(19 DANMARK 10 DK/EP 2864496 T4

(91)
(49)

(80)

(86)
(86)
(87)
(86)
(87)

(84)

(73)

(72)

(74)

(94)

(96)

12 Oversaettelse af sendret
europeeisk patentskrift

Patent- oQ
Varemaerkestyrelsen

Int.Cl.: C12Q 1/37 (2006.01) C12Q 1/56 (2006.01) G 01N 33/48 (2006.01)

Oversaettelsen bekendtgjort den: 2021-01-04

Dato for Den Europaciske Patentmyndigheds
bekendtgorelse om opretholdelse af patentet | aendret form: 2020-11-25

Europaeisk ansggning nr.: 12756826.9

Europaeisk indleveringsdag: 2012-06-22

Den europaeciske ansggnings publiceringsdag: 2015-04-29
International ansggning nr.: 1IT2012000193

Internationalt publikationsnr.: W02013190582

Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

Patenthaver: Gentium S.r.l., Piazza XX Settembre 2, 22079 Villa Guardia (Como), Italien

Opfinder: IGNONI, Terenzio, Via Verdi 15, 1-22070 Solbiate (CO), Italien
KUMAR, Vijay, Via Galilei 4, 1-22070 Casnate (CO), ltalien
ISLAM, Khalid, Via San Gottardo 80, CH-6900 Massagno, Schweiz

Fuldmaegtig i Danmark: Plougmann Vingtoft A/S, Strandvejen 70, 2900 Hellerup, Danmark

Benaevnelse: EUGLOBULIN-BASERET FREMGANGSMADE TIL BESTEMMELSE AF DEN BIOLOGISKE
AKTIVITET AF DEFIBROTID

Fremdragne publikationer:

EP-A1-1 325 962

WO-A1-99/12935

WO-A1-2012/063272

US-A1-2012 121 698

SERGIO COCCHERI ET AL: "Defibrotide"”, CARDIOVASCULAR DRUG REVIEWS, vol. 9, no. 2, 1 June 1991
(1991-06-01), pages 172-196, XP055044364, ISSN: 0897-5957, DOI: 10.1111/j.1527-3466.1991.tb00410.x

G. RANIERI ET AL: "Defibrotide in the treatment of Raynaud's phenomenon in patients with progressive
systemic sclerosis or essential mixed cryoglobulinemia”, CURRENT THERAPEUTIC RESEARCH, vol. 53, no. 1,
1 January 1993 (1993-01-01), pages 48-58, XP055044382, ISSN: 0011-393X, DOI: 10.1016/50011-393X(05)80155-9
GHARIB M| ET AL: "Venous occlusive disease in children”, THROMBOSIS RESEARCH, TARRYTOWN, NY, US,
vol. 118, no. 1, 1 January 2006 (2006-01-01), pages 27-38, XP027962613, ISSN: 0049-3848 [retrieved on 2006-01-
01]

RICHARDSON P G ET AL: "Defibrotide for the Treatment of Severe Hepatic Veno-Occlusive Disease and
Multiorgan Failure after Stem Cell Transplantation: A Multicenter, Randomized, Dose-Finding Trial", BIOLOGY
OF BLOOD AND MARROW TRANSPLANTATION, KLUGE CARDEN JENNINGS PUBLISHING,
CHARLOTTESVILLE, VA, US, vol. 16, no. 7, 1 July 2010 (2010-07-01), pages 1005-1017, XP027086122, ISSN:
1083-8791 [retrieved on 2010-06-13]

PORTAR ET AL: "High-Performance"”, ANALYTICAL BIOCHEMISTRY, ACADEMIC PRESS INC, NEW YORK, vol.

Fortsaettes ...



DK/EP 2864496 14

204, no. 1, 1 July 1992 (1992-07-01), pages 143-146, XP002202053, ISSN: 0003-2697, DOI: 10.1016/0003-
2697(92)90153-X

PLAUT G W E:"P-NITROBENZYL P-TOLUENESULFONYL-L-ARGININE: A CHROMOGENIC SUBSTRATE FOR
THROMBIN, PLASMIN AND TRYPSIN", HAEMOSTASIS, BASEL, CH, vol. 7, 1 January 1978 (1978-01-01), pages
105-108, XP001079646, ISSN: 0301-0147

