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(57) ABSTRACT 

The invention concerns oligosaccharides and polysaccha 
rides as Well as the use of these oligosaccharides and/or 
polysaccharides, Which contain the sugar unit N-acylglu 
cosarnine or N-acylgalactosarnine for the production of 
hernocornpatible surfaces as Well as methods for the herno 
cornpatible coating of surfaces With said oligosaccharides 
and/or polysaccharides, Which imitate the common biosyn 
thetic precursor substance of heparin, heparan sulphates and 
chitosan. The invention further describes methods for pro 
ducing said oligosaccharides and/or polysaccharides and 
discloses various possibilities of using hernocornpatibly 
coated surfaces. The invention relates particularly to the use 
of said oligosaccharides and/or polysaccharides on stents 
With at least one according to invention deposited herno 
cornpatible coating, Which contains an antiproliferative, 
antiin?arnrnatory and/or antithrornbotic active agent, meth 
ods for the preparation of said stents as Well as the use of 
said stents for the prevention of restenosis. 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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.6 Fig 
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Fig. 7 
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Fig. 9 
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Fig. 11 

Elution of colchicin from polylactide 
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Fig. 13 
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Fig. 15 
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COMPOUNDS AND METHOD FOR COATING 
SURFACES IN A HAEMOCOMPATIBE MANNER 

[0001] The invention relates to the use of oligo- and/or 
polysaccharides containing the sugar building block N-acyl 
glucosamine and/or N-acylgalactosamine for the preparation 
of hemocompatible surfaces, methods for the hemocompat 
ible coating of surfaces With said oligo- and/or polysaccha 
rides as Well as the use of the hemocompatibly coated 
surfaces. 

[0002] In the human body the blood gets in contact With 
surfaces other than the internal face of natural blood vessels 
only in case of an injury. Consequently the blood coagula 
tion system is alWays activated to reduce the bleeding and to 
prevent a life-threatening loss of blood if blood gets in 
contact With foreign surfaces. Due to the fact that an implant 
also represents a foreign surface all patients receiving an 
implant Which is permanently in contact With blood are 
treated for the duration of the blood contact With drugs, With 
so called anticoagulants Which suppress the blood coagula 
tion. This is also true for patients applicated an eXtracorpo 
real circulation such as hemodialysis patients. HoWever this 
coagulation suppressive medication is in some eXtent 
afflicted with considerable side effects Which range from 
loss of hair, nausea and vomitus beyond thrombocytopenia, 
hemorrhagic skin necroses and increased hemorrhagic 
diathesis up to side effects With a fatal outcome such as 
cerebral hemorrhages. 

[0003] Thus there is a demand for non-thrombogenic, 
hemocompatible materials such as protheses, organ 
spareparts, membranes, cannulae, tubes, blood containers, 
stents etc. Which do not activate the coagulation system in 
case of blood contact and do not cause coagulation of the 
blood. 

[0004] EP-B-O 333 730 describes a method for preparation 
of hemocompatible substrates by incorporation, adhesion 
and/or modi?cation and attachment of non-thrombogenic 
endothelial cell surface polysaccharide (HS-I). The immo 
biliZation of this speci?c endothelial cell surface proteo 
heparan sulphate HS I on biological or arti?cial surfaces 
causes that suchlike coated surfaces become blood compat 
ible and suitable for the permanent blood contact. HoWever, 
it is disadvantageous that said process for the generation of 
HS I requires the cultivation of endothelial cells, so that the 
economical usability of said process is very limited because 
the cultivation of endothelial cells is time consuming, and 
relatively large amounts of cultivated endothelial cells are 
only available at a considerably high cost. 

[0005] It is the object of the present invention to provide 
substances for the hemocompatible coating of surfaces as 
Well as methods for hemocompatible coating of surfaces and 
their use on surfaces for the prevention or reduction of 
undesired reactions. 

[0006] Particularly it is the object of the present invention 
to provide medical products, Which alloW a continuous 
controlled ingroWth of the medical product—on the one 
hand by suppression of the cellular reactions during the ?rst 
days and Weeks after the implantation by means of the 
chosen active agents and active agent combinations and on 
the other hand by providing an atrombogeneous resp. inert 
resp. biocompatible surface, Which guarantees, that With 
decreasing of the active agent in?uence no reactions on the 
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present alien surface occur anymore, Which also can lead to 
complications on the long-term. 

[0007] This object is solved by the technical teaching of 
the independent claims of the present invention. Further 
advantageous embodiments of the invention are evident 
from the dependent claims, the description, the ?gures and 
the examples. 

