SPOOR & FISHER FORMP.8
(To be lodged in duplicate)
REPUBLIC OF SOUTH AFRICA
PATENTS ACT, 1978
PUBLICATION PARTICULARS AND ABSTRACT
(Section 32(3)(a) — Regulation 22(1)(g) and 31)
OFFICIAL APPLICATION NO. LODGING DATE ACCEPTANCE DATE
20094 2004 / 4 6.56 22 27 NOV 2662 1L I8 L-O5
| I G-O R
INTERNATIONAL CLASSIFICATION NOT FOR PUBLICATION
51 C12Q ; GOIN CLASSIFIED BY: WIPO
FULL NAMES OF APPLICANT
71 GENTIUM S.P.A.

FULL NAMES OF INVENTORS

1. PORTA, ROBERTO

72 | 2. CATTANEO, FRANCO
3. FERRO, LAURA
EARLIEST PRIORITY CLAIMED
COUNTRY NUMBER DATE

33 EP 31 01830770.2 32 17 DEC 2001
TITLE OF INVENTION

54 | AMETHOD FOR DETERMINING THE BIOLOGICAL ACTIVITY OF DEFIBROTIDE

57 ABSTRACT (NOT MORE THAT 150 WORDS) NUMBER OF SHEETS 7) ﬁ

If no classification is finished, Form P.9 should accompany this form.
The figure of the drawing to which the abstract refers is attached.



R { ) LWL EI

ABSTRACT

An enzymatic method for determining the biological activity of defibrotide is
described. The method, which is based on the capacity of defibrotide to potentiate
the enzymatic activity of plasmin, comprises the steps of: a) bringing into contact
defibrotide, plasmin and a substrate specific for the plasmin which, by reaction with
the plasmin, provides a measurable product and b) measuring the amount of product
formed at successive times.

Kinetics of release of pNA from the substrate 8-2251, by means of plasmin which
is activated and non-activated with defibrotide (concentration 0100 pug/mi, 0-20

min.).
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A method for determining the biological activity of defibrotide
The present invention relates to a method for determining the biological activity of
defibrotide and, more especially, relates to an indirect enzymatic method for de-
termining the biological activity of defibrotide.

TECHNICAL FIELD OF THE INVENTION

Defibrotide (Merck Index, 1996, no. 2915) is a substance of natural origin which
is obtained by extraction from animal organs and which is constituted by the so-
dium salt of polydeoxyribonucleotides having a low molecular weight.
Defibrotide has been the subject of numerous pharmacological investigations
which have suggested that it be applied in therapy as an anti-thrombotic agent (US
3,829,567).
In addition, defibrotide has also been used successfully in the treatment of periph-
eral arteriopathies, in acute renal insufficiency (US 4,694,134) or in acute myo-
cardial ischaemia (US 4,693,995).
Like other biological substances which are obtained by extraction, defibrotide also
is subject to a limited variability of composition which is typical of natural bio-
polymers. A classical example of this situation is provided by heparin whose vari-
ability from batch to batch in terms of chain length, molecular weight, composi-
tion, degree of sulphatation, etc. is well known. The consequence of this is that the
same amounts by weight of defibrotide could in fact be non-equivalent from the
point of view of a specific biological activity.
The process of extraction, isolation and purification cannot per se ensure absolute
reproducibility of the product, precisely owing to its intriﬁsic biopolymeric nature.
However, if well controlled, it is possible to reduce this variability: for that pur-
pose, studies have been made of standardized industrial processes for isolating de-
fibrotide by extraction from organs, such as, for example, that described in United
States patent US 4,985,552.
The product obtained according to the above-mentioned process is characterized
by the determination of some specific physico-chemical parameters, such as, for
example, electrophoretic mobility, the coefficient of extinction, optical rotatory

