
Pharmaceutical Preparation containing Meloxicam
BACKGROUND OF THE INVENTION 1. TECHNICAL FIELD The
invention relates to the field of animal health. In
particular, the invention relates to novel oral
pharmaceutical compositions comprising as
pharmaceutically active compound meloxicam 2.
BACKGROUND INFORMATION Meloxicam (4-
hydroxy-2-methyl-N- (5-methyl-2-thiazolyl)-2H-
1,2-benzothiazine-3- carboxamide- 1,1 -dioxide) is an
active substance which belongs to the group of NSAID's
(non-steroidal- antiinflammatory drugs). Meloxicam and
the sodium and meglumine salt thereof
(N-methyl-D-glucamine salt) are described in EP-A-O
002 482. EP-A-O 945 134 discloses the pH-dependent
solubility characteristics of meloxicam and its salts,
i.e. the sodium salt, the ammonium salt and the
meglumine salt, in aqueous solution. According to
this, meloxicam is an active substance which does
hardly dissolve in water. The meloxicam salts,
particularly the meglumine salt, exhibit improved
solubility as the pH increases between 4 and 10, as
shown in Table 1 of EP 0945134. WO 2004-037264
discloses a granulated form of meloxicam which can be
administered to animals by mixing it into their
drinking water or as a food supplement. The problem
underlying the present invention was to provide a
meloxicam solid formulation voluntarily acceptable by
mammalian subjects, especially small animals. BRIEF
SUMMARY OF THE INVENTION The invention relates to
novel solid formulations comprising as
pharmaceutically active compound meloxicam or a
pharmaceutically acceptable salt thereof which is
homogenously dispersed in a carrier and a flavor
acceptable to small animals. Preferably, such solid
formulations are granules or tablets. Most preferred
is a tablet characterized in that the tablet consists
of 1 mg, 2.5 mg, 5 mg or 10 mg meloxicam, and further
consists ofmeglumine preferably in a molar ratio of
10:8 (meglumine : meloxicam), hydroxypropylmethyl
cellulose, polyvidone, glucose, lactose,
microcrystalline cellulose, croscarmellose sodium,
artificial beef flavor and magnesium stearate. The
invention further relates to fluid-bed granulation
processes for production of the solid formulations
comprising the steps: a) an aqueous solution of
meloxicam, a salt forming agent such as meglumine and
a binder or two binders as defined above is sprayed
onto a solid carrier bed comprising one or several
carriers and/or excipients and b) the mixture of a) is
dried and c) the mixture of b) is sieved and de-
agglomerated and d) an outer phase consisting of a
carrier, a carrier / disintegrant, a disintegrant, a
flavour and optionally a flow regulator is added to
the mixture of c) and e) a lubricant is added to the
mixture of d) and f) the mixture of e) is blended for
uniformity of granules to obtain final granules and/or
g) the final granules of f) are compressed to solid
formulations. Step g) is omitted if the solid
formulation is a granule. If the solid formulation is
a tablet, step g) is carried out. 



Furthermore, the invention relates to a method of
prevention and/or treatment of diseases wherein NSAID'
s, preferably meloxicam, have a therapeutic benefit,
comprising administering to a mammal in need of such
treatment a therapeutically effective amount of a
solid formulation according to the invention as
disclosed above. Preferred is a method of prevention
and/or treatment of pain, inflammation, fever, acute
mastitis, diarrhoea, locomotive disorders, lameness,
osteoarthritis, problems of mobility or respiratory
complaints, preferably pain, inflammation or
locomotive disorders, most preferably pain or
inflammation, comprising administering to a mammal in
need of such treatment a therapeutically effective
amount of a solid formulation according to the
invention as disclosed above. Most preferably, the
method comprises administering a tablet according to
the invention, as defined above. Furthermore, the
invention relates to a method for manufacturing a
medicament for the prevention and/or treatment of a
disease selected from the group consisting of
pain,inflammation, fever, acute mastitis, diarrhoea,
locomotive disorders, lameness, osteoarthritis,
problems of mobility or respiratory complaints,
preferably pain, inflammation or locomotive disorders,
most preferably pain or inflammation, characterised in
that a solid formulation according to the invention is
used. Preferably, the invention relates to a method
for manufacturing a medicament for the prevention
and/or treatment of a disease selected from the group
consisting of pain, inflammation, fever, acute
mastitis, diarrhoea, locomotive disorders, lameness,
osteoarthritis, problems of mobility or respiratory
complaints, preferably pain, inflammation or
locomotive disorders, most preferably pain or
inflammation, characterised in that a tablet
consisting of 1 mg, 2.5 mg, 5 mg or 10 mg meloxicamand
further consisting of meglumine preferably in a molar
