated in a solution of 
Polymyxin B sulphate (Sigma), 1 mg/ml, over night under 
recirculation. The matrix Was ?nally Washed With 0.1 M 
phosphate buffer, pH 7.4. 

Example 21 
[0125] The porous polyethylene matrix obtained accord 
ing to Example 2 Was conjugated With recombinant TNF-ot 
receptor (Enbrel, Wyeth, UK) at a concentration of 5 mg/ml 
in 0.1 M 2-(N-morpholino)ethanesulfonic acid (MES) buffer 
(Sigma), pH 4.8. Thirty mg/ml of an aqueous solution of 
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WCCM Was added and the matrix Was incubated over night 
at 8° C. The matrix Was ?nally Washed With 0.1 M phosphate 
buffer, pH 7.4. 

[0126] The TNF-ot receptor content on the porous struc 
ture surface of the obtained matrix Was indirectly deter 
mined by means of UV spectroscopy of the TNF-ot receptor 
buffer solution before and after incubation With the porous 
matrix. 

Example 22 

[0127] The porous polyethylene matrix obtained accord 
ing to Example 3 Was conjugated With an anti-human TNF-ot 
antibody (Sigma) by using a 1.0% glutardialdehyde in 0.2 M 
phosphate buffer, pH 7.5. The matrix Was incubated With the 
TNF-ot antibody buffer solution for 3 h. After Washing of the 
porous matrix With phosphate buffer, the anti-human TNF-ot 
antibody (1 mg/ml) in phosphate buffer Was added and 
incubated at room temperature for 6 h under recirculation at 
a How rate of 1 ml/min. The matrix Was ?nally Washed With 
0.1 M phosphate buffer, pH 7.4. 

[0128] The TNF-ot antibody content on the porous struc 
ture surface of the obtained matrix Was indirectly deter 
mined by means of UV spectroscopy of the TNF-ot antibody 
buffer solution before and after incubation With the porous 
matrix. 

Example 23 

[0129] The porous polyethylene matrix obtained accord 
ing to Example 5 Was conjugated With human bactericidal 
permeability increasing protein (BPI) (Wieslab, SWeden) at 
a concentration of 2 mg/ml in 0.1 M MES buffer, pH 4.8. An 
aqueous solution of WCCM Was added to this matrix at a 
concentration of 15 mg/ml, and the matrix Was incubated 
over night at 8° C. The matrix Was ?nally Washed With 0.1 
M phosphate buffer, pH 7.4. 

[0130] The BPI content on the porous structure surface of 
the obtained matrix Was indirectly determined by means of 
UV spectroscopy of the BPI buffer solution before and after 
incubation With the porous matrix. 

Example 24 

[0131] The porous polyethylene matrix obtained accord 
ing to Example 15 Was incubated in a solution of DOC in 0.1 
M MES buffer, pH 4.8, at a concentration of 1 mg/ml. Then 
an aqueous solution of WCCM Was added, and the matrix 
Was incubated over night at 8° C. The matrix Was ?nally 
Washed With 0.1 M phosphate buffer, pH 7.4. 

[0132] The DOC content on the porous structure surface 
of the obtained matrix Was determined as in Example 17. 

[0133] Conjugation of Ligands With Spacer 

Example 25 

[0134] The porous polyethylene matrix obtained accord 
ing to Example 3 and Was activated With 1.2% glutardial 
dehyde in 0.2 M phosphate buffer, pH 7.0 for 24 h at room 
temperature. The matrix Was Washed With buffer and sub 
sequently incubated for 24 h in 1,6-diaminohexane (DAH) 
(Sigma), 50 mg/ml, in 0.2 M phosphate buffer, pH 7.0. 
Thereafter, 10 mg/ml sodium cyanoborohydrid (Sigma) Was 
added to the solution. The porous matrix Was Washed With 

Dec. 18, 2003 

0.1 M phosphate buffer and then incubated in a solution of 
DOC (1 mg/ml) in 0.1 M MES buffer, pH 4.8. Then an 
aqueous solution of WCCM Was added and the matrix Was 
incubated over night at 8° C. The matrix Was ?nally Washed 
With 0.1 M phosphate buffer, pH 7.4. 