KORNBLUM N ET AL: "Defibrotide, a polydisperse mixture of single-stranded phosphodiester oligonucleotides
with lifesaving activity in severe hepatic veno-occlusive disease: Clinical outcomes and potential mechanisms
of action”, OLIGONUCLEOTIDES, MARY ANN LIEBERT, NEW YORK, NY, US, vol. 16, no. 1, 1 January 2006
(2006-01-01), pages 105-114, XP002492851, ISSN: 1545-4576, DOI: 10.1089/0L1.2006.16.105

US-B2-7 338 777

Submission of the proprietor dated March 13, 2017 in the examination proceedings of US 14/408,272

Non-final rejection dated October 13, 2016 in the examination proceedings of US 14/408,272

P. F. BODARY et al.: "Recent advances in understanding endogenous fibrinolysis: implicationsfor molecular-
based treatment of vascular disorders”, Expert Rev Mol Med, vol. 4, 2002, pages 1-10,

R. CHAKRABARTI et al.: "Methodological study and a recommended technique for determining the euglobulin
lysis time", J. Clin. Path., vol. 21, no. 6, 1968, pages 698-701,

C. L. ECHART et al.: "The fibrinolytic mechanism of defibrotide: effect of defibrotide on plasmin activity"”, Blood
Coagulation and Fibrinolysis, vol. 20, no. 8, 2009, pages 627-634,

S. COCCHERI et al.: "Defibrotide", Cardiovascular Drug Reviews, vol. 9, no. 2, 1 June 1991 (1991-06-01), pages
172-196,

N. HIZAL et al.: "INVESTIGATION OF THE FIBRINOLYTIC ACTIVITY OF DEFIBROTIDE FRACTIONS", Gen.
Pharmac., vol. 20, 1994, pages 1617-1620,

Expert opinion of Prof. Clement



DK/EP 2864496 T4

DESCRIPTION

[0001] The present Iinvention relates to a method for determining the biological activity of
defibrotide and, more especially, relates to an indirect enzymatic method for determining the
biological activity of defibrotide.

Technical field of the invention

[0002] Defibrotide (Merck Index, 1996, no. 2915) Is a substance of natural origin which iIs
obtained by extraction from animal organs and which i1s constituted by the sodium 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 (U.S. Pat. No. 3,829,567).

[0003] In addition, defibrotide has also been used successfully in the treatment of peripheral

arteriopathies, in acute renal insufficiency (U.S. Pat. No. 4,694,134) or in acute myocardial
Ischaemia (U.S. Pat. No. 4,693,9995).

[0004] Defibrotide 1s currently undergoing clinical trials to be used for the treatment and
prevention of venous occlusive disease (VOD).

[0005] Like other biological substances which are obtained by extraction, defibrotide is also
subject to a limited variability of composition which is typical of natural biopolymers. A classical
example of this situation is provided by heparin whose variability from batch to batch in terms
of chain length, molecular weight, composition, degree of sulphatation, etc. i1s 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.

[0006] The process of extraction, isolation and purification cannot per se ensure absolute
reproducibility of the product, precisely owing to its intrinsic biopolymeric nature.

[0007] However, If well controlled, it Is possible to reduce this variability: for that purpose,
studies have been made of standardized industrial processes for isolating defibrotide by
extraction from organs, such as, for example, that described in United States patent U.S. Pat.
No. 4,985,552.

[0008] 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 mass-average
relative molecular mass. However, those parameters depend basically on the structure of
defibrotide and are not capable of providing information on the biological activity thereof.
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[0009] 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 nelluomo, di una
nuova sostanza presente In diversi organi animali, Simposio Internazionale: La ricerca

scientifica nell'industria farmaceutica in ltalia, Rome, 2-4 Oct. 1975-1l Farmaco, Ed. Prat.)
(1969), 24,552-561] and the method based on plasmin disclosed in U.S. Pat. No 7,338,777.

[0010] However, the above-mentioned method thromboelastographic recording of the
euglobulin lysis time Is characterized by considerable experimental complexity, by
unsatisfactory reproducibility and precision and, in the specific case of thromboelastographic
recording, by a response linearity Iimited to very restricted concentration ranges.

[0011] As to the plasmin-based method, the enzymatic activity of plasmin i1s normally
determined by various standard in vitro tests. One of the most commonly used methods is the
determination by spectrophotometry 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 A1-A>-A3-X are generally used In

which A1 and A are amino acids that are predominantly non-polar, Az Is lysine or arginine and

X represents the measurable freed compound, for example para-nitroaniline (pNa) or 2-
naphthylamine (NA) [Haemostasis, (19/8), 7, 146-149]. In addition to the above-mentioned
peptide substrates, success has been achieved using other, simpler, compounds, such as, for
example, p-nitrobenzyl-p-toluenesulphonyl-L-arginine [Haemostasis, (1978), 7, 105-108].