ratio of 10:8 to meloxicam, hydroxypropylmethyl
cellulose, polyvidone, glucose, lactose,
microcrystalline cellulose, croscarmellose sodium,
artificial beef flavor, and magnesium stearate is
used. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1:
Illustration of the basic top spray fluid bed process
Reference signs: 1 Exhaust air ventilator; 2 Filter; 3
Pump; 4 Stirrer; 5 Aqueous Suspension of micronised
meloxicam and binder solution (PVP, HPMC, starch,
gelatine); 6 Heating device for inlet air; 7 Sieve; 8
Nozzle, aqueous suspension is sprayed onto powder bed
(citric acid, lactose, starch, flavour); 9 Powder bed
Fig. 2: Flow Chart of Manufacturing Process Fig. 3 :
Tablet disintegration data DETAILED DESCRIPTION OF THE
INVENTION Definitions of terms used in the
description: Before the embodiments of the present
invention it must be noted that as used herein and in
the appended claims, the singular forms "a", "an", and
"the" include plural reference unless the context
clearly dictates otherwise. Thus, for example,
reference to "a tablet" includes a plurality of such
tablets, reference to the "carrier" is a reference to
one or more carriers and equivalents thereof known to
those skilled in the art, and so forth. Unless
definedotherwise, all technical and scientific terms
used herein have the same meanings as 



commonly understood by one of ordinary skill in the
art to which this invention belongs. All given ranges
and values may vary by 1 to 5% unless indicated
otherwise or known otherwise by the person skilled in
the art, therefore, the term "about" was omitted from
the description. Although any methods and materials
similar or equivalent to those described herein can be
used in the practice or testing of the present
invention, the preferred methods, devices, and
materials are now described. All publications
mentioned herein are incorporated herein by reference
for the purpose of describing and disclosing the
substances, excipients, carriers, and methodologies as
reported in the publications which might be used in
connection with the invention. Nothing herein is to be
construed as an admission that the invention is not
entitled to antedate such disclosure by virtue of
prior invention. The solution to the above technical
problem is achieved by the description and the
embodiments characterized in the claims. To overcome
the difficulties in the art, a process was invented.
Only the invention of this novel fluid-bed granulation
process allowed the formulation of voluntarily
acceptable solid formulations according to the
invention. With the process according to the
invention, it was possible to formulate a voluntarily
accepted, long-term stable, large scale producable,
homogenously dispersed, fast-releasing solid
formulation Such solid formulations comprising a
flavor suitable for small animals, which surprisingly
still allows a formulation comprising meloxicam as a
salt in a very low concentration in the formulation
and yet have an excellent palatability. Thus, the
solid formulations according to the invention are a
major step forward in therapeutic application as they
do not have to be force- fed to the animal. In a first
important embodiment, the invention relates to a solid
formulation, comprising meloxicam or a
pharmaceutically acceptable salt, preferably the
meglumine salt, thereof, which is homogenously
dispersed in a granulated carrier, and a flavor
acceptable to small animals. Such flavors according to
the invention preferably are selected from artificial
beef flavours, artificical chicken flavours, pork
liver extract, artificial meat flavour, honeyflavour.
Said flavors not only disguise the taste of the salt
forming agent and other excipients, but also of
meloxicam. Preferably, the solid formulation according
to the invention is a tablet or granule formulation.
The granule formulation according to the invention is
explained in more detail below. More preferably, the
solid formulation is chewable. The invention
preferably also relates to a solid formulation
according to the invention, further comprising one or
several pharmaceutically acceptable excipients.
Excipients according to the invention are preferably
selected from the group consisting of diluents,
disintegrants, carriers, binders, flow regulators,
lubricants and solvents. Any other excipient known to
the skilled person and found suitable for the solid
formulation according to the invention may also be
comprised in the solid formulation according to the
invention. See also Remington, J.P. The science and
Practice of Pharmacy (2000). 20th ed. Lippincott
Williams & Wilkins Publishers, Philiadelphia, US. More
preferably, said excipients are carriers /
disintegrants selected from the group lactose, starch,
sugars, e.g. glucose and / or sugar alcohols, e.g.
sorbitol, cellulose, microcrystalline 



cellulose and cellulose derivatives, e.g.