[0135] The DOC content on the porous structure surface 
of the obtained matrix Was determined as in Example 17. 

Example 26 

[0136] The porous polyethylene matrix obtained accord 
ing to Example 5 Was activated for 24 h at room temperature 
With 1.2% glutardialdehyde in 0.2 M phosphate buffer, pH 
7.0. The matrix Was Washed With buffer and then incubated 
for 24 h With adipic dihydraZide (Aldrich) at a concentration 
of 10 mg/ml in 0.2 M phosphate buffer, pH 7.4. Then 10 
mg/ml of sodium cyanoborohydrid (Sigma) Was added to the 
solution. 

[0137] The porous matrix Was Washed With 0.1 M phos 
phate buffer and then incubated With a solution of DOC at 
a concentration of 1 mg/ml in 0.1 M MES buffer, pH 4.8. 
Then an aqueous solution of WCCM Was added, and the 
matrix Was incubated over night at 8° C. The matrix Was 
?nally Washed With 0.1 M phosphate buffer, pH 7.4. 

[0138] The DOC content on the porous structure surface 
of the obtained matrix Was determined as in Example 17. 

Example 27 

[0139] The matrix obtained according to Example 10 Was 
conjugated With DOC by using an aqueous solution of 
WCCM. A Water solution of 300 ml 40% DMF (Sigma), 
containing 1 mmol sodium deoxycholate, Was added to the 
porous polycarbonate matrix While stirring. The pH of the 
suspension Was adjusted to 4.8 With 0.3 M HCl. A 6 mM 
solution of WCCM in DMF:Water (1:1.8) Was added over a 
period of 10 min and the suspension Was maintained at pH 
4.8 for 3 h by the periodic addition of 0.3 M HCl. Then it 
Was kept at room temperature for 24 h. 

[0140] The DOC content on the porous structure surface 
of the obtained matrix Was determined as in Example 17. 

Example 28 

[0141] The matrix obtained according to Example 14 Was 
activated for 10 h at room temperature With 1.2% glutar 
dialdehyde in 0.2 M phosphate buffer, pH 7.0, and then 
rinsed With excessive amounts of buffer. Polyethyleneimine 
(Sigma) at a concentration of 10 mg/ml in 0.1 M bicarbonate 
buffert, pH 8.0, Was introduced into the porous matrix, and 
the matrix Was incubated With the solution for 16 h. 

[0142] The matrix Was then Washed With buffer and con 
jugated With DOC by using an aqueous solution of WCCM. 
Asolution of 300 ml 40% DMF in Water, containing 1 mmol 
of sodium deoxycholate, Was added to the porous matrix 
While stirring. The pH Was adjusted to 4.8 With 0.3 M HCl. 
A 6 mM solution of WCCM in DMF:Water (1:1.8) Was then 
added over a period of 10 min. The suspension Was main 
tained at pH 4.8 for 3 h by the periodic addition of 0.3 M 
HCl. Then it Was kept at room temperature for 24 h. 

[0143] The DOC content on the porous structure surface 
of the obtained matrix Was determined as in Example 17. 
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Example 29 

[0144] The porous polyethylene matrix obtained accord 
ing to Example 3 Was activated for 24 h at room temperature 
With 1.2% glutardialdehyde in 0.2 M phosphate buffer, pH 
7.0. The matrix Was then Washed With the buffer and 
incubated for 24 h With 1,6-diaminohexane (DAH) (Sigma) 
at a concentration of 50 mg/ml in 0.2 M phosphate buffer, 
pH 7.0. The porous matrix Was then Washed With 0.1 M 
phosphate buffer and incubated for 12 h at 8° C. as a 
suspension in a solution of TNF-ot receptor (Enbrel, Wyeth, 
UK) at a concentration of 10 mg/ml in 0.1 M phosphate 
buffer, pH 7.4. Then a solution of sodium cyanoborohydrid 
(Sigma) at a concentration of 10 mg/ml Was added to the 
suspension. The matrix Was ?nally Washed With 0.1 M 
phosphate buffer, pH 7.4. 

