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(57) ABSTRACT 

The invention concerns a method of conserving biological 
prostheses, wherein the method includes the following Steps: 
(a) treating biological prostheses with a Solution which 
contains a mixture of epoxide compounds which are at least 
in part of different lengths; (b) treating the biological pros 
thesis treated in accordance with Step (a) with an antithrom 
botic-bearing Solution; and (c) possibly storing the prosthe 
sis treated in accordance with Step (b) in a sterilising 
Solution. The invention further concerns a biological pros 
thesis produced in accordance with the method of the 
invention and a conserving agent. 
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METHOD OF CONSERVING BIOLOGICAL 
PROSTHESES, CONSERVED BIOLOGICAL 

PROSTHESES AND CONSERVING SOLUTION 

0001. The invention concerns a method of conserving 
biological prostheses and biological prostheses produced in 
accordance with that method. The invention further con 
cerns a conserving Solution for conserving biological proS 
theses. 

0002 Biological prostheses can be produced from body 
components of human beings and animals. For example 
heart Valves, arteries etc of cattle or pigs are used as implants 
in human beings. 
0003. It will be appreciated that the biological prostheses 
must be chemically treated prior to implantation in the 
organism of the human being. The treatment method must 
CSUC 

0004) 1) the absence of immunogenity (that applies 
equally to heterologous and allogenous tissue); 

0005) 2) sterility of the implant; 
0006 3) high strength, elasticity and deformation 
properties of the biological material; and 

0007 4) high biocompatibility whose main parameter, 
in relation to the biological prostheses, is the absence of 
calcification and thromboses in the event of long-term 
use in the recipient organism. 

0008 For more than 30 years now glutaraldehyde has 
represented the main conserving agent for cardiac-circula 
tory bioprostheseS (biological prostheses). Glutaraldehyde 
reacts with the amino groups of lysine and hydroxylysine. 
AS a result of those reactions, chemical bonds are formed, 
which are represented in particular by Schiff's bases or 
pyridine bases. Glutaraldehyde ensures reliable Sterility and 
the Suppression of antigenic properties of the biological 
material. 

0009 Glutaraldehyde however makes the tissue stiff and 
hydrophobic and the Surface assumes a rough disordered 
relief. In addition the chemical compounds of glutaralde 
hyde and collagen have in their structure ligands for com 
plex formation with calcium cations. Those complexes do in 
fact Subsequently become centers of hydroxyapatite crystal 
lisation. In overall terms the result of this is that the 
glutaraldehyde has a negative influence on the thrombosis 
resistant properties of the tissue and gives rise to calcifica 
tion of the biological materials. 
0010. In order to eliminate the negative influence of 
glutaldehyde on the biological material, methods have been 
developed for the additional chemical modification of bio 
logical prostheses. 

0.011 For increasing thrombosis resistance use was made 
for example of heparin (U.S. Pat. No. 3,988,782) while 
aminodiphosphonates were used for the prophylaxis of 
calcification (U.S. Pat. No. 4,553,974). However those 
methods do not have the expected effect as the negative 
influence of the glutaraldehyde as a main conserving agent 
on the tissue is excessively great. 
0012. A greater effect can be achieved by replacing the 
main conserving agent by a croSS-linking agent, the Struc 
tural formula of which does not contain any aldehyde group. 
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0013 Methods are known for conserving biological pros 
theses using individual polymer (U.S. Pat. No. 4,806,595 
and U.S. Pat. No. 5,080,670) and non-polymer (U.S. Pat. 
No. 5,880,242 and RU 2008 767) epoxide compounds. 
0014 Epoxide compounds are effective cross-linking 
agents, guarantee Strength and elasticity of the biological 
material, inhibit calcification of the biological prostheses 
and have pronounced antigen-depressive properties. 

0015 To improve the thrombosis resistance of the tissue, 
it is possible to implement an additional modification with 
heparin (U.S. Pat. No. 4,806,595 and RU 2008 767). The 
disadvantages of those methods are as follows: 

0016 1) A masking effect which is characteristic of 
non-polymer or polymer di-epoxides when one of the 
epoxy groups reacts with collagen but the other remains 
without a bond, that is to Say it does not react. On the 
one hand those unbound, that is to Say free epoxy 
groups exhibit a cytotoxic effect, on the other hand they 
result in insufficient density in terms of transverse 
croSS-linking, which has a negative influence on the 
Strength properties of the tissue. 

0017 2) The use of individual polymer epoxides, in the 
Structural formula of which there are contained more 
than two epoxide groups, reduces the masking effect 
but it detrimentally affects transverse croSS-linking and 
increases the content of free epoxide groups in the 
tissue. Without an additional modification which is 
targeted at closing or converting those groups, on the 
one hand the cytotoxic effect is increased. On the other 
hand the number of Such epoxide groups is too low for 
Saturation of the biological material with Substances 
which impart additional properties to the biological 
prostheses (heparin, anti-bacterial agents and So forth). 

0018. The method known from U.S. Pat. No. 4,806,595 
for heparin treatment of epoxy-conserved biological pros 
theses includes the use of protamine which is firmly bound 
to the collagen by an epoxide bond. The procedure involves 
in turn fixing on the protamine heparin which, lifting off the 
Surface, exerts an anti-coagulant function. 
0019. The effectiveness of such a method is however 
limited in respect of time and requires the use of an 
intermediate reagent, namely protamine. The possibility of 
bonding protamine to the collagen-if this is involves 
collagen from the bonding tissue of the biological prosthe 
Sis-is in turn limited by the number of free reactive groups 
of the conserving agent as the main proportion of those 
groups is required for the croSS-linking effect. 
0020 U.S. Pat. No. 5,165,919 discloses a method of 
covalent fixing of heparin on medical implants by the 
interaction of amino and epoxy groups. That method how 
ever was developed for polymer materials and cannot be 
used for biological prostheses. 
0021. The object of the invention is to provide a method 
of conserving biological prostheses which are resistant to 
calcification and thrombosis formation and have an 
enhanced level of Strength and elasticity. Another object of 
the invention is to provide improved conserved biological 
prostheses. 
0022. The object of the invention is attained by a method 
having the features of claim 1. Preferred developments are 
recited in appendant claims 2 to 19. 
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0023 The object of the invention is further attained by a 
biological prosthesis as set forth in claim 20. A preferred 
embodiment of the biological prosthesis is recited in appen 
dant claim 21. 