[0008] The present invention discloses polysaccharides of 
the general formula Ia 

Formula Ia 

HOCHZ NH 

HO 1 

[0009] as Well as structurally very similar polysaccharides 
of the general formula Ib 

Formula Ib 

'OOC NH 

HO 

OH HOCHZ 

[0010] The polysaccharides according to formula Ia have 
molecular Weights from 2 kD to 400 kD, preferably from 5 
kD to 150 kD, more preferably from 10 kD to 100 kD, and 
particularly preferably from 30 kD to 80 kD. The polysac 
charides according to formula Ib have molecular Weights 
from 2 kD to 15 kD, preferably from 4 kD to 13 kD, more 
preferably from 6 kD to 12 kD, and particularly preferably 
from 8 kD to 11 kD. The variable n is an integer ranging 
from 4 to 1050. Preferably, n is an integer from 9 to 400, 
more preferably from 14 to 260, and particularly preferably 
an integer betWeen 19 and 210. 

[0011] The general formulas Ia and lb represent a disac 
charide, Which is to be seen as a basic unit of the polysac 
charide according to invention and forms the polysaccharide 
by stringing together said basic unit n times. Said basic unit 
comprising tWo sugar molecules does not intend to suggest 
that the general formulas Ia and lb only relate to polysac 
charides having an even number of sugar molecules. Of 
course, the general formula Ia and the formula Ib also 
comprise polysaccharides having an odd number of sugar 
units. HydroXy groups are present as terminal groups of the 
oligosaccharides and polysaccharides, respectively. 

[0012] The groups Y and Z, independently of each other, 
represent the folloWing chemical acyl or carboXyalkyl 
groups: —CHO, —COCH3, —COCZHS, —COC3H7, 
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[0013] Preferred are the acyl groups —COCH3, 
—COC2H5, —COC3H7 and the carboXyalkyl groups 
—CH2COO_, —C2H4COO_, —C3H6COO_. More pre 
ferred are the acetyl and propanoyl groups and the car 
boXymethyl and carboXyethyl groups. Particularly preferred 
are the acetyl group and the carboXymethyl group. 

[0014] In addition, it is preferred that the group Y repre 
sents an acyl group, and the group Z represents a carboXy 
alkyl group. It is more preferred if Y is a group —COCH3, 
—COC2H5 or —COC3H7 and in particular —COCH3. 
Moreover, it is further preferred if Z is a carboXyethyl or 
carboXymethyl group, the carboXymethyl group being par 
ticularly preferred. 

[0015] The disaccharide basic unit shoWn by formula Ia 
comprises each a substituent Y and a further group Z. This 
is to make clear that the polysaccharide of the invention 
comprises tWo different groups, namely Y and Z. It is 
important to point out here that the general formula Ia should 
not only comprise polysaccharides containing the groups Y 
and Z in a strictly alternating sequence, Which Would result 
from stringing together the disaccharide basic units, but also 
polysaccharides carrying the groups Y and Z in a completely 
random sequence at the amino groups. Further, the general 
formula Ia should also comprise polysaccharides containing 
the groups Y and Z in different numbers. The ratios of the 
number of Y groups to the number of X groups can be 
betWeen 70%:30%, preferably betWeen 60%:40%, and par 
ticularly preferably betWeen 45 %:55 %. Especially preferred 
are polysaccharides of the general formula Ia carrying on 
substantially half of the amino groups the Y residue and on 
the other half of the amino groups the Z residue in a merely 
random distribution. The term “substantially half” means 
eXactly 50% in the most suitable case but should also 
comprise the range from 45% to 55% and especially from 
48% to 52% as Well. 

[0016] Preferred are the compounds of the general formula 
Ia, Wherein the groups Y and Z have the folloWing meanings: 

[0017] Especially preferred are the compounds of the 
general formula Ia, Wherein the groups Y and Z have the 
folloWing meanings: 

Y = —CHO and 

Y = —COCH3 and 

[0018] Especially preferred are the compounds of the 
general formula Ib, Wherein Y is one of the folloWing 
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groups: —CHO, —COCH3, —COC2H5 or —COC3H7. Fur 
ther preferred are the groups —CHO, —COCH3, —COCZH5 
and especially preferred is the group —COCH3. 

[0019] The compounds of the general formula Ib contain 
only a minor amount of free amino groups. As With the 
ninhydrine test free amino groups could not be detected 
anymore, it can be concluded due to the sensitivity of this 
test, that less than 2%, preferred less than 1% and especially 
preferred less than 0.5% of all of the —NH—Y groups are 
present as free amino groups, ie at this loW percentage of 
the groups —NH—Y that Y represents hydrogen. 

