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DESCRIPTION

Description

Field of the invention

[0001] The present invention relates to aseptic suspensions, physically stable and injectable
through a 25G needle or thinner, comprising crystalline, non-micronized 3-beta-hydroxy-5-
alpha-pregnan-20-one particles, a mixture of acylglycerols and cholesterol, processes for
preparing crystalline non-micronized 3-beta-hydroxy-5-alpha-pregnan-20-one suitable for such
suspensions, as well as methods for manufacturing such suspensions.

Background of the invention

[0002] 3-beta-hydroxy-5-alpha-pregnan-20-one is a steroid in the pregnane family and a
modulator of GABAa-receptor activity indicated for the treatment of a number of CNS

disorders, including sex/stress steroid induced conditions (W099/45931). 3-beta-hydroxy-5-
alpha-pregnan-20-one is chemically stable and poorly soluble in most therapeutically
acceptable solvents, which makes it difficult to administer the compound to a patient. Further,
3-beta-hydroxy-5-alpha-pregnan-20-one is rapidly metabolized and therefore it is highly
desirable to provide an administration with a slower or extended release profile. 3-beta-
hydroxy-5-alpha-pregnan-20-one has been administered to monkeys by using a formulation
with hydroxypropyl B-cyclodextrin (Grant et al JPET 326:354-362, 2008). Further, formulations
comprising 3-beta-hydroxy-5-alpha-pregnan-20-one are disclosed in WO02011/087441.
Further, an exploratory clinical study with 3-beta-hydroxy-5-alpha-pregnan-20-one has been
published (EudraCT No. 2012-004081-18).

[0003] A slower release profile can be obtained by a suspension of a compound in a vehicle in
which the compound has some degree of solubility. A drawback and obstacle with such
suspensions with crystalline particles for injection is that crystalline particles will grow [(Ostwald
ripening, IUPAC, Compendium of Chemical Terminology, 2nd ed. (the "Gold Book") (1997)]
and, thereby not physically stable and will be more or less impossible to inject through clinically
suitable needles, since such particles will clog in the needle.

[0004] It is of outmost importance for a medicinal product for self-administration, to provide a
product that is convenient and suitable for the patient without any elaborate special technique.
Further, it is necessary that the medicinal product is sterile and stable in order to provide a
useful and safe product also after long shelf time.
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Description of the invention

[0005] It is highly desirable, as an objective of the present invention, to provide a suspension
comprising a sufficient content, such as at least 10 mg/mL, of 3-beta-hydroxy-5-alpha-
pregnan-20-one that is injectable through a 25G needle or thinner, and is stable, wherein said
steroid could exert its therapeutic effect in a sufficient manner. Further, it is highly desirable
that the suspension remain stable in order to provide a useful suspension also after long shelf
time.

[0006] Further, it is highly desirable, as an objective of the present invention, to provide a
suspension that is sterile and thus suitable for human parenteral use.

[0007] The presented technical formulations provided in WO2011/087441, provide the
drawback that the methods by which the suspensions are manufactured described therein are
not optimized for injection through useful needles (e.g. 25G needles, or thinner) (example 78)
or not optimized as a pharmaceutical injection product since the suspension must be stirred for
several days (example 77). Stirring for several days is not acceptable according to industry
standard and good manufacturing practice as an aseptic process to generate a sterile,
parenteral product for human use. Pharmaceutical products for injections shall be sterilised
through autoclaving, ionization radiation, or as in the case for the present invention when
neither of these are possible, the product components shall be initially sterile and mixed under
aseptic conditions (EMA "Guideline on the sterilisation of the medicinal product, active
substance, excipient and primary container (EMA/CHMP/CVMP/QWP/BWP/850374/2015).

[0008] It is thus important that the 3-beta-hydroxy-5-alpha-pregnan-20-one in the medicinal
product has the appropriate physical and aseptic properties at time of manufacture and
maintain physically stable for adequate time, such as 12 months, or more. Further, the
suspension should be injectable through a 25G needle, or thinner.

[0009] The present invention surprisingly solves the problem with large multiform lumps when
3-beta-hydroxy-5-alpha-pregnan-20-one is crystallised into particles and the problem of crystal
growth with time, by omitting the micronisation step when manufacturing such particles and
thereby providing a sterile, pharmaceutical, physically stable and injectable suspension,
injectable through a 25G needle or thinner, throughout a required shelf-life for a medicinal
product, comprising crystalline 3-beta-hydroxy-5-alpha-pregnan-20-one particles, a mixture of
acylglycerols and cholesterol.

[0010] Accordingly, the invention relates to a sterile, pharmaceutical, physically stable and
injectable suspension as defined in claim 1; a process of manufacturing crystalline 3-beta-
hydroxy-5-alpha-pregnan-20-one particles as defined in claim 8; and a method of
manufacturing a sterile suspension as defined in claim 14.
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[0011] Before the present invention is described in detail, it is to be understood that the
terminology employed herein is used for the purpose of describing particular embodiments
only and is not intended to be limiting, since the scope of the present invention will be limited
only by the appended claims.

Brief description of drawings

[0012] Figure 1a provides a light microscopy photo of crystalline particles in a suspension of
the present invention including 3-beta-hydroxy-5-alpha-pregnan-20-one wherein said particles
have been grated and sieved (delumped). Figure 1b provides size scale, where one division is
10 ym. Both photos (1a and 1b) are taken at the same magnification. Further details are set
out in Example 7.

[0013] It is noted that, as used in this specification and the appended claims, the singular
forms "a", "an", and "the" also include plural referents unless the context clearly dictates
otherwise.

[0014] The term "suspension” is intended to mean dispersion of a solid substance in a
continuous phase, which is liquid at room temperature.

[0015] The term "pharmaceutical” is intended to mean in the context of the suspensions of the
present invention, that the suspensions are in a form that can be used for treatment of
intended diseases. This include inter alia that the suspensions must fulfii the medical
requirements of safety, and for a product for parenteral use this means the product must be be
sterile and manufactured under strict aseptic conditions if not possible to terminally sterilise.

