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such as a rRR§é%er at ed cel | ul ose nenbrane, a.portion of the Protein C3
havi ng As shown in Figure 1B, it is believed that, when the plasma proteins come into contact with the
nucleophilic surface, such as a regenerated cellulose membrane, a portion of the Protein C3 having

45 activated carbonyl groups (identified as Component C3b) covalently binds to the surface nucleophiles.
Another portion of the Protein C3 (identified as Component C3a) is split off and diffuses into the plasma. As
this is occurring, a portion of the Protein C5 (identified as component C5b) also adheres to the membrane
surface, fresing component C5a into the plasma. These cleavage components C3a and C5a are calied
anaphylatoxins.

50 Complement activation on nucleophilic surfaces like the regenerated cellulosics mentioned above
occurs because the control Protein Factors H&I do not associate very well with C3b bound to these types of
surfaces. Therefore, Factors H&! cannot inhibit the cascade from proceeding.

As shown in Figure 1C, the freed C5a anaphylatoxin activates granulocytes, causing them to aggregate
or become hyperadherent to the pulmonary vasculature. It is believed that this sequestration of the C5a-

55 activated granulocytes manifests itself as leukopenia during dialysis.

The C3a-anaphylatoxin does not appear to interact with the biological constituents of the blood.
However, its presence can be. measured in the blood, and C3a serves as a marker for accurately
quantifying the degree of complement activation taking place.
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45 activated carbonyl groups (identified-as Conponent C3b) covalently

bi nds to the surface nucl eophiles. Another portion of the Protein C3
(identified as Conmponent C3a) is split off and diffuses into the plasma. As
this is occurring, a portion of EPI930P6848i1n C5 (identified as conponent
C5b) al so adheres to the nenbrane surface, freeing conponent C5a into the
pl asma. These cl eavage conp onents C3a and C5a are cal |l ed anaphyl at oxi ns. 50
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having nucleophilic groups in a way that blocks the covalent bonding of complement proteins and the
associated release of anaphylatoxins.
Thus , overall patient exposure to these bioreactive materials is limited.
50 Ancther principal objective of this invention is to provide a material capable of removing Beta-2-

microglobulin and other like material from a biological fluid.

SUMMARY OF THE INVENTION

55 The invention achieves these cbjectives by modifying a nucleophilic material in a way that significantly
reduces the incidence of complement activation. In accordance with the invention, the nucleophilic material
is modified with a second material having activated carbonyl groups, employing a specific nucleophilic-acyl
substitution reaction which creates a non-ether linkage with the nucleophile, while at the same time retaining
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retain their natural bio-reactive nature. 25 In addition to _
bi oconpatibility, there are other desirable characteristics for naterials i
irntended for use as dialysis nenbranes. One such characteristic involves :
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- discl oses a rvéeiedds poftom pBHe RN KPR t hr ombogeni ¢ materi al s whi ch invol ves
a coval épt r cHETRIHATPIOMAERNIEPAN™ and an al dehyde group- cont ai ni ng

~ pol yner, suctf"‘?ﬁd‘t‘séh%?qefbﬁpﬁ‘iﬂi’e |s formed around a central core sol ution

containing he fej Fhcan pptiop a'& Sl at .o bre surface
~along the in ra|p(5 glergs Sngbo ent, t!' t(?%)@t g'ﬁq‘ Fh BB & 3‘8 "8?'“1"&5 'SIPIRT R |J'
"is to i nz‘gr TR s hat st R R AR Ve%fs“ﬁ%"t &rial s having nucl eophilic groups,
such as Tegenerated cel lulose, by providing a process of efficiently
treating a material having nucleophilic groups in a way that blocks the
. coval ent bondi ng of conpl enent pr%el ns an®t he associated rel ease of
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~anaphyl atoxi ns. Thus, overall patignt gxpostire fo t hese bioreactive
~materialg is limted. 50 Anot er le nciwal '&@j ective of this invention
_is to provide a material capab of renovi Bet a- 2- m crogl obulin and

- other like material froma biological fluidf SUMVARY OF THE | NVENTI ON 55

. The invention achieves these objecrve¥ -y GodiRging a nucl eophilic
“material in a way that signifi cantlly reduceb the incidence of conpl enent
~activatimn. In accordance with theDinventi cﬁh the nucl eophilic material is
nodi fied with a second material having activated carbonyl groups, enploying
@/spem fic nucleophilic-acyl substitution reaction which creates a

mon- et her | i nKhREpC iRiatcarbemdoniycl eophi | e while at the sane tinme retaining 3
EP 0303 16‘3‘84 B?&:%%Pﬁ;%?%%ﬁé&éﬁw t?q(t” d %’g I n accordance with the

i nventio th T eir ca

covalent |y bi Y His %oBma o Grryoss ol et hEREs bl feryatee

C3a and C5& %{’6 t hu ock SO, i.n.accordance, wi
i nventi on, a%g%\eé:% § 15 %mr?noopt!l fﬁe"of %om OE: g‘r}_ qglg(g/rf‘llkél denvatlve or ta ong or alk?ne dg"lvgtlve or
45 where Z is a sigma bond, a pi bond or an alkyl or alkyl derivative or alkene or alkene derivative or an

aryl compound;

where Ry is a hydrogen atom; or an alkyl or alkyl derivative; alkene or alkene derivative; or aryl
compound; or a halids; or any of the following groups: COOH, SO;, SOy, PO, or DEAE (disthylaminoethyl)
moiety; or any primary, secondary or tertiary amine, or any alkyl ether, or thio alkyl ether of the form -OR or

s0 -SR, where R is any alkyl, alkenyl or aryl chain, and S is a sulphur atom;

where Rz is a hydrogen atom; or an alkyt or alkyl derivative; alkene or alkene derivative; or aryl
compound; or a halide; or any of the following groups: COOH, SO;, S04, PO%, or DEAE (diethylaminoethy!)
moisty; or any primary, secondary or tertiary amine, or any alkyl ether, or thio alky! ether of the form -OR or
-SR, where R is any alkyl, alkenyl or aryl chain, and S is a sulphur atom; '

55 where Rs is a hydrogen atom; or an alkyl or alkyl derivative; alkene or alkene derivative; or aryl
compound; or a halide; or any of the following groups: COON, SO;, SO, POy, or DEAE (diethylaminoethyi)
moiety; or any primary, secondary or tertiary amine, or any alkyl ether, or thio alkyl ether of the form -OR or
-SR, where R is any alkyl, alkeny! or aryl chain, and S is a sulphur atom; and
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5 nucl eophilic groups inparts a negative charge to the treated material. It
I$ believed that this favors the binding of the inhibitory Protein Factors
| to noderate the conpl enent activation process, if started. The negative
charge al'so serves to bind the catiEmd80¥Xess Bhd C5a anaphyl at oxi ns,
rermvi ng themfromcirculation. As used in this specification, the term
"nucl eophilic" refers to a hydroxyl group, an am no group, or the |0 |like
havi ng t he gelrafe 4 f yqregea: atqm: %20 a"“i'5°’ 't‘i’etﬁ'ﬁaé‘.l’ L% o d%{'l’iat'éi‘f !
qther than CBPYBY O £ Bidser any of I 2 s q""“ é‘?e
s a hydr’g‘geéh°%6r?gm%{ 3 ‘@FV%‘:'#? ﬁ "bﬁg{ 'aﬂ ?'rV‘e e"f?ya‘ S
In a prefer |carbo c aci :}ﬂgs a |sl ?ener%htr ttbrevﬁ 8@ a%% dw,le cE P.S anh
nucl eOphI li p%ﬁ ‘an \?dné‘e lutan ér ethﬁ‘%x % al
structure: o ad 33§ glte cg d " fdabide, an oxyg atom 40
where C = rmamﬁeﬁ% ﬁt agtécw rﬁﬁé e Rbing t galétrac&r@ si gma

bond (i.e., no atom or an al kyl or erlvatlve or an a kene or al kene
derivatiyge or an aryl conpound; vvhere Y |s a signa bond (i.e., no atom or
an al kyl or alkyl derivative or al kegg or al kﬁ?e derivative or an aryl
cinpound; 45 where Z is a signma igpnd, a pij bond or an al kyl or alkyl
rivative or al kene or al kene deri v 4= e+ en-eafl conpound; where [err]
is a hydrogen atom or an al kyl orAI kyl deriyative; al kene or al kene
derivatiwe; or aryl conpound, BALS halide; or any of the foll ow ng groups:
[err] or DEAE (di et hylﬂm noet hyl) nmoigty; or any primary, secondary
tertlary am ne, or any al kyl L[ , or thib alkyl ether of the form-OR
or 50 -SR, where Ris any alkyl, al k&ry'PYo'r-ﬁ‘yﬁ-Rgal n, and S is a sul phur
abefm where R2 is a hydrogen atom od lan aI ky' or al kyI derivative; al kene
or al ken& derivative; or aryl corrpou&l | ide; or any of the
follow ng groups: COOH [err] or DEAE (d| et hyl anmi noet hyl ) noi ety; or any
primry, secon arx or tertlary am ne, or any al kyl ether, or thio alkyl
et her of the n at where R is any al kyl, alkenyl or aryl chain,

) n ox gep atoih;
and S is, Suf”re"?ﬁy i é %am %f;'srlne,'b?on?nehxr Iifgen atom or an al kyl
or al kyl “deri yal %B d’re M éllt@?deri?gwé’isryeln[s&%%po? YR&he cfvaite
hal i de; or Fpg;m oW ng gro ps
(di ethyl am “0%3 -s Mbrﬁé b’ond We ﬁ&‘){torﬂf 6rr£ﬁfab€y| oﬁﬁ?ﬂﬂéﬂﬁéﬁe SV allofd 5rl ke dBAYalR or OF
any alkyl efh@i cofpoudal! 0 al kyl ether of the form - -SR, where R 1s any
al’kyl, akkenylnh&é zag ¥ E|g|ﬁah B, a @ EndSoriah afkyiSor kiR Hénv&tv@ﬁi all&ﬁ&l ofalkene derivative or an
: aryl compound;
where R is a hydrogen atom, or an alkyl or alkyl derivative; alkene or alkene derivative; or aryl
compound; or a halide; or any of the following groups: COOH, SOz, S04, PO4, or DEAE (diethylaminoethyl)
moiety; or any primary, secondary or tertiary amine, or any alkyl ether, or thio alkyl ether of the form -OR or

35 -SR, where R is any alkyl, alkeny! or aryl chain, and S is a sulphur atom;

where R: is a hydrogen atom; or an alkyl or alkyl derivative; alkene or alkene derivative; or aryl

compound; or a halide; or any of the following groups: COOH, S03, SOy, POy', or DEAE (diethylaminoethyl)

N~ moiety; or any primary, secondary or tertiary amine, or any alkyl ether, or thio alkyl ether of the form -OR or
-SR, where R is any alkyt, alkeny! or aryl chain, and S is a sulphur atom;

40 where Rs is a hydrogen atom; or an alkyl or alkyl derivative; alkene or alkene derivative; or aryl
compound; or a halide; or any of the following groups: COOH, S03, SO4, POy, or DEAE (diethylaminoethyl)
moiety; or any primary, secondary or tertiary amine, or any alky! ether, or thio alkyl ether of the form -OR or
-SR, where R is any alkyl, alkenyl or aryl chain, and S is a sulphur atom; and

where R4 is a hydrogen atom; or an alkyl or alkyl derivative; alkene or alkene derivative; or aryl

45 compound; or a halide; or any of the following groups: COOH, SOj3, SO,, POy, or DEAE (diethylaminoethyl)
moiety; or any primary, secondary or tertiary amine, or any alkyl ether, or thio alkyl ether of the form -OR or
-SR, where R is any alkyl, alkenyl or aryl chain, and S is a sulphur atom.

Acid halides having this general structure include succiny! dichloride and glutaryl dichloride.
In modifying the nucleophilic groups in accordance with the invention, the di-carboxylic acid anhydride

s0 or acid halide is reacted with the nucleophilic material for a predetermined time interval. When_ a di-
carboxylic acid anhydride is used, the reaction preferably occurs in the presence of a catalyst, éch as
pyridine; triethylamine; N-N-dimethyl amino pyridine; or 4-pyrrolidino-pyridine. The reaction is stopped after
the desired time interval by removing the reaction agents, using, for example, an aqueous wash.