power and reversible hyperchromicity. However, those parameters depend basi-
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cally on the structure of defibrotide and are not capable of providing information
on the biological activity thereof.
As far as we know, the only methods that have been reported to be used hitherto
to evaluate the biological activity of defibrotide are the fibrin plate test and the
thromboelastographic recording of the euglobulin lysis time [Prino G., Mantovani
M., Niada R., Coccheri S., Butti A., Indagini preliminari sull attivita fibrinolitica,
nell’animale e nell 'uomo, di una nuova sostanza presente in diversi organi ani-
mali, Simposio Internazionale: La ricerca scientifica nell’industria farmaceutica in
Italia, Rome, 2-4 October 1975 - 1l Farmaco, Ed. Prat.) (1969),24,552-561].
However, the above-mentioned methods are characterized by considerable ex-
perimental complexity, by unsatisfactory reproducibility and precision and, in the
specific case of thromboelastographic recording, by a response linearity limited to
very restricted concentration ranges.
Hitherto, therefore, no truly valid, precise and reproducible methods have been
known for determining the biological activity of defibrotide.
We have developed a simple and reliable method for determining the biological
activity of defibrotide, which enables the samples obtained by extraction to be
controlled and therefore enables medicinal preparations based on defibrotide to be
standardized.
The method to which the present invention relates enables the specific biological
activity of defibrotide to be determined in comparison with a reference standard
with a high degree of precision, speed and reproducibility.
DESCRIPTION OF THE INVENTION
The present invention therefore relates to a method for determining the specific
biological activity of samples of defibrotide, which method comprises the steps of:
a) bringing into contact defibrotide, plasmin and a substrate
specific for the plasmin which, by reaction with the plasmin, pro-
vides a measurable product and
b) measuring the amount of product formed at successive

times.
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The method of the invention is an indirect in vitro method for determining the ac-
tivity of defibrotide, which is based on the functional interactions between defi-
brotide and plasmin.

It is known from the literature that plasmin is a proteolytic enzyme in the cascade
of coagulation/fibrinolysis capable of cleaving fibrin, fibrinogen and other plasrﬁa
proteins.

The enzymatic activity of plasmin is normally determined by various standard in
vitro tests. One of the most commonly used methods is the determination by spec-
trophotometry or fluorimetry of the chromogenic or fluorogenic compounds that
are freed by the action of plasmin on suitable substrates [Haemostasis, (1978), 7,
138-145]. Peptide substrates having the formula A;-A;-A;-X are generally used in
which A; and A; are amino acids that are predominantly non-polar, Aj is lysine or
arginine and X represents the measurable freed compound, for example para-
nitroaniline (pNa) or 2-naphthylamine (NA) [Haemostasis, (1978), 7, 146-149]. In
addition to the above-mentioned peptide substrates, success has been achieved us-
ing other, simpler, compounds, such as, for example, p-nitrobenzyl-p-
toluenesulphonyl-L-arginine [Haemostasis, (1978), 7, 105-108].

In those tests, the rate at which the compound X is released into the incubation
medium is proportional to the activity (International Units) of plasmin present in
the sample.

It has now been discovered, and this is the principle on which the present inven-
tion is based, that in the plasmin-evaluation tests described above, defibrotide in-
creases the rate of release of compound X proportionally to its concentration.

The method to which the present invention relates provides first of all for bringing
the sample of defibrotide, the plasmin and the substrate for the plasmin into con-
tact with one another.

The defibrotide sample used for the determination according to the invention is
generally prepared by extraction from organs in accordance with known proce-
dures, such as described, for example, in United States patent US 4,985,552 which

has already been mentioned.
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A batch of normal industrially manufactured defibrotide was chosen as the refer-
ence sample (standard) and was used to prepare the calibration curves in accor-
dance with the method of the present invention.

In general, the present method provides precise and accurate measurements of de-
fibrotide even in the presence of contaminants, such as, for example, RNA, hepa-
rin, degraded defibrotide (defibrotide from which purin or pyrimidine has been
removed) or ethanol, provided they are in concentrations, generally less than 10%
by weight, such as not to impair the system.