[0020] As the polysaccharides of the general formula Ia 
and lb contain carboXylate groups and amino groups, the 
general formulas Ia and lb also comprise alkali and alkaline 
earth metal salts of the respective polysaccharides. Thus, 
alkali metal salts such as the sodium salt, potassium salt, 
lithium salt or alkaline earth metal salts such as the mag 
nesium salt or calcium salt can be mentioned. Further, With 
ammonia, primary, secondary, tertiary and quaternary 
amines, pyridine and pyridine derivatives, ammonium salts, 
preferably alkyl ammonium salts and pyridinium salts, can 
be formed. The bases forming salts With the polysaccharides 
include inorganic and organic bases such as NaOH, KOH, 
LiOH, CaCO3, Fe(OH)3, NH4OH, tetraalkyl ammonium 
hydroxides and similar compounds. 

[0021] Heparan sulphates are ubiquitous on cell surfaces 
of mammals. Depending on the cell type, they are very 
different With respect to molecular Weight, degree of acety 
lation and degree of sulfation. Liver heparan sulphate, for 
eXample, has a degree of acetylation of approximately 50%, 
Whereas the heparan sulphate from the glycocalyX of endot 
helial cells can shoW a degree of acetylation of up to 90% 
and more. Heparin only shoWs a very small degree of 
acetylation of up to 5%. The degree of sulfation of liver 
heparan sulphate and heparin is ~2 per disaccharide unit, of 
endothelial cell heparan sulphate nearly 0, and of heparan 
sulphates from other cell types betWeen 0 and 2 per disac 
charide unit. 

[0022] The folloWing illustration shoWs a tetrasaccharide 
unit of a heparin or heparan sulphate With a random distri 
bution of the sulphate groups and a degree of sulfation of 2 
per disaccharide unit as typical for heparin: 

so3 
\ O_ 

COCH3 coo' 0350 HN 
o 0 

COO' HO HN HO O O 
o o 

I HO 0 0503 
O OH 

OH 

0503 

[0023] All heparan sulphates have the process of biosyn 
thesis in common With heparin. In this case, ?rst, the core 
protein With the Xylose-containing bond region is built up. It 
consists of the Xylose and tWo galactose residues connected 
thereWith. To the last one of the tWo galactose residues, 
glucuronic acid and galactosamine are then alternately 
bonded to each other until the respective chain length is 
achieved. Finally, a multistage enZymatic modi?cation of 
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the common precursor polysaccharide of all heparan sul 
phates and the heparin by sulfotransferases and epimerases 
is effected, Which, by means of their reactions of varying 
completeness generate the broad spectrum of various hepa 
ran sulphates up to heparin. 

[0024] Heparin is built up alternately from D-glucosamine 
and D-glucuronic acid resp. L-iduronic acid, Wherein D-glu 
cosamine and D-glucuronic acid are linked in a [3-1,4 
glycosidic manner (resp. L-iduronic acid in an ot-1,4-glyco 
sidic manner) to the disaccharide, Which forms the heparin 
subunits. These subunits, in turn, are linked to each other in 
a [3-1,4-glycosidic manner and lead to the heparin. The 
position of the sulfonyl groups can change. Atetrasaccharide 
unit contains an average of 4 to 5 sulfuric acid groups. 
Heparan sulphate, also referred to as heparitin sulphate, 
contains, With the exception of liver heparan sulphate, less 
N— and O-bonded sulfonyl groups than heparin, but more 
N-acetyl groups. 

[0025] As evident from FIG. 3, the compounds of the 
general formula Ia (see FIG. 3c as example) and the 
compounds of the general formula Ib (see FIG. 3b as 
example) are structurally very similar to the natural heparan 
sulphate of endothelial cells, but prevent the initially 
described disadvantages in using endothelial cell heparan 
sulphates. 