In one particular aspect of the invention, the second material, which reacts with the nucleophilic groups,

55 is carried in solution with carbon chloride fluoride or a mixture of carbon chloride fluoride and a material

capable of forming an azeotrope therewith
Having been modified in accordance with the invention, the nucleophilic group has the general
structure:



EP 0 303 684 Bl where R4 is a hydrogen atom or an al kyl or alkyl
derivative; al kene or-al kene derivative; or aryl conpound; or a halide; or
any of the follow ng groups: COOH, [err] or DEAE (di et hyl am noet hyl)

nmoi ety; or any primary, secondary orER@3Q3 &4Blani ne, or any al kyl ether, or
-thio al kyl ether of the form-OR or [err] where Ris any al kyl, alkenyl or
aryl chain, and Sis a sul phur atom 5 Di - carboxylic acid anhydri des
having this general structureggincludeghal eic ydri de; ggucci ni ¢ anhy-
dride; phthalic anhydride, glgtaric a ﬂydri de;l- coni ti gganhydride; 2,
3-dinmethyl maleic anhydria:le_'_% di Mm@zmcﬁide; and 2, 3, 5,
6-benzene_t etracarboxyligeacid an ydrllde. I n a'not er egbodi nent, the second

material 1s an acid hali havi ng thelgeneral Jstructurea=20 [err] where C
is a carbon atom where i s an oxyge tom whe HAL is a halide
group such as fluorine clgorine, bromne, or iodine; where Xis a signa
bond (i.e., no atom or al kyl or alkyl derivative or an al kene or al kene

.derivativg or an aryl conpound; where Y is a sigma bond (i.e., no aton) or
an al kyl or al kgte tBeiidnietibi ivileagers redrdsem@ gt al kene derivative or an aryl
‘conmpound; 30 where Z is a sigma bond, a pi bond or an al kyl or alkyl
derivative or al kene or al kene derivative or an aryl conpound; where [err]
is a hydrogen atom or an alkyl or alkyl deg vative, alkene or alkene
derivativs, or aryl conpound; or a halide; g any of the follow ng groups:

@04 [err] or DEAE (di et hyl am noet I’O|.)._ITEI ety; or any primary, secondary
' tertiary amne, or any alkyl ether,@ror thio alkyl ether of the form-OR

of 35 -SR, where Ris any alkyl, alkelRyl or aryl chain, and S is a sul phur
__a\t‘ﬁm where R2 is a hydrogen atom or ®n al kyl or al kyl derivative; al kene
or al kene®derivative; or aryl conpound® or a halide; or any of the

follow ng groups: COOH, [err] or DEAE (diethyl am noethyl) noiety; or any
primary, sec r, terti i ne, or any al kyl ether, or thio alkyl

et her of the%ilg?%n%fk%&eof?%-dé%,‘gs\ﬁ%g%ng' R is any al kyl, al kenyl or aryl chain,
and S is g sul phur atom 40 where R3 is a hydrogen atom or an al kyl or
al kyl derivative; alkene or al kene derivat iQe; or aryl conpound; or a
‘halide; or any of the follow ng groups; codh, [err] or DEAE

:(di ethyl am noet hyl ) noiety; or any pri L secondary or tertiary ami ne, or
‘any al kyl ether, or thio al kyl ether g the Yorm-OR or -SR, where Ris any
al kyl, alkenyl or aryl chain, and S isa sul phur atom and where [err] is a
:hydrogen atom or an al kyl or al kyl derivative; al kene or al kene
.derivative; wenamnigdbodd& conpound; or a halide; or any of the follow ng
‘groups: COOH, [err] or DEAE (diethylam noethyl) noiety; or any primary,
:secondary or tertiary am ne, or any alkyl ether, or thio alkyl ether of the
form-OR & -SR where Ris any alkyl, al k&hyl or aryl chain, and Sis a
'sul phur atom Acid halides having this gendtal structure include succinyl
'di chloride and glutaryl dichloride. | N el yi ng the nucl eophilic groups in
‘accordance with the invention, the di-carboxX¥lic acid anhydride 50 or acid
;halide is reacted with the nucleophilic material for a predetermned tine
interval . “hen a di- car boxylic acid anhydride is used, the reaction

. G- . e T (-F |
preferably occ%\ﬁ\tﬁgm&e thbg%y?gﬁ@rc?gougteta%ggg’g %ﬁﬁiﬂgmaggﬁ%d?ﬁé{egéy{%?BY:ne, The

triethyl am ne; I me yridrne; pyrr
reaction is stopped after
4 ,/O
o-

50 .

The invention is applicable to the treatment of all nucleophilic materials, such as agarose derived

material (for example, sepharose or a cross-linked agarose material); amino polystyrene material; or

regenerated cellulose material and its derivatives, such as sulfopropy! cellulose; carboxymethyl cellulose;
disthylaminoethyl cellulose; cellulose acetate; phospho celiulose; and the like.

55 In a preferred embodiment, the material is a regenerated cellulose material suited for use as a

hemodialysis membrane and having the general structure:
e



he desired tine interval by renoving the reaction agents, using, for
annple an aqueous wash. In one particul ar aspect of the invention, the
second material, which reacts with the nucl eophilic groups, 55 is carried
n sol ution mﬁth carbon chl ori de EPw3o3d84@®1 a N xture of carbon chloride
| uoride and a material capable of form ng an azeotrope therew th Having
peen nodified in accordance with the invention, the nucleophilic group has
[ he general structure: 5 EP 0 303 684 Bl [err] 10 where the non-ether

i nkage is represented by: [dfr] whic® can tak&}the formof an ester bond:
err] 40 and; where the free {carboxyl egaci dem@kpup retained by the nodified
hucl eophile is represented b :"43351/50\- e invention is applicable to the
treatmeht of all nucleophilid matefials, jsuch ap agarose derived nmateri al
éfor exanpl e, sepharose or a [ckwssed i nke@ agarope material); am no

pol ystyrene material; or reg q§gatéﬁ~ | ul ose terial and its
derivatives, such as sul fopropyl cellylose; carpoxymethyl cellulose;
jlethyI§n1noethyI cel | ul ose; | 1 ul ose acet at ehospho cel | ul ose; and the
I ke In a preferred embodiment, the material is a regenerated

tel [ ul ose magfkel 6H reﬁrl-)éehtgg bfoQéacﬁb%ﬂuc?é%plﬁe @i é’%l%xgraw aie and having the
jener al St r Ugdeld M, rresentddbidlredlide R8ModRile c{oﬁdﬁgﬁ g MR ERInE HlokpEPr esent s a
Di 0- 1 eact i Van By eheRIh vehofeQRES lo§dnbraBld Bdiiuidse WYALHENY freafbt Oiitcorddhbe WHHEhE inddnkon
epr esent sithmBikie afhgdkb,ithetrediliing SR lbeth€ MBERe8 hidk@pialc gsdp &M No group. I n an
<Egbodinent where the regenerated cellulose material is treated in

c

ordance with the invention 15 with nmal ei c_anhydride, the resulting
tructure of the nodified nu®eophilic groust 0 0 20
[é#r] 25 , in the case of a rléaction with a Mydroxyl gfoup; and

C~HC=CH~C = 0O —

(o)

25 , in the case of a reaction with a hydroxyl group; and

o) o)
. i ||
30 C—HC=CH—C—N—
/7 -

e

35 , in the case of a reaction with an amino group.

Because of their chemical nature, the activated carbonyl groups of the di-carboxylic acid anhydride or
acid halide will react initially with the most nucleophilic groups. These most nucleophilic groups are also
believed to be the most bio-reactive, and as such they will also be the first to bind the similar activated
carbonyl groups within the Compiement C3b protein.

40 In this respect, the invention serves to prevent the undesired reaction between nucleophiles and a
biological material, by blocking these nucleophiles with a nonbiological material. Not only does this
modification block the undesired biological reaction, it also imparts additional biologically desirable char-
acteristics.

For example, in addition to maodifying the most reactlve nucleophiles, the invention generates a surface

45 which displays other advantageous characteristics. In particular, the addition of negatively charged carboxyl
groups acts to adsorb biologically active proteins, such as C5a, thus removing them from solution. The
increased charge density may aiso facilitate the interaction of Factors H and | with the surface bound C3b,
and thus lead to inactivation of the complement cascade.

It has been observed that the treatment of regenerated cellulose material in accordance with the

so invention reduces the incidence of complement activation by over 90%, compared to the degree of
complement reactivation of untreated regenerated cellulose material. The treatment does not interfere with
the material's properties for hemodialysis. After treatment, it remains functionally capable of being used for
dialysis.

Another aspect of the invention involves the removal of Beta-2-m|croglobulm and other poorly dialyzed

ss molecules in the 1,000 to 20,000 molecular weight range from biological fluids. In this respect, the invention
provides a material having nucleophilic groups which have been modified to bind Bela-2-microglobulin and
other like materials. More particularly, the nucleophilic groups have been modified by reaction with a
material having an activated carbonyl group, employing a nucleophilic acyl substitution reaction mechanism,
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and not: c ordance wi he invention;
Fig. 5 is a graph demonstrating the relationship between the reaction time involved in modifying
45 materials in accordance with the invention and the inhibition of bmdmg of complement component C3b;
and

Fig. 6 is a diagrammatic depiction of regenerated celiulose material after treatment in accordance with
the invention, showing the result of a theoretical cross-linking between one modified nucleophilic group
and an unmodified nucleophilic group.
50 Fig. 7 is a conventional finished dialyzer in association with a freatment system which embodies the

features of the invention;
Figs. 8A to 8C illustrate, in diagrammatic form, the operation of the treatment system shown in Fig. 7;
Fig. 9 is a system, shown in diagrammatic form, of forming material into hollow flber form in accordance
with the invention; and

" 55 Figs. 10 and 11 A and B are a system, shown in diagrammatic form, of forming cellulosic material into
hollow fiber form in accordance with the invention.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS
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Among the acid halides which can be used to modify the nucleophilic groups are succinyl dichloride
s¢ and glutaryl dichloride.

Table 1 summarizes the reaction between various di-carboxylic acid anhydrides and acid halides and
regenerated cellulose and the resuiting modified nucleophilic structure. Table 1 is intended to be repre-
sentative of the type of materials and nature of reactions which embody the features of the invention. The
contents of Table 1 are not to be considered all-inclusive. There are materials which will react with a

- 55 nucleophilic group via a nucleophilic acyl substitution reaction to create non-ether linkages, while retaining a
free carboxyl group, that are not listed in Table 1.

Furthermore, regenerated cellulose is not the only example of the nucleophilic material 16 which can be

modified in accordance with this invention. Nucleophilic Qroups, as defined in this specification, are also
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55 Figs. 10 and 11 A and B are a system -shown in diagrammtic form of
formng cellulosic material into hollow fiber formin accordance with the

i nvention. DESCRI PTI ON OF THE SPECI FI C EMBODI MENTS 8 EP O 303 684 B1 A
device 10 for treating a biol ogical EP@i393i684 Bhown in Figure 2. The device
10 includes an inlet 12, through which untreated biological fluid enters

t he device. The device 10 al so includes an outlet 14, through which the
bi.ol ogi cal f?sﬁ‘?cti“eéﬁ"'f 899938 dﬁ(éfgi wateriglsy ych % 3RRRRRSRANY HBTTSIREI RPE PRPSUCH BUApaRN G e
1Q_js a nmat e?PHF @PE'RATRIFIUNE ABALYH ¥Peat the biol ogical fluid as it
‘passes 5 through the device. In accordance with the invention, the
material 16 has been nodified to inprovye its bioconpatibility. The
invention 1s applicable for use in a di ‘nunber of environnents where
contact between polymer materials and biological fluids occur. For exanple,
the material 16 can constitute a filtrati on nmenbrane which separates the
bi ol ogi cal fluid int (F)_ const | tléent Parts. Al_t.g%é]ﬁag_'éﬁlﬁ IC§I tﬁkﬁ%% OP|S“ 'Ejut e an
10 adsorpjive mater bW Vﬁﬁg? ﬁ ; ? E" uid. In
ithe illustrated errbodr?"ﬂkr‘}%I Aé 'ﬁe b %sé : tuse‘s Azy |ca yS|IgE menbrane 16
imade froma regenerated cellul oge material, and as cuprammorg um rayon. Such
ja material is manufactured by Mgnbrana AG (fornerly Enka AGE and sol d under
the trade nanme "Cuprophan”. The nbrane 16 is shown in flat eet formfor
ithe purpose of illustration.cllgualNy, the nmenbrane 16 15 _,i se form of
ohl ow fibers. A representativ | ow fiber dialysis devic its

imehuf acture are shown in U S @&atgent 4,497,104 which is incgrgorated into
ithis specification by referenggl I'n accordance with the inveption, the
Iregénerated cellulose material Ras been nodified to reduce®Flle i nci dence of
:conpl ement® acti vati on occasionea by its contact with human bfgod during

di al ysis. The surface 18 of thebcellul ose menbrane 16 priofg=t80 nodi fi-cati on
is shown diagrammatically in Figure 20 3A. Before nodificatidn, the
cellulose material 16 includes apgpended nucl eophilic groups e ar

nucl eophi lL,gs, which are positionefl abpng the surface 18 where cofitact with
thuman bl ood will occur. Each nucl Ig lic group 20 conpri ses rg=_§t om ot her
t han carbon (e.g., nitrogen, oxygengtor sulphur) to which at | eg&t one
ihydrogen atomis bonded. In the partic®ular illustrated enbodi ne€nit’, the
inucl eophi li ¢ groups_20 conprise hydroxyl groups (OH) and 25 am no groups
ferr] These nucleopg i ¢ grioopgs—20—are—know&to-be bio-reactive with
icertain proteins fognd in the%hunan conplenéﬁt’ﬁystenl The RQj,o-reactive

nat ure of the nucl egphilic grRups has alrea§% h2en describqu and is
illustrated in FiguBes 1A to 18_Tpe nucl eoghid®s 20 shown i® Figure 3A are
ibelieved to differ @p their bigreac\ivity. oddeir chem calgd30 nature,

it he am no3gyroups (Ne) are &®ebieved 3o0obe no g-glucl eophilic,2and thus nore
ibi o-reactive than t hydr oxyl\gr oups (OH). ﬁtz:s t her ef or e.§e| i eved that
:aQ_am no group is e likely to=bfnd acyl ca@n atons thanga hydroxyl
igroup. In Fig. 3A, {)je material 116lis to be g@e&fi ed by reacEi on (indi cated
by arrows in Fig. 3 with a magergaﬁ' 2 selé@t?d from the gBoup consisting
of di-carBbxylic anhydride&ﬂﬂﬂf?ﬂﬁTTﬁﬁAide§7ﬂr1Fﬁg. 3A, maleic

+

. . 2 o
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§ / \ : g o=v \u-_-o
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35 anhydride is the reaction material 22 used. The surface 18 of the
cel lul ose nenbrane 16 after nodification is shown diagrammtically in
- Figure 3B. There, sonme of the bio-reactive surface nucl eophilic groups 20
have been nodified in a manner gwpab3 bésoBks their natural characteristic of
bi ndi ng reactive acyl carbon atons, |ike those associated with the
conpl enent C3b protein. The natural tendency of the naterial to activate
t he human conpl enment system has thereb een reduced. 40 As shown in
Figures 3A and 3B, the nucleophiIgéizgzﬁﬁbé‘bien nodified with a materi al
which, |ike C3b, contains an activated carbonyl group (which is
i ndi cated by reference nuneral 24 in Fig. 3A). Also |'ike C3b, the materi al
22 forms a non-ether |inkage @ ndicated by regerence nuneral 26 in Fig. 38)
with the nucl eophile 20. Howeger, unlike C3b,Zthe material, in nmodifying
t he nucl eophile, retains a fr carboxyl (aci gh-ogroup (|nd|cated by
reference nuneral 28 in Fi g<3B) ® inparte bve charge to the now
nDdlfled 45 nucl eophilic sit addition t | ei c- anhydri de, anong the
-cdfboxylic acid anhydrideg aMgi ¢h al so can begused to nmodify the
nucleophlllc groups are aconltpclﬁﬁﬁydrlde 24 3-di met hyl mal ei ¢ anhydri de;
2, ‘3-dichloronaleic anhydrlde*ﬂa d 2, 3, 5, 6£benzene tetracarboxylic acid
anhydride Anong the acid hald des umhlch can b& used to nodi fy the
nuclegphlllc groups are succinyl 4ichloride 5@ and glutaryl dichloride.
/Table sunmari zes the reacti ofi_Between varioys di-carboxylic acid
\ahhydrides and acid halides andfre nerated €&| & osg and the resulting
nodi fied nucl eophilic structure] Table 1 is i nterjd ~to be repre- sentative
8f the type of materials and nafuge of reactions’ mhmﬁh enbody the features
of thg invention. The contents ¢f kble 1 are not} 2Sbe consi dered
all-inclusive. There are materials which will react with a 55 nucleophilic
group via a nucleophilic acyl substitution reaction to create non-ether
l'inkages, while retaining a free carboxyl group, that are not listed in
~Table 1. Furthernore, regeneratuwed cellulose is gt the only exanple of the
nucl ewphilic material 16 which Ean be nodified i® accordance with this
i nvention. Nucl eophilic groups.aas defined in thgds specification, are al so
EP O 303 684 Bl associ at ed mnthgagarose derived #aterials, such as
sepharose and cross-1inked agar®se. Such nucleopalllc groups are al so
associ ated with am no polystyrqpe 5