[0016] The term "injectable” is intended to mean in this context a drug product, i.e. crystalline
3-beta-hydroxy-5-alpha-pregnan-20-one in a suspension that is capable of being dispensed,
using a needle and not causing any blockage in the needle and that more or less the entire
intended dose can be delivered through the needle.

[0017] The term "crystalline" is intended to mean highly ordered arrays of molecules held
together by non-covalent interactions. The level or degree of crystallinity is at least 60%, or
higher, wherein 100% represents that all material is crystalline. Quantification of crystallinity
may be measured by X-ray powder diffraction methods or water vapor sorption measurements
as described in Saleki-Gerhardt A et al. Int J Pharm. 1994; 101 :237-247.

[0018] The term "aseptic” is intended to mean conditions for a process that will result in a
sterile product.

[0019] The term "sterile” is intended to mean that upon specified tests according to the
European pharmacopeia (e.g. Ph. Eur. 2.6.1) and corresponding regional pharmacopeia in
other territories (e.g. United States Pharmacopeia, USP) the suspensions of the invention
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demonstrate no growth of bacteria or fungi or content of bacterial endotoxins.

[0020] The term "non-micronized" is intended to mean in this context that the crystalline
material has not been exposed to any micronisation or nano milling. The grating and sieving
steps according to the present invention are not to be viewed as micronization steps.

[0021] The term "particles"” is intended to mean, in the context of "crystalline, non-micronized
3-beta-hydroxy-5-alpha-pregnan-20-one particles", discrete crystals of 3-beta-hydroxy-5-
alpha-pregnan-20-one.

[0022] The phrase "grating and sieving" is a delumping procedure intended to break up lumps
of aggregated particles (aggregates of crystalline particles of 3-beta-hydroxy-5-alpha-pregnan-
20-one). The grating can, for instance, be performed by passing 3-beta-hydroxy-5-alpha-
pregnan-20-one particles through a Quadro Comil milling unit fitted with a grating hole screen.
The sieving can, for instance (after grating), be performed by passing the grated particles
through a Quadro Comil milling unit fitted with a round sieving hole screen.

[0023] The term "lumps" is intended to mean, in the context of the present invention,
aggregates of crystalline particles of 3-beta-hydroxy-5-alpha-pregnan-20-one, typically held
together by weak electrostatic forces.

[0024] The term "prefilled syringe" is intended to mean a medical syringe, which can be
assembled with a needle or a syringe that is pre-equipped with a needle, which may be
delivered to the patient prefiled with one or more doses of the final pharmaceutical
composition, such as the suspension of the present invention.

[0025] The term "needle" is intended to mean a needle in this context for medicinal
administration and includes standard needles of 25G diameter or thinner, such as 26G, 27G,
28G, 29G or 30G diameter. G stands for gauge and is a measure used to define inner and
outer diameters of needles. To exemplify this, a regular 25G needle has a nominal inner
diameter of about 0.260 mm.

[0026] The terms "acylglycerol" and "mixture of acylglycerols” are intended to include all types
and combinations of fatty acids esterified to glycerol. A mixture of acylglycerols can for instance
consist of various mixtures of monoacylglycerols, diacylglycerols and triacylglycerols. One
example of a mixture of acylglycerols is represented by a medium-chain acylglycerol.

[0027] An example of a medium chain acylglycerol is medium chain triglyceride (MCT). MCT
typically represents a mixture of triglycerides of saturated fatty acids including mainly caprylic
acid (octanoic acid, CgH4gO5) and capric acid (decanoic acid, C1gH>O5), wherein the total

combined percentage of fatty acids with 8 carbon atoms (octanoic acid) and 10 carbon atoms
(decanoic acid) is at least 95%. Medium-chain triglycerides may for example be obtained from
the oil extracted from the hard, dried fraction of the endosperm of Cocos nucifera or from the
dried endosperm of Elaeis guineensis in a process involving fractionation of the fatty acids,
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reestrification and purification.

[0028] The mixture of acylglycerols may also be represented by a vegetable oil. Thus, it can
be a vegetable oil selected from the group consisting of sesame oil, peanut oil, olive oil, and
castor oil, or mixtures thereof.

[0029] The mixture of acylglycerols can further comprise a mixture of a vegetable oil and
medium-chain acylglycerols.

[0030] The suspensions of the invention may comprise additional excipients known to a person
skilled in the art such as antioxidants, preservatives, surfactants, colouring, flavouring, or
thickening agents.

[0031] "Room temperature” denotes a temperature of between 18°C and 25°C.

[0032] By "physically stable" in the context of the present invention intends to mean that the
suspension remain injectable after at least 12 months of storage without resuspending the
suspension (or minimal resuspension) and with near full or full recovery of dose administered,
through a 25G needle, or thinner.

[0033] The suspensions of the present invention are preferably administered for
pharmaceutical use in therapeutically effective amounts to patients in need thereof. Typically,
the suspension is provided by injection parenterally such as subcutaneously, intramuscularly,
intracutaneously or intraperitonally. The therapeutic use is typically for prevention or treatment
of conditions of the central nervous system, such as, but not limited to, mood disorders. The
formulation of the suspension may be adapted or adjusted according to normal
pharmacological procedures, comprising the effective pharmaceutical in a chemical form
suitable for the chosen route together with suitable adjuvants, carriers, diluents and vehicles,
conventionally used and well-known to a person skilled in the art.

[0034] In one aspect of the invention, there is provided a sterile, pharmaceutical, physically
stable and injectable suspension, injectable through a 25G needle or thinner, comprising the
following components:

« sterile, crystalline, non-micronized 3-beta-hydroxy-5-alpha-pregnan-20-one particles;
» mixture of acylglycerols; and
e cholesterol;

wherein said suspension is prepared by mixing said components under aseptic conditions
within 24 hours or less.

[0035] The mixing under aseptic conditions may be carried out for 24, 23, 22, 21, 20, 19, 18,
17, 16, 15, 14, 13, 12 hours, or even for shorter times, such as 6 hours or less.