In addition to permitting the determination of defibrotide, the method also allows
the determination of other biologically equivalent substances derived from defi-
brotide, such as, for example, deaminated defibrotide or, more simply, defibrotide
denatured by heating.

The present method is sufficiently sensitive to detect concentrations of defibrotide
lower than or equal to 0.1 pg /ml (final concentration in the determination system)
and, generally, expresses good correlation up to maximum concentration values
higher than or equal to 100 pg /ml.

The plasmin used is generally any mammalian plasmin, such as, for example, bo-
vine, porcine or human plasmin, with a preference for human plasmin.

However, although plasmin is the enzyme of choice, the use of other equivalent
enzyme systems, such as, for example, precursors of plasmin, such as plasmino-
gen, or plasmin-analogue enzymes which are chemically related and have a simi-
lar functionality, falls within the scope of the present invention.

In the method of the present invention, the substrate fof the plasmin may be un-
derstood as being any substrate specific for plasmin which, under the conditions
of the method, frees a detectable hydrolysis product X.

Depending on the nature of the detectable group X, alternative systems of detec-
tion commonly known to the person skilled in the art can be adopted equally well.
Spectrophotometric or fluorimetric detection systems are particularly advanta-
geous, especially spectrophotometric systems.

The substrates generally used are ones that are specific for plasmin. It is preferable

to use peptides of the formula A;-A,-A3-X, in which A; and A, are amino acids
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that are predominantly non-polar, A; is lysine or arginine and X is the detectable
group. Examples of those substrates are Val-Leu-Lys-pNa, Val-Phe-Lys-pNa or
pyroGlu-Phe-Lys-pNa in which the group X detectable by spectrophotometry is
para-nitroaniline (pNA). Other suitable substrates, for example Val-Gly-Arg-
2NA, contain 2-naphthylamine, which is measurable by fluorimetry. A particﬁ-
larly preferred substrate is the compound H-D-Valyl-L-Leucyl-L-Lysine-p-
nitroaniline (H-D-Val-Leu-Lys-pNA).

The plasmins and the specific substrates used for determining defibrotide are
generally commercially available.

The determination method of the present invention is carried out by placing the
reagents and the defibrotide sample in aqueous solution, at a specific pH and mo-
larity.

In particular, the concentration of the plasmin may vary, usually from 0.0016 to
0.20 1.U./ml, preferably from 0.0064 to 0.050 1.U./ml, and even more preferably is
approximately 0.0125 LU./ml.

However, as regards the substrate for the plasmin, concentrations of from 0.3 to 4
mM, preferably from 2.5 to 3.5 mM and advantageously of 3 mM, are generally
used in the case of a chromogenic substrate, while concentrations of from 0.05 to
0.15 mM are used in the case of a fluorogenic substrate.

The determination method of the invention, like other enzymatic methods, is sen-
sitive to the pH of the medium.

In fact, it cannot generally be applied at extreme pH values where the enzymatic
system would be inactivated. '

It is also preferable for the pH of the medium not to undergo variation at any time
during the period when measurements are being taken, and therefore the solution
is generally buffered with buffer systems selected from those normally used in
plasmin-determination tests. Suitable buffer systems may be, for example, phos-
phate buffer, citrate buffer or tris(hydroxymethyl)aminomethane hydrochloride
(TRIS) buffer. The operation is preferably carried out in the presence of TRIS.

In the present method it is usually preferred to maintain the pH of the medium in a

range of approximately from 7 to 8, more preferably at approximately 7.4.
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In addition, it is preferred to maintain the concentration of the buffer system in a
range of from 10 to 200 mM, preferably at approximately 50 mM.

The method of the invention for determining defibrotide provides that the plas-
min, the substrate for the plasmin, and the defibrotide be mixed. In particular, in
order to enable the measurements provided for by the method to be carried out
correctly, it is preferable to add the plasmin or the specific substrate, or both, to
the buffered solution containing the defibrotide sample before the start of the
measuring stage. The substrate for the plasmin is preferably added last.