TABLE*®1 REPRESENTATI VE REACTI ONS§ BETWEEN REGENE@ETED CELLULGCSE AND 10

.VARI QUS DI - CARBOXYLI C ACI D ANHﬂ@RIDES AND ACI D HBLIDES [err] EP 0 303
684 BL TABLE 1 (cont'd.) 5 [err 50 &
. +
35 o
W ")
; = 7/ \\ S ©
~ 8l o= v=0 & / \._
= \ / z| o=V V=0
w < < l l
= V=V ) ~ ~
./ N 5 T &
= vz 5 \../
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50

55

1




55 EP O 303 684 Bl TABLE 1 (cont'd.) [err] 25 EP 0 303 684 Bl TABLE
(cont'd.) As nore specifically shown in Figure 3B, a non-ether am de ?
| i nkage has been forned with the nucl eophilic amno groups [err] while a
non-et her, ester |inkage has been Epoo gosckgaiBih t he nucl eophilic hydroxyl
groups (OH). 55 In nmodi fying the nucl eophilic group 20, the
nucl eophilic material 16 is exposed to solutions of either di- carboxylic
acid anhydride or acid halide and a suitable carrier. Wien a di-carboxylic
acid anhydride solution is used, thelABkedefetid.la catalyst is al so
preferred. Suitable catalysts include pyridine; triethylamne;, NN
di met hyl ami-no pyridine; ang 4-pyrrolidinopyriding 13 EP 0 303 684 Bl
After & desired tine, the r%oti on is stopped, usigig an aqueous wash. A
subsequent drying step is aMso preferred. The reagken tinme can be varied
according to the concentratj of the di-carboxy p+cd sol ution or acid
hal i de sol ution used, w | ute sol utions iring a | onger
reactigp time to obtain an Kmal degree 5 of nodifgcation. Gven the
sanme reaction material ang_ghe $ame concentration,; hollever, control of the
reaction tine is believed t¢ bg ipnmportant to ophidi,ze the beneficial effect
of the invention. Mire part# y, it has been, opseryed that the
ef fecti veness of the nodifi (l.ati on @in ternms of Betgeol reduction of
conpl enent activation reab#iﬁd) rises relatively rapitNy with reaction ting
@ the outset of the reactioneand during an initial eF®e period. However,

e effectiveness then tends Yo level off with the reacgion 10 tinme.
urprisingly, with extended reaktiqgp tinme periods, M heleffectiveness has
been observed to even di mnish.{ Thitgg phenonenon is {denpnstrated in greater

~detail #n Exanple 3 and is shown g2aphically in Fidque25. The pol yner
structure of the entire material Z& can be nodified ithiSaccordance witth the :
i nvention. However, only the surf&& 18 which is t e into contact the
bi ol ogi cal fluid need be treated to achieve 15 the substantial benefits of

t he in%gntion. This is because the invention is selective in blocking the
nost bi"0- reactive nucl eophiles first, and relatively |ow | evels of the
reaction material can be used o acconplish this Reference is now nade to
the foll ow ng Exanpl es, whereghe benefits of the§ nvention are

!
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MPLE 1 20 Cupranmmoni um Ttayon manufactured by Menbrana AG (fornerly Enka
4G and sol d under the tradenane " Cuprophan” was nodified in accordance
With the invention, using as the reaction material maleic anhydride,

ucci ni ¢ anhydri de, phthalic anhy8PioB03 680819l utari c anhydride. In each
ase, one (1) gram of the cupramoniumrayon nmaterial (in hollow fiber

florm was mxed wwth a 25 solution of the anhydride in tetrahydroforan, -
ith 3% (vol une/vol une) trie i dded as a catal yst. 0.3M anhydri de

o utions of succinic anhydr%ﬁn@ﬁh@h |l ic anhydri de were used. More
oncentrated 3.5M solutions of maleic anhydride and glutaric anhydride were
sed. The solution surrounding the material was stirred for one (1) hour at

room terrperature (22 @, while the reaction took place The nodification was

E’topped by addi ng wat et-e. The nodi fi ed cuprammorj um rayon 30 nmat ef.l al was

hor oughl y washed wi< ter, and then dried W|5th an acetone washy
wenty-five (25 mlli ng of each of the d cuprammoni u aNno
terig),s were then plgiag'eud in separate 1.5 m | |ter t ubes, wher hey

re incubated with no;rmal human pl asma f or oné;’- £1) hour at [errj )
wenty-five (25) mll ygr ams of unnodified cupPgmoni um rayon nmategi al were
I|i kewi se i ncubat ed |n\\a ?( S5mlliliter tube wth® normal plasm tosserve as

control. 35 The/supernat ant plasma in each tube was then anal yzed for

a ands C5a anaphyl atoxi as by conventi onal raduom*runoassay (RI A)..pr ocedur es
(see, e.g., Hugli et al.’ "Biologically Active Pept| des of Conpl egent"
noassays Clinical Laboratory Techniques for the 1980's, New Yor k, AI an
Liss Inc., 1980, pp. 443-460). The nmaterial itself was analyzed for C3b
| ement conponent by ap i mmune based assay. Kn this 40 assay, fafter
enmoval®of the supernatang plasma, the materialg were washed threg¢ tines

i th phosphate buffer eél::'ne (PBS). The was terials wereg )
ncubated with 125 |-| @Eed rabbit anti-C3 (afffinity purified an{i body
gai nst human C3) diluted in PBS-Cel ati on contai'ning 4% (vol/vol) ‘of nornal
abbit serum After 60 m nutes, the excess anti body was renoved, and the
terials were washed four times with 1 ni al i quots of PBS containing 0.1%
ween-20. The washed materials were then counted for bound antibody. 45
ntrol tubes wlthoutwmaterlal re treated |d@1t|cally and the &M
bt ai ned were enpl oyeg to corre@| for nonspeci E ¢ binding to theshicrofuge
ube. The results of dhe anal ys are sunmmar i zgp in Table 2, whi
emonstrates that theSnodifi cat igln of normal | y“hucl eophilic mated als (such
S cuprammoni um rayon@ using a @|-carboxylic a@ d anhydri de resulas in a
i gni ficantdby jreducedsbi ndi ng of*'C3b conpl errentg conponent to the§urface of
he materi a¥, {when 50“-' conpared with unnodifie& (control) nucleoghilic
teriab. T§e degree t‘.‘u‘o whi ch conpl enent bi ndi was reduced vvas%et ween
bout 50% far {gl utari & anhydride to about 92% fr naleic anhydri Table 2
| so denons&rdtes that. there is also a signifiagant reduction in the anount
" Cha anapﬁyl atoxi n ggnerated when exposed todhe nodified material,

conpared wi th |t he unybd?{i ed nmateriag] This deglr ee of Bpduction iGanged from
7. 2% (For ghtihadwanhyw=de) up tozD8. 6% (d21 mal ei cghnhydride)] A
$imlar 55 ;5.; > ,—g he pr eserge of (_%a anaptq'ta%loxi n
occurs. 14 2 S o 5 T

5 23 3

. - (¥} -

ma =] o=u = x

<2 & | 3 o=0

~ - S o v

50

As more specifically shown in Figure 3B, a non-ether amide linkage has been formed with the
nucleophilic amino groups (NHz), while a non-ether, ester linkage has been formed with the nucleophilic
hydroxyl groups (OH). '

55 In modifying the nucleophilic group 20, the nucleophilic material 16 is exposed to solutions of either di-
carboxylic acid anhydride or acid halide and a suitable carrier. When a di-carboxylic acid anhydride solution
is used, the presence of a catalyst is also preferred. Suitable catalysts include pyridine; tnethylamme N-N-
dimethyl amino pyridine; and 4-pyrrolidinopyridine.
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[err] As shown in Table 2, the percent reduction in the presence in C3a and
Cba anaphyl atoxins is greater 55 than the percent reduction in the binding
of C3b conponent. It is believed that the nodified-material not only serves
to block the rel ease of C3a/ Coa an&RR/3&4iBIs (by bl ocking the binding of
C3b), but also serves to bind the cationi C C3a/ C5a anaphyl atoxins that may
be generat ed unnodi f i e% feagtl?] es gdue e retent| on of the.free

-ar boxyl =i s 'esrsmé’B??f FRE" ??1”98”3 “’é‘F - Bysubspaent diying b i e 4

The gr e t%elrhe ?Jaf:tﬁvg% g gﬂeb%%ar%]:i aﬁn' QO QE‘%@& ltr Eh oWﬁ'gE\-cgr i?alzk fs&l tIOLIg acud

ot her _car bl ik IGH it rorel Kh36 omtanév,% et Y SSbnbdh rkACiioR birk kPO

of a norg GPRGERLERAL Bensb léBHné)?ea 18k | nkbebriki Rd ARCsal LLfom.re &ue@&r E&?x olad?%e

i ts increasqgioh @M Isiiebes tw/e@m,ps&mae&ﬂ"wtﬁefbem.am%&%f ) ﬁroh

bel i eved t hatmord Yar®dubdE it heXbedh Qbdadledi Hat 6 Bfdchivaibsd B the Fo@fication ]in Qérh@ 'bf percent

anhydri des yedadtid of cohiplembiit QRS0 BaliZe8) ris6dGRINVel AbdidhithkeRElon tne & AEDGUEsBIF e

degrees of reatior aid dBMESMSniRRTMRrIED Hawdlathi\bicbtivedes BEBlids aduByel6H withlhe rEastiMPLE

2 Cupr anm fimelnSurgigiagly, Wt csxteAded reacliorntrhé @uviolis, iy effeotivEdessVBiscbet (hbfdnad tMieldn

mal ei ¢ anhyihinistie Ths piibeseanbrb @heiOnstratedEioagristed ditail exBepple t3hat il siove rgeapbicatly in

reaction tiFiges5were used; namely, 5 mnutes, 20 mnutes, 60 m nutes, and

240 m nut es. Therpolyyerastuciore of dfe dntive maddrielr 16atap heemedified am gdcendansel wito the. iBventjon.

. microfuge tawrys:. amithe gerfabrtovhichiis to opme yritmepntacsriracticlogival flyidgneerd bel tkBtefl td athieveed

. C3a (40-200nermstantial Benpfdy efl ha iptentios. Tifs ipb®aysp theTventioniisesledlies ia blopiinglies mest bior

Cét)'s m nut es o2y peripoRtiesdinstapdrislaively lavplpvels oftbe repetior malgeal eratbe upRdie accpplish this.

ounting. TheRelPRERIA O™ Pade|te the follqwing Exemeietpwherpltaprnpfitsigi dherimvarsior gre iggmonstrated

aspiration thc/l the materials were washed three times with PBS. The

Rer cent age d material was determ ned by counting the resi dual

r adi oact|V|ty r maomum aon eachu}rlﬁ ,\S:om Lol d bes vmtgoké) beor we
{reated 1 dggid @'@ ﬁa b % ; ?é ; hqhei'?;ae,. bl e
nonspeci fi

i Jt:JgD IVyaHnQed with a

Table 3. 2

MATERI AL25 'VEEMEJ\ EﬂhWaH“?‘d%é‘ ke@ai@%fml @(JXM ) tnethylamme added as a catalyst.
% C3a Bound s@unkydRie2SITIAS BBuBAYOn @i Phthalic anh dnde were used. More concdntfited 3.5M
Cupr anmoni Hﬁbtﬁﬁe\’&ﬂm@ﬁdﬁﬁyhﬁﬂ ahd guharmhreyuﬁde%mmd for: 5 mnutes e
9.0 45 20 m rmib €lution surrounding the material was stirred for one (1) hourld? rddm temperature (22'C), while the
' reaction took place The modification was stopped. by adding water. The modified cuprammonium rayon
30 material was thoroughly washed with water, and then dried with an acetone wash.

Twenty-five (25) milligrams of each of the modified cuprammonium rayon materials were then placed in
separate 1.5 milliliter tubes, where they were incubated with normal human plasma for one (1) hour at 37°C.
Twenty-five (25) milligrams of unmodified cuprammonium rayon material were likewise incubated in 2 1.5
milliliter tube with normal plasma to serve as a control. .

35 The supernatant plasma in each tube was then analyzed for C3a and C5a anaphylatoxins by
conventional radiommunoassay (RIA) procedures (see, e.g., Hugli et al., "Biologically Active Peptides of
Complement”, Immunoassays Clinical Laboratory Techniques for the 1980's, New York, Alan A, L|ss Inc,
1980, pp. 443-460).

The material itself was analyzed for Cab complement component by an immune based assay In this

40 assay, after removal of the supernatant plasma, the materials were washed three times with phosphate
buffer saline (PBS). The washed materials were then incubated with 125 I-labeled rabbit anti-C3" (affinity
purified antibody against human C3) diluted in PBS-Gelation containing 4% (vol/vol) of normal rabbit serum.
After 60 minutes, the excess antibody was removed, and the materials were washed four times with 1 m|
aliquots of PBS containing 0.1% Tween-20. The washed materials were then counted for bound antibody.

45 Control tubes without material were treated identically and the CPMs obtained were employed to correct for
nonspecific binding to the microfuge tube.