[0145] The TNF-ot receptor content on the porous struc 
ture surface of the obtained matrix Was indirectly deter 
mined by means of UV spectroscopy of the TNF-ot receptor 
buffer solution before and after incubation With the porous 
matrix. 

[0146] Selective Binding and Separation of Blood Com 
ponents 

[0147] Cell separations Were performed by alloWing 
Whole blood to pass through a ?lter of a matrix shaped as a 
disk and having an active surface of 0.02 m2. 

[0148] The removal of endotoxins and cytokins Was per 
formed With the test system shoWn in FIG. 4. A container 8, 
?lled With up to 2 l of Whole blood or plasma, Was connected 
to a pump 9, a pressure monitor 10 and a ?lter device 1 With 
up to 40 matrix plates, i.e. an active surface of up to 7 m2 
being provided, Which has a porosity betWeen 70 and 130 
micron. 

[0149] Cell Separation 

Example 30 

[0150] A magnetic porous matrix comprising a mixture of 
polyethylene and magnetic ferrite (80% FeO, 20% BaO2, 
Porex Technologies, Germany), Which had a porosity of 100 
micron, Was used to separate leukocytes from Whole blood 
by using speci?cally labeled anti CD45+ antibodies (MACS 
Antibody Microbeads; Miltenyi Biotec, Germany). After a 
magnetic labeling of the leukocytes With such antibodies, 
the blood Was alloWed to pass through the porous matrix. 

[0151] Cell counting of leukocytes Was performed by 
using an automatic Cell Counter, Which after the separation 
shoWed a reduction of the leukocyte content in the blood of 
90%. 

Example 31 

[0152] The surface of a matrix of porous cellulose diac 
etate (Tenite, Eastman Chemicals, USA), having a porosity 
of 200 micron and an active surface of 0.2 m2, Was used for 
separation of human fagocytating blood cells as neutrophils 
and monocytes. Human Whole blood Was collected in EDTA 
vacutainer tubes (B&D, UK) and the blood Was alloWed to 
pass through the porous matrix. 

[0153] The reduction in the number of neutrophils and 
monocytes in the collected blood Was 50% and 35%, respec 
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tively, as determined microscopically by differential cell 
counts in a Burkner chamber by using Turks Reagent. 

[0154] Cytokine Removal 

Example 32 

[0155] The matrix obtained according to Example 22, 
Which had been coated With endotoxin removal groups, Was 
used as porous disks in the test system shoWn in FIG. 4. 

[0156] The elimination of TNF-ot from Whole blood Was 
investigated after immobiliZing polyclonal antibodies 
against TNF-ot With glutardialdehyde onto the amino groups 
on the porous polymer structure. Production of TNF-ot Was 
induced by the addition of LPS to the blood and the activated 
Whole blood Was perfused over the immobiliZed ?lter in the 
device. 

[0157] The amounts of TNF-ot in Whole blood (FIG. 5) 
Was determined pre (0) and post (I) the device by an 
enZyme immunoassay (EnZymimmuno-assay, Milenia Bio 
tec GmbH, Germany) in order to study the uptake of TNF-ot 
by the ?lter disks. As seen, a considerable reduction of 
pathological concentrations of TNF-ot in Whole blood could 
be obtained. 

[0158] Endotoxin Removal 

Example 33 

[0159] The matrix obtained according to Example 25, i.e. 
a plasma modi?ed polyethylene matrix having DOC 
thereon, Was immobiliZed thereon via a spacer of diamino 
hexane, Which ?rst had been coupled to the matrix by 
glutardialdhyde and then to the deoxycholate by using 
carbodiimide. The obtained matrix Was used as porous disks 
in the ?lter device of the system shoWn in FIG. 4. 