[0012] The rate at which the compound X Is released into the Incubation medium is
proportional to the activity (Units/mg) of plasmin present in the sample. The method disclosed
In U.S. Pat. No 7,338,777 i1s thus based on the finding that, in the plasmin-evaluation tests
described above, defibrotide increases the rate of release of compound X proportionally to its
concentration.

[0013] However, such a method is conducted in TRIS buffer without any other plasma/serum
activator/inhibitor. Therefore, the procedure does not reflect the physiological condition nor
accurately simulates the mechanism of action of defibrotide in vivo.

[0014] Hitherto, therefore, no truly valid, precise and reproducible methods have been
described and validated for determining the biological activity of defibrotide reflecting in an
accurate way the mechanism of action of the product in a complex biological system (in vivo).

[0015] 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.

[0016] 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
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degree of precision and accuracy.

Brief description of the drawings

[0017]

FIG. 1 Is a plot showing the kinetics of release of pNA from the substrate S-2251, by means of
mammalian euglobulin fraction which Is activated and non-activated with defibrotide
(concentration 0-50 ug/ml, 0-100 min).

FIG. 2 Is a plot illustrating the sigmoid that arises in relation to a standard and test sample of
defibrotide.

FIG. 3 Is a plot showing the "absorbance versus time" of the standard preparations (ex.:
S1 Ca, S1_Cb, $1_Cc) identify a suitable linear range (ex.: from 30 to 35 min).

Description of the invention

[0018] The present invention therefore relates to a method for determining the specific
biological activity of samples of defibrotide, which method comprises the steps of:

1. @) bringing Iinto contact defibrotide, euglobulin and a substrate specific for the plasmin
which, by reaction with the plasmin, provides a measurable product and
2. b) measuring the amount of product formed at successive times.

[0019] The method of the Invention is an indirect in vitro method for determining the activity of
defibrotide, which Is based on the functional interactions between defibrotide and euglobulin.

[0020] Euglobulin is that fraction of serum globulin that is insoluble In distilled water but soluble
In saline solutions.

[0021] Euglobulin contains fibrinogen, PAI-1, tissue plasminogen activator (tPA), plasminogen,
and to a lesser extent alpha 2-antiplasmin and also factor VIi|.

[0022] The present inventors have surprisingly found that defibrotide catalyzes the hydrolysis
of plasminogen Iinto plasmin. Consequently, when defibrotide Is incubated with euglobulin and
a substrate specific for plasmin, such as a peptide of formula A{-A>-A3-X as disclosed by

Haemostasis, (19/8), 7, 138-149, the rate at which the compound X is released into the
Incubation medium increases proportionally to the concentration of defibrotide itself.



DK/EP 2864496 T4

[0023] In other terms, defibrotide catalyzes the hydrolysis of plasminogen contained In
euglobulin Into plasmin; which plasmin enzymatically reacts with the substrate specific for
plasmin, preferably a cromogenic substrate, to provide a measurable product.

[0024] The method of the present invention thus further comprises the steps of. ¢) determining
the rate of release of the measurable product during the course of the enzymatic reaction of
both a standard sample and a test sample of defibrotide; d) correlating, mathematically and/or
graphically, the rate of release with the corresponding defibrotide concentration to obtain the
biological activity of the test sample of defibrotide.

[0025] The defibrotide sample used for the determination according to the present invention is
generally prepared by extraction from organs in accordance with known procedures, such as
described, for example, in U.S. Pat. No. 4,985,552 which has already been mentioned.

[0026] A batch of normal industrially manufactured defibrotide was chosen as the reference
sample (standard) and was used to prepare the calibration curves in accordance with the
method of the present invention.

[0027] In general, the present method provides precise and accurate measurements of
defibrotide even In the presence of contaminants, such as, for example, RNA, heparin,
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.

[0028] In addition to permitting the determination of defibrotide, the method also allows the
determination of other biologically equivalent substances derived from defibrotide, such as, for
example, deaminated defibrotide or, more simply, defibrotide denatured/degraded by
combination of physicochemical conditions.

[0029] The present method is sufficiently sensitive to detect concentrations of defibrotide lower
than or equal to 2.5 ug/ml (final concentration in the determination system) and, generally,
expresses good correlation up to maximum concentration values higher than or equal to 1000
ug/mi.

[0030] The euglobulin used Is generally any mammalian euglobulin fraction, such as, for
example, bovine, porcine, rabbit or human euglobulin, with a preference for human and bovine
euglobuline.