The results of the analyses are summarized in Table 2, which demonstrates that the modlfscatvon of
normally nucleophilic materials (such as cuprammonium rayon) using a di-carboxylic acid anhydride results
in a significantly reduced binding of C3b complement component to the surface of the material, when

so compared with unmodified (control) nucleophilic material. The degree to which complement binding was
reduced was between about 50% for glutaric anhydride to about 92% for maleic anhydride.

Table 2 also demonstrates that there is also a significant reduction in the amount of C5a anaphylatoxin
generated when exposed to the modified material, compared with the unmodified material. This degree of
reduction ranged from 87.2% ({for phthalic anhydride) up to 98.6% (for maleic anhydride). A similar

55 sugmt" cant reduction in the presence of C3a anaphylatoxin occurs.
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60 m nutes R 10.9 240 m nutes
55 Tabl e 3 denonstrates that material nodified in accordance with the
ention does bind free C3a anaphyl atoxins. Table 3 al so denonstrates that
degree of binding increases w ERC33@8s@1 tinme up to 16 EP 0O 303 684
finite tinme, then decreases. EXAMPLE 3 5 Cupr anmoni um r ayon
erials (in hollow fiber form were nodified with nmal eic anhydride as
scribed in Exanple 1, using the followi ng reaction tines: 5 mnutes; 10
NAut es; 20 minutes; 64 d[nuteg; 240 nidwtes; and, 18 hours« The mategial s
re incubated in nor ﬁhuman pl asma, &l so as d#&scribed i Exanple g for
orle (1) hour at [err] 30§ C3b; C3a; and C5a were anal yzed using the
t hods described in aﬁ%le 1. A portion of the nodified fiber (0.5 grans)
s also treated separ tgly as follows. The fibers were incubated with .5N
HC1 to protonate all s arbdzyl groué? on the & ber. The¥fibers weke then
shed extensively w ter o renmpve excess acid and th& suspenddd in
5 mM. e 0.1 N NadC dtitrated with .05N NaOH This titrinetric analysis
peérmtted determ natio the charge density (mlliequivalents 15 COQO gm

f
fijber as assessed by m B Eq Q§ NaCOH agded/gn1figer), as well as the degree
Q.
B

v I S )

substitution. Table ummagi zes the results. %20 25 30 §5 40 45 58 55 17
EP O 303 684 Bl [err] e 4 denponstrates that, with a 3.5M sol ution of

| eic &hydride, a re&® on tinme of about 60 55 minutes is sufficient to

t the desired degree of inhibition, both with respect to the binding of

b and the reduction |ngfhe amount of C3a and C5a anaphylatoxins. Up to
about 60 m nuteg, vt he (EIr ee of inhibigion it b ~
\ — por 2 3 ES 8
| 2 2 z
2:
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As shown in Table 2 the percent reduction in the presence in C3a and C5a anaphylatoxins is greater
55 than the percent reduction in the binding of C3b component. It is believed that the modified material not
only sewe§ to block'the release of C3a/C5a anaphylatoxins (by blocking the binding of C3b), but also
serves {o bnr)d the cationic C3a/C5a anaphylatoxins that may be generated by unmodified nucleophiles (due
to the retention of the free carboxy! group). Example 2 further confirms this belief.
15




generally increases with increases in the reaction tine Figure 5 is a graph
whi ch plots the relationship of degree inhibition of C3b deposition with F
reaction tine. 18 EP 0 303 684 Bl p“BtaﬁépéPQFt 60 m nutes, the degree of
i nhi bition does not appreciably i ncr%ase act, after pr oI onged reaction
time, the degree of inhibition is sonetines observed to decrease This data
denonstrates t{if JrdiRPEfRNERsObt it dn)dtidid) GhdntBmp LR the Bthbr cBMBoxyllccddhyiridesakan
denmonst r at ess bdiaVed 1R AEKBR t®ihe 88 d1@Imord lddhitenirdiddl soMtiod Ining lirfe cad Bduit relagtion period
tQeating t hend®d ¢ indleaded rbddtivig WaErl adiparewiviith tidhéiner tgDiideartt issbeflevbdthity oy ither
smal | | n-t higxenddRCink ire@tidnOperiod lbE the edtiier "ablegiidee, @biioSty Stciebsirtgi e 'concerdttiaps tuged,
t he Mol es sofcompastid degressds @ffdctlonash cantbelvhtaiped @ithaimeotiws gbydridésed (i . e., bound)
.per total Mol es of backbone polyner in the material (which, in the case of
.regener at ed RUpPERRONi um is glucose). It is a nmeasure of the nunber of
-nucl eophi | es whi ch have been nodified in accordance with the invention.

' Tabl e 4 denpnsEwramemoniumeeyon matergiiinfhpliowgibereray werp godified it maleig Arrudrde e desfiibed
‘present i mvenErample Wekaert thy difigentdpactiandimps MeUReS: PR SHNUf5P: c?or"é%t’(’ﬁsl Peminutes,

:nucl eophi | esand 340 minules; veI smal I de ree of supstjtutjon can

{significant red® m%am°r3*5° ihgy "‘ 'Feﬂt sf‘h’B‘f’m %t“%?[iﬂ‘;ﬂ?u e tedn‘% af 3\7
Icharge on t HE"&a¥giosf 445 '¢pa db S’lﬁ :hwe‘ri%mc hC3a (i (in
:NaOH/ gm of n’e?t'@'?‘ft%fr ”"f‘? fhe%"b g?s :;m' ;% eyw sh“ ee Sl ?s Erhe
jthen retufhs; eﬁé"aé‘;?%o Dot %aZ %‘°" ﬁﬁi E; e B
' gi);nlb:‘ lt ICgE t O of ub(ééle m%ﬂl Qe ?rg Ghti ﬁl& Bthihka v@ pIJy 'Jaﬁect for

2ud rpnsY ng an unexpect ed resul
_hﬁe?t hesis eXpha ,?agur{ o ngmﬁge%quéﬁf@n is that the group |inked to soma of

modi f i,ed nuc eophiles may actually bend over and attach itself to an
tadj acent unnodi fied nucl eophile, as is shown in Fig. 6. In this

{ci rcunst ance, the negative charge of thga i¥ied nucl eophile wll

1di sappear; however, the attachnent to the adjacent nucl eophile (creating a
diester linkage) results in an overall reduction in the nunber of bio- 20
‘fireactive gstes. This wll prevent the binding of C3b proteins, leading to

[nypot hesi 5. _al 50 ELLL?ZPEW% ?ﬁﬂﬁ%@?ﬁmﬂ BB EBEL e potee,

jis that, with prolonged r EDt HETHIMAL BTG ANA DEi es an
extractable material found in ceI I ul ose and, together with the extractable
material, s washed away during the washing step. 25 For exanpl e,

subst ances called | ynul us amaebocyte |ysate-reactive materials (LAL-RM) are

| ow nol ecul ar wei ght carbohydrate polynmers that are found in cellul ose and
can be extracted. LAL- RMH‘HY[IM be modified by treatme#kttianBagrdr dance with

the i nventai on. More particularly, it is possible that the reaction
material s ised in accordance with the inventi Qn, such as nal ei ¢ anhydri de,
convert LAL-RMto a for fHEFRAMONEUmBAR0RALONEradit ract ed frbf cel | ul ose by
onventlonal aqueous washi ng procedures. In this case, both the 30 anount
] ?"mal ei ¢ anhydri de and Gotenti al | ﬁﬁeXt ra tgb LAL-RM left in the
icel | ul ose gwul d di mi ni sAUBE3TMRALYP SAYPR MOSTLI&E by ol onged, because nore of
‘t he anhydri de-converted LiittiRMaleid dnhydnidehéar:anway during t he washi ng
‘step. In an attenpt to distinguish between the two possibilities described
iabove (i.e., diester formation, shown in Fig. 6, vs. renoval of nodified
'LAL-RM), the experinent des% mibutes n Exanpl e 3 was repeat®® with [err] 35
| abel ed mabei c anhydri de added to the reaction mixture.

20 minutes 10.6
50

60 minutes 10.9

240 minutes _ 5.8

55

Table 3 demonstrates that material modified in accordance with the invention does bind free C3a
anaphylatoxins. Table 3 also demonstrates that the degres of binding increases with reaction time up to
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this experinment, 0.5 gns. of cellulose (plus 1 stir bar); 3.5 m of 3.5M
ei ¢ anhydride in tetrahydroforan; and 10 nC (mcrocurie) of [err]
] ei ¢ anhydride were added to five separate glass vials, with .105 m of

et hyl am ne added to initiate the&EPreeso3tesaB1 After 5 20, 60, and 240
utes, and 22 hours, the reaction was stopped by addition of 0.3 m of
er. 40 The reaction solution was renoved, and the fibers were washed
wth five PUREMe e derese 50% aqueous acetone, followed by 500 mi of

er. The_{] were dried with acetone and stored in the capped gl ass
ifal s. To for the presence of t he [err] rral eic anhydride 100 ng of
t etretedf was ad venron

moniym ra on ma a?n I%w mer {ggn) r'e a ae cr
SRR e e i ettty e )
a as descr 'T%@a ﬁJIsoﬁr&e rr@ﬁlgtealrﬁ ormrhgmgrpé‘g%n? aléo asad%%c(?‘[)écfa{r %xénEp? ? r%)r E ?3 d

rr] el eqhdur &@@. Present on each group o ber Sunmart

Tabl @ 5, \Wab;&3a:3RIBNSIPdrBiF 2ok lubind HEMbAG dSsQJ*rﬂéWExErnﬂb the initial
crease in GRMr@Ak eHarhdtdied MBor (0.5 Slamb) WR dido HebiES sébgralﬁﬁaagtfbllg\% i Berd Weore

|1 owed bycubesd @ars SNi HC1GENrotchbie & -the Tdaiboxyl BRIME dnSthe RS ITHE Gbrs Whrb el via¥HeQUS
dgt a ( Tabl exehsivelywithhvatefrid reindng eNREIoiOdnt RN suspétided in BO & Bf G1N Ratd1 ane Batdalwith he
_ | ei ¢ 50 .05i¢iNROHaMits pigimatip Sansigsiee perilttedMsteintinaieiTon @ Enaen dehidity f (miIRGuivdiehts NG
pr{ol ongesl €AY biver bs avesaUty milEq/a Sla@id adiedym fitsor)Passisl) sCifiel fgtee \WRSBERGOS T €P.
"(The C3b, C3aTatkntsBherizkatte resoltsTabl e 5 al so foll ows the trend noted before
and shown in Fig. 5; nanely, that as the reaction tine is prolonged, the
desjred effects of the nodification increase, then level off, and, in tine,
Wi[Tl even decrease. The criticality of controlling the reactron time is
agai n déhonstrated. 55 19 EP 0 303 684 Bl [err] EP 0 303 684 B1
Regenerated cellul ose materials were treated with nmal eic anhydride in .
aﬁcordance with Exanple 1, with the reaction times varied from 10 to 240
m|nutes. After the reaction, the cellul.ose materials were cut into 0.5 -
ﬂroo mm,pi eces and washed with PBS, water and acetone. Five ng amounts of

N

e material were transferred to 1.5 mM mcrofuge tubes and 5 i ncubated
th 0.5 m of a solution containing 125-1 | abel ed Bet a-2-m crogl obul in
00,000 CPM ml). The tubes were counted to determnmine the total CPM per
ybe. After 15 mnutes, the fluid phase Beta-2- m croglobulin was renoved
aspi gation and the nmaterials were washed three tines with 1 m aliquots
1 PBS. The percentage of bound material was determ ned by counting the

bsi dual radioactivity remaining in the tube. Control tubes w thout
m;terial were treated identically and the CPM obtai ned were used to correct
19 for nonspecific binding to the mcrofuge tube. The results are

symmari ®¥d in Table 6. TABLE 6 :

=3

- olUf—f"-\

45

50

L1
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15 BI NDI NG OF BETA-2 M CROGLOBULI N TO REGENERATED CELLULOSE MODI FI ED W TH

MALEI C ANHYDRI DE 20 % Reducti on 25 Contr ol '
.~16% Reaction tine: 5 m nutes .40% 30 20 m nutes
. 24% 60 m nut es EP 0 303 688890 240 mi nut es

.25% 35 Tabl e 6 denonstrates that nucleophilic material treated in
accordance with the invention binds Beta-2- mcroglobulin. Reference is nowj
de to Fig. 7, where a holJ ow,fiber dialyzer 30 is showmn. The dialyzer 30
@udes a 40 case 32 housirgE &ibundl e 34 of conventional cupramoni umrayon
fibers, as manufactur edn-l;%, eidhr ana AG and sgl d§un§er8t tradenane

f

"Cuprophan The ends o iber bundl e 343aré edcagsuFated with a
pol. yuret"’nane sealing co 6 and each covered with an end cap 38. Inlet
and outlet ports 40 and 42 _argiformed on the end caps 38 for conveying
bl ood into and out of the igngg ior bores of the flpergbundlg 34 D al ysate
inlet and outlet ports 44 & 6.are formed Bn TheScaSe 3
Di al yzer,g of the configurag2g sBown in Fi g. 7 are commerci aI I y avail abl e
and are sold, for exanple, by Travenol Laboratories, Inc. under the
trademark CF[err] Capillarly FBow Dialyzers. As is also shown in Rgg. 7, a
fini shed nmedi cal device, su&h- set he dialyzeg 3B, an2bext r?at ed Tn
accordance with the inventj on.E o nprove i t sBbi Bcogpa"ﬁ bPl i y. A iyst em 48
for treasing the finished [di affyzer 30 in accordance with the invegtion is
@own in Fig. 7. 50 The syiste@l 48 includes a_regeryoir 50 for holg€ing the
eatnment material 52, a §c nRuit 54 whicl cﬁnmysathe ndteriaf 52 into
t he dialyzer 30 vi a..,the iRl PO 40. A neg‘ﬁtlve Pressure genera§| ng
ice, shown as asyringe 56 qn Fig. 7, is attached to the otherBport 42.