An important parameter in the present method of determination is the temperature.
It is preferable for the same temperature to .be maintained throughout the entire
duration of the measurements and for all of the samples determined, both as re-
gards the construction of the reference curves and during the measuring stage. To
that end, it is preferable to use temperature controlied apparatus and also, where
necessary, it is possible to proceed with several sets of measurements, changing
the position of the samples approprately in order to ensure that the system has
maximum thermal homogeneity.

Generally, this method of determination is applied in a temperature range of, for
example, from 25 to 40°C, preferably from 35 to 39°C, and even more preferably
at 37°C.

According to the present invention, measurement of the concentration of com-
pound X released in the medium by the action of the plasmin starts when all of the
reagents have been added and continues for a predetermined time and at a prede-
termined frequency as a function of the chemical nature 6f X and of the detection
system.

Similarly to other methods of biological determination, the method of the inven-
tion also provides for a calibration stage and a measuring stage which are prefera-
bly carried out in parallel in order to reduce as far as possible the incidence of ex-
perimental variability.

The calibration stage comprises the acquisition of the absorbance data relating to
the samples at known increasing concentrations of defibrotide (standard), the sta-

tistical reprocessing of those data and the extrapolation of calibration curves,
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which express the correlation between the increase in the rate of the enzymatic re-
action of the invention and the concentration of defibrotide present in the medium.
In the measuring stage, owing to the correlation obtained in the calibration stage,
it is possible to determine the unknown biological activities of samples of defi-
brotide on the basis of the absorbance values measured and processed under fhe
same conditions.

In more detail, the experimental protocol generally provides for the preparation of
several samples, both standard and unknown, at various known concentrations of
defibrotide. The defibrotide samples are prepared by progressive dilution of the
mother solutions in accordance with a predetermined dilution factor.

In the present method, it is preferred to prepare at least 5 concentrations of the
standard and 5 concentrations of the sample to be tested, preparing S replicates, or
more preferably 10 replicates, for each concentration of the standard and, simi-
larly, for each concentration of the test sample, generally for successive 1:2 dilu-
tions of mother solutions.

Both the standard and test-sample concentrations of defibrotide are generally from
0.1 to 100 pg /ml, preferably from 0.3 to 50 png /ml, more advantageousiy from 0.5
to 8 pug /ml.

The concentrations of the test sample are preferably of the same order of magni-
tude as the concentrations of the standard.

In accordance with the above illustration, the measurements for each concentra-
tion are preferably carried out on two microplates where the position of each sam-
ple, the standard and the test sample, respectively, at corresponding concentration
is preferably reversed from one plate to the other. According to this scheme for the
arrangement of the samples, which is explained in more detail in the experimental
part, for each concentration of both standard and test-sample defibrotide, at least 5
or, preferably, 10 absorbance values are measured for each time.

The set of measurements described above are taken at predetermined times, that is
to say, first of all at time to, that is to say, when all of the components have been

added, before the enzymatic reaction of the invention has started, and subse-
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quently at precise intervals and for a period of time sufficient to acquire the neces-
sary data.

Preferably, the absorbance measurements are continued up to a maximum of 90
minutes, with readings taken every 1-10 minutes. More advantageously, the read-
ings are taken at time to and subsequently, from 20 to 50 minutes, every 5 minutes.
The photometric absorbance readings are performed at a wavelength which de-
pends on the nature of the detectable group X freed in the course of the enzymatic
hydrolytic reaction. In the specific case in which X is p-NA, the absorbance is
measured at 405 nm.

The absorbance readings of the standard and unknown defibrotide samples,
known as raw data, generally originate directly from the same apparatus that pro-
vides for the reading operation; they are tabulated in such a manner that an ab-
sorbance value is expressed for each time and well.