[0031] However, although euglobulin fraction I1s the enzymatic system of choice, the use of
other equivalent enzymatic systems, such as, for example, diluted plasma and serum (up to
1:10 with buffers), artificially created or isolated combinations of plasminogen, tPA, uPA, PAI-
1&2 alpha 2 antiplasmin and the like enzymatic systems which are chemically and biologically
related and have similar functionality, falls within the scope of the present invention.
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[0032] In the method of the present invention, the substrate for the plasmin may be
understood as being any substrate specific for plasmin which, under the conditions of the
method, frees a detectable hydrolysis product X.

[0033] Depending on the nature of the detectable group X, alternative systems of detection
commonly known to the person skilled In the art can be adopted equally well
Spectrophotometric or fluorimetric detection systems are particularly advantageous, especially
spectrophotometric systems.

[0034] The substrates generally used are ones that are specific for plasminoge-plasmin assay.
It Is preferable to use peptides of the formula A-A>-A3-X, In which A1 and A, are amino acids

that are predominantly non-polar, A3 I1s 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 particularly preferred substrate i1s the compound H-D-Valyl-L-Leucyl-L-Lysine-p-
nitroaniline (H-D-Val-Leu-Lys-pNA).

[0035] The specific substrates used for determining defibrotide activity in euglobulin fraction
are generally commercially available.

[0036] The determination method of the present invention Is carried out by placing defibrotide
sample in euglobulin solution, at a specific pH and molarity.

[0037] In particular, euglobulin fractions obtained from mammalian plasma are reconstituted
dissolving and diluting the euglobulin to the original volume of the generating plasma with
saline buffer (ex.: the quantity of euglobulin fraction obtained from 10 mL plasma are dissolved
and reconstituted to 10 mL with saline buffer at pH between 7 and 8).

[0038] However, as regards of the substrate 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.

[0039] The determination method of the invention, like other enzymatic methods, is sensitive to
the pH of the medium.

[0040] In fact, it cannot generally be applied at extreme pH values where the enzymatic
system would be inactivated.

[0041] It 1s 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 euglobuline fraction is
reconstituted with buffer systems selected from those normally used for biological tests.
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Suitable buffer systems may be, for example, phosphate buffer, citrate buffer or
tris(hydroxymethyl)aminomethane hydrochloride and sodium chloride (TRIS-NaCl) buffer. The
reconstitution of the euglobuline fraction is preferably carried out with TRIS-NacCl.

[0042] 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 7.4-7.6.

[0043] 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. More specifically for the TRIS-NaCl
the concentrations should be 50 mM for TRIS and 150 mM for sodium chloride

[0044] The method of the invention for determining defibrotide biological activity, defibrotide
sample solutions is diluted directly into euglobulin fraction, then the chromogenic or fluorogenic
substrate 1s added. In particular, in order to enable the measurements it is preferable to
preliminary dilute/dissolve defibrotide in TRIS-NaCl buffer in order to obtain a mother stock
solution of both, sample and standard. From the mother stock solutions the sample and the
standard are diluted, by serial dilution, into defined volume of euglobulin fraction till the
analytical concentration range which is about 1 to 1000 yg/mL of defibrotide

[0045] An iImportant parameter Iin 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 regards the construction of the
reference curves and during the measuring stage. To that end, it i1s preferable to use
temperature controlled apparatus and also, where necessary, it Is possible to proceed with
several sets of measurements, changing the position of the samples appropriately in order to
ensure that the system has maximum thermal homogeneity:.

[0046] 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.

[0047] According to the present invention, measurement of the concentration of compound X
released in the medium by the action of defibrotide starts when all of the reagents have been
added and continues for a predetermined time and at a predetermined frequency as a function
of the chemical nature of X and of the detection system.

[0048] Similarly to other methods of biological determination, the method of the invention also

provides for a calibration stage and a measuring stage which are preferably carried out in the
same microplateplate in order to reduce as far as possible the Incidence of experimental

variability.

[0049] The calibration stage comprises the acquisition of the absorbance data relating to the
samples at known Increasing concentrations of defibrotide (standard), the statistical
reprocessing of those data and the extrapolation of calibration curves, which express the
correlation between the increase In the rate of the enzymatic reaction of the invention and the
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concentration of defibrotide present in the euglobulin fraction. In the measuring stage, owing to
the correlation obtained In the calibration stage, it i1s possible to determine the unknown
biological activities of samples of defibrotide on the basis of the absorbance values measured
and processed under the same conditions.