The syrihge 56 dra he tm%tgrrent material 52 into and through tfge bor es
of the holl ow fi berE Bundl gﬁ.g A&t ernati vel Y3 a:pogl t‘Pve=:pr*3.ssure )
generating device E(sho iu pFant om | i nes~i n™Fi §. 7) Tan“be us%d 55 to
“introduce treat mentg terial~52 into the dial yzer 30. The use of Ihe system
48|ntreat|ngtheal lyzer ig shown schematically in Figs. 8A tog8C. In
Fi g. 8A% suct i Or‘l"llt§ pliegd bgithe syringe 5§ te d.[,aw_.thg tgeat mept
material 52 i ntg hee Sbor es d’f."é# he fiber bundge §4.gPr&f egably, th& materi al
52 is successiv }y ked {i nt ] and expell ed out of the dialyzer 21 EP
0 303 684 Bl sever §| mes (aé i ndi cated by the doubl e-headed arrQw in Fig.
8A) to rjd the dial Qnr F) of Zai g bubbl es ang a§su§e §ha§ tHe bor’_és of the
fibers 34 are fill &83wi t =it @S reat nent mat er'i al’
§§ gl s ~a
= g
= £E s
z Egg -~ N N o § z
3 g-&l R g N &8 n ¥ 3 £
| £ ,
o E
5
L R -
40 —~ "?E = T R 8 2 & =8 B
QEE o =] = ~ z
ﬁgmé,w £ 48 2 3 8 §
45 ggg 5
2 b
° g 585 %
3 % *giég BERERE £
BRI R
50 2 0 .
£ (=4 o 5 - —
3 38Rt 8 g

Table 4 demonstrates that, with a 3.5M solution of maleic anhydride, a reaction time of about 60

55 minutes is sufficient to get the desired degree of inhibition, both with respect to the binding of C3b and the

reduction in the amount of C3a and C5a anaphylatoxins. Up to about 60 minutes, the degree of inhibition
generally increases with increases in the reaction time

Figure 5 is a graph which plots the relationship of degree inhibition of C3b deposition with reaction time.
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ghe treatnent material 52 is allowed to dwell within the bores of the fiber
undle 34 for a prescribed reaction period. The length of the reaction tine
§s a function of the concentration and reactivity of the 5 particular
Jreatnment material used, as bef o ®20S®@8AId in this specification. As
Fhown in Fig. 8B, after the prescribed reactiogspeLi od, thE tregtcrretn:]
mat eri al 2is x |l ed fromthe dialyzer 30 shown in Fig. e
[esidue 1% ﬁ% p“ﬁ%\‘eér ‘i”%gde % Ppiginfifiton g R ooty mrgeoen. dn 5te Ates @rolpsgedg
Nat/er rea OR (&1 the Geares '%\ és EWQ‘E? BW%"’%"OT%‘?HW”OW% dRsonstietes r‘Pe

.' i rt 9 ont I tim
t Egr 28; f ;(]:‘ :: GL ﬁn :orﬁgf er:afll rblb degreef(;%% _Flf él‘;tlc Erﬁ at by ttlrneat mantnﬁ';o
h venu thl fic
faterial ; aﬁne Mo Tof H&m %I m%nc 0% E'q séir‘\)%c' Is%c?agg%'(( 8. l'Loun er t i ag:é;&:)f The

uc se) l% is a

freat m?nbadﬂ@d*ng rpbl?fher5n2th9 %teY@r(Mhlch th élgga
brtbodi MeReas Rl 8 o St b i vﬁ{R 7
li - car boxy e ACdethorbiratyd fhbtd 8 nﬂ&@:n@%éﬁ%ngﬁ in g&@rdachQ with! Sheldr ﬁtrlﬁ\% tion, which
ladapt abi edlsctidelyebidcke b MR bidBhdvd MlcieSphildsSa Ge'fétll?élyegnQYde e bN&bdtinticd EanJbtamSUCh
as a 15 sigdicamtedsliisor ocar bon for exanple, trichlorofluoronethane; 1, 1,
2-trichl or 0able ¥, alsd, dethonstrites thhtlibs @ebInRRE neghiive Icharde of the §uthdedorQRY RE@rial (b, 2 -
{di f | uor etmeasned by tiehidilli Hakat Na@HiQin ef etateridl taEEbafBRfive G5) ihdidd A nvaiikiiénabutamaabl e
lof form retpmsrio eantel ivaless after sbruhbtasinadsC Biwales,, thék sk @nig:shibities bialieScatichittt3a biersa.
iSuch rtat anephyiatoxins ill sarlails bignifiderfedihis isucvdsiderdd acsutprigtben® biexpecioe aalilt.
ﬁ@l or of | uorQse Ayrgthesisrxplainingthis obrarretion isgiat the groupinted ty sorsseal thermddified makeghiieat ur e
jof cel | uM@saualifiepd pygr and afigeh tself Apancadcent enmedifiednutiecphitet &ss stows Indign 6 Imthsi gs.
Z_and 8 {ERYMEYRE(the Regrie chirgsteh thepryrodifipd nycleephile willrdisapronrs hawewdr.cibie attastinmyt to
convent | BR gfiacepy, ’ﬂ#F'é?H’i [cregting 2 hiinkpge} Eagdia it pheverall repgetion in they periker afnbigrdr i de
was di%% ?}'é%ls'feﬁ p’%“fa"tl‘—t ee'Ei?F'"?F’f 8ﬁ'1’ B’P nf-URSF5E &t 1B APsersecinkibiipneoh £3adon  of
5. 65 ny/ Z nareserv0|r .along with 300 ul
pﬁt SIS a 5

a tlve t wi ti Tw élﬂﬂt‘l VﬂI
[mi xt B?J@féggé beekid ;qu,";a"ﬁﬁ"z 7 'f.s% gﬁﬁﬁ% G ATt B 2ol s o

syringg. Thg Qla?%l'dr?ub%eé ifn

A 1.0 and exr @_.Igfaayout of the

lﬁ eaysale-r aCtl ateria;
|di al yzer nsigAQF @& tﬁbi?ﬁ:ﬁydraﬂew stftaﬁ’aef E 5c ee
assure t hadiick g ?Hmeﬁisn Sdcordrlce Qvfth 18 Gnvbrti @rhﬁoré/\ﬁ{rﬁncu% IJ 'u%t th eac‘t(on
di- al yzer mi@daist J36diniaBlokitl Siln e ifvaiBR, shiER ShamictinRydkidd, i %ﬁ
t he Mal eisenofndayigrexetRiod kdh EsiBBR @Eoﬁﬂe?&fohﬁi Sq@&BWQWHQQ)ch, resY
fiberse &nguning rhamicsartyd®itié ae pitérdially ldrPactabie ARIRML lefinXihs! "c@lufoﬁ'errmnma mWis‘u on the
bor es of retdien fimdseare praingeaShetedte MbS X 1R GinfiyarideBivedd ISRHM WhlidbE Rashfaal DeT S
i nt o t hedwing theowalinggtecase. The nual ei ¢ anhydri de/ TEA/ Freon TF m xture was
t hen expel Preah afteroptitct distinglish bgtwesn the e patsibilitieg Gescias alicke Me. V\ashe fbrimdtib) saput 10
m of Friedig- &Ps. rérodvil ofweetifioy LBGBM) the @fperivadnt dgscrkdd inBixarople BBEs repetbd 3inh fioyal | y
Wi t h #D0labaled spalejgeanksycrideadeagrie thereactiommjiues: was treated identically, except
that no mal'"efh@ aRerErt 98 omass cAdaluigse drlushe sty bank SBHFMITEIAS A xrhaleie antyaride i64)

\af nor maﬂe“ 'p Wd“%@w@%'weqﬂ ['tp) matpicoanhyslde wase adsigd thi fixp yeperateaivds vidie
cont r ol %Ey i faﬁ""ﬁlagﬂ Jdpitiate,ihe eadipmced in a 37 C oven for 60

2 Wa ste

d i
pREan Sl B R
forth iny c1" ° by?‘ demr?afs ufef s ar e'ssﬁ?{ﬁ'&?qdz"étﬂ eﬁ°“?§5‘f glored infihgpappel glags

N (et fﬁ%éﬁ th h R AN BRe i &
FRECN TFwe@\'\Qd-ﬁ e t& IIQ e vnals were counted in a Packard

45 scintilation spectrophotometer. The material was ana Q:I for CSb C3a and C5a as described before, and
' also were counted to ascertain the amount of ["*C] maleic acid present on each group of fibers.

The data is summarized in Table 5, which demonstrates (in the last column) that the initial increase in
CPM/gm (during the first five minutes of reaction time) is followed by decrease in CPM values. This trend is
consistent with previous data (Table 4, in the milliEq NaOH column). This suggests that some of the maleic

50 acid {(and perhaps some LAL-RM) is removed from the fiber during prolonged reaction times and is washed
away in a subseguent washing step.

The C3b, C3a, and CSa data in Table 5 also follows the trend noted before and shown in Fig. 5;
namely, that as the reaction time is prolonged, the desired effects of the modification increase, then level

off, and, in time, will even decrease. The criticality of controlling the reaction time is again demonstrated.
55 C '
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50 ug/m of Plasma % I nhbi tion ng/ M of
% | nhi bition plasma Contr ol 9.325 .
341.42 Modified with 1.265 86.5 33.5
90.2 Maleic 55 Anhydride Table 7 dERBAR B BL (he effectiveness of the
invention in treating a finished nmedical product. Table 7 al so denonstrates
the effectiveness of the invention in selectively |ocalizing and

ntrolling the 22 EP 0 303 B4 Bl extent of nodification. In

tticular, only the surface whgfe contact with Boldgicag |iguidgis to
occur need be selectively treat&&l to achi eve sigQficant Fedugti ors in
-conpl enent activation. In the case of hollow fiber materials, such as shown
in Figs. 7 and 8, a reactive|lugn fluid can be |ntroduced mhlch
sel ectively nodifies the surfae&| characteristics If the h@l | ol fi Qer only
‘along its interior 5 bore. |n £he case of a flui® pdPh d®fi n®d b& ween two
flat sheets of material, a cpnp&table |ocalized nodification can be
acconpl i sKed by passing the eacﬁi ve fluid only along the fluid path. The
reactive fluid can be introgjc,e&g nto the hoIIowJ.lbex. boees e ||a.to any
i ntended fluid path, regardl:asg-?@j its confi gurat}on aftgr ngnuf a;:ture
before or after being incorppratéd into a finished medi cal devi ce. 10
In accordgnce with the inve®{ioff, a reactive lumen fluid can al so be
‘i ntroduced during thegranufap} re of the hollow fibers. In this respect,
.@erence IS now madeag Figie ‘95 JThere, a system 60 for formng rra,terlal

to hol low fiber forr;gs shgm"'ﬁn accordance wih tJje i fven{j onZas the

hol | ow fiber is being<*®rmed{e e system 60 sinultaneously alters The
surface characteristi&<of tfe“formed material along the interior bore of
the fiber. is Gengz@lly fheepystem 60 includes a first reservoir 62
where an extrusion soébgl on pr #elt 64 is containgd. & pugp 66 conyeys +the
extrusion solution intpgan e t'f‘iz on die 68, whioh f osms ghe & g0l utd on into
a tubul ar shape. The tem 60 &l so includes a second reservorr 70 and
associ ated punp 72. A 2 gnen Iur" 74 is contained in the second reservoir
70. The punp 72 co e3§mthe fluid 74 into the |nter|or regl on of the
20 tubul ar shape asgj 1:35 be n-g T;prmad The syst& 60=as y_:ust ggene-r ally
described is convertli onal i & |’5 wEonfiguration and opératl on ahd can be
used to formvarious diger sas mag rials into tubul ar shapes. In accordance
with the ¥nventi on, tlfessyst’ m 60 differs fromconventional hollow fiber
extrusion systens in gt thegt@en fluid 74 used by the system 6Q i ncl udes
‘a constituent which, zn infge®lact with the 25 gateliral Mei fy f ¢ ned,

reacts to alter the swgace bE teristics of tHe formed=naterial™ Because
the reactjyve |unmen flw§ 74 ksgepnveyed only into the interior region of
t he tubul ar shape, esxeatlal y onIy the surface characteristics of the
interior bore will be=ffected. sThe material of the extrusion solution 64
qont ai ns nucleophlllcmgoups |r.s this context, the reactiwe lwen«#luid 74
.includes a constituent™ Wmch c,p ently reacts wigh t8e nacle@phl l$ c groups
‘to inprove the [
: S
as%i
EUES 2 = =2 =2 g
W o £
45 :gh-
e = §
€ ECT o 8 & ot 3 s "
S tzese® 2 B B 2 5
g ff s E EF OEF ¥ 2
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. Another aspect of the present invention is the ability of materials treated in accordance with the
66 Invention to bind Beta-2-microglobulin and other poorly dialyzed molecules in the 1,000 to 20,000 molecular
_ weight range. This feature of the invention is demonstrated in Example 4.