methylcellulose. Any other carrier known to the
skilled person and found suitable for the solid
formulation according to the invention may also be
comprised in the solid formulation according to the
invention. See also Remington, J.P. The science and
Practice of Pharmacy (2000). 20th ed. Lippincott
Williams & Wilkins Publishers, Philiadelphia, US. One
or several binders according to the invention are
preferably selected from the group consisting of
polyvidone (used synonymously for povidone),
methylcellulose, hydroxypropylmethylcellulose (HPMC),
hydroxymethylcellulose, starch, and gelatine. Any
other binder known to the skilled person and found
suitable for the solid formulation according to the
invention may also be comprised in the solid
formulation according to the invention. See also
Remington, J.P. The science and Practice of Pharmacy
(loc. cit.). The solid formulation according to the
invention may also comprise one or several flow
regulators selected from the group consisting of
silica, preferably colloidal anhydrous silica, calcium
silicate, magnesium silicate and talc. Any other flow
regulator known to theskilled person and found
suitable for the solid formulation according to the
invention may also be comprised in the solid
formulation according to the invention. See also
Remington, J.P. The science and Practice of Pharmacy
(loc. cit.). The solid formulation according to the
invention may also comprise one or several
disintegrants selected from the group consisting of
croscarmellose sodium, sodium starch glycolate,
pregelatinised starch and cross- linked
polyvinylpyrrolidone. Any other disintegrant known to
the skilled person and found suitable for the solid
formulation according to the invention may also be
comprised in the solid formulation according to the
invention. See also Remington, J.P. The science and
Practice of Pharmacy (loc. cit.). The solid
formulation according to the invention may also
comprise one or several lubricants selected from the
group consisting of magnesium stearate, calcium
stearate, glyceryl behenate, polyethylene glycol,
stearic acid and talc. Any other lubricant known to
the skilled person and found suitable for the solid
formulation according to the invention may also be
comprised in the solid formulation according to the
invention. See also Remington, J.P. The science and
Practice of Pharmacy (loc. cit.). The invention
preferably also relates to a solid formulation
according to the invention, characterized in that the
carriers are glucose. The invention preferably also
relates to a solid formulation according to the
invention, characterized in that the lactose consists
of particles which have been spray-dried in order to
improve compression characteristics. The person
skilled in the art knows other types of lactose which
are suitable as well as carrier according to the
invention , e.g. fine lactose equal or smaller than
200 mm in size or coarse lactose with particles bigger
than 200 mm in size lactose. Preferred is spray- dried
lactose. The invention preferably also relates to a
solid formulation according to the invention,
characterized in that the starch or various starches
are selected from the group consisting of native
starch, gelatinized starch, partly gelatinized starch,
starch powder, starch granules, chemically modified
starch and swellable physically modified starch The
invention preferably also relates to a solid
formulation according to the invention, comprising 0,5
to 20 mg of meloxicam The more preferred solid
formulation contains 1 to10 mg of meloxicam. The even
more preferred solid formulation contains 1 to 5 mg of
meloxicam Most preferred solid formulations contain 1
mg, 2.5 mg, 5 mg or 10 mg of 



meloxicam The invention preferably also relates to a
solid formulation according to the invention,
comprising a content of 8:8 - 8:12 of meloxicam in
relation to meglumine, preferably 8:10. The invention
preferably also relates to a solid formulation
according to the invention, characterized in that the
weight of the whole solid formulation is in the range
of 150 to 3000 mg, with a more preferred weight range
of 150 mg to 2000 mg, and most preferred weight of 200
mg, 500 mg, 1000 mg or 2000 mg. The invention
preferably also relates to a solid formulation
according to the invention, characterized in that the
solid formulation is produced by a fluid-bed
granulation process comprising the steps: a) an
aqueous solution of meloxicam, a salt forming agent
such as meglumine and a binder or two binders as
defined above is sprayed onto a solid carrier bed
comprising one or several carriers and/or excipients
and b) the mixture of a) is dried and c) the mixture
of b) is sieved and de- agglomerated and d) an outer
phase consisting of a carrier, a carrier /
disintegrant, a disintegrant, a flavour and optionally
a flow regulator is added to the mixture of c) and e)
a lubricant is added to the mixture of d) and f) the
mixture of e) is blended for uniformity of granules to
obtain final granules and/or g) the final granules of
f) are compressed to solid formulations . Step g) is
omitted if the solid formulation is a granule. If the
solid formulation is a tablet, step g) is carried out.
The invention preferably also relates to a solid
formulation according to the invention, characterized
in that the solid formulation is produced by a
fluid-bed granulation process comprising the steps:a)
an aqueous solution of meloxicam, meglumine,
hydroxypropylmethyl cellulose and povidone is sprayed
onto a solid carrier bed comprising glucose
monohydrate and b) the mixture of a) is dried and c)
the mixture of b) is sieved and de- agglomerated and
d) an outer phase consisting of one or more sutiable
flavours, one or more suitable carriers and one or
more suitable disintegrants, is added to the mixture
of c) and e) a lubricant is added to the mixture of d)
and f) the mixture of e) is blended for uniformity of
granules to obtain final granules and/or g) the final
granules of f) are compressed to solid formulations.