[0036] In one embodiment of this aspect, said suspension is for clinical human parenteral use.
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[0037] In one embodiment of this aspect, said needle is a 27G needle, or thinner.

[0038] In one embodiment of this aspect, the concentration of said 3-beta-hydroxy-5-alpha-
pregnan-20-one is 10 mg/mL or higher, such as 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24 or 25 mg/mL, or higher.

[0039] In one embodiment of this aspect, the concentration of said 3-beta-hydroxy-5-alpha-
pregnan-20-one is 25 mg/mL or higher, such as 30, 35, 40, 45, 50, 55, 60, 65, 70 or 75
mg/mL, or higher.

[0040] In one embodiment of this aspect, said suspension is injectable without resuspending
the suspension and with near full recovery of dose.

[0041] The phrase "without resuspending the suspension” includes that the suspension is
injectable after minimal resuspension or even without resuspending the suspension and with
full or near full recovery of dose.

[0042] In one embodiment of this aspect, said crystalline, 3-beta-hydroxy-5-alpha-pregnan-20-
one particles remain stable without substantial aggregation during storage.

[0043] In one embodiment of this aspect, said suspension remains injectable without careful
resuspending the suspension and with full or near full recovery of dose. Preferably, the
suspension remains injectable after at least 12 months of storage without resuspending the
suspension and with near full recovery of dose. Preferably, the suspension remains injectable
after more than 12 months of storage, such as after 18, 24, 30 or 36 months, or more.

[0044] In one embodiment of this aspect, said suspension remains injectable after at least 12
months of storage without resuspending the suspension and with full or near full recovery of
dose.

[0045] In one embodiment of this aspect, the amount of said cholesterol is typically 0.1%-5%,
such as 0.1 %-2.5%, 0.5%-2%, 0.5%-1.5% or about 1%.

[0046] In one embodiment of this aspect, said mixture of acylglycerols is represented by a
medium-chain acylglycerol. Preferably, said medium-chain acylglycerol is a medium chain
triglyceride (MCT).

[0047] In one embodiment of this aspect, said mixture of acylglycerols is represented by
sesame oil.

[0048] In one embodiment of this aspect, said mixture of acylglycerols represents a mixture of
sesame oil and a medium-chain acylglycerol.
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[0049] In one embodiment of this aspect, there is provided a suspension wherein the
components:

» sterile, crystalline, non-micronized 3-beta-hydroxy-5-alpha-pregnan-20-one particles;
« mixture of acylglycerols; and
e cholesterol;

are mixed under aseptic conditions and prepared within an acceptable time to generate a
sterile suspension. Said components are mixed under aseptic conditions within 24 hours or
less, to generate a suspension which is sterile, in accordance with clinical standard, for human
parenteral use.

[0050] The mixing under aseptic conditions may be carried out for 24, 23, 22, 21, 20, 19, 18,
17, 16, 15, 14, 13, 12 hours, or even for shorter times, such as 6 hours or less.

[0051] In one embodiment of this aspect, there is provided a pre-filled syringe equipped with a
27G needle, or thinner, comprising an injectable suspension according to the present
invention.

[0052] In one aspect of the invention, there is provided an injectable suspension according to
the present invention, for clinical human parenteral use. Suspensions according to the
invention may be manufactured as set out below:

Crystalline, non-micronized 3-beta-hydroxy-5-alpha-pregnan-20-one particles, preferably
manufactured as described in the present disclosure, in appropriate amount, is dispensed into
a low density polyethylene (LDPE) bag and sealed and the bag is sterilized through gamma
irradiation;

The mixture of acylglycerols, preferably MCT, is mixed with cholesterol and stirred until the
cholesterol is completely dissolved in the oil;

The MCT/cholesterol mixture is filtered via two 0.22 ym filters and an appropriate amount of
this sterile filtered MCT/cholesterol is entered aseptically into a sterile stainless steel
compounding vessel in a clean room;

The LDPE bag is adapted to the vessel and the gamma irradiated crystalline, non-micronized
3-beta-hydroxy-5-alpha-pregnan-20-one particles are added aseptically into the vessel. The
gamma irradiated crystalline, 3-beta-hydroxy-5-alpha-pregnan-20-one particles are then mixed
with MCT/cholesterol with a stirrer for efficient wetting of the powder and efficient mixing;
continued for up to 24 hours or less; and under gentle stirring, the suspension is filled
aseptically into sterile syringe barrels (prefilled syringes) and thereafter the plungers (stoppers)
are introduced.

[0053] In one aspect of the invention, there is provided a method of manufacturing a sterile
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suspension injectable through a 25G needle or thinner, comprising crystalline, non-micronized
3-beta-hydroxy-5-alpha-pregnan-20-one particles; mixture of acylglycerols; and cholesterol,
wherein

« crystalline, non-micronized 3-beta-hydroxy-5-alpha-pregnan-20-one particles are
sterilized through gamma irradiation;

« the mixture of acylglycerols, preferably MCT, is mixed with cholesterol and stirred until
the cholesterol is completely dissolved in the mixture of acylglycerols;

» the mixture of acylglycerols /cholesterol mixture is filtered and entered aseptically into a
sterile vessel and said sterilized 3-beta-hydroxy-5-alpha-pregnan-20-one particles is
added and mixed for 24 hours, or less; and

» the obtained suspension is filled aseptically into sterile syringe barrels.

[0054] The sterilisation of said crystalline, non-micronized 3-beta-hydroxy-5-alpha-pregnan-
20-one particles may be carried out by dispensing the particles into a low density polyethylene
bag and thereafter sterilized through gamma irradiation.

[0055] Said sterile vessel may be a sterile stainless steel compounding vessel.

[0056] The mixing of the filtered mixture of acylglycerols /cholesterol mixture and said sterilized
3-beta-hydroxy-5-alpha-pregnan-20-one particles is carried out for 24 hours, or less, such as
23,22,21,20,19,18, 17, 16, 15, 14, 13, 12 hours, or even for shorter times, such as 6 hours
or less.