[0050] 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.

[0051] 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 at least 4 replicates for
each concentration of the standard and, similarly, for each concentration of the test sample,
generally for successive 1:2 dilutions of mother solutions.

[0052] Both the standard and test-sample concentrations of defibrotide are generally from 0.1
to 1000 ug/ml.

[0053] The concentrations of the test sample are preferably of the same order of magnitude as
the concentrations of the standard.

[0054] In accordance with the above illustration, the measurements for each concentration are
preferably carried out on 1 microplates where the position of each sample, the standard and
the test sample, respectively, at corresponding concentration is preferably alternated.
According to this scheme for the arrangement of the samples, which 1s explained in more detall
In the experimental part, for each concentration of both standard and test-sample defibrotide,
at least 4 absorbance values are measured for each time.

[0055] 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 subsequently at precise intervals and
for a period of time sufficient to acquire the necessary data.

[0056] Preferably, the absorbance measurements are continued up to a maximum of 90
minutes, with readings taken every 1-10 minutes. More advantageously, the readings are
taken every minute. The photometric absorbance readings are performed at a wavelength
which depends 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 1s measured at 405
nm.

[0057] The absorbance readings of the standard and unknown defibrotide samples, known as
raw data, generally originate directly from the same apparatus that provides for the reading
operation; they are tabulated in such a manner that an absorbance value is expressed for
each time and well.
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[0058] 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 absorbance and
of the associated standard deviation, at each time and for each set of readings, each set
comprising at least 4 replicates for each concentration of both standard and test-sample
defibrotide.

[0059] Further statistical processing of the data 1s carried out with commercially available
software for biological assay determination as described by Finney D J, Statistical Method In
Biological Assay, 2nd ed. Ch. Griffin, London and relevant Pharmacopoeias.

[0060] To be more precise, according to the present invention, defibrotide biological assay
determination can be performed using parallel line model, slope ration model and four-
parameter logistic curve models as defined, for example, by the relevant European
Pharmacopoeia General text 5.3, Statistical Analysis”

[0061] As Iillustrated In FIG. 1, by placing the time on the abscissa and the absorbance on the
ordinate, straight lines will be obtained whose slope "b" will be proportional to the rate of
enzymatic reaction: by increasing the concentration of defibrotide, 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 concentration of defibrotide to which they relate. Suitable mathematical
transformation of the abscissa (i.e. log of defibrotide concentration) can be used in lieu of the
real value.

[0062] Graphically, that correlation gives rise to a sigmoid for the standard and a sigmoid for
the test sample (FIG. 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. This Interval is used for potency
determination using the parallel line model as described by Finney D J, Statistical Method In
Biological Assay, 2nd ed. Ch. Griffin, London.

[0063] For a more specific determination, the four-parameter logistic curve models is used and
In this case the entire sigmoid curve of both, sample and standard, is used for the calculation
of the relative biological potency of the sample.

[0064] 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 respective
wells of the microplate. The euglobulin fraction are prepared at the moment of use and it is the
dilution media of defibrotide stock solution. Finally, the solution containing the chromogenic
substrate 1s added. The microplate I1s then placed in the thermostated reader and, after rapid
agitation, readings of the system'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.
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[0065] As It shall be appreciated from the following examples, the method according to the
present invention allows to obtain liquid defibrotide formulations, preferably water solutions,
having a defined biological activity and, in particular, having an activity of 25 to 35 |U/mg of
defibrotide, preferably from 27.5 to 32.5 lU/mg and, more preferably, from 28 to 32 [U/mg.

[0066] Liquid defibrotide formulations are preferably marketed in form of containers, more
preferably vials, containing 200 mg of defibrotide In 2.5 ml of buffered water solution
(preferably at a pH from 6.5 to 8.5, more preferably from 7 to 8), to be diluted before use;
consequently, when the biological activity 1s assessed with the method of the present invention,
each container presents a defibrotide activity of 5000 to 7000 U, preferably 5500 to 6500 [U,
more preferably 5600 to 6400.