The raw data are then processed, using, for example, the Spread Sheet- Microsoft
Excel®. This first processing operation leads to the calculation of the average ab-
sorbance and of the associated standard deviation, at each time and for each set of
readings, each set comprising at least 5 and preferably 10 replicates for each con-
centration of both standard and test-sample defibrotide.

Further statistical processing of the data is carried out with a program of the
Sigma Plot Computer Program® type (SPSS, Chicago, USA) which takes the
mathematical relationship existing between the absorbance values of the samples
and the time, for each set of defibrotide concentrations, to obtain straight lines
whose slope is proportional to the concentration of defibrotide.

To be more precise, in the interval in which there is response linearity, preferably
from 20 to 50 minutes, and for each of the 5 or, preferably, 10 replicates of the
same concentration, the program calculates a regression line which is character-
ized by a coefficient of linear regression “b”, by a coefficient of determination “r*”
and by the intercept “a”.

The straight lines produced in accordance with the present procedure generally
have a good correlation expressed by high values of %, generally not less of 0.97,

preferably > 0.99.
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The data produced by the program can be reproduced as tabulated digital data or
can be represented graphically, for each set of concentrations.

As illustrated in Figure 1, by placing the time on the abscissa and the absorbance
on the ordinate, straight lines will be obtained whose slope “b” will be propor-
tional to the rate of enzymatic reaction: by increasing the concentration of defi-
brotide, the rate of hydrolysis and, proportionally, the value of “b” will increase.
Finally, the slope values, calculated as described above for each set of replicates
of standard defibrotide and test-sample defibrotide, are correlated with the deci-
mal logarithm of the concentration of defibrotide to which they relate.

Graphically, that correlation gives rise to a sigmoid for the standard and a sigmoid
for the test sample (Figure 2); the central portions of the sigmoid have two straight
lines which are generally parallel and the distance between which is a function of
the difference in biological activity between the test sample and the standard.

In this interval of linearity, the power of the unknown defibrotide sample com-
pared with that of the standard is determined in accordance with the parallel-line
biological determination methodology described by Finney DJ, Statistical Method
in Biological Assay, 2nd ed. Ch. Griffin, London.

That methodology can be applied when, as in the present invention, the biological
response is a linear function of the logarithm of the concentration of the substance
to be determined and when there is parallelism and linearity between the straight
lines associated with the standard and, respectively, unknown concentrations.
Preferably, the statistical processing of the data, the calculation of the power ratio
and, thus, the determination of the unknown activity of defibrotide are carried out
using dedicated softwares constructed on the basis of the above-mentioned meth-
odology.

However, statistical data-processing, which, in chemical analysis in general and in
the present method more particularly, enables the incidence of errors and experi-
mental variability to be minimized, is not binding for the method of the invention
and simply represents a method of evaluating results which is well known to the

person skilled in the art and which is commonly used in the field.
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The present invention relates also to kits for determining the biological activity of

defibrotide in accordance with the method of the invention, comprising at least:

a) a measured amount of a substrate for the plasmin as defined
above and
b) a measured amount of plasmin.

Preferred kits comprise from 20 to 30 mg of substrate specific for plasmin per unit
of plasmin, and even more preferably 25 mg of substrate per unit of plasmin.
According to the present invention, kits comprising H-D-Val-Leu-Lys-pNA, as
the substrate specific for plasmin, and human plasmin, are particularly advanta-
geous.
The kits according to the present invention may also contain a buffered aqueous
solution, preferably a solution buffered with TRIS.HC1 50 mM, at pH 7.4.
Optionally, the kits of the invention also comprise a measured amount of defi-
brotide (standard) in order to permit control measurements.
In a preferred embodiment of the present invention, the standard solutions and the
solutions of the samples of defibrotide to be determined are introduced into the re-
spective wells of the microplates. The plasmin solution is prepared at the moment
of use and is distributed in the wells containing defibrotide and, finally, the solu-
tion containing the substrate for the plasmin is added. The microplate is then
placed in the thermostated reader and, after rapid agitation, readings of the sys-
tem’s absorbance are taken at predetermined intervals and for the predetermined
period of time. The raw data obtained are then processed, thus determining the
unknown activities of the defibrotide samples.
Those and other aspects of the invention will be better illustrated in the following
Examples which are not, however, to be regarded as limiting the invention.