[0057] The crystalline, 3-beta-hydroxy-5-alpha-pregnan-20-one particles, are preferably
manufactured by the methods omitting any micronisation step as described in the present
disclosure.

[0058] In one aspect of the invention, there is provided a process of manufacturing crystalline
3-beta-hydroxy-5-alpha-pregnan-20-one particles, comprising:

1. (i) dissolving 3-beta-hydroxy-5-alpha-pregnan-20-one in a organic solvent solution with a
water content of at least 0.1% (v/v), at a temperature of at least 45°C;

2. (i) adding the solution of step (i) into liquid alkane holding a temperature of 10°C or
lower, and stirring said solution mixture to obtain precipitation of crystalline 3-beta-
hydroxy-5-alpha-pregnan-20-one; followed by;

3. (iii) filtering and drying the precipitated crystalline 3-beta-hydroxy-5-alpha-pregnan-20-
one obtained in step (ii);

wherein any micronization step of said crystalline 3-beta-hydroxy-5-alpha-pregnan-20-one
particles is omitted.

[0059] In one embodiment of this aspect, said organic solvent solution is a tetrahydrofuran
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solution.

[0060] In one embodiment of this aspect, said method comprises the additional step of grating
and sieving the crystalline 3-beta-hydroxy-5-alpha-pregnan-20-one particles obtained in step
(iii). This may be carried out in order to minimize formation of lumps of said particles.

[0061] In one embodiment of this aspect, said tetrahydrofuran solution has water content of
from 0.5% to 1.5% (v/v).

[0062] In one embodiment of this aspect, said tetrahydrofuran solution with water content
holds a temperature of about 50°C.

[0063] In one embodiment of this aspect, said liquid alkane holds a temperature of from -10°C
to -20°C.

[0064] In one embodiment of this aspect, said liquid alkane is liquid heptane.

[0065] In one embodiment of this aspect, there is provided crystalline 3-beta-hydroxy-5-alpha-
pregnan-20-one particles, obtainable by a process according to this aspect.

[0066] In one aspect of the invention, there is provided a sterile, pharmaceutical, physically
stable and injectable suspension, injectable through a 25G needle or thinner, comprising the
following components:

» sterile, crystalline, non-micronized 3-beta-hydroxy-5-alpha-pregnan-20-one particles;
= mixture of acylglycerols; and
e cholesterol;

wherein said suspension is prepared by mixing said components under aseptic conditions
within 24 hours or less; and

wherein said crystalline, 3-beta-hydroxy-5-alpha-pregnan-20-one particles are manufactured
according to the process aspect as set out above.

[0067] In one aspect of the invention, there is provided a pre-filled syringe equipped with a
27G needle, comprising a suspension according to the present invention, said suspension
comprising crystalline 3-beta-hydroxy-5-alpha-pregnan-20-one particles obtainable by the
process according to the present invention.

[0068] In one aspect of the invention, there is provided a suspension according to the present
invention, for use in therapy.

[0069] The invention will now be described by a number of illustrative, non-limiting examples.
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Example 1

Testing injectability and stability of suspensions, comprising crystalline, non-
micronized, 3-beta-hydroxy-5-alpha-pregnan-20-one according to the present
invention.

[0070] Injectability and stability of suspensions with a composition according to example 6
produced by stirring at large scale (1.9 L MCT) and including crystalline 3-beta-hydroxy-5-
alpha-pregnan-20-one one was made as described in example 8 was evaluated by passing the
suspension through syringes equipped with G25, G27 or G30 needles. Each time an
obstruction was observed, the needle was exchanged for a new needle, and the number of
obstructions per total gram (s/g) of evaluated suspension was recorded. Normally manual
pressure was used to expel the suspension. Syringes: Luer-Lock Plastic Syringes, 3 mL
(National Scientific Company. Rockwood, TN, USA). The suspension was first aspirated directly
into the syringe or using an 18G x 2" needle, (Terumo, Belgium). Needles tested were G25x
5/8, G27x1/2 and G30x1/2 (Henke Sass Wolf, Tuttlingen, Germany). Injectability after
manufacture is shown in Table 1 below. Injectability after 12 months storage under varying
storage conditions is depicted in Table 2 below.

Table 1. Injectability of a suspension at 40 mg/mL strength

Number of stops/gram suspension (s/g) for different needles. Total amount of
suspension tested was 3 g for each condition.

G25 G27 G30
s/g s/g s/g
0 0 0.3

[0071] Good injectability was also obtained with a similar suspension made in smaller scale
(according to example 7 after grating and sieving) showing zero (0) stops in a G27 needle with
2.8 g suspension.

Table 2. Injectability after 12 months storage of the 40 mg/mL suspension under different
conditions. Number of stops/gram suspension (s/g) for different needles. Amount of
suspension tested was 3 g for each condition.

G25 G27 G30

Condition
s/g s/g s/g
ambient 0 0 1.9
refrigerated 0 0 1.0
cycled 0 0 0.7
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[0072] Ambient condition represents non-controlled room temperature. In cycled condition the
temperature was cycled from refrigerated (about +2°C) to ambient (about +20°C) once per 24
hours. Refrigerated condition is +2 to +8°C.

[0073] The results in Tables 1 and 2 provide that the suspensions of the invention, comprising
crystalline, non-micronized 3-beta-hydroxy-5-alpha-pregnan-20-one are stable and injectable
in at least a G27 needle also after 12 months of storage and under varying storage conditions.

Example 2

Comparative testing of injectability of suspensions, comprising crystalline, non-
micronized, 3-beta-hydroxy-5-alpha-pregnan-20-one (A) with comparative suspensions
as described in WO2011/087441, comprising micronized, crystalline 3-beta-hydroxy-5-
alpha-pregnan-20-one (B).