[0067] 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

[0068] The following materials were used in the examples given here:

Apparatus

69

i e g Microplate reader for UV-Vis absorbance determination equipped with
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Programs & Software

[0070]

o Microsoft Excel® (Microsoft Corporation, Redmond, Wash., USA)
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Substances

[0071]

o Defibrotide (Gentium)

o Chromogenic substrate S-2251 (Chromogenix Instrumentation Laboratory S.p.A., Milan, Italy)
o Tris(hydroxymethyl)aminomethane (TRIS)-NaCl, (Sigma-Aldrich, Milan, Italy)

o 1N HCI (Carlo Erba reagenti, Milan, ltaly)

o 1N NaOH (Carlo Erba reagenti, Milan, Italy)

o Bovine Plasma (Tebu Bio Italia, Magenta (Ml), Italy)

o Glacial Acetic Acid (Carlo Erba reagenti, Milan, ltaly)

Solutions

[0072]

o TRIS-NaCl (1 L Preparation): Into a 1 L beaker quantitatively transfer 6.06 g of TRIS-HCI and
2.2 g of NaCl. Dissolve in 500 mL of purified water and adjust the pH to 7.4 with about 40 mL
of HCI 1N. Quantitatively transfer the solution into a volumetric flask of 1 L and dilute the
solution to volume with purified water. Store the solution into refrigerator (2-8°C)

o Chromogenic Substrate 52251 (CAS 63589-93-5) 3 mM (15.2 mL Preparation): Dissolve
about 25 mg of chromogenic substrate with 15.2 mL of purified water. Store the solution into
refrigerator (2-8°C)

o Bovine euglobulins (10 mL Preparation). In a container with a minimum capacity of 300 mL
Introduce 240 mL of ice-cooled purified water and under stirring add 10 mL bovine plasma.
Adjust the pH to 5.3 £ 0.1 with acetic acid 1%. Allow to settle at 2-8°C for 1 to 16 hours.
Remove the clear supernatant solution by siphoning and collect the precipitate by
centrifugation at 2.800 rpm for 5 minutes and 4°C.Suspend the precipitate dispersing
mechanically (e.g.,: by means of a laboratory glass rod) in 5 mL of ice-cooled purified water,
shake for about 5 min and collect the precipitate by centrifugation at 2.800 rpm for 5 minutes
and 4°C. Disperse the precipitate mechanically into about 10 mL of TRIS-NaCl; to facilitate the
dissolution of the precipitate crush the particles of the precipitate with a suitable instrument
(es.: laboratory glass rod). Store the obtained suspension at 2-8°C for not less than 1 hour and
not more than 6 hours before its use.
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Standard and Sample Defibrotide Solutions

Reference Stock solution

[0073] Into 20 mL volumetric flask quantitatively transfer about 100 mg of defibrotide reference
standard accurately weighed. Dissolve the powder with about 10 mL TRIS-NaCl and bring the
volume with the same solvent. Dilute 1:4 the obtained solution with TRIS-NaCl in order to
obtain a defibrotide RS solution of about 1.25 mg/mL.

Sample Stock solution

[0074] Into 20 mL volumetric flask quantitatively transfer about 100 mg of defibrotide sample
accurately weighed. Dissolve the powder with about 10 mL TRIS-NaCl and bring the volume
with the same solvent. Dilute 1:4 the obtained solution with TRIS-NaCl in order to obtain a
defibrotide sample solution of about 1.25 mg/mL.

Reference and sample solutions preparation

[0075]

1. a) Defibrotide 125 ug/mL: dilute 1:10 defibrotide stock solution (Reference and Sample)
with TRIS NaCl (corresponding to 50 ug/mL into the plate well). Into an eppendorf tube
quantitatively transfer 500 ulL of the prepared solution and mix with 500 uL of euglobulin.
Close the tube and store in ice-cooled water.

2. b) Defibrotide 62.5 ug/mL: dilute 1:2 solution (a) with TRIS NaCl (corresponding to 25
ug/mL into the plate well). Into an eppendorf tube quantitatively transfer 500 ulL of the
prepared solution and mix with 500 ulL of euglobulin. Close the tube and store In ice-
cooled water.

3. ¢) Defibrotide 31.25 ug/mL: dilute 1:2 solution (b) with TRIS NaCl (corresponding to 12.5
ug/mL into the plate well). Into an eppendorf tube quantitatively transfer 500 uL of the
prepared solution and mix with 500 ulL of euglobulin. Close the tube and store In Ice-
cooled water.

4. d) Defibrotide 12.5 ug/mL: dilute 1:2.5 solution (d) with TRIS NaCl (corresponding to 5
ug/mL into the plate well). Into an eppendorf tube quantitatively transfer 500 uL of the
prepared solution and mix with 500 ulL of euglobulin. Close the tube and store In ice-
cooled water.
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Blank solution

[0076] Mix 1 volume of euglobulins with 1 volume of TRIS NaCl solution (ex.: 500 ulL + 500 ul)

Plate Deposition

[0077] According to the proposed deposition scheme (see Table 1 below) add in each well of
the plate 200 ulL of standard or sample or blank solution. Note different deposition scheme can
be used according to the avalilability and configuration of automatic pipettes. However not less
than 4 depositions for each reference and sample solution must be used for the assay.