0024. The object is further attained by the provision of a 
conserving agent for biological prostheses as Set forth in 
claim 22. Preferred developments are recited in appendant 
claims 23 to 27. 

0.025 In accordance with the invention preferably mix 
tures of polymer and non-polymer epoxide compounds are 
used for conserving biological prostheses, wherein 2 and 
more epoxide groups are present in the Structural formula of 
the epoxide compounds. 

0.026 Preferably a solution with a mixture of at least 
three different epoxide compounds (components) is used. 
0027. In a further preferred feature the antithrombotic is 
Selected from the group which consists of heparin, low 
molecular heparin, heparinoids, hirudin and mixtures 
thereof. 

0028. It is essential in accordance with the invention that 
the antithrombotic has antithrombotic or anti-coagulating 
properties. In that respect it is possible in accordance with 
the invention to use all Substances which have a heparin-like 
action. 

0029. Thus it is also possible to use chemically, mechani 
cally and/or enzymatically modified heparin, truncated hep 
arin, recombinant heparin or mixtures thereof insofar as the 
correspondingly modified heparin has antithrombotic prop 
erties. 

0030 Preferably heparin is used in accordance with the 
invention. 

0031) 
0032) 1) the strength of the biological prosthesis is 
increased by transverse connections as the accessibility 
of reactive groups of collagen in the biological pros 
thesis for an interaction with various conserving agents 
which have various molecule lengths is guaranteed. 
That enhances the Strength of the biological material 
and ensures a better antigen depression effect; 

It was Surprisingly found that: 

0033 2) the use of compounds with more than 2 
epoxide groups in the mixture of epoxide compounds 
permits the production of biological material with a 
predetermined number of free epoxy groups; 

0034 3) subsequently heparin can be immobilised on 
those groups to impart thrombosis resistance. Immo 
bilisation of heparin in the complex with acetylsalicylic 
acid Strengthens the thrombosis-resistance effect. 

0035. After conservation and modification with heparin 
the biological prostheses produced in that way can be Stored 
in a Solution of any compound which guarantees Sterility. 
Preferably epoxide compounds are used in order to avoid 
possible additional chemical reactions. 
0.036 The subject-matter of the present invention is thus 
on the one hand a method of conserving biological material 
which can be used in particular for producing heart and 
blood vessel valve prostheses. On the other hand the subject 
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matter of the invention is the provision of the biological 
prostheses which are conserved in accordance with the 
method of the invention. 

0037. In accordance with the invention, preferably to 
provide the conserving effect instead of individual epoxide 
conserving agents, mixtures of polymer and non-polymer 
epoxide compounds with a differing number of epoxide 
groups (2 and more) are used. The composition of the 
mixture can be varied in dependence on the nature of the 
biological material and the aims of a Subsequent chemical 
modification. 

0038 Preferably the epoxide group in the epoxide com 
pounds used is a constituent of a glycidol residue. 
0039. In order at the same time to improve the thrombo 
Sis-resistance properties and to close, that is to Say trans 
form, the free epoxide groups which have not bound to the 
collagen in the conservation procedure Subsequent treatment 
of the biological material with heparin and acetylsalicylic 
acid is implemented. 
0040 Preferably a mixture of polymer and non-polymer 
epoxide compounds is used for conserving heart-circulatory 
bioprostheses (bioprosthesis-biological prosthesis). 
0041. In accordance with the invention the term a poly 
mer epoxide compound is used to identify an epoxide 
compound which is composed of at least two repetitive, 
directly interconnected units to which epoxy group-bearing 
residues Such as for example glycidol or 2,3-epoxypropan 
1-ol are joined. 
0042 Preferably the polymer epoxide compounds have a 
degree of polymerisation of at least two, more preferably 
between three and 25, still more preferably between three 
and 15, in particular between four and nine. In this respect 
the degree of polymerisation relates to the polymer propor 
tion of the epoxide compound, bearing the epoxy groups. 
0043. Instead of a polymer epoxide compound it is also 
possible to use an epoxide compound with between two and 
three epoxide groups, wherein arranged between at least two 
epoxide groups is a Straight-chain or branched hydrocarbon 
chain with at least four carbon atoms, for example a tetram 
ethylene group. Preferably arranged between the at least two 
epoxide groups is a Straight-chain or branched hydrocarbon 
chain with at least Six, preferably Six, carbon atoms, Such as 
for example a hexamethylene group. 

0044) In accordance with the invention the term non 
polar epoxide compound is used to identify an epoxide 
compound which does not have any repetitive, directly 
interconnected units to which epoxy group-bearing residues 
Such as for example glycidol or 2,3-epoxypropan-1-ol are 
joined. 

0045. It may be advantageous to vary the composition of 
the mixture in dependence on the association in respect of 
nature and tissue of the biological material. That is related to 
the Spatial configuration and the composition of the col 
lagens of the various tissues and the different accessibility of 
the reactive amino acid groups of the collagen for the 
conserving agents which have different Structural formulae. 
0046. In addition the composition of the mixture depends 
on the purpose of the additional chemical modification; 
Saturation of the biological material with a predetermined 
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number of epoxide groups which are required for covalent 
immobilisation of biologically active Substances is possible. 
Thus for example upon immobilisation of heparin a large 
number of epoxide groups is required. 
0047 For that purpose the mixture is preferably adjusted 
as follows: 

0048 40-80% by weight, more preferably 50-70% by 
weight, of at least one non-polymer epoxide compound with 
two epoxide groups; 
0049 5-20% by weight, more preferably 10-15% by 
weight, of at least one polymer epoxide compound with 
between two and three epoxide groups and/or at least one 
epoxide compound with between two and three epoxide 
groups, wherein arranged between at least two epoxide 
groups is a Straight-chain or branched hydrocarbon chain 
with at least four carbon atoms, and 
0050) 15-45% by weight, more preferably 20-35% by 
weight, of at least one epoxide compound with at least three 
epoxide groups; 

0051 wherein the total amount is 100% by weight. The 
foregoing percentage details of the respective epoxide com 
pound in percent by weight relate in each case to the total 
amount of epoxide compounds used. 
0.052 In a modification of high-molecular polymer Sub 
stances in contrast the number of reactive groups must be 
low as SuperSaturation of the tissue of the biological pros 
thesis with high-molecular polymerS results in an impair 
ment of the properties in respect of elasticity and deforma 
tion. Accordingly use of the epoxide mixtures of differing 
composition permits the amount of Substance which is 
immobilised on the biological material to be controlled or 
influenced. 