~ EXAMPLE 4
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30 overall bioconpatibility of the formed hollow fiber. In Fig. 10, an
ptation of the system 60 to nmanufacture cellulosic materials into hollow .
er formis shown. Elenents common to Fig. 9 are given the sane reference
rals. The system 60 shown i n FiE§.0 303,68¢Bdept as altered in accordance

h the invention, fornms cellulosic materials into hollow fibers foll ow ng
process di sclosed in, for exanple, German Patent No. 864,904, as 35

| as in URe@"e’P‘éﬁ é?i‘t"°ﬁd“at?[‘a'2 7‘6’91’??49" wihtrbalele pwdrideria a‘%&P’éa"&ﬂH@tﬁ’@T‘UW 'y”"’f‘o
first F‘(?BF"F’BSG‘?”"%%'%‘E ?‘Wrm' > whi ch aI so cont a| ns an a

ution of B‘? ’eP‘"é‘P'? é'l‘ﬁ’r‘feﬂléwﬁ ageer 'WP E e:ﬁa@ 0 tu;)t:sPaand
5 , a. -m #%% /ml) The
e ??nute § <] eta-2-

ution, 64 T"
cel | ul ose "°"'°8‘8§r‘"g;ume%t€°f 2P

punped 11 ofid e g VoL Kol iaat.+ Ee».;ww&z B tifed 1 Rﬂﬁu&?& ol

d! 68, 40P 2dn Sl vHx g leu{a Qy 90 E\%c’uwty remaining in

Si yrul taneoh‘é dbe. Gofol dﬂs@ﬂmg t Hafdriat Whr® 38htddf iddnfically ird bYdir@d Whrb Géed WP
72} from} hy, hRSSEMObikdingQo B hikrdilde wpeNt ral region of the tubular CAC

sof ution strepsesivBéalhingRad hYaoid e | umen fluid 74 contains an inactive

organlc liquid which is immscible with the cellul ose, for exanple,

Ppropyl nyristate (IPM. This liquid forns the interior bore of the
b I n accordance with the i nyaBiEi &n, the lumen fluid 79
co'nt aings in addition to the inmm scible constituent, a second constituent
Cﬁ:‘lch reacts with the cellulosic material to change its surface
jaracteristics. In thBINDINGSOFr 8EFAL2eHDERUGLOBUL INt TR REGENERATEDNS! i tuent is
sel ected fromthe group c&itliés gﬁi gg g@ ﬁy InC g% hydri des and
{d halides. A second ¢ EM Hbﬂ dIC AI@WD 6@]é]necessary, a
al yst?®78 for the reactive constituent -of 50 the luren fluid 74. The
ul ar extrudate enters an aqueous sodi um hydrOX|£l eQE ﬁo whi ch
gul ates the CAC Solution to forma self- supportﬂ-ng-ﬁﬁﬂl-ﬁwf ber 82.
i1l resident within the formed fiber 82 is the reactive lunmen fluid 74.
e fi beg 82 is continuousl ¥,y ed fromthe bath 80 hgg means of a take up
el 88 The fiber 82 is vvound onto a two-prong fork 86. 55 As shown
Fig. 11 A the fiber 82 on the winding fork 86 is first inmersed in
er to renove surface sodpapthyslrt@mede, and is then imersed into an acid
sogution to renove copper. The fiber 82 is then rinsed again with water,
rsegy,in glycerol sol uti or® Mip¥teshen dried in an of8h. Duri ng these
stieps, the reactive lumen flz0 aiddtesti|| resides withiagthe fiber bore. 23
EH 0303684 1: The dried fi b?g: s.82 are next cut from ggg wi ndi ng forks 86.
reactive lumen fluid 74 7% ™BY¥¥%%enoved by centri@4tion, fol | owed by
shing in Freon TF. The fi &0 miB2tedre placed in a cagsy88 and encapsul at ed
at] the ends with a conventional pol yurethane sealing conmpound 90, which is
subsequently cut to expose the lunmens of the fibers 82. Finally, end caps
92 5 are fi tTelel Seamenswatesdha ngophilid reatdrialriehtedinsheordanqeenith dheritveintiom giadsrBerd-2- h
Brieon TF. Tieegioedind ting di al yzer 94 contains hol | ow fibers 82 whi ch have
bden sel ecti \f'@f NeRyE eY é‘adedE\%ignb herR grhatowiiber dialyze(|3p isrshevine The fialyger 80 incudes a
chiar act €fi %%s § osing gPundie 34 f Gpnvmyprggcupmy ra rgyon fibers, as manufactured by Membrana

sold under the tradename "Cuprophan”. The ends of the fiber bundle 34 are encapsulated with a
polyurethane sealing compound 36 and each covered with an end cap 38.
Inlet and outlet ports 40 and 42 are formed on the end caps 38 for conveying blood into and out of the
interior bores of the fiber bundle 34. Dialysate inlet and outiet ports 44 and 46 are formed on the case 32.
45 Dialyzers of the configuration shown in Fig. 7 are commercially available and are sold, for example, by
Travenol Laboratories, Inc. under the trademark CF® Capillary Flow Dialyzers.
As is also shown in Fig. 7, a finished medical device, such as the dialyzer 30, can be treated in
accordance with the invention to improve its biocompatibility.
A system 48 for treating the finished dialyzer 30 in accordance with the invention is shown in Fig. 7.
50 The system 48 includes a reservoir 50 for holding the treatment material 52, and a conduit 54 which
conveys the material 52 into the dialyzer 30 via the inlet port 40. A negative pressure generating device,
shown as a syringe 56 in Fig. 7, is attached to the other port 42. The syringe 56 draws the treatment
material 52 into and through the bores of the holiow fiber bundle 34.
Alternatively, a positive pressure generating device 58 (shown in phantom lines in Fig. 7) can be used
55 to infroduce treatment material 52 into the dialyzer 30.
The use of the system 48 in treating the dialyzer is shown schematically in Figs. 8A to 8C.
In Fig. 8A, suction is applied by the syringe 56 to draw the treatment material 52 into the bores of the
fiber bundle 34. Preferably, the material 52 is successively sucked into and expelled out of the dialyzer 30
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reactive lunmen fluid having isopropyl nyristate as the first constituent
and mal ei ¢ anhydride as the second constituent. The two constituents were
conbined to create a saturated solERtQ 303 684BJr oxi matel y 200mV) of nmal eic
anhydride in the isopropyl nyristate at roomtenperature. In sone cases,
triethylamne (TEA) was used as a catalyst. 15 The dialyzers were vvashed

(& th 10 m;%’?ﬁal tﬁ@%"grﬁ%‘?ﬁ% RY ;gl;{’g& *}‘é%‘{eﬁ a’fﬂf"rr%ﬁ'li ?fﬁ‘llf?ﬁﬁ they Uiz 1195‘3{ ﬁbb‘ﬁﬁlg“i Yy e

Pl asrm. 3?%85? il .qgf ?éﬁg ks @%@?w s ng? &?zzﬁ?"? 3;%& %'giggiggt ed
excess pld pait icUlar trea me ria ore d cnée in ecalcatlon |
col lected ¥ gﬁ»d@g e bfgon Y 5 Bl Aot 47, | &.egega ol

10 Di al yzers were manufactured in the manner just described, using a ‘

n| que

Exanpl e 1. hown in' Ai§. dcShY lrés%u@ﬁe%tn%m%nhlzs@ % tllem wmh ﬁor§ the%ﬁkf- 35 using water,
MODI FI CATh Gk ripakthd ol 1o BidrBinbiwvlgigeRATl NG MALEI C' ANHVIRI DE
| NTO 25, As can be seen, the system 48 localizes the treatment to TeheesuksadY NG ik} bﬂs@f—ﬂﬁger
C3a bundle 34. The remaining material of the fibeluAdI&! 84 B beiidfed 1 BSiMRally untreatéda] Nhbi ti on
ng/ m of The Hodtmbrit Dhateri@ib2dan YR 18 Ghelilluskaddit &ndl preferred embodiment, tie R&Gial 52 is
112. 42 2. sdibtted ®0in\the group consisting of di@arb&«hic acid anhydrides and aBi® hafides. 4.4

96.1 3. Ml /in bnd/pikfeked adaptation, thh (&36nent material 52 is carflefl by an inert carrier,1sdctBas a

88. 6 4.15 Vohidrofpétocelban; for example, tridhi@FBoromethane; 1, 1, 2-richio®9 12, 2 - trifilucroethanel 2,.152, 2 -
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INHIBITION OF COMPLEMENT ACTIVATION WITH MALEIC ANHYDRIDE APPLIED WITH FREON TF
AND TEA IN A FINISHED DIALYZER.

DIALYZER C3a Cs5a
50 ug/ml of Plasma % Inhbition ng/MI of % Inhibition
plasma
Conirol . 9.325 - 341.42 -
Modified with 1.265 86.5 335 90.2
Maleic :
55 | Anhydride

Table 7 demonstrates the effectiveness of the invention in treating a finished medical product.
Table 7 also demonstrates the effectiveness of the invention in selectively localizing and controlling the
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In accordance w:th the invention, the Iumen fluid 79 contains, in addition to the immiscible constituent, a
second constituent which reacts with the cellulosic material to change its surface characteristics. In the
illustrated embodiment, the second constituent is selected from the group consisting of di-carboxylic acid
anhydrides and acid halides.

A second core fluid stream 76 contains, when necessary, a catalyst 78 for the reactive constituent of

50 the lumen fluid 74..

The tubular extrudate enters an aqueous sodium hydroxide bath 80, which coagulates the CAC Sollﬂm
to form a self-supporting hollow fiber 82. Still resident within the formed fiber 82 is the reactive lumen fluid
74. The fiber 82 is continuously pulled from the bath 80 by means of a take up wheel 84. The fiber 82 is
wound onto a two-prong fork 86.

55 As shown in Fig. 11A, the fiber 82 on the winding fork 86 is first immersed in water to remove surface
sodium hydroxide, and is then immersed into an acid solution to remove copper. The fiber 82 is then rinsed
again with water, immersed in glycerol solution, and then dried in an oven. During these steps, the reactive
lumen fluid 74 still resides within the fiber bore.

o
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O Table 8 demonstrates that materials can be formed into hollow fibers while the surface characteristics of
fiber bores are simultaneously modified. o

The data in Table 8 demonstrates several surprising observations. First, in this application of the
invention, the catalyst, in this case TEA, was not a necessary constituent of the reaction mixture as
demonstrated by line 2 of Table 8. This may be attributed to the basic nature of the cuprammonium melt.
Some component of the cuprammonium mixture (e.g., NH3) may act as an efficient catalyst. Second, not
only is the TEA unnecessary in this application of the invention, its inclusion seems to lead to lower levels
of inhibition of C5a (i.e.. higher levels of C5a) even though C3a levels do not change significantly. Since
C5a is less cationic than C3a, this observation might be explained by suggesting a lower degree of
substitution and; therefore, a lower negative charge density on the gellulose_ with the 1.0% TEA solution.

COMPARISON WITH OTHER MODIFICATION METHODS

80 The modification made in accoi'dance with this invention differs significantly in terms of resulting

structure and effect from other cellulose modification methods. in Fig. 4A, for example, the modified
nucleophile structure resulting from the bulk blending process described in European Application 0 272 437
is depicted. As seen in Fig. 4A, the modification results in the formation of an ether linkage (O-CHz), not in
the amide or ester linkage created “by the reaction of the invention. The observed reductions in C3a
concentrations in the presence of the modified nucleophiles (when compared to pure cellulose membrane)
were 69% (European Application, Example 2); 73% (European Application, Example 3); and 77% (European
Application, Example 4). The C3a reductions oﬁserved when the 'nuél_eophiles are modified in accordance
with the present invention are generally greater (see, e.g., Tables 2, 3, and 4 of this Specification).
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al Kyl , sal kenryistitoant satyleadtétieicallith Shd Hatériab Il 0 prddoterhifdd fashion as the fibre is being
formed to alter its surface characteristics by increasing the negative charge thereof, characterised by
said material having nucleophrlrc groups and said lumen fluid inciuding a constituent having an
activated carbonyl group which reacts with the nucleophilic groups of the material, resulting in altered
nucleophilic groups that prevent the activation of complement and the binding of beta 2 microglobulin.
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2. A method of selectively modifying the surface characteristics of a material in hollow fiber from along

the interior bore of the fiber, said method comprising the introduction of said lumen fluid into the fiber
bore to alter its surface characteristics by increasing the negative charge thereof; characterised by said
material havrng nucleophilic groups and said lumen fluid including a constituent having an activated

40 carbonyl group which reacts with the nucleophilic groups of the material, resulting in altered
nucleophrllc groups that prevent the activation of complement and the binding of beta 2 microglobulin.

3. A method according to claims 1 or 2, wherein sard material has within its interior region a nucleophilic
group of the structure
45

50 ' =A
I |
R (Optional)
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where A is an atom other than carbon;

where H is a hydrogen atom; and _

where R can optionally be another H; and the resulting structure of the nucleophilic group is
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devi ce i nt effiR 9akres 3Rbadvantaget o fedrentiop are set foghyinthe followiosifi™sal £ 1 ui d
corrprl 5| : rmdl fying said nucleophiles with a material having an activated
car borfy p to produce a degree of substitution between 0.0001 and 0.018

to preveqt “Eom?‘Ct | Vr%‘ é‘%ﬂm F b S Reh Airfie o c%?g Q0 381, Ah% Ld

bi ol ogi cal a.laa i T ) éﬁe 1y o

the materi r ng Ia kH30e rgun atehttalco lu‘?deﬂ flttiu Hél os a

i ntrodgced Etitda& & rbhet sLHFi?rch}u b Wit tHethdt@HaHmtd &Qde&hﬁped' 184hloh 48 SheBiibfe0l Teing UeNT

which i's i nginai®biRr W Slkadd GaidBibrRlidsy iRtnshsitg) ins MedafieBharhd) oot Bala@iErisB® H; of

the hol | ow §ddomateria? having FRiedphdid grbipd 43d shid. ured TR @ididiSd T dhshBlerit haGihgdiain 1

wher ei N dur adigateddatbordyDrobp ehichi reqets with@ndTMicREghAt gloBpseoX the Ukh&ttal] BsuRig h dkerdd €.

11. A et hoslcemmiic giotys thad praviyit the sotieatibig complbnidnBand tHelbinking bf beta@ mictbgigbulinh e

step ok renoving the lunen fluid fromthe interior region of the tubular

S hape, 2. A method of selectively modifying the surface characteristics of a material in hollow fiber from along

W/ the interior bore of the fiber, said method comprising the introduction of said lumen fluid into the fiber
bore to alter its surface characteristics by increasing the negative charge thereof; characterised by said
material having nucleophilic groups and said lumen fluid including a constituent having an activated

: 40 carbonyl group which reacts with the nucleophilic groups of the material, resulting in altered

« . nucleophilic groups that prevent the activation of complement and the binding of beta 2 microglobulin.