[0078] Immediately before incubation of the plate into the microplate reader add in each well
50 uL of Chromogenic substrate.

Table 1
1 2 3 4 S 14 10 § 11 § 12
A e
BLKS3Ca|S3Cb|S3CciS8Cd| - | -1 -1-1-1-
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S1, S2, S3, S4: Reference Solution deposition 1, deposition 2, deposition 3,
deposition 4,

U1, U2, U2, US: Sample solution deposition 1, deposition 2 deposition 3, deposition
4

Ca, Cb, Cc etc.: Defibrotide reference and sample concentration a, b, c etc.

0
[

BLK Blank solution

Calculation and Results

[0079] From the Kkinetic plot "absorbance versus time" of the standard preparations (ex.:
S1 _Ca, S1_Cb, $S1_Cc) identify a suitable linear range (ex.: from 30 to 35 min, see figure 3).
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|dentification of the linear kinetic range (A@405 nm vs time).

[0080] Calculate for each preparation of the standard and of the sample the response of the

assay (Slope) In the predefined time range as follow.
| A, -A
, Tb -T

a

2 %1000

Sample & Standard Response =
Where:

Aa I1s the Absorbance values at Time Ta (30 min from the plot above)

Ab 1s the Absorbance value at Time Tb (35 min from the plot above)

[0081] Report the obtained value In a tabular format as reported in table 2.
Table 2

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Standard Preparation Sample Preparation
Concentratlon S2 S3 S4 U1 U2 U3 U4
Level lug/mL]

S’I _CdiS2_Cd 83 Cd! S4 CdjuU1 Cd U2 Cd U3_ Cd U4 _ Cd

QQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQﬁﬂ..'..'..'..'..'..'..'. QCQQCQQCQQCQQCQQCQQCQQWQQCQQCQQCQQCQQCQQCQQC.QCQQCQQCQQCQQCQQCQQCQ\CQQCQQCQQCQQCQQCQQCQQC.QCQQCQQCQQCQQCQQCQQCQQCQ'CQ'CQ'CQ'CQHQC\ QQQQQQQQQQQQQQQQQQQQQQQ

55 |5t o[52.Cb]S3 Co[54C[UT_CoU_Go[Us Co[UCh
59 [S1Cal52.Ga[S5.Ga[54 Ga[U1 Ca[U2 Ga]Us_Gal U4 Ca

[0082] Plot the responses for the substance to be examined and for the standard against the
logarithms of the concentration and calculate the activity of the substance to be examined
using the parallel line model as defined by the relevant 5.3.2 chapter of the Ph. Eur Current

edition.

[0083] Not less than 3 consecutive serial dilutions of the reference and of the sample should
be used (e.g., defibrotide concentration Sug/mL, 12.5ug/mL, 25ug/mL, 50ug/mL, or Sug/mL,
12.5ug/mL, 25ug/mL, or 12.5ug/mL, 25ug/mL, 50 ug/mL).

Analysis of the variance

[0084] The analysis of the variance Is performed according to the section 5.3.2.3 of the Ph.
Eur. current edition and Finney DJ (1964) Statistical Method in Biological Assay 2nd ed.

Test for Validity
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[0085]

1. 1) The linear regression terms Is significant, i.e. the calculated probability i1s less than
0.05. If this criterion 1s not met, it is not possible to calculate 95% C.I.
2.2) The Term of non-parallelism is not significant, 1.e. the calculated probability is less

than 0.05.
3. 3) The term for non linearity is not significant, i.e. the calculated probability is less than

0.05.

Acceptance criteria

[0086]
4) The estimated potency Is not less than 90% and not more than 111% of the stated potency.

5) The confidence Iimits (P=0.95) of the estimated potency are not less than 80% and not more
than 125% of the stated potency

Calculation

[0087]

Sample Potency (Ul/mg) = —>1d Potency (Ul/mg) x Conc. 5td (mg/mL)
‘ Conc. Sample (mg/mL)

where:

e R: Result of sample obtained by the parallel line model analysis

o Std Potency: Stated potency of the Standard (Ul/mg on dry substance)
e Conc. Std: Concentration of the Standard (mg/mL on dry substance)

e Conc. Sample: Concentration of the Sample (mg/mL on dry substance)

Assay applied to defibrotide formulations

[0088] The above-disclosed assay has been used to determine the biological activity of liquid
formulations containing 200 mg of defibrotide In 2.5 ml (80 mg per ml) and having the quali-
guantitative composition reported in table 3.