[0074] Injectability of a suspension according to the invention (A) was compared with
injectability of a suspension with the same compounding method and composition (40 mg/mL
irradiated 3-beta-hydroxy-5-alpha-pregnan-20-one in sterile filtered MCT with 1% added and
dissolved cholesterol, produced aseptically at 1.9 L scale), where the crystalline 3-beta-
hydroxy-5-alpha-pregnan-20-one, however, had been micronized to reach a corresponding
primary particle size as in A prior to suspension preparation (B). The suspension B represents
a suspension as presented in example 78 of WO2011/087441. A similar suspension was used
in an explorative clinical study (EudraCT No. 2012-004081-18), however, a larger diameter
needle was used to avoid blockage of the injection needle.

[0075] The suspension according to the invention (A) was based on 3-beta-hydroxy-5-alpha-
pregnan-20-one, made with a similar method as the one described in example 7 but without
the subsequent delumping (grating and sieving) step. The crystalline material had a mean
particle size in a volume distribution (D50) of the powder of about 8 ym. This was determined
by Light Diffraction in an aqueous system on a Malvern Mastersizer 3000 using conventional
procedures. A Fraunhofer calculation model was used for evaluation.

[0076] For the comparative suspension preparations (B), 3-beta-hydroxy-5-alpha-pregnan-20-
one conventionally crystallized (prepared as set out in Example 9) and thus in the form of a
white powder with large flake-like crystals up to 0.5 x 0.5 mm size was micronized under
nitrogen gas using fluid energy jet mills by Micron Technologies Ltd. (Dartford, UK). The mean
particle size in a volume distribution (D50) of the micronized powder was 7-8 ym determined
as described above.

[0077] The injectability of the comparative suspension B was tested as described in example 1
and provided 1 stop/gram tested suspension in 25G and 12 stops per gram tested in 27G
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needles (see Table 3). According to Table 3 below, the injectability for suspension A made from
non-micronized 3-beta-hydroxy-5-alpha-pregnan-20-one as described above was dramatically
improved, even without the crystalline material being further optimized by grating and sieving.
Table 3. Injectability of a 40 mg/mL suspension of non-micronized 3-beta-hydroxy-5-alpha-
pregnan-20-one (A) compared to a corresponding suspension of micronized 3-beta-hydroxy-5-
alpha-pregnan-20-one (B).

Number of injection stops/gram suspension (s/g) for different needles. Amount of
suspension tested was 2-3 g for each condition except only 0.9 g for B in G27.

G25;G27
s/g § s/g
A: non-micronized suspension according to the invention with 3-beta- 0 {08
hydroxy-5-alpha-pregnan-20-one
B: comparative micronized suspension with 3-beta-hydroxy-5-alpha- 1 12
pregnan-20-one

[0078] The results show that micronized crystalline 3-beta-hydroxy-5-alpha-pregnan-20-one,
as described in WO2011/087441, despite having a small particle size, provides a suspension
that is not operational for injection, whereas with applying the methods in manufacturing
crystalline, 3-beta-hydroxy-5-alpha-pregnan-20-one with optimized particle properties, without
introducing micronization, and which may be further grated and sieved, surprisingly provides a
suspension where the injectability is significantly improved and operational.

Example 3

Stability and injectability of a suspension comprising crystalline, non-micronized, 3-
beta-hydroxy-5-alpha-pregnan-20-one at 40 mg/mL in pre-filled syringes

[0079] A suspension according to example 6 produced by stirring at a larger scale (1.9 L MCT)
including crystalline 3-beta-hydroxy-5-alpha-pregnan-20-one one was made with a similar
method as the one described in example 8 was filled in syringes equipped with 27G needles
and stoppered by stoppers (Hypack SCF Becton & Dickinson and Company). Filling weight was
0.5 g with the suspension having a density of about 0.95 g/mL.

[0080] The syringes were stored horisontally at 5°C, 25°C/60% RH and 40°C/75% RH,
respectively, for up to twelve months. The total amount of active substance recovered when
the syringe was emptied through the 27G needle was measured by gas chromatography as
mg active compound per syringe on 5 syringes at each pull date and storage condition. The
syringes were taken directly from storage and not resuspended, mixed or shaken before
ejection and assaying. Results are provided in Table 4. Similar results were obtained when
syringes were stored vertically, at similar conditions with similar content.
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Table 4. Recovered dose from syringes pre-filled (mean of 10) with suspension of 3-beta-
hydroxy-5-alpha-pregnan-20-one according to example 1, and stored up to 27 months,
equipped with a 27G needle in different conditions. Suspensions were not resuspended before
ejection.

Recovered dose*

Filling weight 0.5 g suspension (40 mg/mL), density 0.95 g/mL
Initial 21.1 (20.4-21.7) mg 97.5%
5°C
3 months 21.5(21.2-21.6) mg 98.9 %
6 months 22.3 (21.3-22.9) mg 99.5 %
12 months 22.1(21.7-22.9) mg 100.7 %
25°C/65% RH
3 months 21.7 (21.3-22.2) mg 99.9 %
6 months 21.6 (21.2-22.1) mg 99.7 %
12 months 21.2 (20.7-21.8) mg 100.0 %
36 months 21.8 (21.4-22.3) mg 103.8 %
40°C/75% RH
3 months 21.5(21.3-22.0) mg 100.1 %
6 months 21.0 (20.6-21.6) mg 99.1 %
12 months 21.6 (21.3-21.9) mg 103.6 %
*Recovered dose in mg expressed as percentage of filled amount

[0081] Thus the intended dose could be ejected with good precision even after 12 months
storage (at 5°C, 25°C and 40°C) and after 36 months stored in 25°C of the suspension in a
syringe through a 27G needle without any effort to resuspend the suspension before use.
Thus, surprisingly no apparent particle size change (or other change) which could affect
injectability appeared in the suspension, even after 12 months storage. Syringes which were
fully resuspended also gave similar recovery results. Primary particle size of the crystalline 3-
beta-hydroxy-5-alpha-pregnan-20-one remained unchanged during storage.