0.053 For that purpose the mixture is preferably adjusted 
as follows: 

0054) 70-90% by weight, more preferably 75-85% by 
weight, of at least one non-polymer epoxide compound with 
two epoxide groups; 
0055 5-20% by weight, more preferably 10-15% by 
weight, of at least one polymer epoxide compound with 
between two and three epoxide groups and/or at least one 
epoxide compound with between two and three epoxide 
groups, wherein arranged between at least two epoxide 
groups is a Straight-chain or branched hydrocarbon chain 
with at least four carbon atoms, and 
0056 up to 5% by weight, more preferably 1-2% by 
weight, of at least one epoxide compound with at least three 
epoxide groups; 

0057 wherein the total amount is 100% by weight. The 
foregoing percentage details of the respective epoxide com 
pound in percent by weight relate in each case to the total 
amount of epoxide compounds used. 
0.058. In the case of the above-specified mixtures a non 
polymer, preferably low-molecular compound, with two 
reaction groups, must be present in the mixture. For example 
it is possible to use alkane diol diglycidylether Such as for 
example butane-1,4-diol diglycidylether, polyalcohol digly 
cidylether Such as for example glycerine diglycidylether, 
alkylene glycol diglycidylether Such as ethylene glycol 
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diglycidylether or mixtures thereof. Preferably ethylene 
glycol diglycidylether is used. 

0059 Those compounds ensure intermolecular trans 
verse cross-linking of the collagen and intramolecular croSS 
linking of proteoglycans and proteins of the cell elements 
which represent the most active antigenic determinants. 
0060. The concentration of non-polymer epoxide com 
pound with two epoxide groups (di-epoxide compound) in 
the mixture is preferably 1-95% by weight, more preferably 
20-90% by weight. Very good results were obtained with a 
concentration of 40-80% by weight. 
0061 The second component in the mixture is a polymer 
epoxide compound which contains between two and three 
epoxide groups in the Structural formula and/or an epoxide 
compound with between two and three epoxide groups, 
wherein arranged between at least two epoxide groups is a 
Straight-chain or branched hydrocarbon chain with at least 
four carbon atoms. 

0062 For example it is possible to use polyalkylene 
glycol diglycidyletherS Such as for example polyethylene 
glycol diglycidylether, polytetramethylene glycol digly 
cidylether, polypropylene glycol diglycidylether or mixtures 
thereof. 

0063 Instead of or in addition to the above-noted poly 
mer epoxide compound it is also possible to use alkane diol 
diglycidyletherS Such as for example hexane-1,6-diol digly 
cidylether and/or higher dicarboxylic acid diglycidylesters. 
0064. In accordance with the invention the term higher 
dicarboxylic acid diglycidylester is used to identify glycidol 
esterified with higher dicarboxylic acids (2,3-epoxypropan 
1-ol), that is to say diglycidylesters of higher dicarboxylic 
acids. Identified as higher dicarboxylic acids are those which 
have more than 12 carbon atoms. 

0065. By way of example higher dicarboxylic acid dig 
lycidylesters which can be used are Denacol EX-1111 (mix 
ture of two acids with a molecular weight of 398 g/mol and 
454 g/mol) or Denacol EX-1112 (mixture of two acids with 
the same molecular weight of 450 g/mol but of differing 
Structure) from Nagase Company Ltd, Japan. 
0066 Preferably polyethylene glycol diglycidylether is 
used. Preferably the polyethylene glycol diglycidylether has 
a degree of polymerisation of 3-12, more preferably 4-9. 
0067. That component supplements cross-linking of the 
collagen by inter-fibrillar bonds. The concentration in the 
mixture is preferably 1-95%, more preferably 2-40% by 
weight, still more preferably 5-20% by weight. 
0068 The third component is an epoxide compound with 
a number of epoxide groups of at least three, for example 
four, five or more. 
0069 Preferably in that respect polyalcohol polygly 
cidylethers are used Such as for example Sorbitol polygly 
cidylether, glycerine polyglycidylether and the like, polysac 
charide polyglycidylether or mixtures thereof. Preferably 
pentaerythrol polyglycidylether is used. 

0070 That third component saturates the tissue with an 
optimum number of free epoxide groups, to which heparin 
can be immobilised without the use of additional reagents. 
The concentration of the component in the mixture is 
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preferably 1-95% by weight, more preferably 10-50% by 
weight. Very good results were obtained with a concentra 
tion of 15-35% by weight. 
0071. The foregoing percentage details of the respective 
epoxide compound in percent by weight relate respectively 
to the total amount of epoxide compounds used. 
0.072 The method according to the invention permits an 
increase in the density of croSS-linking of the collagen, 
which has an advantageous effect on the Strength properties 
of the biological prosthesis. The use of mixtures of polymer 
and non-polymer epoxides imparts to the biological material 
a higher level of resistance to calcification. 
0.073 Saturation of the tissue with free epoxide groups 
makes it possible to implement covalent immobilisation of 
heparin on the biological prosthesis when pre-treated in that 
way. 

0.074. In relation to the functional groups of the heparin, 
the epoxy group represents one of the most reactive groups 
in the polymers, including also in biological materials. 
Binding of the heparin by way of the amino group does not 
have a disadvantageous effect on the anti-coagulant proper 
ties thereof. 