[0026] For the antithrombotic activity a special pentasac 
charide unit is made responsible Which can be found in 
commercial heparin preparatives in about every 3rd mol 
ecule. Heparin preparations of different antithrombotic 
activity can be produced by special separation techniques. In 
highly active, for example by antithrombin-III-af?nitychro 
matography obtained preparations (“High-af?nity”-heparin) 
this active sequence is found in every heparin molecule, 
While in “No-affinity”-preparations no characteristical pen 
tasaccharide sequences and thus no active inhibition of 
coagulation can be detected. Via interaction With this pen 
tasaccharide the activity of antithrombin III, an inhibitor of 
the coagulation key factor thrombin, is essentially exponen 
tiated (bonding af?nity increase up to the factor 2x103) 
[Stiekema J. C. J.; Clin Nephrology 26, Suppl. No. 1, S3-S8, 
(1986)]. 
[0027] The amino groups of the heparin are mostly N-sul 
phated or N-acetylated. The most important O-sulphation 
positions are the C2 in the iduronic acid as Well as the C6 
and the C3 in the glucosamine. For the activity of the 
pentasaccharide onto the plasmatic coagulation basically the 
sulphate group on C6 is made responsible, in smaller pro 
portion also the other functional groups. 

[0028] Surfaces of medicinal implants coated With heparin 
or heparansulphates are and remain only conditionally 
hemocompatible by the coating. The heparin or heparansul 
phate Which is added onto the arti?cial surface loses par 
tially in a drastic measure its antithrombotic activity Which 
is related to a restricted interaction due to steric hindrence of 
the mentioned pentasaccharide units With antithrombin III. 

[0029] Because of the immobilisation of these polyanionic 
substances a strong adsorption of plasma protein on the 
heparinated surface is observed in all cases What eliminates 
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on the one hand the coagulation suppressing effect of 
heparin resp. of heparansulphates and initialises on the other 
hand speci?c coagulation processes by adherent and hereby 
tertiary structure changing plasma proteins (e.g. albumin, 
?brinogen, thrombin) and thereon adherent platelets. 

[0030] Thus a correlation exists on the one hand betWeen 
the limited interaction of the pentasaccharide units With 
antithrombin III by immobilisation on the other hand depo 
sitions of plasma proteins on the heparin-resp. heparansul 
phate layer on the medicinal implant take place, Which leads 
to the losses of the antithrombotic properties of the coating 
and Which can even turn into the opposite, because the 
plasma protein adsorption that occurs during a couple of 
seconds leads to the loss of the anticoagulating surface and 
the adherent plasma proteins change their tertiary structure, 
Whereby a thrombonegeous surface arises. Surprisingly it 
could be detected that the compounds of the general formu 
las Ia and lb, despite of the structural differences to the 
heparin resp. heparansulphate, still shoW the hemocompat 
ible properties of heparin and additionally during the immo 
bilisation of the compounds of the general formulas Ia and 
lb no noteWorthy depositions of plasma proteins Which 
represent an initial step in the activation of the coagulation 
cascade could be observed. The hemocopatible properties of 
the compounds according to invention still remain also after 
their immobilisation on arti?cial surfaces. 

[0031] Further on it is supposed that the sulphate groups of 
the heparin resp. the heparansulphates are necessary for the 
interaction With antithrombin III and impart thereby the 
heparin resp. the heparansulphate the anticoagulatory effect. 
The inventive compounds according to formula Ib as Well as 
the compounds according to formula Ia are not actively 
coagulation suppressive, i.e. anticoagulative, due to an 
almost complete desulphation the sulphate groups of the 
compounds of the general formulas Ib are removed up to a 
loW amount of beloW 0.2 sulphate groups per disaccharide 
unit. 

[0032] The compounds of the invention according to the 
general formula Ib can be made from heparin or heparan 
sulphates by ?rst substantially entirely desulfating and then 
substantially entirely N-acylating the polysaccharide. The 
term “substantially entirely desulphated” refers to a degree 
of desulfation of more than 90%, preferred more than 95%, 
and particularly preferred more than 98%. The degree of 
desulfation can be determined according the so-called nin 
hydrine test, Which detects free amino groups. Desulfation is 
effected to such an extent that a color reaction is no longer 
obtained With DMMB (dimethylmethylene blue). This color 
test is suitable for detecting sulphated polysaccharides; 
hoWever, the detection limit thereof is not knoWn in the 
literature of the art. The desulfation can, for example, be 
carried out by heating the pyridinium salt in a solvent 
mixture. In particular, a mixture of DMSO, 1,4-dioxane and 
methanol proved to be suitable. 

[0033] Heparansulphates as Well as heparin Were des 
ulphated via total hydrolysis and subsequently reacylated. 
Thereafter the number of sulphate groups per disaccharide 
unit (S/D) Was determined by 13C-NMR. The folloWing 
table 1 shoWs these results on the example of heparin and 
desulphated, reacetylated heparin (Ac-heparin). 
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TABLE 1 

Distribution of functional groups per disaccharide unit on the example of 
heparin and Ac-heparin as determined by 13C-NMR-measurements. 