[0160] The elimination of LPS from plasma Was per 
formed in a similar Way as in Example 32. 

[0161] The amount of LPS in plasma Was determined by 
means of means of a Limulus Amebocyte Lysate assay 
(Endochrome-K, Charles River Laboratories Inc. USA) in 
the bulk at different time intervals during recirculation 
through the ?lter device. 

[0162] In FIG. 6 the reduction of the amount of endotoxin 
(pg/ml) With time is shoWn. After a recirculation of 2 h the 
endotoxin load Was reduced from 75 pg/ml at start to 15 
pg/ml, Which is the detection limit. 

Example 34 

[0163] The matrixes obtained according to Example 3 
(nonimmobiliZed amino groups) and Example 17 (immobi 
liZed DOC), respectively, Were used as porous disks and 
compared With reference to their ability to eliminate LPS. A 
similar recirculation study as in Example 33 Was performed 
With the difference that the LPS Was dissolved in distilled 
Water. 

[0164] The elimination of LPS from the Water solution 
Was determined as shoWn in FIG. 4 While recirculating at a 
How rate of 0.22 ml/min through each ?lter in a device of 10 
ml. 

[0165] In Table 1 beloW the values for elimination of LPS 
by the tWo matrixes from Example 3 and Example 17, 
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respectively, are given as percentage of the initial LPS 
concentration after a recirculation of 120 min. 

TABLE 1 

Example 3 Example 17 

LPS elimination 81 96 

(0/0) 

[0166] The difference in degree of elimination betWeen 
plasma (Example 34) and Water (Example 35) can be 
explained by competitive interactions of proteins, LPS and 
ligand. 
[0167] Combined Removal 

Example 35 

[0168] The matrixes obtained according to Example 19 
and Example 29 Were used for the combined removal of 
TNF-ot and IL-1, respectively. 

[0169] The tWo matrixes of different speci?city Were 
connected in serial in a closed loop test system of tWo ?lter 
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devices as shoWn in FIG. 4. Whole blood in a contianer Was 
kept at 37° C., activated by the addition of LPS, and 
introduced into the system. Sampling Was performed at 
different time intervals simultaneous from the container and 
?lter outlets for analysis of the cytokines. 

[0170] The results shoWed for both matrixes a decrease in 
cytokine concentrations of 70% and 55% for TNF-ot and 
IL-lot, respectively. 
[0171] Table 2 beloW shoWs a summary of the versatile 
applicability and the considerable ef?cacy of the inventive 
method for selective binding and separation of different 
components from Whole blood or a body ?uid. For this 
purpose, different porous matrixes have been used as sup 
ports for the attachment of ligands, With or Without a spacer. 
Thus, methods of immobilization have been performed With 
glutardialdehyd by using tWo terminal —NH2 and With 
1-ethyl-3 (3-dimethylaminopropyl)carbodiimide With one 
terminal —NH2 and one terminal —OH or —COOH, 
respectively. SilaniZation through aldehyde or amino func 
tional silane coupling reagents for speci?c binding of amino 
groups, antibodies, enZymes, peptides, proteins have also 
been used, aldehyde groups reacting spontaneously With 
amines, peptides and proteins. 

TABLE 2 

Porous E?icacy 
matrix Method Spacer Ligand Component % 

Polyethylene — HA DOC LPS 80.1 

Polyethylene — Poly-Lys DOC LPS 12.8 
Polyethylene —NH2 DAH DOC LPS 29.6 
Polyethylene —NH2 — DOC LPS 12.5 
Polyethylene —NH2 DAH Polymyxin B LPS 16.3 
Polyethylene —NH2 DAH Arginine LPS 14.3 
Polyethylene —NH2 DAH Recombumin LPS 18.3 
Polyethylene —NH2 — Anti-TNFOL Ab TNF-OL 63.2 
Polyethylene Allyl- PEI DOC LPS 33.4 

amine 
Polyethylene Allyl- Poly-Lys DOC LPS 85.5 

amine 
Polyethylene —COOH — TNF-OL Receptor TNF-OL 59.2 
Polyethylene —COOH — Interleukine-l IL-1 64.0 