0075 Reaction with the epoxy group makes it possible to 
implement immobilisation of heparin under gentle condi 
tions which exclude unwanted physical-chemical changes in 
the biological material. Reaction of heparin with the epoxy 
groups can take place in a wide pH-range of the medium (pH 
2-11). 
0.076. In terms of modification of the biological tissue, 
preferably a pH-value of 5-8 is used, for example employing 
phosphate buffers, phosphate-citrate buffers and/or acetyl 
Salicylic acid. 
0.077 Such an operating procedure makes it possible on 
the one hand to achieve an improvement in the thrombosis 
resistant properties and on the other hand to neutralise the 
free epoxy groups which are always present in the biological 
material as a result of the masking effect. 
0078. The introduction of a third component, that is to 
Say a compound with a number of epoxy groups of at least 
3, into the epoxide conserving agent makes it possible to 
increase the amount of immobilised heparin. The covalently 
bound, that is to Say immobilised heparin does not pass into 
the bloodstream but has an antithrombotic effect due to 
binding and Sorption to the protein layers and Smoothing of 
the Surface of the biological prosthesis. 
0079 The use of acetylsalicylic acid for setting an acid 
pH-value in the immobilisation of heparin Surprisingly fur 
ther increases the thrombosis resistance of the Surface. 

0080. To produce a conserved biological prosthesis 
according to the invention for heart-circulation Surgery, Such 
as for example biological heart Valve prostheses, it is pos 
Sible to use for example aorta complexes of a pig or 
pericardia of cattle. In the case of arteriosclerosis for 
example damaged arteries can be replaced by the internal 
thoracic artery or the head artery of cattle. 
0.081 Allogenous or heterologous mitral valves or tricus 
pidal valves can be used for the orthotopic replacement of 
heart Valves. For intracardial plastic Surgery and angioplas 
tic Surgery it is possible to use pericardia from cattle, the 
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allogenous hard meninges or body-Specific pericardia. 
Valves, membrane-like tissues and vessels, for example 
arteries, Veins, artery Segments, vein Segments and So forth 
can be taken from any biological genuses of mammals, for 
example cattle, pigs, sheep, human beings and So forth, 
insofar as they are Suitable in respect of their anatomical 
features for replacement of one element or another of the 
heart-circulation System. 
0082) Examples 1 through 3 according to the invention 
which are set out hereinafter serve only to further illustrate 
the invention and in no way limit the Scope of protection 
thereof. 

0083. In the examples according to the invention a mix 
ture of ethylene glycol diglycidylether (DEE), pentaerythrol 
polyglycidylether and polyethylene glycol diglycidylether 
were used in the respectively Specified quantitative ratioS for 
conservation of the respective biological prosthesis used. 
0084. In that respect the examples were all implemented 
at ambient temperature, that is to say at between about 20 
C. and about 25 C. It is also possible to use higher 
temperatures, but not more than 37 C. In all incubation 
Steps, the Solutions were not agitated. It will be appreciated 
however that the Solutions can also be agitated. 

EXAMPLE 1 ACCORDING TO THE 
INVENTION 

0085 Aortic valve vela of a pig (15g of moist tissue) 
were rinsed with 0.90% by weight NaCl Solution and put 
into 200 ml of a conserving Solution according to the 
invention, which is produced from 50 mM phosphate buffer 
pH 7.4 and contains 6 g of ethylene glycol diglycidylether, 
1 g of polyethylene glycol diglycidylether (n=5) and 3 g of 
pentaerythrol polyglycidylether (number of glycidylether 
units per molecule: 4). 
0086. After 48 hours the conserving solution was 
replaced by an identical but freshly produced Solution. After 
12 days the valve vela were rinsed with sterile 0.9% by 
weight NaCl Solution and incubated in a heparin Solution 
(100 IU/ml, IU: International Unit) pH 5.0, in which case the 
pH-value was adjusted by the addition of aqueous acetyl 
Salicylic acid Solution, for a period of 3 hours at a tempera 
ture of 20° C. 

0087. Thereafter rinsing was effected five times with an 
excess of 0.90% by weight NaCl Solution and the treated 
valve vela were put into 5% by weight ethylene glycol 
diglycidylether solution where they were stored until further 
Sc. 

Production of the Heparin Solution 
0088. The ratio of heparin:acetylsalicylic acid in the 
heparin Solution, in relation to weight, is about 1.3-16:1. The 
precise ratio of heparin:acetylsalicylic acid depends on the 
respective activity (in IU/weight) of the heparin used. 
0089. By way of example a heparin solution which is 
suitable for the invention can be produced by the addition of 
about 7-10 mg/ml of acetylsalicylic acid to a heparin Solu 
tion with about 75-100 IU/ml. In that case acetylsalicylic 
acid is added to the heparin solution until the pH-value of the 
Solution is between about 5 and 6. The concentration of the 
heparin solution is at least 75 IU/ml, preferably 100 IU/ml. 



US 2006/0057552 A1 

It will be appreciated that it is also possible to use Solutions 
with higher heparin concentrations. 

COMPARATIVE EXAMPLES 1 

0090 Comparative samples involved using aortic valve 
vela of a pig, which were treated with 0.625.0% by weight 
glutaraldehyde (GA) in 50 mM phosphate buffer pH 7.4 or 
with 5% by weight ethylene glycol diglycidylether (DEE) 
and 100 IU/ml heparin in 50 mM phosphate buffer pH 7.4 
(DEE+heparin) (see RU 2008 767). 

0.091 a) Treatment of Samples with Glutaraldehyde 

0092. The comparative samples were incubated for 28 
days in 0.6250% by weight glutaraldehyde (GA), and 50 
mM phosphate buffer pH 7.4 at ambient temperature 
(between 20° C. and 25° C). The GA-solution was changed 
four times, that is to say after the 1st, 3rd, 7th and 21st days. 
Prior to further use (analysis or implantation) the conserving 
Solution was removed. Subsequently the comparative 
Sample was washed at ambient temperature for one hour 
without agitation in 0.9% common salt solution. The com 
mon Salt Solution was changed in that procedure after every 
20 minutes (a total of three washing Steps). 