Heparin 0.63 0.88 0.05 0.90 0.08 0.02 2.47 
Ac-heparin 0.03 0 0 0 1.00 — 0.03 

2-S, 3-S, 6-S: sulphate groups in position 2, 3, 6 respectively 
NS: sulphate groups on the amino groups 
N—Ac: acetyl groups on the amino groups 
NH2: free amino groups 
S/D: sulphate groups per disaccharide unit 

[0034] A sulphate content of about 0.03 sulphate groups/ 
disaccharide unit (S/D) in case of Ac-heparin in comparison 
With about 2.5 sulphate groups/disaccharide unit in case of 
heparin Was reproducibly obtained. 

[0035] As described above the difference in the sulphate 
contents of heparin resp. heparansulphates and the com 
pounds of the general formulas has a considerable in?uence 
on the activity adverse to antithrombin III and the coagula 
tory effects of these compounds. 

[0036] The compounds of the general formulas Ia and lb 
have a content of sulphate groups per disaccharide unit of 
less than 0.2, preferred less than 0.07, more preferred less 
than 0.05 and especially preferred less than 0.03 sulphate 
groups per disaccharide unit. 

[0037] By the removal of the sulphate groups of heparin, 
to Which the active coagulation suppressive Working mecha 
nism is accredited to, one receives for a surface re?nement 
suitable hemocompatible, coagulation inert oligo-resp. 
polysaccharide Which on the one hand has no active role in 
the coagulation process and Which on the other hand is not 
detected by the coagulation system as foreign surface. This 
coating imitates successfully the nature given highest stan 
dard of hemocompatibility and passivity against the coagu 
lation active components of the blood. 

[0038] The examples 5 and 6 clarify, that surfaces, Which 
are coated With the compounds according to invention 
according to the general formulas Ia and/or Ib, especially 
Which are coated covalently, result in a passivative, athrom 
bogeneous, hemocompatible, antiproliferative and/or anti 
in?ammatory coating. This is clearly proven by the example 
of the Ac-heparin. 

[0039] The term “substantially entirely N-acylated” refers 
to an N-acylating degree of more than 94%, preferably more 
than 97%, and particularly preferably more than 98%. The 
acylation is effected in such a complete manner that the 
ninhydrine detection of free amino groups does no longer 
shoW any color reaction. As acylation agents, carboxylic 
acid chlorides, bromides or anhydrides are used preferably. 
Acetic acid anhydride, propionic acid anhydride, butyric 
acid anhydride, acetic acid chloride, propionic acid chloride 
or butyric acid chloride, for example, are suitable for pre 
paring the compounds according to the invention. Carboxy 
lic acid anhydrides are particularly suitable as acylation 
agents. 

[0040] As the solvent, in particular for the carboxylic acid 
anhydrides, deionized Water is used, preferably together 
With a cosolvent, Which is added in an amount of 10 to 30 
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volume percent. As cosolvents, methanol, ethanol, DMSO, 
DMF, acetone, dioxane, THF, acetic acid ethyl ester and 
other polar solvents are suitable. If carboxylic acid halides 
are used, polar Water-free solvents such as DMSO or DMF 
are preferably used. 

[0041] As the solvent deionized Water is used, preferably 
together With a cosolvent, Which is added in an amount of 10 
to 30 volume percent. As cosolvents, methanol, ethanol, 
DMSO, DMF, acetone, dioxane, THF, acetic acid ethyl ester 
and other polar solvents are suitable. 

[0042] The compounds of the invention according to the 
general formula Ia have a carboxylate group on half of the 
sugar molecules, and a N-acyl group on the other half. 

[0043] Such compounds can also be made from the 
polysaccharides hyaluronic acid, dermatan sulphate, chon 
droitin sulphate. Differencies to heparin and heparansul 
phate result from the connection of the monosaccharides, 
Which are here not present in a 1,4-glycosidic but 1,3 
glycosidic connection. The disaccharides are again con 
nected to each other 1,4-glycosidically. In the case of the 
also in the blood coagulation antithrombotically active der 
matan sulphates [Biochem. J 289, 313-330 (1993)] and the 
chrondoitin sulphates N-acetylglucosamine is substituted by 
N-acetylgalactosamine, Which differ in the steric position of 
the hydroxyl group at the C-atom 4. 