3. A method according to claims 1 or 2, wherein said material has within its interior region a nucleophilic
group of the structure
45 :

50 _ -A
I
R (Optional)

55
where A is an atom other than carbon;
where H is a hydrogen atom; and
where R can optionally be another H; and the resulting structure of the nucleophilic group is
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5 12. A nethod accor di ng to any preceding clai mwherei n said naterial 1s a

regenerated cellulosic material. PatentansprUche 70 '
Material in eine Hohlfaser-Form zu formen, wahrend di e m Iﬂ C!ﬂ""lmuﬂml
Qber f1 ~chenchar akt eri sti ka des Mat er iER &30368487y der inneferc rwngsdes
Hohl f aser selektiv nodifiziert werden, unf assend die Schritte Fornmen des
Materials in eine rohrenf6rm ge Gestalt um einen zentral en Kem aus
anl uid, weiches einen Bestandtgil enthgt, der git dem Material in
er vor bestl mten Art rfeagiert, Rgobal d di é Faser éf orm ist ,0 um der en
Ober fl achencharakteri sti ka durch hoh é %RTT ne%at [ ve ®/Ladung _
darauf, zuyverandern dadurc 6‘eRe zel hne nucl eophil e
G uppen aufwei st und das {Lunenfl uid ei nen Hestandtefl ent haI t, er eine
aktivierte Carbonyl gruppe aufweist, die m Rgen nu g)phi I en Gruppen des
‘. Materials unter Erhalt von veranderten nukl eoph| | en uppen reagiert, was
- di e Konpl enent - Akti vierung verhindert und Beta-2-m crogl obulin bi ndet 20
2. Verfahren der emrekisiavaaeddhigdi fi zi erung der Oberfl ochencharakteristika
ei nes Material s i nhdrioQiisfasxgdenBmm ent | ang der i nneren Bohrung der Faser,
wobei di eses Ver f almre€ isth carbbn atbrhhr ung des Lunenfluids in die Faserbohrung
bei nhal tet, um dewksre Rliep fsigae hemt laa il toe rikg tdefvativel LanCltkebsr brodikans) darilaties, or an aryl
~negativen Ladur@mewnandern dadurch gekennzei chnet, daB das Materi al
kl eophi 1@ G uppwher At is @nsigrern bondu are atkyl Lor lk@Sderivativec iakena dBeatierendiigdtive or an aryl
thait, der ei9®P@REivierte Carbonyl gruppe aufweist, welche nmit den _
hukl eophilen G ql}gﬂ%ﬁ‘laoaé%a feroaebang) aspi erdedn Ekvher| akyhdsrivatier alkede i alivane ?}eﬂva(;'ve’ or an
| eophi | en GAMPAMPOPWagi ert, was di e Konpl enent - Akt i vi erung ver hi ndert
| Bﬁlé Bef a- 2-nicr o Ef‘l %?WH’@?" atomi\ Ak ap Ayl aﬁﬁé’ﬁ""ﬂﬂé 'i?B%°_1%i9ﬂ%F°”23“"W9F oyl
das Materi®ll i "H é‘F'E’ﬁ BRY & c§° e olRing, RICRSH TR 3808 S :&;
St rukt ur °\ﬁ Y

H-A ylammoe hy mmety, or any pnmary, secondary or tertugry amme, or a y
aufwei st, worin E\vof .the form -OR or -SAt where R
al ative; or aryl
Vasser st of f at org, o%’(%{, thhde, atlﬁ; 04, (1‘)!; K& r?lgkA
|

?r%tcgv::yl clh;lh l_alncé a su? ur atom;
t;u d; or any Qg} i Y 'Ve,
~und die regult '(GEtﬁﬁégﬁ? bikhy; cdgl';y rmr”ﬁly 3y é’ﬁ Bﬁﬁmésor any alkyl et é\g alky!

R A-C X G z- Celfjer & the form -OR or -SR, where R is any alkyl , dike 'I o Icham Sis
L worin A eine nucl gkl 8 {HhydREsh atdh: or WR'alkt ooaﬁgh RierRatie) sile g Keha Be?utlatlv r aryl
- worin C ein Kohompah®f balaORaitietor M9 bl th hidwingSt@iRb! d@@Hn%oa ek, b
Al kyl derivat. qigthyWnkesthari@siow & amcifimadabecoridaty oflefifry A, \bp By mmr Iosfmo alkyl
- worin Y eisme SieeaditedormgORet {SRANEY R BARY alky, gt adyPdhain, @hdiS Al R ph® dRM; and
- Al kenderi vat oder wigiraB: is a hydrogen atom; or an alkyl or alkyl derivative; alkene or alkene derivative; or aryl
" compound; or a halide; or any of the following groups: COOH, SO; SO PO; or DEAE
(diethylaminoethyl) moiety; or any primary, secondary or tertiary amine, or any alkyl ether, or thio alkyl
ether of the form -OR or -SR, where R is any alkyl, alkenyl or aryl chain, and S is a sulphur atom.
35 :

4. A method according Claims 1 or 2 wherein said constituent reacts covalently with the material.

5. A method according to Claim 4 wherein the degree of substitution is betwsen about 0.0001 and about
0.018.
40 ' :
6. "A method according to any one of Claims 1 through 5 wherein said hollow fiber is made from a
' nucleophilic material and said constituent includes a material having an activated carbonyl group which
forms a non-ether linkage with the nucleophilic groups along the surface of the interior bore while
retaining a free carboxyl group.

7. A method according to any one of Claims 1 through 6 wherein said constituent is selected from the
group consisting of dicarboxylic acid anhydrides and acid halides.

8. A method of making a nucleophilic material for use in a medical device intended to come into contact
50 with a biological fluid comprising:
modifying said nucleophiles with a material having an activated carbonyl group to produce a
degree of substitution between 0.0001 and 0.018 to prevent complement activation and binds beta-2-
microglobulin in said biological fluid, thereby substantially increasing the biocompatability of the
materials.
5 .
9. A method according to Claim 1
wherein the fluid introduced during said lumen fluid introduction step includes a constituent which
is immiscible with the material and which forms the interior bore of the hollow fiber.
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{Thi oal kyT'e

thergestel |l

('C27 *C L MS * EP 0 303 684 Bi Arylverbindung ist; worin Z eine .

qSi gmabi ndung, eine pi-Bindung, ein A kyl oder Al kyl deri ' er
}AI kenderivat oder eine Arylverbindung ist. s WO | rlmlwﬂu" " ﬂ”"
fWasserstof fat om oder ein Al kyl ederspdlegyideri vat ist; ei'n Al ken odexr +

Al kenderivat, eine Arylverbindung oder ein Hal ogenid, eine der folgenden

1G uppen: COOH, SO , S04, P04 oder DEAE (Diethyl ani noethyl) -G uppe; ein
{pri mar ed8. Awngthedctascedingdel elpimtievhprein dering Agifl ferming gernthe imater! [s\eikteudpeihrough a die.

Thi oal kyl et her der Form -OR oder -SR, worin R eine Al kyl-, Al kenyl- oder

JAryl ket # AiRethe RELdingCtR Ry RIPcepipgh¢laing tand fyghes fngluding the gjep of remgying thepgmep; flyid
{Wasser st offfogt Bhintetay gagiop piihenpiular shdefar Al kyi derivat, ein Ai ken oder .
1Al kenﬁjeri vat, eine Arylverbindung, ein Saureha eni d, eine

. | Q der fol genden
Gr uppen 1% cipinod aggaringg any pifoeqigs Keim Wara T A SR O =t Glese regishac r
pr.i mar ©Bate #surgp%es oder tertiares Amn, irgendein Al kylether oder
? e ef Form -OR odor -SR, worin R eine Alkyl-, Al kenyl- oder

Aryl ket e ynth &, Gh Rin3eE & b ARrksai-rornfl 3] Srfibd, Witrdnd die ObeBEdePchRakiGstka
VhSSEr STof St LR iﬁﬁ&xiom[s eeatﬂég%_téfé&smarnoaﬁﬁa bowiiyinichurt
Al kender i v@d scifid Gofiel | 068 T MitdIEINNY o8 ShnrBdtmide! QRRRI th oRbiSerfi@kn KaINIgRAEN
G uppen:  GofabhfiidSiches Bfrén BebhdRfl @hthdlEASr it & WiaRhd 1P RInBrY Lorbd BB Al N
prinares, rsejenNdbvaRSdie Faser (gRfolmtaEe Sm ddréh ObérRRShBharakBlididd aLrBeEmsRdN a6t -
Kyl et;her  degatibey idmRarQBlG verffdemwor i n R ei ne Al kyl -, Al kenyl - -oder

ryl kett e dadgtchiSgekbrinzelhharedas | daé Maelis thuclddplie tGlgpbr adlisist und \AEY" Luinembicedifon
YAsser st of Beatandwil coWlEN;, deicine Aktkigite Crtlny!ghigpy iackesistydié mit @ernnulisdpditendadpen des
Al kender i viedterialsiunter EXnajt|vorevedintketiam oukleephitenSarugpern ekgiert wastdie KonmptenserAkfividrgngnden
Sruppen: Gebiddert ®@BstaBaaigrogkBdindiddst. DEAE- ( Di et hyl ami noet hyl ) - Gr uppe,
i rgerdei n primares, sekundares oder tertiares Amn, irgendein Al kylether
oder ThRoaYeKigliren deesslaliiven MedifirieruamRien Qberflactsmehagabtetistikerdines Meterdisdp Hohlfasky-Rasmy | -
oder Aryl kagtlang daripnersn Sokjungcdenbaser wabgirfiqsay Verighiprsdie Finfihrurgrdes Lurenfifidshp i nach
Anspruch 1Faggieqhrung beighalieh upderepQberiidrpneharakierisfika @umh BrGhungdhrpviepalivenijadung
reagi ert. . 3ngRpidafreloskenarpichpet flaf dps Materjgh prkdpopfile Gayppeny hef ypd fasclymapfluid
zwi s@hen 1WA Restensiet ot gl kﬁ‘ieé'elqaﬁé’rgf".lg"ﬁ’@e agfweigh peichR iih depukieRhiel m der
Anspri che Juppea des Wgerals e@?e% ol é’e‘ii'szé‘?’fa f%;; P%’%ﬂ‘?hﬂ??k CLBRI et 18]

G e R e S S N e S TR S P R U S

u nthalt, das eine

Ktiviect : ' i | en . d
Cverf) Z&Zﬁ@;ﬁ%ﬁﬁéﬁ%ﬁ?ﬁ%@?ﬁ%“?ﬁ%ﬁ PG I ER Mk ol R ANETD

frei e Carboxyl gruppe erhalten bleibt. 35 7. Verfahren nach einem der
AnsprUche 1 bis 6, worin der Bestgndteil aus der G uppe bestehend aus
Di car bonsaur eanhydri den und Saur efjal ogeni den ausgewahit wird. 8 Verfahren -
zur Herstellung eines nukleophi+eA Materials zur Verwendung in einem
medi zsni schen Gerat, (fakultativ)

-/ aufweist, worin A ein anderes Atom als Kohlenstoff ist;
H ein Wasserstoffatom ist; und
0 R fakultativ ein anderes H sein kann;

und die resultierende Struktur der nukleophilen Grﬁppe

Q Ry RS (o)
A C X C Z C—y—C
| ] No-
R2 Ra

50

ist :
worin A eine nucleophile Gruppe ist;
worin O ein Sauerstoffatom ist;
55 worin C ein Kohlenstoffatom ist;
worin X eine Sigmabindung, ein Alkyl oder Alkylderivat,
ein Alken oder Alkenderivat oder eine Arylverbindunq is_t, . '
worin Y eine Sigmabindung, ein Alkyl oder Alkyldeny\at, ein elken oder Alkenderivat oder eine

C
C e

-
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das dazu bestimmt ist, mt einer biologischen Flussi gk

konmen, unfassend Mdifizie- 40 ren der Nukl eophi | “nll! “I“‘

Mit erial, das eine aktivierte Carbonyl gruppe hat, um e|

tionsgrad von zw schen 0, 0001 und 0O, EPD I03r6BaRIel | en, eine

Konpl ement - Akt i vi erung zu verhi ndern und Beta-2-mcroglobulin in dem

bi ol ogi schen Fluid zu bi nden, wodurch di e Bi okonpatibilitat der Materi a- i
n wesent | i cHPRINGYnd ighs 9 Verfahren nach Anspruch 1, worin das wahrend

ogs) Schrittes dert ?89 %‘"‘L‘ﬂ H‘I"lgw ds eingefthrte Fluid einen

| Bestandteil enthi Ak eérl al nicht m schbar ist, und

derivat oder ing Ayl rpipdun
wel cher di f‘a b 1“9 ver f hre ch.
-'A_nsgr 3£h Ile I““On%jfa ‘hrlggilg § atoa% Sté J%Eiég:pa @%S ﬂm?e ﬁtIfEAr@e
'Di s

e 50 oxieumlant o o 03 gl f?ether
L Anspr Uche, viel GR@ikykHel @bETmORR &% rsﬁt 7S n Fl P?a
t'dem i nner en Be rsghwebifibad istt @ndiganf 6r m gen Gestal t, ent hal't er ahr en
tnach ei nemy der wéak ROGM Waéi&&oﬂ?&rprdd&h&n ANDI bdar dﬁﬂd%&t e&ﬁ Akefl 'oﬁbr Alkendenvat eme
regeneriertes GNotbinG6rg; eifB8a@iehddgenid toineRed GH1gHNEH GRPSen28ooH-, Edd; Op33Uskied S8R
* C L M S Dietlylanffticetb@EGrupial lrgeh @D printires| Sk ik @ loddd t@fhrééﬂﬁmrf |u§érﬁetﬁ W&H@lﬁer
en nodi fiant sel@cThicalkykstiett dbreRorg AOR @& -8B, wdtjhl 63 eike AIRYH f\lﬁ&ﬁl— dular MRAIRHd did S din
i | e passage i nt Scivedelatogreist derdtélihr e creuse, | edit procede, qui conprend |es
apes def agomacyBs din Wass@stofatomestleusie Afkpiratier Alkyidelivat fse ehUAlKeH lodéel’ AKSRdeRVEE eine
@nt ral e de f| dyvikerbindung ederreintHalogenid, gine derdeigandendGruppes MQOH 1 $G3N 1SOF) LIPO;rdderDEAE
b 'chi mi quenent avi@ethylamigegthl-Grappedein primfses. sakendétes pder teBidrel dmingegendein Aliylather, Tigdal-
| formee pour nodYIPNeE deiasm @R ader eFA. yplinyG eise dlkyls Akeryk @des Arvdiety wid<seim Schivefslatom
l charge ne at i vést dasielly car act er ise en ce que ledit mat6riau a des groupes
| el ectrophfi es «%‘P”'T |°t“ ‘I”'F?i o, |oderedin A ?déhd'klf?P"&%n%'! iAtiern ader f\kaprerivaty eine
| gr oupe car bonyfa?'trﬁ% '@’é‘%f gef"d;fv@geqf@ P @genrﬁRQI-bo% $Qag Py oder DEAE-

in Alkylether
mat eri au pour t| &Plpde_[gﬁﬁwoln% R eny m:yér 6I gbﬁj’;r r‘f:gzﬁg; undySe elen
ar: elt