0093 b) Treatment of Samples with DEE and Heparin 
0094. The comparative sample was incubated for 21 days 
in 5% by weight ethylene glycol diglycidylether (DEE) and 
50 mM phosphate buffer pH 7.4 at ambient temperature (20 
C.-25 C.). The DEE solution was changed after three days 
without a Washing Step. The conserving Solution was then 
removed. The comparative sample was then washed at 
ambient temperature for one hour without agitation in 0.9% 
common Salt Solution. In that procedure the common Salt 
Solution was changed after every 20 minutes (a total of three 
washing steps). The heparin treatment was effected with 100 
IU/ml at 37 C. for 8-16 hours. The unbound heparin was 
removed by washing with 0.9% by weight common salt 
solution for one hour at ambient temperature (20-25 C.). 
During the Washing operation the common Salt Solution was 
not agitated and not changed. The comparative Sample was 
stored in 2-5% by weight DEE solution. The conserving 
Solution was removed prior to further use (analysis or 
implantation). The comparative example was then washed at 
ambient temperature for one hour without agitation in 0.9% 
common Salt Solution. In that procedure the common Salt 
Solution was changed after every 20 minutes (a total of three 
washing Steps). 

Comparison of Examples According to the Invention and 
Comparative Examples 

0.095 The improvement in the properties of biological 
prostheses conserved using the method according to the 
invention (Examples 1 through 3 according to the invention) 
is clearly shown by comparison of biological prostheses 
conserved with conventional conservation methods (com 
parative Examples 1 through 3). In that respect the density 
of transverse cross-linking of amino acids in the respective 
biological prostheses used, the properties in respect of 
elasticity and deformation, the degree of calcification and 
the amount of immobilised heparin were determined and 
compared to each other. 
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0096. The above-indicated parameters were determined 
in that respect in the following fashion. 
Determining Transverse Cross-Linking 
0097. The density of transverse cross-linking was 
assessed in accordance with the reduction in the number of 
free amino acid residues in the biological material, in which 
respect they were determined by an amino acid analysis 
method. 

0098. For the amino acid analysis procedure, five 
Samples were taken in each case and washed with distilled 
water which was renewed twice in one hour. The Samples 
were then lyophilised for three hours (temperature of the 
sample: between -55 C. and +60° C). Between 1.5 and 2 
mg of dry tissue was put into between 0.15 ml and 2 ml of 
6 NHCl and incubated in sealed vacuum flasks for 24 hours 
at 110° C. Thereafter the acid was evaporated and the 
residue was diluted in 2.5 ml of lithium citrate buffer and 
centrifuged. The Supernatant Substance was Subjected to an 
amino acid analysis operation in an amino acid analyser (CL 
5001 BIOTRONIC, Germany) with computer-aided data 
evaluation (CR-3A, SHIMADZU Integrator, Japan). 
Determining the Properties in Respect of Elasticity and 
Deformation 

0099. The samples were cut out in dumbbell shape 
(dumbbell test bodies) using an especially shaped blade. 
That blade is of a Standard Shape and size and has sharpened 
edges. Using that blade, Samples of a standardised size are 
cut out of the biological material. Ten Samples were inves 
tigated in each case. 
0100. The properties in respect of elasticity and defor 
mation were determined on the tensile Strength testing 
machine Instron-1122 (manufacturer: INSTRON, 
England). 
0101 All the materials investigated were loaded to inves 
tigate the breaking/tearing strength at a constant speed (50 
mm/min). 
0102) The average thickness h of the samples (mm) was 
determined using a micrometer eyepiece. 
0103) The data were calculated as follows: 
01.04] 
(kg/cm) 

O=Pas?.S., wherein Pax is the breaking load (kg) and 
S is the cross-sectional area of the sample (cm) 

a) Maximum Tensile Strength (Tensile Stress) O 

S=hxbo, wherein h (cm) is the thickness of the sample 
and bo (cm) is the width of the sample. 

0105. In the present case the width of the sample was set 
to 0.25 cm using the above-mentioned blade. 
0106 b) Maximum Stretches (%) 

€max=(Almaxflo)x100, 
Amax=lmaxi-lo, wherein limax is the final length and lo 
is the initial length of the sample. 

0107. In the present case the samples were of an initial 
length of 11 mm. 
Determining Calcification 
0.108 Resistance to calcification was investigated by Sub 
cutaneous implantation of conserved biological prostheses 
under the skin of 3-week male rats (diameter of the samples: 
7 mm). 
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0109 Three samples, in each case one of the biological 
Samples conserved using GA, DEE+heparin and the con 
Serving Solution according to the invention, were each 
implanted into a respective one of male Vistar rats (n=33), 
weight 48.64-3.5 g., under ether anesthesia. The implants 
were removed from 11 animals in each case after a respec 
tive period of 30, 60 and 90 days. 
0110. After removal of the samples they were cleaned of 
the surrounding tissue, washed with 0.9% NaCl solution and 
dried at 56° C. for a day. Then each of the samples was 
hydrolysed in concentrated chloric acid. The Samples were 
then quantitatively investigated for calcium by means of 
atom absorption spectroscopy. 
Determining the Amount of Immobilised Heparin 
0111. The amount of immobilised heparin was deter 
mined by means of elementary analysis in accordance with 
the difference in the content of Sulfur in unmodified (control 
Sample) and modified Sample portions (modified Sample). 
0112 The method is based on determining the difference 
in the level of Sulfur concentration in test samples (modified 
Sample) and control Samples. The Sulfur content in heparin 
is high and low in collagen. A rise in the Sulfur content after 
modification of the biological prosthesis accordingly per 
mits calculation of the amount of heparin immobilised to the 
biological prosthesis. 