Example 4

Testing of injectability of suspensions, comprising crystalline, non-micronized, 3-beta-
hydroxy-5-alpha-pregnan-20-one at different strengths

[0082] Suspensions were prepared at a concentration of 10, 25, 40, 75, 150, 200 and 300
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mg/mL, respectively, of 3-beta-hydroxy-5-alpha-pregnan-20-one in MCT. 3-beta-hydroxy-5-
alpha-pregnan-20-one (as prepared as set out in example 8) was weighed into 15 mL vials
provided with a magnetic stir bar and MCT oil with 1% added and dissolved cholesterol, was
added. The suspensions were stirred for one hour at 1000 rpm. All suspensions were fluid but
the 300 mg/mL suspension was very viscous. Injectability of the suspensions was tested in
27G needles for the 10, 75 and 200 mg/mL suspensions and zero (0) stops appeared for any
of the suspensions when 2.6 to 3 g suspension was tested.

Example §

Testing of injectability of suspensions comprising crystalline, non-micronized, 3-beta-
hydroxy-5-alpha-pregnan-20-one in an oily phase of sesame oil or MCT or mixtures
thereof, with or without 1% added cholesterol in a pre-filled syringe

[0083] To five 60 mL glass tubes were weighed 500 +/- 1 mg 3-beta-hydroxy-5-alpha-pregnan-
20-one prepared as described in example 8. To the tubes was added sesame oil with or
without 1% added and dissolved cholesterol, or MCT with or without 1% added and dissolved
cholesterol or a mixture of 20% (w/w) sesame oil and 80 % (w/w) MCT, with 1% added and
dissolved cholesterol. All tubes were shaken briefly to make course suspensions just after
addition of oil. Subsequently they were rotated over the top at 50 rpm for 23 hours to produce
fine suspensions. The suspensions were filled (about 0.4 mL) in pre-filled syringes equipped
with 27G needles and stoppered by stoppers (Hypack SCF Becton & Dickinson and Company).
After 7 weeks ambient storage (non-controlled room temperature) standing with needle down,
all the suspensions in one syringe for each suspension could easily be expelled completely
without stops or any obstruction in the needle.

Example 6

Process for preparing injectable suspensions, comprising crystalline, non-micronized
3-beta-hydroxy-5-alpha-pregnan-20-one

[0084] 2446.1 mg crystalline, non-micronized 3-beta-hydroxy-5-alpha-pregnan-20-one
prepared according to example 8 was suspended in 58.09 g MCT (Captex 355 EP/NF, ABITEC
corp, Janesville, WI, USA) including 1% (w/w) added and dissolved cholesterol (providing a 3-
beta-hydroxy-5-alpha-pregnan-20-one concentration of about 40 mg/mL) in a 100 mL flask
with a straight, long magnetic stir bar and stirred at 800 rpm giving a pronounced vortex. After
30 minutes, the suspension was visibly homogenous. After 3 hours there were no visible
particles on the bottom of the flask and the mean particle size (D50) was about 7.6 um.
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[0085] Similar results (D50 = 7.7 ym) were obtained when the process for making suspension
was further scaled up to 1.9 L production scale.

[0086] The particle size distributions were determined by light diffraction using conventional
methods on a Malvern Mastersizer 3000. Samples of suspensions were added to circulating
silicon oil. A Fraunhofer calculation model was used for evaluation. D50 represents the particle
size (um) in the respective percentiles of the volume size distribution, as described in I1ISO
Guideline 13320-1.

Example 7

Process for manufacturing crystalline, non-micronized, 3-beta-hydroxy-5-alpha-
pregnan-20-one with optimized particle properties that is grated and sieved

[0087] 3-beta-hydroxy-5-alpha-pregnan-20-one (307 g) in THF solution (5.2 L, 17 mUg of 3-
beta-hydroxy-5-alpha-pregnan-20-one) was added to a nominal 5 L reactor, the jacket
temperature was set to 50°C, and the mixture was stirred until a clear solution was obtained.
Tap water (48 g) was then added to the solution. Thus the water content in THF was 0.9%
(viv).

[0088] Heptane (15.4 L) was charged to a 50 L reactor with controlled jacket temperature
under rapid stirring. VWhen the internal temperature of the heptane had reached -14°C, the hot
THF solution of 3-beta-hydroxy-5-alpha-pregnan-20-one was added over the course of 5
minutes, causing rapid crystallization of 3-beta-hydroxy-5-alpha-pregnan-20-one. After
completed addition, the temperature of the resulting slurry was -8°C.

[0089] The jacket temperature of the 50 L reactor was thereafter set to 5°C, and the slurry was
stirred for 1 hour 48 minutes. The slurry (temperature 5°C) was filtered on a 25 pym mesh size
nylon filter cloth. Filtration time: 15 minutes. The filter cake was washed with two 5 L portions of
heptane (ambient temperature). The product was first dried by sucking air through the filter
cake for 5 hours at room temperature. After one hour, the material was divided finely using a
metal spoon. After air-drying, the material was further dried in a vacuum oven overnight (40°C,
vacuum with a small air-bleed, 14 h). Yield: 249.0 g (81%).

[0090] In subsequent steps, this material (crystalline, non-micronized 3-beta-hydroxy-5-alpha-
pregnan-20-one) was further grated and sieved (de-lumped) in two steps:

Grating step

[0091] Material obtained above (226.5 g) was grated by passing it through a Quadro Comil
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milling unit fitted with a 1.0 mm grating hole screen and a square impeller. The impeller speed
was mainly set at 1000-1600 rpm, and periodically raised briefly to 4500 rpm to clear the
screen. The material was passed through the screen in 40 minutes. Yield: 191.3 g (84%).

Sieving step

[0092] Material from the grating step above (171.1 g) was sieved by passing through a Quadro
Comil milling unit fitted with a 610 um round hole screen and a round impeller. The impeller
speed was mainly set at 1000-1400 rpm. The material was passed through the screen in 25
minutes. Yield: 132.9 g (78%). The effect of the delumping process was verified by filtration of
suspension samples on 500 ym stainless steel screen filters (Test sieve, S/N 02007758,
Retsch, Germany).