Receptor 
Polyethylene —COOH — Thrombomodulin Thrombin 70.8 

Polyethylene —COOH — BPI LPS 91.2 

Polyethylene —OH Sil.ad. TNF-OL Receptor TNF-OL 61.8 
Polyethylene —OH Sil.ald. Interleukine-l IL-1 62.0 

Receptor 
Polyethylene —OH Sil.ald. Thrombomodulin Thrombin 73.7 
Polyethylene —OH Sil.ald. BPI LPS 89.3 
Polyethylene HA DAH DOC LPS 29.6 
Polyethylene Poly- DAH DOC LPS 73.3 

Lys 
Polyethylene Recom- — DOC LPS 20.8 

bumin 
Polyethylene —NH2 GDA Anti CD 11b Ab Granulo- 50.2 

cytes and 
monocytes 

Polyethylene —OH Sil.ald. Anti CD 11b Ab cytes and 56.1 
monocytes 

Polycarbonate — Poly-Lys DOC LPS 44.4 
Polycarbonate —OH Sil.Ald TNF-OL Receptor TNF-OL 75.9 
Polycarbonate —COOH — Thrombomodulin Thrombin 72.0 

Polyurethane — DAH DOC LPS 30.2 

Polyurethane — DAH Recombumin LPS 18.5 

Polyurethane — Poly-Lys DOC LPS 14.8 
Polyurethane — Sil.Ald TNF-OL Receptor TNF-OL 56.7 
Polyurethane — Sil.Ald BPI LPS 88.0 

Silicone — Sil.Ald TNF-OL Receptor TNF-OL 55.3 

Silicone — Sil.Ald Thrombomodulin Thrombin 68.2 
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Porous E?icacy 
matrix Method Spacer Ligand Component % 

Zeolite — Sil.Ald TNF-OL Receptor TNF-OL 63.9 

Zeolite — Sil.—NH2 DOC LPS 48.3 
Zeolite Sil.Ald Interleukine-l IL-1 60.1 

Receptor 
Cellulose CNBr DAH DOC LPS 28.5 
Cellulose CNBr Poly-Lys DOC LPS 39.2 
PTFE Allyl- DAH TNF-OL Receptor TNF-OL 73.0 

amine 
PTFE —COOH — Interleukine-l IL-1 77.7 

Receptor 

Abbreviations: BPI = bactericidal permeability increasing protein; DAH 1,6-diamino 
hexane; DOC = deoxycholate; EDC = 1-ethyl-3 (3-dimethylaminopropyl) carbodiimide; 
GDA = glutardialdehyde; HA = hyaluronic acid; IL-1 = Interleukin-1; PET = polyethyl 
eneimine; Recombumin = recombinant human albumin; Sil.ald. = aldehyde functional 
silane coupling reagent; Sil.—NH2 = amino functional silane coupling reagent; TNF-OL = 
tumour necrose factor-0L. 

1. Amethod for selectively binding and separating at least 
one component from Whole blood or a body ?uid, Wherein 
said blood or body ?uid is alloWed to pass through a rigid 
integral separation matrix Without being excluded there 
from, said matrix having a porous structure With a pore size 
ranging from 5 micron to 500 micron as Well as an active 
surface ranging from 0.5 cm2 to 10 m2, Which is able to bind 
said at least one component. 

2. The method as in claim 1, Wherein said porous structure 
has been obtained by means of a sintering, an extrusion, a 
moulding, or a foaming process. 

3. The method as in claim 1, Wherein said matrix is made 
of a metal, inorganic oxide, carbon, glass, a ceramic, a 
synthetic polymer, and/or a natural polymer, or mixtures 
thereof. 