ASheparin=S mod. Sample-IS control sample, 

wherein S) is the Sulfur concentration in Lug/g) dry weight. 
0113. In that respect calculation of the heparin content in 
the Sample is effected in accordance with the following 
formula: 

0114 Y=AS/S, wherein Y is the heparin content in the 
biological material (biological prosthesis) in mg/g), S is 
the Sulfur content in Lug in 1 mg of heparin. 
0115 Basically any quantitative determination method 
can be used for determining the concentration of the Sulfur 
COntent. 

0116. In the present case the determination procedure was 
effected as follows: 

0117 The method of determining the concentration of the 
sulfur-which is contained in the range of between 0.2 and 
100% in organic samples-is based on the titration of an 
aqueous-organic medium after combustion of the Sample in 
an oxygen-bearing flask. 

0118. The sample material (at least 20g) is firstly cut up 
with a pair of Shears until a thin pulpy consistency is 
attained. Each sample has 10 ml of distilled water poured 
thereover. The sample is frozen at -55 C. and lyophilised 
with a stepwise increase in temperature to +60° C. until dry. 
The dried sample material obtained in that way is finely 
ground in an agate mortar until a fine powder is produced. 
0119) 5 mg of the sample material is weighed out on an 
analytical balance with a graduation of 0.0001 g. The 
weighed sample is burnt in a flask which is filled with 
gaseous oxygen and contains 10 ml of 6%. HO Solution. 
After the burning operation the combustion products are 
rinsed with 5 ml of water and cooled. Added to that Solution 
are 0.25 ml of 2 NHCl, 25 ml of acetone and 2 drops of 
indicator (0.2% aqueous chlorophosphonazo-III Solution 
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(bis-(4-chloro-2-phophonobenzolazo)-2,7-chromotropic 
acid, Fluka Chemie AG, CH-9471 Buchs, Switzerland). 
Titration is effected with 0.02 N. Ba(NO) solution until 
there is a transition from a violet-rose coloration to a light 
blue coloration. For control purposes a blind test is carried 
out under analysis conditions including combustion and 
titration. 

0120) The Sulfur content X is calculated as follows: 

W - W) XR x = 0 x 1000, 

wherein: 

0121 V is the volume of 0.02 NBa(NO) solution in 
ml), which is used for the titration procedure, 

0122) V is the volume of 0.02 NBa(NO) solution in 
ml), which is used for the titration procedure in the 
blind test, 

0123 K is the conversion factor which reproduces the 
titer of the Ba(NO) solution for the Sulfur equivalent 
in mg/ml), and 

0.124) A is the weight of the sample in mg. 

0.125. It will be appreciated that the amount of immobi 
lised heparin can also be determined in another fashion. For 
example, it is possible to implement quantification of immo 
bilised heparin using toluidine blue which binds to immo 
bilised heparin. 
0.126 Both methods lead to the same result. 
0127. Result of Example 1/Comparative Examples 1 

TABLE 1. 

Table 1 shows the relative content of free amino acid residues 
related to 1000 amino acid residues) in pig aortie Valve Vela 

Example 
of the 

Amino acid Native tissue GA DEE + heparin invention 

THR 27.3 - 0.2 27.6 0.6 24.5 + 0.3 23.3 - 0.5 
SER 45.3 - 0.4 46.7 - 1.1 41.6 + 0.4 39.6 O.4 
GLU 97.7 O.O 103.0 - O.S 89.1 - O.7 882 - 1.2 
OHPRO 110.4 1.2 117.6 1.2 115.63.9 110.8 - 18 
PRO 25.7 O.S 28.6 0.4 65.6 - 0.6 64.8 1.7 
GLY 238.2 + 1.2 252.1 - 4.1 261.1 + 2.4 272.7 - 3.2 
ALA 124.3 O.9 127.7 O.8 122.3 - 0.5 132.2 - 3.1 
VAL 44.3 0.8 41.9 1.2 42.O 1.7 37.1 - 1.4 
MET 10.7 O.3 10.6 O2 
ILE 19.9 O.3 2O.2 O.3 16.0 - 0.3 16.7 - 0.5 
LEU 424 - 0.3 42.6 0.6 36.2 O.3 36.1 - 0.5 
TYR 10.4 O.3 9.4 O2 8.7 O.2 1.9 0.5 
PHE 21.9 0.4 2O.9 0.4 22.6 O.7 19.7 1.4 
HIS 12.9 - O.2 15.8 0.3 35.6+ 0.4 39.2 O.6 
OHLYS 11.O. O.2 1.4 + 0.2 2.3 O.2 
LYS 34.O. O.3 3.3 O2 7.4 O.2 
ASP 66.5 + 0.5 7O.O. O.S 61.2 : 0.5 60.1 - 0.9 
ARG 57.1 O.8 63.11.2 47.8 O.9 56.3 - 1.3 

0128. It is known that epoxide compounds react with 
methionine, tyrosine, lysine and hydroxylysine of the bio 
logical material, whereas glutaraldehyde reacts only with the 
last two amino acids. The results demonstrated confirm this. 
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0129. In this respect when using the conserving agent 
according to the invention the density of transverse croSS 
linking is greater than when using the individual Sub 
stance-ethylene glycol diglycidylether. That can be seen in 
particular from a reduction in the relative content of the 
amino acids methionine, tyrosine, lysine and hydroxylysine. 

TABLE 2 

Table 2 shows the physical-mechanical parameters of pig aortic valve 
vela conserved with various methods. 

Conserving agent okg/cm e% hcm 

Glutaraldehyde (GA) 59.2 + 4.6 38.7 - 1.9 O.O59 O.OO3 
DEE + heparin 69.95.9 38.7 - 1.8 O.O46 O.OO2 
Example of the inv. 93.5 - 8.0 35.9 - 1.6 O.O41 O.OO2 

Comments: 
o: breaking stress under tensile loading, 
e: relative stretch, 
h: tissue thickness. 

0130. The sample produced according to the example of 
the invention, with a Smaller thickness, has a better tensile 
Strength characteristic (greater breaking stress). 

TABLE 3 

Table 3 shows the amount of calcium (mg/g of dry tissue) in valve 
vela portions implanted under the skin of rats at various periods after 

implantation. 