[0093] Test suspensions for verification of grating and sieving (delumping) efficacy were
prepared as follows: To 160 mg of 3-beta-hydroxy-5-alpha-pregnan-20-one before the grating
step and after the sieving step, respectively, was added 3.8 g of MCT in a 16 mL test tube.
These suspensions were rotated over the top at 50 rpm, for 24 hours. Filtration of the resulting
suspensions on a 0.5 mm stainless steel filter screen demonstrated some residual lumps on
the screen for the suspension sample before the grating step but no lumps for the sample after
the sieving step. Figure 1a provides a light microscopy photo of crystalline particles in test
suspension of the present invention. Figure 1b provides size scale, where one division is 10
pm. Both photos (1a and 1b) are taken at the same magnification.

Example 8

Large scale process for manufacturing crystalline, non-micronized, 3-beta-hydroxy-5-
alpha-pregnan-20-one with optimized particle properties that are further grated and
sieved

[0094] 3-beta-hydroxy-5-alpha-pregnan-20-one (7.55 kg) and THF (132 L) was charged into a
800 L-reactor under inert atmosphere. The mixture was warmed to 65°C and stirred until a
clear solution was obtained. Purified water (1.07 kg, 0.8 %(v/v) water in THF) was added and
the obtained solution was transferred to a new, clean barrel (the barrel had been kept warm
with warm tap water, approx. 45°C). The reactor was then cleaned and n-heptane (400 L) was
charged to the reactor. When Ti in the reactor reached -12°C, the THF solution from the barrel
was charged to the reactor (charging took 17 minutes). The obtained slurry was filtered,
washed with n-heptane (20 L) and air-dried for 48 hours. Yield: 6.8 kg (90%). The material was
further grated and sieved ("de-lumped") by passing it through a Quadro Comil milling unit fitted
with a 1.0 mm grating hole screen and a square impeller, followed by passing (sieving) through
a Quadro Comil milling unit fitted with a 610 pm round hole screen and a round impeller to give
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5.5 kg final product.

Example 9 (not according to the invention)

Large scale process for manufacturing crystalline, micronized, 3-beta-hydroxy-5-alpha-
pregnan-20-one with purification

[0095] Crude 3-beta-hydroxy-5-alpha-pregnan-20-one (14.8 kg) and THF (72 L) was charged
into a 800 L- reactor under inert atmosphere. The mixture was warmed to 65°C and n-heptane
(120 L) was charged to the mixture keeping Ti=60-70°C. The mixture was stirred for 30
minutes at this temperature, after which Tj was set to 20°C and the mixture was stirred for 3
hours. The slurry was filtered and the substance was air-dried for approximately 6 hours. The
product was recrystallized in the same manner two more times, using 65 L of THF and 110 L of
n-heptane in the second recrystallization, and 60 L of THF and 100 L of n-heptane in the third.
After the last recrystallization the product was washed on the filter with 30 L of n-heptane
before air-drying. Yield: 7.56 kg (51%). The product was micronized under nitrogen gas using
fluid energy jet mills by Micron Technologies Ltd. (Dartford, UK), until a desired size of the
particle (a particle size in a volume distribution (D50) of the powder of about 7-8 pym) was
obtained. Material produced as set out in this example was used for comparative testing, e.g.
for the comparative suspension preparations (B), as described in Example 2.

Example 10

Comparative testing of injectability of suspensions, comprising crystalline, non-
micronized, 3-beta-hydroxy-5-alpha-pregnan-20-one according to the invention (C) with
a comparative suspension as described in WO2011/087441 (D).

[0096] Suspension C and D were both produced in small scale using the same compounding
method and composition (10 mg/mL 3-beta-hydroxy-5-alpha-pregnan-20-one in sesame oil
with 1% added and dissolved cholesterol, produced at 20 mL scale), on a magnetic stirrer at
about 500 rpm using a conventional Teflon coated stir bar, at room temperature for several
days. Injectability of the suspensions C and D was determined after 19 hours stir, after 6 days
stir and after 9 days stir, as described in Example 1. The suspension D represents a
suspension as presented in example 77, of WO2011/087441.

[0097] The suspension according to the invention (C) was based on 3-beta-hydroxy-5-alpha-
pregnan-20-one, prepared as described in Example 8.

[0098] For the comparative suspension preparation (D), 3-beta-hydroxy-5-alpha-pregnan-20-
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one conventionally crystallized (e.g. according to Example 9) in the form of a white powder with
large flake-like crystals up to 0.5 x 0.5 mm size was used.

[0099] The injectability of the comparative suspension D was tested as described in Example 1
and provided 48 stops per gram tested suspension in 25G neddles after 19 hours stir and 3.8
stops per gram tested in 27G needles after 6 days of stir (see Table 4). According to Table 4
below, the injectability for suspension C made from crystalline, non-micronized, 3-beta-
hydroxy-5-alpha-pregnan-20-one made according to the present invention as described above
was dramatically better after 19 hours stir, with no stop in a G27 needle, as compared to the
results for suspension D even after 6 days of stir when the estimated primary particle size of 3-
beta-hydroxy-5-alpha-pregnan-20-one in suspension D is similar to that of suspension C
stirred for 19 hours. After 9 days stir, both suspensions had no stops in G27 needles.

Table 4. Injectability of a 10 mg/mL suspension of non-micronized 3-beta-hydroxy-5-alpha-
pregnan-20-one (C) compared to a corresponding suspension of conventionally crystallized 3-
beta-hydroxy-5-alpha-pregnan-20-one (D).

Number of injection stops per gram suspension (s/g). Amount of suspension tested
was 3 g for each condition except only 0.3 g for D with 19 h stir.