4. The method as in claim 3, Wherein said synthetic or 
natural polymer has been coated onto said metal, high 
surface area inorganic oxide, carbon, glass, ceramic, syn 
thetic polymer, and/or natural polymer, or mixtures thereof. 

5. The method as in claim 4, Wherein said synthetic 
polymer is a polyole?ne, a vinylic polymer, a ?uorine 
containing polymer, a polyacrylate, a polyamide, a polyim 
ide, a polyimine, a polystyrene and its copolymers, a silicone 
rubber, a polyester, a polycarbonate, a polyuretane, a poly 
sulfonate, a polyglycol, a polyether, or a polyalkydoxide, or 
a copolymer or a hybrid thereof. 

6. The method as in claim 4, Wherein said natural polymer 
is a polysaccharide, a polycarbohydrate, a polyamino acid, 
a polylactic acid, or a polyglycolic acid, or a copolymer or 
a hybrid thereof. 

7. The method as in claim 3, Wherein said metal is 
magnetic. 

8. The method as in claim 7, Wherein said synthetic or 
natural polymer has been coated onto said magnetic metal. 

9. The method as in claim 8, Wherein said synthetic 
polymer is a polyole?ne, a vinylic polymer, a ?uorine 
containing polymer, a polyacrylate, a polyamide, a polyim 
ide, a polyimine, a polystyrene and its copolymers, a silicone 
rubber, a polyester, a polycarbonate, a polyuretane, a poly 
sulfonate, a polyglycol, a polyether, or a polyalkydoxide, or 
a copolymer or a hybrid thereof. 

10. The method as in claim 8, Wherein said natural 
polymer is a polysaccharide, a polycarbohydrate, a 

polyamino acid, a polylactic acid, or a polyglycolic acid, or 
a copolymer or a hybrid thereof. 

11. The method as in claim 1, Wherein said separation 
matrix has the shape of a disk, a rod, a cylinder, a ring, a 
sphere, a tube, or a holloW tube. 

12. The method as in claim 1, Which is carried out in a 
device (1) comprising a housing (2), an inlet (3), an outlet 
(4), and said at least one separation matrix (5a, 5b, . . . 

13. The method as in claim 12, Wherein said device has 
several separation matrixes (5a, 5b, . . . ), each selectively 
and separately removing at least one component from Whole 
blood or a body ?uid. 

14. The method as in claim 13, Wherein the ?oW rate 
through said device is ranging from 5 ml/h to 6 000 ml/min. 

15. A method for selectively binding and separating at 
least one component from Whole blood or a body ?uid, 
Wherein said blood or body ?uid is alloWed to pass through 
a rigid integral separation matrix Without being excluded 
therefrom, said matrix having a porous structure With a pore 
siZe ranging from 5 micron to 500 micron as Well as an 
active surface ranging from 0.5 cm to 10 In, said matrix 
comprising at least one functional group that has been 
introduced by means of coating and/or surface modi?cation 
of said porous structure, said at least one functional group 
alone or in combination With non-functionaliZed regions of 
said porous structure being able to bind said at least one 
component. 

16. The method as in claim 15, Wherein said porous 
structure has been obtained by means of a sintering, an 
extrusion, a moulding, or a foaming process. 

17. The method as in claim 15, Wherein said matrix is 
made of a metal, inorganic oxide, carbon, glass, a ceramic, 
a synthetic polymer, and/or a natural polymer, or mixtures 
thereof. 

18. The method as in claim 17, Wherein said synthetic or 
natural polymer has been coated onto said metal, high 
surface area inorganic oxide, carbon, glass, ceramic, syn 
thetic polymer, and/or natural polymer, or mixtures thereof. 

19. The method as in claim 18, Wherein said synthetic 
polymer is a polyole?ne, a vinylic polymer, a ?uorine 
containing polymer, a polyacrylate, a polyamide, a polyim 
ide, a polyimine, a polystyrene and its copolymers, a silicone 
rubber, a polyester, a polycarbonate, a polyuretane, a poly 
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sulfonate, a polyglycol, a polyether, or a polyalkydoXide, or 
a copolymer or a hybrid thereof. 