Example 
Implantation period GA DEE + heparin of the inv. 

Without implantation 2.25 + 0.10 2.18 O.08 2.23 - 0.11 
30 days 125.6 - 10.2 2.5 O.O7 2.15 + 0.08 
60 days 211.7 - 12.4 2.8. O.10 2.3 O.O7 
90 days 265.4 - 21.3 2.5 + 0.09 2.7 O.11 

0131 The sample produced in accordance with the 
example of the invention has an extremely low degree of 
calcification. 

TABLE 4 

Table 4 shows the amount of immobilised heparin. 

DEE + heparin Example according to the invention 

530 it 20 tugg dry tissue 2340 it 120 tugg dry tissue 

0132) The sample produced in accordance with the 
example of the invention has a very high content of immo 
bilised heparin. 

EXAMPLE 2 ACCORDING TO THE 
INVENTION 

0133 Segments of the internal thoracic artery of a pig (25 
g of moist tissue) were rinsed with 0.9% by weight NaCl 
solution and put into 200 ml of a conserving solution which 
is produced from 50 mM HEPES-buffer pH 7.4 and contains 
8g of ethylene glycol diglycidylether, 0.5g of polyethylene 
glycol diglycidylether (n=6) and 1.5 g of pentaerythrol 
polyglycidylether (number of glycidylether units per mol 
ecule: 4). 
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0.134. After 48 hours the conserving solution was 
replaced by an identical but freshly produced Solution. After 
12 days the segments were rinsed with sterile 0.9% by 
weight NaCl Solution and incubated in a heparin Solution 
(100 IU/ml) pH 5.0, wherein the pH-value was adjusted by 
the addition of aqueous acetylsalicylic acid Solution (pro 
duction, see Example 1 according to the invention), for a 
period of 4 hours at a temperature of 20° C. Production of 
the heparin Solution was effected as described in Example 1. 

0.135 Thereafter the segments were rinsed three times 
with an excess of 0.9% by weight NaCl Solution and put into 
a 5% by weight ethylene glycol diglycidylether Solution, 
where they were stored until further use. 

COMPARATIVE EXAMPLES 2 

0.136 The comparative samples used Were segments of 
the internal thoracic artery of a pig, which were treated with 
0.625% by weight glutaraldehyde in 50 mM phosphate 
buffer pH 7.4 (GA) and with 5% by weight ethylene glycol 
diglycidylether and 100 IU/ml heparin in 50 mM phosphate 
buffer pH-value 7.4 (DEE+heparin) (see RU 2008 767). 
Production of the comparative Samples was effected in 
accordance with the description Set forth in relation to 
comparative Examples 1. 

Result Example 2/Comparative Examples 2 
0.137 The operation of determining the density of trans 
verse cross-linking, the degree of calcification and the 
amount of immobilised heparin was effected as described 
hereinbefore in relation to Example 1. The results contained 
in Example 1 and comparative Examples 1 are confirmed by 
the results obtained in the present case. 

0.138. The resistance to thrombosis formation was 
assessed after the implantation of vessel Segments which 
were conserved in accordance with the method according to 
the invention (example according to the invention) or for 
comparison purposes using glutaraldehyde (GA) or ethylene 
glycol diglycidylether and heparin (DEE--heparin), into the 
carotid artery of dogs. 

0.139. In that case the vessel segments were between 
about 3 mm and 3.5 mm in diameter and between about 5 
and 7 cm in length and were implanted in the neck artery 
(carotid) of 24 non-thoroughbred dogs which weighed 
between 10 and 15 kg. 
0140. The dogs were previously anesthetized by the 
intravenous administration of Sodium thiopental and 
mechanically ventilated. A carotid artery Segment of 
between 5 and 7 cm in length was removed from the dogs 
and the bioprosthesis was implanted in place thereof using 
6-0 polypropylene Suture material. 

0141 Eight animals received a GA bioprosthesis in the 
right carotid artery and a DEE+heparin prosthesis in the 
left carotid artery; eight further animals received a DEE+ 
heparin bioprosthesis in the right carotid artery and a 
bioprosthesis according to the invention in the left carotid 
artery; eight further animals received a bioprosthesis accord 



US 2006/0057552 A1 

ing to the invention in the right carotid artery and a GA 
prosthesis in the left carotid artery. The through-flow in the 
prostheses was examined prior to closure of the wound by 
means of pulsation palpation. The penetration capability of 
the bioprostheses was determined by means of angiography 
and ultrasound methods (Doppler echography, duplex Scan 
ning). 

0142 Evaluation of the data obtained was effected by 
means of actuarial analysis. Actuarial analysis is a Standar 
dised statistical procedure which is based on the probability 
of analysed complications, in the present case thrombosis, in 
which respect events which have already occurred are taken 
into consideration. Evaluation of the results was effected 

with the program STATISTICA for Windows (StatSoft, Inc, 
1995). 
0143. The actuarial values in respect of penetration capa 
bility in % of biological prostheses implanted in the neck 
artery (carotid) of the dogs were determined and are set forth 
in Table 5. The values specified in Table 5 are shown in 
graph form in FIG. 1. 

TABLE 5 

Table 5 shows the actuarial values of penetration capability of 
implanted bioprostheses in 76. 

Period in months GA DEE + heparin Example of the inv. 

O 100% 100% 100% 

1. 75% 97% 98% 

2 70% 90% 98% 

3 35% 88% 95% 

4 15% 86% 90% 

5 5% 80% 88% 

6 O% 76% 86% 

7 73% 86% 

8 72% 86% 

9 70% 80% 

1O 68% 80% 

11 65% 78% 

12 65% 78% 

0144) 

TABLE 6 

Table 6 shows the relative content of free methionine, tyrosine, 
lysine and hydroxylysine residues (related to 1000 amino acid 
residues) in Samples of the internal thoracic artery of a pig. 

Native Ex. of the 
Amino acid tissue GA DEE + heparin inv. 