EXAMPLES
The following materials were used in the Examples given here:

Apparatus

-Detector for a microplate having 96 wells MRX TCII (Dynex Technologies,
Chantilly, VA, USA), thermostated and equipped with an enzymatic kinetics pro-

gram,
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-Microplates having 96 wells with a flat base (Greiner L., Kremunster, Austria,
cat. 655101)
-Pipettes with continuous volume adjustment Pipetman P200 (30-200 pl) and
8x200 (20-200 ul) and 200- pl tips of certified quality (Gilson, Milan, Italy)
-pH-meter PHM8S Radiometer (Analitica De Mori, Milan, Italy)

Programs
-Microsoft Excel ® (Microsoft Cbrporation, Redmond, WA, USA)
-Sigma Plot Computer Program® (SPSS, Chicago, USA)

Substances
-Defibrotide (Gentium)
-Human plasmin, 1 unit, P-4895 (Sigma Aldrich, Milan, Italy)
-Chromogenic substrate S-2251, 820332-39 (Chromogenix Instrumentation Labo-
ratory S.p.A., Milan, Italy)
-Tris(hydroxymethyl)aminomethane (TRIS), 255285-9 (Sigma-Aldrich, Milan, It-
aly)
-1N HC1 1090571000 (Merck)
-1N NaOH 1091411000 (Merck)

Solutions
TRIS-HCI buffer
2.42 g of TRIS are dissolved in distilled water and diluted to a volume of 100 ml.

16 ml of 1IN HCl are added to the solution followed by more distilled water to
give a final volume of 400 ml. The pH of this last solution is 7.40. If the values
are different, the pH is corrected to give the desired value by the addition of 1N
HCIl or IN NaOH.

Plasmin solution

One unit (1 L.U.) of human plasmin is dissolved in 4 m! of TRIS-HCI buffer at
0°C. Operating always in ice, the solution is then subdivided into aliquots of 200
ul which are preserved at -20°C in 10-m! plastics test tubes.

Solution of chromogenic substrate S-2251

25 mg of S-2251 are dissolved in 15.15 ml of distilled water and preserved at
+4/+8°C.
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Standard defibrotide solutions

Preparation of the standard solutions

* (Final) concentrations of from 0.1 to 100 pg /ml

60 mg of defibrotide are dissolved in 3 ml of TRIS-HCI buffer and diluted 1:15
with the TRIS-HCI buffer solution. The solution so obtained, having a concentfa—
tion of 1.333 mg/ml, is subjected to successive 1:2 dilutions to give defibrotide
solutions having a concentration of 666 pg /ml, 333 pug /ml and 166 pg /ml. This
last solution, which is used as the mother solution, is further diluted to obtain so-
lutions having concentrations of 83.33 pg /ml, 41.67 pug /ml, 33.33 pg /ml, 25 pg
/ml, 16.66 pg /ml, 8.33 pg /ml, 5 pg /ml, 2.5 pg /ml, 1.66 pg /ml, 0.83 ug /ml, 0.5
pg /ml and finally 0.16 pg /ml.

* (Final) concentrations of from 0.5 to 8 pg /ml

60 mg of defibrotide are dissolved in 3 ml of TRIS-HCI buffer and diluted 1:1500
with the TRIS-HCI buffer solution. The solution so obtained, having a concentra-
tion of 13.33 pg /ml, is subjected to successive 1:2 dilutions to give defibrotide
solutions having a concentration of 6.66 pg /ml, 3.33 ug /ml, 1.66 ug /ml and 0.83
ug /ml, respectively.

Procedure

150 pl of each of the standard defibrotide solutions described above are taken and
introduced into the wells of the microplates.