[0044] Due to their related structure the polysaccharides 
are assigned according to the present differencies as folloWs: 

[0045] Type 
(HexA-GaIN)n: 
[0046] Hereto accounted are chondroitin sulphate and 
dermatan sulphate. Typical for this group ist the [3-1,3 
glycosidic bonding of the uronic acid to the galactosamine. 
Galactosamine is bound on its part [3-1,4-glycosidically to 
the next uronic acid. Dermatan sulphate differs from chon 
droitin sulphate by a high amount of another also in heparin 
and heparan sulphate occurring uronic acid, the L-iduronic 
acid. The sulphation degree of chondroitin sulphate is at 0.1 
to 1.3 sulphate groups per disaccharide. Dermatan sulphate 
has With 1.0 to 3.0 sulphate groups per disaccharide an 
averagely higher sulphation degree as chondroitin sulphate 
and thereby reaches heparin like values. The amino groups 
are N-acetylated. 

[0047] The desulphation and N-reacetylation leads here as 
in the case of heparin and heparan sulphate to compounds, 
Which are also suitable for the use as athrombogeneous 
coating. 
[0048] Type 2) Uronic Acid—Glucosamine Type (HexA 
GIcN)n: 
[0049] Hereto accounted are heparin, heparan sulphate 
and hyaluronan. Heparin and heparan sulphate are solely 
[3-1,4-bound, Whilst in hyaluronan, Which is also accounted 
to this type, the monosaccharids D-glucuronic acid and 
D-glucosamine are [3-1,3-bound monosaccharids. This 
polysaccharide has as only polysaccharide no sulphate 
groups and is N-acetylated. The molecular Weight reaches in 
comparison to heparin and heparan sulphate maximum 
values up to 8000 kD. The reduction of the chain length and 
the maintaining of the acetyl groups resp. the N-reacetyla 
tion leads to a structure, Which is distinguishable from the 
formula Ib only by the [3-1,3-glycosidic connection of the 
monosaccharids. 

1) Uronic Acid—Galactosamine Type 
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[0050] Further compounds can be prepared also from 
chitin or chitosan. 

[0051] Chitin is a nitrogen-containing polysaccharide, the 
monomer units of Which consist of N-acetyl-D-glucosamine, 
Which are linked in a [3-1,4-glycosidic manner. This results 
in linear polymers consisting of about 2,000 sugar units and 
having a molecular Weight of about 400,000 g/mol. Chitin 
shoWs a very poor solubility and is almost insoluble in Water, 
organic solvents and dilute acids or dilute bases. Mixing 
With strong acids leads to hydrolysis, Where D-glucosamine 
and acetic acid are produced. The treatment With strong 
bases, hoWever, leads to chitosan and acetate. 

[0052] Chitosan can easily be produced by the saponi? 
cation of chitin. Chitosan consists of [3-1,4-glycosidically 
linked glucosamine (2-amino-2-deoXy-D-glucose). Chito 
san is knoWn for its ?lm forming properties, and is further 
used as a basic material for ion eXchangers and as an agent 
for reducing the cholesterol level in the blood serum and for 
Weight reduction. 

[0053] The substances according to the invention of the 
general formula Ia can be made from chitin by partially 
deacetylating chitin by means of strong bases and then 
monocarboXyalkylating the free amino groups (see FIG. 1). 
The deacetylation degree, i.e. the amount of demasked 
primary amino groups, can be determined volumetrically. 
The quantitative detection of the free amino groups is 
effected by means of the ninhydrine reaction. Depending on 
the Way the eXperiment is carried out, deacetylation degrees 
of 20 to 80% can be obtained. Deacetylation degrees of 40 
to 60% are preferred, 45 to 55% are particularly preferred. 

[0054] By this Way of synthesis, polysaccharides can be 
obtained the sugar units of Which contain either an N-acetyl 
group or an N-carboXyalkyl group in a merely random 
distribution. 

[0055] Chitosan, Which is easily accessible by the basic 
hydrolysis of the N-acetyl groups of the chitin (see FIG. 1), 
equally serves as a starting material for the synthesis of the 
polysaccharides according to formula Ia. 

[0056] Chitosan only has very feW N-acetyl groups. Thus, 
the compounds according to the invention can, on the one 
hand, be obtained by carboXyalkyating substantially the half 
of the free amino groups in a ?rst step, and then acylating the 
remaining free amino groups, or by ?rst carrying out the 
acylation and then reacting the remaining free amino groups 
With a suitable carboXyalkylation agent. It is preferred if 
substantially the half of the amino groups is acylated and the 
remaining half is carboXyalkylated. 