20. The method as in claim 18, Wherein said natural 
polymer is a polysaccharide, a polycarbohydrate, a 
polyamino acid, a polylactic acid, or a polyglycolic acid, or 
a copolymer or a hybrid thereof. 

21. The method as in claim 17, Wherein said metal is 
magnetic. 

22. The method as in claim 21, Wherein said synthetic or 
natural polymer has been coated onto said magnetic metal. 

23. The method as in claim 22, Wherein said synthetic 
polymer is a polyole?ne, a vinylic polymer, a ?uorine 
containing polymer, a polyacrylate, a polyamide, a polyim 
ide, a polyimine, a polystyrene and its copolymers, a silicone 
rubber, a polyester, a polycarbonate, a polyuretane, a poly 
sulfonate, a polyglycol, a polyether, or a polyalkydoXide, or 
a copolymer or a hybrid thereof. 

24. The method as in claim 22, Wherein said natural 
polymer is a polysaccharide, a polycarbohydrate, a 
polyamino acid, a polylactic acid, or a polyglycolic acid, or 
a copolymer or a hybrid thereof. 

25. The method as in claim 15, Wherein said surface 
modi?cation has been accomplished by means of elec 
trodeposition, electroevaporation, plasma chemical deposi 
tion, deposition from an ion plasma ?oW, plasma polymer 
iZation, plasma enhanced surface polymer deposition, or 
chemical vapor deposition. 

26. The method as in claim 25, Wherein said at least one 
functional group is a sulfhydryl, a carboXylate, an amine, an 
aldehyde, a ketone, a hydroXyl, a halogen, a hydraZide, or an 
active hydrogen. 

27. The method as in claim 26, Wherein a ligand has been 
coupled to said at least one functional group in a covalent 
Way. 

28. The method as in claim 27, Wherein said ligand is a 
protein, a peptide, an antibody or a fragment thereof, a 
carbohydrate, a polysaccharide, a hormone, an antioxidant, 
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a glycoprotein, a lipoprotein, a lipid, a fat soluble vitamin, 
a bile acid, a reactive dye, allantoin, uric acid, or polymyXin, 
or combinations thereof. 

29. The method as in claim 27, Wherein a crosslinker has 
been covalently coupled betWeen said at least one functional 
group and said ligand. 

30. The method as in claim 29, Wherein said crosslinker 
is a homobifunctional, a heterobifunctional, or a trifunc 
tional crosslinker. 

31. The method as in claim 29, Wherein said crosslinker 
has been covalently coupled as a spacer betWeen said at least 
one functional group and said ligand. 

32. The method as in claim 31, Wherein said spacer is a 
silane, a diisocyanate, a glycolate, a polyethyleneglycol, a 
succinimidyl reagent, a dihydraZine, adipicd, a diamine, an 
amino acid, an oligoamino acid, a polyamino acid, a peptide, 
or a protein. 

33. The method as in claim 15, Wherein said separation 
matriX has the shape of a disk, a rod, a cylinder, a ring, a 
sphere, a tube, or a holloW tube. 

34. The method as in claim 15, Which is carried out in a 
device (1) comprising a housing (2), an inlet (3), an outlet 
(4), and said at least one separation matrix (5a, 5b, . . . 

35. The method as in claim 34, Wherein said device has 
several separation matriXes (5a, 5b, . . . ), each selectivley 
and separately removing at least one component from Whole 
blood or a body ?uid. 

36. The method as in claim 35, Wherein the flow rate 
through said device is ranging from 5 ml/h to 6 000 ml/min. 

37. Use of a bile acid moiety immobilized on a support for 
eliminating a component from an aqueous solution compris 
ing the same. 

38. The use as in claim 37, Wherein said bile acid moiety 
is a deoXycholic acid moiety. 

* * * * * 