19 hours stir} 6 days stir

s/g iNeedle{ s/g {Needle

C: non-micronized suspension according to the 0 G27 0 G27
invention with 3-beta-hydroxy-5-alpha-pregnan-20-

one

D: comparative suspension with conventionally 48 ;| G25 3.8 G27

crystallized 3-beta-hydroxy-5-alpha-pregnan-20-one

[0100] The results show that preparation of a suspension of conventionally crystallized 3-beta-
hydroxy-5-alpha-pregnan-20-one, as described in WO02011/087441 example 77, provides a
suspension that is not operational for injection, when the production (stir) time is within
acceptable limits (19 hours). For a suspension as described in WO2011/087441, a production
time of several days is necessary to produce a suspension where the injectability is just about
acceptable. Such prolonged production time is deemed unacceptable according to current
Good Manufacturing Practice, taking into account the absolute demand of sterility for a
pharmaceutical suspension for parenteral use. Using crystalline, 3-beta-hydroxy-5-alpha-
pregnan-20-one with optimized properties, according to the invention, surprisingly provides a
suspension where the injectability is significantly improved and operational with an acceptable
process time for a pharmaceutical suspension for parenteral use.
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1

PATENTIKRAYV

1. Steril, farmaceutisk, fysisk stabil injicerbar suspension, injicerbar gennem en 25G
nal eller tyndere, der omfatter fglgende bestanddele:

- steril, krystallinsk, ikke-mikroniserede 3-beta-hydroxy-5-alfa-pregnan-20-on partik-
ler;

- blanding af acylglyceroler; og

- kolesterol;

hvor nzevnte suspension er forberedt ved at blande navnte bestanddele under
aseptiske forhold indenfor 24 timer eller mindre.

2. Suspension ifglge krav 1, hvor naevnte suspension forbliver injicerbar efter mindst
12 maneders opbevaring uden resuspension af suspensionen og med fuld eller nzer fuld
doseringsgenvinding.

3. Suspension ifglge krav 1 eller 2, hvor naevnte blanding af acylglyceroler udggres
af medium-chain acylglycerol.

4. Suspension ifglge krav 3, hvor naevnte medium-chain acylglycerol er en medium-
chain triglycerid (MCT).

5. Suspension ifglge et hvilket som helst af kravene 1 til 4, hvor mangden af kole-
sterol er 0,1-2,5%.

6. Suspension ifglge et hvilket som helst af kravene 1 til 5, til parenteral anvendelse
hos mennesker.

7. Forfyldt sprgjte udstyret med en 27G nal, eller tyndere, der omfatter en suspen-
sion ifglge et hvilket som helst af kravene 1 til 6.

8. Proces til at fremstille krystallinske 3-beta-hydroxy-5-alfa-pregnan-20-on partik-
ler, der omfatter:

(i) at oplgse 3-beta-hydroxy-5-alfa-pregnan-20-on i en organisk oplgsningsmiddels-
oplgsning med et vandindhold pa mindst 0,1% (v/v), ved en temperatur pd mindst 45°C;

(i) at tilfgje oplgsningen ifglge trin (i) ind i flydende alkan, der holder en temperatur
pa 10°C eller lavere, og at rgre naevnte oplgsningsmiddelsblanding til at opna udfeeldning
af krystallinsk 3-beta-hydroxy-5-alfa-pregnan-20-on; efterfulgt af;

(iii) at filtrere og t@rre udfaeldede krystallinsk 3-beta-hydroxy-5-alfa-pregnan-20-on

opnaet i trin(ii);
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2

hvor ethvert mikroniseredetrin af naevnte krystallinsk 3-beta-hydroxy-5-alfa-
pregnan-20-on partikler er udeladt.

9. Proces ifglge krav 8, hvor navnte organiske oplgsningsmiddelsoplgsning er en
tetrahydrofuran-opl@sning.

10. Proces ifglge krav 8 eller 9, der omfatter et yderligere trin med rivning og sigt-
ning af de krystallinske 3-beta-hydroxy-5-alfa-pregnan-20-on partikler opnaet i trin (iii).

11. Proces ifglge et hvilket som helst af kravene 8 til 10, hvor naevnte flydende alkan
holder en temperatur fra -10°C til -20°C.

12. Proces ifglge et hvilket som helst af kravene 8 til 11, hvor naevnte flydende alkan
er flydende heptan.

13. Steril, farmaceutisk, fysisk stabil og injicerbar suspension, injicerbar gennem en
25G nal eller tyndere ifglge krav 1, der omfatter fglgende bestanddele:

- steril, krystallinsk, ikke-mikroniserede 3-beta-hydroxy-5-alfa-pregnan-20-on partik-
ler;

- blanding af acylglyceroler; og

- kolesterol;

hvor nzevnte suspension er forberedt ved at blande navnte bestanddele under
aseptiske forhold indenfor 24 timer eller mindre; og

hvor navne krystallinske 3-beta-hydroxy-5-alfa-pregnan-20-on partikler er fremstil-
let ifglge et hvilket som helst af kravene 8 til 12.

14. Fremgangsmade til at fremstille en steril suspension injicerbar gennem en 25G
nal eller tyndere, der omfatter krystallinske, ikke-mikroniserede 3-beta-hydroxy-5-alfa-
pregnan-20-on partikler; blanding af acylglyceroler; og kolesterol; hvor

- krystallinske, ikke-mikroniserede 3-beta-hydroxy-5-alfa-pregnan-20-on partikler er
steriliseret gennem gammastraling;

- blandingen af acylglyceroler, fortrinsvis MCT, er blandet med kolesterol og rgret
indtil kolesterolet er fuldstzendig opl@st i blandingen af acylglyceroler;

- blandingen af acylglyceroler-/kolesterolblanding er filtreret og fgrt aseptisk ind i
et sterilt kar og naevnte steriliserede 3-beta-hydroxy-5-alfa-pregnan-20-on partikler er
tilfgjet og blandet i 24 timer eller mindre; og

den opnaet suspension er fyldt aseptisk ind i sterile sprgjtekamre, hvor naevnte kry-
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stallinske 3-beta-hydroxy-5-alfa-pregnan-20-on partikler er fremstillet ifplge et hvilket

som helst af kravene 8 til 12.
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