The plasmin solution is then prepared rapidly by adding, at 0°C, 3.8 ml of TRIS-
HCI buffer to the test tube containing 0.2 ml of human plasmin solution. The
whole is agitated gently until dissolution has occurred, and 50 pl are taken and in-
troduced into the wells of the microplate, followed by 50 pl of S-2251 for each
well.

The microplate, placed in the MRX TCII reader set at 37°C, is agitated for ap-
proximately 10 seconds; the absorbance readings are carried out at 405 nm, at the
initial time t, and subsequently every two minutes in the interval from 10 to 20
minutes, in accordance with the enzymatic kinetics program.

The experimental data measured for defibrotide concentrations from 0.1 to 100 ug

/ml are then processed (Excel and Sigma Plot programs) and represented in a

PCT/EP02/13371
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graph (regression lines) as shown by way of example in the following Figures 1
and 2.

The values of the angular coefficients b (slope) of the straight lines corresponding
to the standard and the test sample of defibrotide (Figure 1) are plotted with re-
spect to the defibrotide concentrations (logarithmic scale) (Figure 2). |
As can be seen from the graph, a linear response which enables a straight line to
be identified is obtained in the central portion of the curve. In that interval of line-
arity, the power of the unknown defibrotide sample is determined in comparison
with the standard, in accordance with the parallel-line biological determination
methodology mentioned already and described by Finney DJ, Statistical Method in
Biological Assay, 2nd ed. Ch. Griffin, London. In order for this methodology to be
applicable, it is important for there to be, in addition to linearity, parallelism be-
tween the straight lines relating to the standard and, respectively, to the defibrotide
to be tested.

The test for determining the biological activity of an unknown defibrotide sample,
compared with standard defibrotide, is carried out preferably by using concentra-
tions that give rise to the rectilinear portion of the sigmoid determined above. In
particular, concentrations of standard and unknown defibrotide in the range from
0.5 to 8 pg /ml are preferred.

The arrangement, in the wells of the plate, of the replicates of the various defi-
brotide concentrations for the standard and for the sample under examination 1s

given hereinafter.

PCT/EP02/13371
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Standard defibrotide Test sample
112 |3 |4 |5 |6 {7 (8 |9 (10111 |12

-105(80(40(20]1.0(1.0]20|4.0[80({05]-
-11.0|105(80(4.0120)|20140180|05(1.0]-
-120]11.0105(80(40(4.0|80(05|10}20]-
40(20(1.0105]80[80|05]|1.0{20|4.0]-
-18014012011.0(05|0511.0|20|4.018.0] -
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The standard defibrotide solutions are placed in columns 2-6 while the samples of

defibrotide to be determined are placed in columns 7-11, at the concentrations in-

dicated. In the second plate, the positions of the samples are preferably reversed.

The outer columns and lines of the microplate are not used for the determination

process but are filled with water in order to ensure maximum temperature homo-

geneity in all of the system.

The microplate, placed in the MRX TCII reader set at 37°C, is agitated for ap-

proximately 10 seconds; the absorbance readings are taken at 405 nm, at the initial

time to and subsequently every 5 minutes for a period from the 20th to the 50th

minute, in accordance with the enzymatic kinetics program.

The absorbance values measured are then processed (Excel and Sigma Plot pro-

grams), tabulated and represented in a graph (regression lines).

It was then possible to calculate the power ratio and to determine the activity of

the unknown sample of defibrotide compared with the standard, using the same

system of calculation as that described above.

By way of example the Tables (1, 2 and 3) and the graphs (Figures 3, 4 and 5) re-
lating to defibrotide samples, tested at a concentration of 0.5 pg /ml, 2.0 pg /ml

and 8.0 pg /ml, respectively, are given hereinafier.