[0057] “Partially N-acylated chitosan” refers to an N-acy 
lation degree of 30-70%, preferably of 40-60%, and par 
ticularly preferably of 45-55%. Particularly preferred are 
chitosan derivates carrying the Y residue on substantially the 
half of the amino groups, and on the other half of the amino 
groups the Z residue in a merely random distribution. The 
term “substantially the half” means eXactly 50% in the most 
suitable case, but should also include the range of 45% to 
55%. The carboXyalkylation and acylation degrees can be 
determined by means of 13C-NMR, for eXample (deviation 
tolerance 13%). 

[0058] Due to the fact that in a ?rst reaction step a certain 
number of the free amino groups are acylated or carboXy 
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alkylated, this inevitably results in a completely random 
distribution of the acyl groups resp. carboXyalkyl groups in 
the polysaccharide of the general formula la. The formula Ia 
thus is only intended to shoW a disaccharide unit of the 
polysaccharides according to the invention, but not deter 
mine an alternating sequence of the acyl groups and car 
boXyalkyl groups. 

[0059] The folloWing illustration shoWs a typical tetrasac 
charide unit of an N-carboXymethylated, N-acetylated chi 
tosan: 
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[0060] The present invention describes the use of the 
compounds of the general formulas Ia and/or Ib as Well as 
salts of said compounds for the coating, in particular a 
hemocompatible coating of natural and/or arti?cial surfaces. 
“Hemocompatible” refers to the property of the compounds 
according to the invention, Which means not to interact With 
the substances of the blood coagulation system or the blood 
platelets and thus not to trigger the blood coagulation 
cascade. 

[0061] In addition, the invention discloses oligosaccha 
rides and/or polysaccharides for the hemocompatible coat 
ing of surfaces. Preferred are polysaccharides Within the 
molecular Weight limits mentioned above. One of the 
remarkable features of the oligosaccharides and/or polysac 
charides used is, that they contain large amounts of the sugar 
unit N-acylglucosamine or N-acylgalactosamine. This 
means that 40-60%, preferred 45-55% and especially pre 
ferred 48-52% of the sugar units are N-acylglucosamine or 
N-acylgalactosamine, and substantially the remaining sugar 
units each have a carboXyl group. Thus, usually more than 
95%, preferably more than 98%, of the oligosaccharides 
and/or polysaccharides consist of only tWo sugar units, one 
sugar unit carrying a carboXyl group and the other one an 
N-acyl group. 

[0062] One sugar unit of the oligosaccharides and/or 
polysaccharides is N-acylglucosamine resp. N-acylgalac 
tosamine, preferably N-acetylglucosamine resp. N-acetylga 
lactosamine, and the other one is uronic acid, preferably 
glucuronic acid and iduronic acid. 

[0063] Preferred are oligosaccharides and/or polysaccha 
rides substantially consisting of the sugar glucosamine resp. 
galactosamine, substantially the half of the sugar units 
carrying an N-acyl group, preferably an N-acetyl group, and 
the other half of the glucosamine units carrying a carboXyl 
group directly bonded via the amino group or bonded via 
one or more methylenyl groups. These carboXylic acid 
groups bonded to the amino group are preferably carboXym 
ethyl or carboXyethyl groups. Further are preferred oligosac 
charides and/or polysaccharides, Wherein substantially the 
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half, i.e. 48-52%, preferred 49-51% and especially preferred 
49.5-50.5%, consists of N-acyl glucosamine resp. N-acyl 
galactosamine, preferably of N-acetyl glucosamine or 
N-acetyl galactosamine, and substantially the other half 
thereof consists of an uronic acid, preferably glucuronic acid 
and iduronic acid. Particularly preferred are oligosaccha 
rides and/or polysaccharides shoWing a substantially alter 
nating sequence (i.e. despite of the statistic deviation ratio in 
the case of the alternating connection) of the tWo sugar units. 
The ratio of the deviated connections should be under 1%, 
preferred under 0.1%. 

[0064] Surprisingly, it has been shoWn that, for the uses 
according to the invention, in particular substantially des 
ulphated and substantially N-acylated heparin as Well as 
partially N-carboXyalkylated and N-acylated chitosan as 
Well as desulphated and substantially N-acylated dermatan 
sulphate, chondroitin sulphate and also chain length reduced 
hyaluronic acid are especially suitable. In particular, 
N-acetylated heparin as Well as partially N-carboXymethy 
lated and N-acetylated chitosan are suitable for the hemo 
compatible coating. 
[0065] The desulphation and acylation degrees de?ned by 
“substantially” Were already de?ned more above. The term 
“substantially” is intended to make clear, that statistic devia 
tions have to be taken into consideration. A substantially 
alternating sequence of the sugar units means, that as a rule 
tWo equal sugar units are not bonded to each other, but does 
not completely exclude such an erroneous linkage. Corre 
spondingly, “substantially the half” means nearly 50%, but 
permits slight variations, because especially With biosyn 
thetically produced macromolecules, the most suitable case 
is never achieved, and certain deviations have alWays to be 
taken into consideration as enZymes do not Work perfectly 
and catalysis usually involves a certain rate of errors. In the 
case of natural heparin, hoWever, there is a strictly alternat 
ing sequence of N-acetyl glucosamine and uronic acid units 
(instead of glucuronic). 