Table 3
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Reference to
Standard

Component ‘
Quality
Defibrotide INn-house Drug 200 OO 80.00 mg
standard Substance
'Sodium Citrate, USP - EP Buffer 25 OO 10.00 mg
Dlhydrate

CCQCCQCCQCCQCCQCCQCCQCCQCCHCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQC\‘QCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQC.QCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQC\QC>‘CCQCCQCCQCCQCCQCCQCCQCCQ\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

Sodium hydroxide 1M NF - EP pH adjustment
or hydrochloric acid
Nltrogen NF EP Inert gas to |

dlsplace the air

[0089] The results are reported In table 4.

200 mg ; Concentration
Injection

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

m Potency |U/container of 200 mg
5200

s 1 2 400

8e 000%™ 00 5000

0408 N et o e
DStz | 0% 000

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

-
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

—
-
Q0
-
-
N
-
—
—
-
I
N
)
N
-
-

§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

RS0 (%)

*Used as Reference Standard
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Batch Potency IU/mg Potency IU/container of 200 mg
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Patentkrav

1. Fremgangsmade til bestemmelse af den biologiske aktivitet af defibrotid, der
omfatter trinnene:
a) at bringe defibrotid i kontakt med pattedyrs-euglobulin og et substrat,
der er specifikt for plasminet, som, ved omsaetning med plasminet,
tilvejebringer et malbart produkt; og
b) at male mangden af produkt dannet pa hinanden fglgende gange, for

derved at bestemme den biologiske aktivitet af defibrotidet.

2. Fremgangsmaden ifglge krav 1, hvor euglobulinet er et pattedyrs-euglobulin.

3. Fremgangsmaden ifglge krav 2, hvor euglobulinet er menneske-, kanin- eller

bovin-euglobulin.

4. Fremgangsmaden ifglge krav 1, hvor plasminet som omsaettes med substratet,

der er specifikt for plasminet, frigives af plasminogenet indeholdt i euglobulin.

5. Fremgangsmaden ifglge krav 1, hvor substratet, der er specifikt for plasminet,

er et chromogent substrat.

6. Fremgangsmaden ifglge krav 1, hvor substratet, der er specifikt for plasminet,
er en forbindelse med formel Ai1-A2-A3-X, hvor A1 og Az er ikke-polaere aminosyrer,

As er lysin eller arginin, og X er det malbare produkt.

7. Fremgangsmaden ifglge krav 6, hvor det malbare produkt X er valgt fra

gruppen bestaende af para-nitroanilin og 2-naphthylamin.

8. Fremgangsmaden ifglge krav 4, hvor substratet, der er specifikt for plasminet,

er H-D-Valyl-L-Leucyl-L-Lysin-p-nitroanilin.

9. Fremgangsmaden ifglge krav 6, hvor det malbare produkt X males ved

spektrofotometri eller spekrofluoimetri.
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10. Fremgangsmaden ifglge krav 2, hvor pattedyrs-euglobulinet er rekonstitueret
til det samme volumen af det oprindelige plasma eller fortyndet op til 1:10 med
egnet buffer, og det chromogene/fluorogene substrat har en koncentration pa 2,5
til 3,5 mM, fortrinsvis 3 mM.

11. Fremgangsmaden ifglge krav 1, hvor fremgangsmaden udfgres i et
reaktionsmedium der er en vandig oplgsning bufret til en pH pa fra 7 til 8,

fortrinsvis til en pH pa 7,4.

12. Fremgangsmaden ifglge krav 1, hvor temperaturen opretholdes ved fra 35 til
39°C, fortrinsvis ved 37°C.

13. Fremgangsmaden ifglge krav 1, hvor koncentrationen af substratet, der er
specifikt for plasminet, er fra 0,3 til 4 mM, fortrinsvis fra 2,5 til 3,5 mM, mere

fortrinsvis 3 mM.

14. Fremgangsmaden ifglge krav 1, hvilken fremgangsmade omfatter trinnene: c)
at bestemme frigivelseshastigheden af det malbare produkt under forlgbet af den
enzymatiske omsaetning af bade en standardprgve og en testprgve; d) at
korrelere, matematisk og/eller grafisk, frigivelseshastigheden med den tilsvarende
defibrotidkoncentration for at opna den biologiske aktivitet af defibrotidtest-

prgven.
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DRAWINGS
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Figure 3
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