MET 7.5 - O.S 7.3 O.4 6.3 O.2 
TYR 1.O.O. O.6 11.O. O.4 3.4 - 0.5 
OHLYS 7.O. O.S 1.O. O.2 O.9 O2 
LYS 24.1 1.9 3.5 - O.S 
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0145) 

TABLE 7 

Table 7 shows the amount of immobilised heparin. 

DEE + heparin Example according to the invention 

190 it 10 ugg dry tissue 1005 it 90 tugg dry tissue 

0146) 

TABLE 8 

Table 8 shows the amount of calcium (mg/g of dry tissue) in 
samples implanted under the skin of rats of the internal 

thoracic artery of a pig at various periods after implantation. 

Implantation period GA DEE + heparin Ex. of the inv. 

Without 1.39 O.11 1.5 + 0.03 1.42 O.O9 
implantation 

30 days 52.6 - 4.1 1.35 + 0.04 1.5 + 0.10 
60 days 74.1 - 9.3 18 O.O7 1.9 O.O7 
90 days 92.0 - 10.4 1.5 + 0.04 1.5 + 0.01 

EXAMPLE 3 ACCORDING TO THE 
INVENTION 

0147 Pig pericardium (30 g of moist tissue) was 
mechanically cleaned of the Surrounding tissue, rinsed with 
0.9% by weight NaCl Solution and incubated in 200 ml of a 
conserving solution which is produced from 50 mM 
HEPES-buffer pH 7.4 and contains 4.5 g of ethylene glycol 
diglycidylether, 1.5g of polyethylene glycol diglycidylether 
(n=4) and 4 g of pentaerythrol polyglycidylether (number of 
the glycidylether units per molecule: 4). 

0.148. After 48 hours the solution was replaced by an 
identical abut freshly produced solution. After 12 days the 
pericardium was rinsed with sterile 0.9% by weight NaCl 
solution and incubated in a heparin solution (100 IU/ml) pH 
6.0, wherein the pH-value was adjusted by the addition of 
aqueous acetylsalicylic acid Solution (production, see 
Example 1 according to the invention), for a period of 4 
hours at a temperature of 20° C. 

014.9 Thereafter the pericardium was rinsed three times 
with an excess of 0.9% by weight NaCl Solution and put into 
a 5% by weight ethylene glycol diglycidylether Solution, 
where it was stored until further use. 

COMPARATIVE EXAMPLES 3 

0150. The comparative samples used were pig pericar 
dium portions which were treated with 0.625% by weight 
glutaraldehyde in 50 mM phosphate buffer pH 7.4 (GA) or 
with 5% by weight ethylene glycol diglycidylether (DEE) 
and 100 IU/ml heparin in 50 mM phosphate buffer pH-value 
7.4 (DEE+heparin) (see RU 2008 767). Production of the 
comparative Samples was effected in accordance with the 
description Set forth in relation to comparative Examples 1. 

0151. The operation of determining the density of trans 
verse cross-linking, the properties in respect of elasticity and 
deformation and the amount of immobilised heparin was 
effected as described in Example 1. The results obtained in 
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Example 1 and comparative Examples 1 are confirmed by 
the results obtained in the present case. 

0152 Result of Example 3 According to the Invention/ 
Comparative Examples 3 

TABLE 9 

Table 9 shows the relative content of free methionine, tyrosine, 
lysine and hydroxylysine residues (related to 1000 amino acid 

residues) in pig pericardia. 

Ex. of the 
Amino acid native tissue GA DEE + heparin inv. 

MET 8.8 0.5 8.7 O.S 4.4 O.3 
TYR 8.2 O.2 8.O. O.4 5.0 - 0.3 
OHLYS 9.9 O.4 1.1 + 0.1 O.7 O2 1.5 + 0.1 
LYS 32.O 1.9 2.8 0.1 1.4 - 0.3 
ARG 55.6 - 0.8 58.6 - 0.5 50.9 0.8 12.7 - 0.3 

0153 

TABLE 10 

Table 10 shows the amount of immobilised heparin. 

DEE + heparin Example according to the invention 

760 it 10 ugg dry tissue 2640 it 85 lugg dry tissue 

0154) 

TABLE 11 

Table 11 shows the physical-mechanical parameters of pig 
pericardium portions conserved with various methods. 

Conserving agent o kg/cm e % h cm 

Glutaradehyde 119.8 6.2 48.5 + 5.8 O.O46 O.OO3 
DEE + heparin 123.3 - 11.4 58.4 it 3.5 O.O44 O.OO)4 
Ex. of the inv. 125.5 - 12.3 57.03.6 O.O45 O.OOS 
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O155 Comments: O: breaking strain under tensile load 
ing, e: relative Stretch, h: tissue thickness. 

1-20. (canceled) 
21. A conserved biological prosthesis produced in accor 

dance with a method comprising the following Steps: (a) 
treating a biological prosthesis with a Solution which con 
tains a mixture of epoxide compounds which are at least in 
part of different lengths, wherein the mixture of epoxide 
compounds includes at least one polymer epoxide com 
pound with two or three epoxide groups and/or an epoxide 
compound with two or three epoxide groups, wherein 
arranged between at least two epoxide groups is a Straight 
chain or branched hydrocarbon chain with at least four 
carbon atoms: (b) treating the biological prosthesis treated in 
accordance with Step (a) with a Solution containing an 
antithrombotic, wherein the antithrombotic is a mixture of 
heparin and acetylsalicylic acid; and (c) optionally storing 
the prosthesis treated in accordance with step (b) in a 
Sterilizing Solution. 

22. A conserved biological prosthesis produced in accor 
dance with a method comprising the following Steps: 

(a) treating a biological prosthesis with a Solution which 
contains a mixture of epoxide compounds which are at 
least in part of different lengths, wherein Said mixture 
of epoxide compounds includes at least one epoxide 
compound with at least three epoxide groups, 

(b) treating the biological prosthesis treated in accordance 
with Step (a) with a Solution containing an antithrom 
botic, wherein the antithrombotic is a mixture of hep 
arin and acetylsalicylic acid; and 

(c) optionally storing the prosthesis treated in accordance 
with Step (b) in a sterilizing Solution. 