" activation d

# Proc6de pgur 8';“% er Iectlverrent | es caract6r| stiques de surface (cji uln
 mat 6ri au so I e S e interieur de |la
i fibre, |edi Eﬁ pfr\gﬁdg%gqadgl?lﬁs%%ﬁﬁ?gﬁé Wlﬁﬁ%&oa&%“%ﬁ'agﬁtﬁ {i& Mat?i'al " unen

dans | e passfg&efihreh aacfh|A|ﬁ§Jﬁuc9QLWonﬁr9Q' SubtutichEgtad Aisdhdn @Ha%tob&q.g\ﬁ o O%Irg

' par - 15 accroi ssement de sa charge négative, etant cafactorise en c q ue

| edit mat 6o i@U Varfdh@h ngehosiftas dérUGEREIRE 11! 8 5 8orih @Y fionfrdstd &8 eglgmlddmo%ﬁlﬁn Material

conprend un Comeésteliewiid uay a4t Bestandi S Muteria oA bt o6 laktNRridICarbdiyIbEska nkt, @Y Bt

| es groupes nuderoyklebphiieh Gruppenteatfan@der Girlitte deP MARerlBShn@h W%&e@lﬁc‘uﬁ‘d&ﬁ Riide€'S
nodi fies qui 6wikreniteine' fraie tCarbetyigappaiethattenfaéienent et fixent | a

1 ,-2-mcroglobuline. 20 3. Proc6d6 selon |es revendications 1 ou 2, dans

| equel | ed t7- myedahien (rach, eingaonder AaspriBhe drbisi G1twerin dearrBestandivil QU U ESripPe Ibesﬂepbid &us

de structure 29lcarbonsaureanhydnden und S&urehalogeniden ausgewihit wird. -A R (facultatif)

W

e

8. Verfahren zur Herstellung eines nukleophilen Materials zur Verwendung in einem medizinischen Gerit,
das dazu bestimmt ist, mit einer biologischen Fluissigkeit in Kontakt zu kommen, umfassend Modifizie-

40 ren der Nukieophilen mit einem Material, das eine aktivierte Carbonylgruppe hat, um einen Substitu-
tionsgrad von zwischen 0,0001 und 0,018 herzustellen, eine Komplement-Aktivierung zu verhindern und

~ Beta-2-microglobulin in dem biologischen Fluid zu binden, wodurch die Biokompatibilitét der ‘Materia-
lien wesentlich steigt.

45 9. Verfahren nach Anspruch 1, worin das wihrend des Schrittes der Einflhrung des Lumenfluids
eingeflihrte Fluid einen Bestandteil enthilt, welcher mit dem Material nicht mischbar ist, und welcher
die innere Bohrung der Hohifaser bildet.

10. Verfahren nach Anspruch 1, worin das Material wihrend des Schrittes des Formens durch eine Dlise
50 extrudiert wird.

11. Verfahren nach einem der vorangehenden Anspriiche, welches auBerdem den Schritt des Entfernens
des Lumenfluids aus dem inneren Bereich der réhreni&rmigen Gestalt, enthilt.

55 12. Verfahren nach einem der vorangehenden Anspriiche, worin das Material ein regenériertes Cellulose-
material ist.

Revendications
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ns | aquel l e A est un atone autre qu'un atome de carbone; 30 H est un
St onme d' hydrogene; et R peut facultativenent 8tre autreqgue—H—et—t=a
gt ructure obtenue du groupe nucl 6ophile est 35

PR N T HIIIIIIIIIIIIII!ILIIIIIIHIII0

4 dans | aquelle A est un nucl 6ophile; 0 est un atorre d' oxygene;

est un atorre de carbone; X est une |iaison e, groupe al kyI e ou un
‘d,.eh ve del- gPoese payn E“e’ﬂhm Frigu prung) f'E@rFée“B%e'Uﬁ°dH'8?t|59‘%°“b°€‘e clgfist @ﬁé ou

&? 'I"Ta gu "‘?‘er tSuy, e°aF 209 W5Heus de g,fitye gig maspd 72 o
dr comoze LTS e I i’a?urggus . gv‘*‘?% e
comost =PI CKy il ,a::é:st.qz:s:&z? kG ?"8 e
al kyl e ou u esara\é@n hjae Lol .ealt ¢au % e fa 4 xe

groupe al ceng,, o d%aagng (aroolsie B OAERDhies 35
gr oupe al Ky bbb gk ifbr Ob epeg nmsh.:aé 3.f@s qui ﬂte 9 aﬁo PiBisfabht B lixHor | V6
de groype alCRiRicrogBbling) conpose arylique ; ou un halogenure ; Pun
quelconque des groupes suivants: COOH, SO , S04 , P04 QU un fragnment DEAE
(dl et hyl & PRE48YHosr) modiielssibdfvement les caBibrid@quds UEBiras d'SEMABRASIsb® Bivhe d'une
tiertiaire qeebcROGUE lon§du passBjenmerielr @ is)ibR, Bt prodsad toiedompredd littoaudlbretuamR -
, que de f or mavideOBe Qunen Sddns GDpids&fet dell RETited) Podr NRodHibK YdsCoaraiéadiqyss EdeOsuriadey pa
guel comque etcroSs@sdnt de satcbirge dégathel Bt ; cafd2ié@st enlce gbeOl8it chaldiyalr ® gl group@sl uN
joupe al ky heléophilemetdetitifivide de lugidcu@epeshit yh egnstitvangayaotp® gifipe carliRyl adid8quH84
B3 réagit dvéc le§ brobigbs jniiciébghilds] & rhdtériau, ce quil forriecies groangs nurléd@hilessmodifiés gui oupe
| cene ; ouévitantd'agtiyatiereduznopblément st fisent lars-haicoglebuliree ; ou | un quel conque des
groupes suivants COOH, S03, SO4, PO Qu un fragment DEAE .
(1di et-hyd ahi Resetdsyselsy les evapiicatign ﬁeDUp?r PR lpquel lediicaaitiay redapt) sg Egipn intérieure, un
uel conque, 98EPUNCERPRlede gtrugfura| e ou t hi oet her d' al kyl e quel conque dé forme
1CR ou -SR, ou R est une chaine alkyle, alcényle ou aryle quel conque et S
st -5 un atone de soufre; R3 esf un atone d' hydrogbne ; ou un groupe
il kyl e_ou un d6rive de groupe aIkerA, un groupe al cene ou un derive de
roupe~al cene ; ou un conpose aryli ; ou un_ hal ogenure; ou I'un
uel conque des groupes suivants: ( fagyltabid) pPoO4 ou un fragnent DEAE
di et hyl'am noet hyl e) Cou une amine primaire, secondaire ou tertiaire

uel conque, ggi4 Uell@k%@trun%oﬁ‘\leIﬁWe‘?ﬁQHatBnlﬂé9@1:4?@0%d al kyle 10 quel conque de
Or Me 3R O a3 atotld JRy&@Sdend!® chaTne al kyl e al cenyl e ou aryle quel conque

t S est unprPe@iRukbverRmtish&autiqud¥ ; & stubud lobtBRie diu BMTSeTEUBERDNiie U UN groupe
| kyl e ou un deriv6 de groupe alkyle ; un groupe alcene ou un derive de

roupe al cene ; ou un conpose arylique ; ou un hal ogenure ; ou lun

uel conques des groupes suivants: COOH, S03 , S04 , P04 CU un fragnent
DEAE 35 ) Ry Ra 0

] I | I 7

l A—C X—cC Z- C-—--Y—-—-C\C

40 _ Ko Rg

B e W an W on S0 W Wi o0 W W on WY J o W 0

"
L

dans laquelle A est un nuciéophile ;
O est un atome d'oxygéne ;

45 C est un atome de carbone ;

X est une liaison o, un groupe alkyle ou un dérivé de groupe alkyle, un groupe alcéne ou un dérivé

de groupe alcéne, ou un composé arylique ;
Y est une liaison o, un groupe alkyle ou un dérivé de groupe alkyle, un groupe alcéne ou un dérivé

- de groupe alcé&ne, ou un composé arylique ;

50 Z est une liaison o, une liaison =, un groupe alkyle ou un dérivé de groupe alkyle, un groupe
alcéne ou un dérivé de groupe alcéne, ou un composé arylique ;

" Ri est un atome d'hydrogéne ; ou un groupe alkyle ou un dérivé de groupe alkyle ; un groupe
alcéne ou un dérivé de groupe alcéne ; ou un composé arylique ; ou un halogénure ; I'un quelconque
des groupes suivants : COOH, SO; , SO; , POy ou un fragment DEAE (diéthylaminoéthyle) ; ou une

55 amine primaire, secondaire ou tertiaire quelconque, ou un éther d'alkyle ou thioéther d'alkyle queicon-
gue de forme -OR ou -SR, oli R est une chaine alkyle, alcényle ou aryle quelconque et S est un atome
de soufre ;

Rz est un atome d'hydrogéne ; ou un groupe alkyle ou un dérivé de groupe alkyle ; un groupe

AR o W o s it 3 n” s baentn e mnn
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15 (didthyl am nodt hyl e) ; ou une amne primaire, secondaire ou

tertiaire quel conque, ou un ether d'al kyle ou th| oet he;Hm' "KI que
de forme -OR ou -SR ou R est une chaene aI k al cen m’ ﬂ"gﬂﬂfmn

quel conque et S est un atome de souFEP® 606de sel orf | &s kevendi cati ons |
1 ou 2, dans quuel Iedlt consti t uant r6agit par coval ence avec Ie 20 __
materiau. 5. P||’ e’ ou un %enve ci roups cgr|1 cat) on m sg ar ufﬁiu jog 48 run :
Gubstitution %Ei.cos ek o LY boalh & U9ET A6 “3; " nl oy,

Grocede sel on TgEoME m&o o b cﬁ. .snu o 7 18 ot e

fibre creuse g &Uetﬁf mb’rb | GHRILL QQ eaﬁ(y@ aI bu &QQ%EJI&%Q%tSest

conprend gun Ngh Ghmdde SoUAL UN groupe car bony 6 active qui fornms une |1iaison

non-ether avec |@SesduRUBAS dhyd: ba@%)hw G5gidiph aile DU uh AWMU RASS BBfe | G §bUpBUT

en CoNservant akshedsuup R da0xps AcbhY €ou 3R compdss GHMER 56 QR helogsiGre ; ou F'un

quel conque deFudldrGRAes grovpRs Suivknts : 600K 05 , e, oh @fl frdgrRMITHAE t{didhlanfidEthyle)

choi si parm |; o& oseaiihecprioins isédontRirg oy tehtitic quBibyhdiid, den éthé @lialk@is ou thioéther d'alkyle

di car boxyd i quesel@hguea® ftvab cQfb Bw rSBS ol R @6t ule shaink alkiyle Oalcddyie puOaryle pueijoaque et SiBst

. mat eri au nucl eoplomk de pwitte ; dt' enpl oi dans un di spositif nedical destin6 &

. venir en cont actRsaeston atame [dbydiegehs pbwgi qwemlproemarwrwe&& groupe alkyld gqun groupe

. nodi fication @lgéret ourtn déivéderaredoe gishird & 0w ve cromposierndinieal ow ya hilogfinurg ri cuplin

[ carbonyl e act iayeicopaugs eesalgroppes upuiveelgr e GROM;uBGt i-t 803 on POt ewe W, GmﬂthEAE

J 0,018 pod? 6vilgigthylamingbthyle) 4 10p §rp HRINRAIMIIre Feqepdaie o t(iipirg quelspnapg, ou un éther dalkyle

- 2-mi crogl oltMigserRialvie qupicangee 95 fBMegPR G SPiPP R o5t wReciheine plies alpfey'B Pe ARt
a bi ocorrpatl BP‘?"W‘%“G(?& oFhyp é?'i"%lﬂ‘?(”“flﬁ) 9. Procede soI on la revendication 1,

. dans | equel i.ntrod enda | a di e d' introductjon de

i de de |tm3’°° o8 Son 08 {arPraiat B T oo ool BT, BRSOt ek e

- qui forméle P %sage I nterieur de Ia fibre creuse. 10. Proc6de solon | a :

. revendi catign en | f | 2 "nRtlere

cot a5 o B pheeadRiin g A0l e dfiy S B b IORRR I cnfhof Bl

- quel conque des reven |cat|ons prec6dent es- conprenant de plus |’ etape

d' elimngs §i @rocBds delokirsR qd@coh&lﬁ%s HfenRatioROi £8, dahd IBGefibitE itk clesee 13 d'un
- tubulaire. so rasialPrRResHE SabdRIohstikliHE c&h@érﬁ%%rﬂ?ﬁyaﬁﬁdﬁ & 3hrb&MP activé qui
precedent es, dams uheQaiRh rofehér &vBd Bk |g&ldpé%5r'iuc|56bhimtéﬂf \a2$UrifR diChdssty® Fitérieur en
regknerde. 55 cof3ervant un groupe carboxyle libre.

30 7. Procédé selon I'une quelconque des revendications 1 & 6, dans lequel ledit constituant est choisi parmi
f'ensemble constitué par les anhydrides d'acides dicarboxyliques et les halogénures d'acides.

8. Procédé pour préparer un matériau nucléophule pour Iemplos dans un dispositif médical destiné a venir

en contact avec un fluide biologique ‘comprenant :
35 la modification dudit matériau nuc|eophnle avec un matériau ayant un groupe carbonyle activé pour
établir un degré de substitution entre 0,0001 et 0,018 pour éviter I'activation du complément et pour
. fixer la g-2-microglobuline dudit fluide biologique, afin d'accroiire sensiblement la biocompatibilité des
-\ matériaux.

40 9. Procédé selon la revendication 1, dans lequel le fluide introduit pendant la dite étape d'introduction de
fluide de lumen comprend un constituant qui est non miscible au matériau et qui forme le passage
intérieur de la fibre creuse.

10. Procédé selon la revendication 1, dans lequel, pendant ladite étape de fagonnage, la matiére est
45 extrudée 2 travers une filidre. :

11. Procédé selon I'une queiconque des revendications précédentes comprenant de plus I'étape d'élimina-
tion du fluide de lumen de la région intérieure de la forme tubulaire.

50 12. Procédé selon I'une quelconque des revendications précédentes, dans lequel ledit matériau est un
matériau de cellulose régénérée.

§5

30