[0066] Furthermore, a process for the hemocompatible 
coating of surfaces is disclosed, Which are intended for 
direct blood contact. In said process, a natural and/or arti 
?cial surface is provided, and the oligosaccharides and/or 
polysaccharides described above are immobilized on said 
surface. 

[0067] The immobilisation of the oligosaccharides and/or 
polysaccharides on these surfaces can be achieved via 
hydrophobic interactions, van der Waals forces, electrostatic 
interactions, hydrogen bonds, ionic interactions, cross-link 
ing of the oligosaccharides and/or polysaccharides and/or by 
covalent bonding onto the surface. Preferred is the covalent 
linkage of the oligosaccharides and/or polysaccharides 
(side-on bonding), more preferred the covalent single-point 
linkage (side-on bonding) and especially preferred the cova 
lent end-point linkage (end-on bonding). 

[0068] Any natural and/or arti?cial surfaces of medical 
products can be used here such as surfaces of prostheses, 
organs, vessels, aortas, cardiac valves, tubes, organ replace 
ment parts, implants, ?bers, holloW ?bers, stents, hypoder 
mic needles, syringes, membranes, conserves, blood con 
tainers, titer plates, pacemakers, adsorber media, 
chromatography media, chromatography columns, dialyZ 
ers, connection parts, sensors, ventiles, centrifuge chambers, 
heat exchangers, endoscopes, ?lters, pump chambers as Well 
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as other surfaces, Which should have hemocompatible prop 
erties. The term “medical products” is to be understood 
Widely and refers especially to the surfaces of such products, 
Which come into contact With blood shortly (e.g. endo 
scopes) or permanently (e.g. stents). 

[0069] In the folloWing the coating methods according to 
invention are described. Biological and/or arti?cial surfaces 
of medical devices can be provided With a hemocompatible 
coating by means of the folloWing method: 

[0070] a) providing a surface of a medical device and 

[0071] b) deposition of at least one oligosaccharide 
and/or polysaccharide according to formula Ia or Ib, 
and/or 

[0072] at least one oligosaccharide and/or polysac 
charide, Which contains betWeen 40% and 60% 
the sugar unit N-acyl glucosamine or N-acyl 
galactosamine and the remaining sugar units sub 
stantially contain one carboXyl group per sugar 
unit. 

[0073] “Deposition” shall refer to at least partial coating of 
a surface With the corresponding compounds, Wherein the 
compounds are deposited and/or introduced and/or immo 
biliZed or anyhoW anchored on and/or in the subjacent 
surface. 

[0074] Under “substantially the remaining sugar building 
units” is to be understood, that 93% of the remaining sugar 
building units, preferred 96% and especially preferred 98% 
of the remaining 60%-40% of the sugar building units bear 
a carboXyl group. 

[0075] An uncoated and/or non hemocompatible surface is 
preferably provided. “non-hemocompatible” surfaces shall 
refer to such surfaces that can activate the blood coagulatory 
system, thus are more or less thrombogeneous. 

[0076] An alternative embodiment comprises the steps: 

[0077] a) providing surface of a medical device and 

[0078] b‘) deposition of a biostable layer onto the 
surface of the medical device or 

[0079] a) providing surface of a medical device and 

[0080] b) deposition of at least one oligosaccharide 
and/or polysaccharide according to formula Ia or Ib, 
and/or 

[0081] at least one oligosaccharide and/or polysac 
charide, Which contains betWeen 40% and 60% 
the sugar unit N-acyl glucosamine or N-acyl 
galactosamine and the remaining sugar units sub 
stantially contain one carboXyl group per sugar 
unit. 

[0082] b‘) deposition of a biostable layer onto the 
surface of the medical device and 

[0083] d‘) deposition of a further hemocompatible 
layer of at least one inventive oligosaccharide and/or 
polysaccharide according to formula Ia or Ib, and/or 

[0084] at least one oligosaccharide and/or polysac 
charide, Which contains betWeen 40% and 60% 
the sugar unit N-acyl glucosamine or N-acyl 








