PCT/EP02/13371
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CLAIMS
1. A method for determining the biological activity of defibrotide, which
comprises the steps of:
a) bringing into contact defibrotide, plasmin and a substrate
specific for the plasmin which, by reaction with the plasmin, ;Sro-
vides a measurable product and
b) measuring the amount of product formed at successive
times.
2. A method according to claim 1, wherein the plasmin is a mammalian
plasmin, preferably human plasmin.
3. A method according to claim 1, wherein the substrate specific for the
plasmin is a compound of formula
T A-FA-As-X
in which A, and A; are non-polar amino acids, A; is lysine or arginine and X is
the measurable product.
4. A method according to claim 3, wherein the measurable product X is se-
lected from para-nitroaniline and 2-naphthylamine. _
5. A method according to claim 3, wherein the substrate for the plasmin is H-
D-Valyl-L-Leucyl-L-Lysine-p-nitroaniline.
6. A method according to claim 1, wherein the plasmin has a concentration of
from 0.0064 to 0.050 1.U./ml and the substrate for the plasmin has a concentration
of from 2.5 to 3.5 mM.
7. A method according to claim 6, wherein the éoncentration of plasmin is
0.0125 1.U./ml and the concentration of the substrate for the plasmin is 3 mM.
8. A method according to claim 1, wherein the measurable product X is
measured by spectrophotometry.
9. A method according to claim 1, wherein the reaction medium is an aque-
ous solution buffered to a pH of from 7 to 8, preferably to pH 7.4.
10. A method according to claim 1, wherein the temperature of the system is

maintained at from 35 to 39°C, preferably at 37°C.
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11. A method for determining the biological activity of defibrotide according
to claim 1, which method comprises the stages of:
a) determining the rate of release of the measurable product X
during the course of the enzymatic reaction, for each sample of de-
fibrotide, of both the standard and the test type |
b) correlating, mathematically and/or graphically, the above-
mentioned rates of release with the corresponding defibrotide con-
centrations
c) obtaining the biological activities of the test samples of de-
fibrotide.
12. A Kkit for determining the biological activity of defibrotide according to the
preceding claims, comprising at least:
a) a measured amount of a substrate for the plasmin and
b) a measured amount of plasmin.
13. A kit according to claim 12, wherein the substrate for the plasmin is H-D-
Val-Leu-Lys-pNA and the plasmin is human plasmin.
14. A kit according to claim 12, which comprises from 20 to 30 mg of sub-
strate specific for the plasmin per unit of plasmin, preferably 25 mg of specific

substrate per unit of plasmin.
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FIGURE 1

Kinetics of release of pNA from the substrate S-2251, by means of plasmin which
is activated and non-activated with defibrotide (concentration 0-100 pg/ml, 0-20

min.).
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FIGURE 2
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FIGURE 3
Kinetics of release of pNA from the chromogenic substrate S-2251, by means of

plasmin in the presence of defibrotide (concentration 0.5 pg/ml, 5 replicates)
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TABLE 1
Sample a b r
o 1 64,92 | 4,95 0,9898
o 2 63,42 | 4,68 0,9947
v 3 68,10 | 4,56 0,9974
v 4 65,25 | 4,82 0,9967
& 5 65,42 | 5,05 0,9894
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FIGURE 4

Kinetics of release of pNA from the substrate S-2251, by means of plasmin in the

presence of defibrotide (concentration 2.0 pg/ml, 5 replicates)
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Sample a b r
® 1 37,39 | 7,28 | 0,9973
0 2 44,07 | 6,32 | 0,9987
v 3 42,03 | 6,84 | 09977
v 4 38,28 | 6,57 | 0,9997
a 5 40,86 | 6,71 | 0,9973
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FIGURE 5

Kinetics of release of pNA from the substrate S-2251, by means of plasmin in the

presence of defibrotide (concentration 8.0 pg /ml, 5 replicates)
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TABLE 3
Sample a b r
o 1 | 3821|876 09987
o 2 30,21 | 7,61 | 0,9995
v 3 33,57 [ 7,31 | 0,9983
v 4 2821 | 7,671 0,9994
a 5 21,89 | 832 | 10,9991
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