Step g) is omitted if the solid formulation is a
granule. If the solid formulation is a tablet, step g)
is carried out. The invention preferably relates to a
granule formulation as obtained by the process above
that can either be administered in the granular form
or as tablets after compressing the final granules to
tablets. Therefore, the solid formulation according to
the invention preferably is a granule (or a plurality
of such granules) or a tablet. The administration of
the granules can take place by mixing with food or by
offering the granules directly to the animal, e.g. in
a bowl. The application of the granular form will
allow an individual dosing of meloxicam according to
the body weight of the animal. 



The tablets according to the invention have surprising
advantages. The disintegration behaviour is ensuring
immediate release of meloxicam Surprisingly, it could
be demonstrated that while compressing the final
granules as mentioned above, a decrease in the
disintegration characteristics is not observed. By
ensuring an immediate release profile of meloxicam,
the amount of drug to be administered can be kept as
low as possible, thereby improving the safety profile
especially for long-term treatment. Furthermore, the
dosing accuracy of the tablet is excellent. This is
due to the fact that in accordance with the
manufacturing process according to this invention, an
excellent uniformity of meloxicam content is achieved.
Furthermore, the tablets can be broken into two halves
so that half the dose per tablet can be administered.
This is even more important since the drug is
administered for a life- long treatment.Also,
palatability of the tablet is excellent. Compared with
the existing tablet formulation for human use, the
compliance of both the animal and the animal owner are
significantly improved. This is even more important
since the drug is administered for a life- long
treatment. The invention preferably also relates to a
tablet according to the invention, characterized in
that the tablet is stable at 25 C/60 % relative
humidity. In the examples, testing parameter assays
are disclosed for disintegration of the tablet.
Suitable packaging materials for tablets according to
the invention are selected from, but not limited to:
aluminum/aluminum blisters, PVC/PVDC blisters, and
HDPE (high density polyethylene bottles). The
invention preferably relates to a solid formulation,
and most preferred a tablet according to the
invention, characterized in that the solid formulation
or tablet consists of 1 mg, 2.5 mg, 5 mg or 10 mg
meloxicam, and further consists of meglumine
preferably in a molar ratio of 8:8 to 12:8, especially
preferably in a molar ratio of 10:8 (meglumine:
meloxicam), hydroxypropylmethyl cellulose (0 - 5 %),
polyvidone (0 - 5 %), glucose (20 - 60 %), lactose (10
- 40 %), microcrystalline cellulose (10 - 30),
croscarmellose sodium ( 1 - 7 %), artificial beef
flavor (2 - 20 %) , and magnesium stearate (0.25 - 2
%). In another important embodiment, the invention
relates to a fluid-bed granulation process comprising
the steps: a) an aqueous solution of meloxicam,
meglumine, and one or two binders is sprayed onto a
solid carrier bed comprising glucose monohydrate and
b) the mixture of a) is dried and c) the mixture of b)
is sieved and de- agglomerated and d) an outer phase
consisting of one or more sutiable flavours, one or
more suitable carriers and one or more suitable
disintegrants, is added to the mixture of c) and e) a
lubricant is added to the mixture of d) and f) the
mixture of e) is blended for uniformity of granules to
obtain final granules and/or g) the final granules of
f) are compressed to solid formulations . Step g) is
omitted if the solid formulation is a granule. If the
solid formulation is a tablet, step g) is carried
out.The invention preferably relates to a fluid-bed
granulation process comprising the steps: a) an
aqueous solution of meloxicam, meglumine,
hydroxypropylmethyl cellulose and povidone is sprayed
onto a solid carrier bed comprising glucose
monohydrate and 



b) the mixture of a) is dried and c) the mixture of b)
is sieved and de- agglomerated and d) an outer phase
consisting of one or more sutiable flavours, one or
more suitable carriers and one or more suitable
disintegrants, is added to the mixture of c) and e) a
lubricant is added to the mixture of d) and f) the
mixture of e) is blended for uniformity of granules to
obtain final granules and/or g) the final granules of
f) are compressed to solid formulations. Step g) is
omitted if the solid formulation is a granule. If the
solid formulation is a tablet, step g) is carried out.
Another embodiment is a method of prevention and/or
treatment of diseases wherein substances for the
prevention and/or treatment of a disease selected from
the group consisting of pain, inflammation, fever,
acute mastitis, diarrhoea, locomotive disorders,
lameness, osteoarthritis, problems of mobility or
respiratory complaints, characterised in that a solid
formulation according to the invention is used,
comprising administering to a mammal in need of such
treatment a therapeutically effective amount of a
solid formulation according to the invention as
disclosed above. Preferred is a method of prevention
and/or treatment of a disease selected from the group
consisting of pain, inflammation, fever, acute
mastitis, diarrhoea, locomotive disorders, lameness,
osteoarthritis, problems of mobility or respiratory
complaints, preferably pain, inflammation or
locomotive disorders, most preferably pain or
inflammation, comprising administering to a mammal in
need of such treatment a therapeutically effective
amount of a solid formulation according to the
invention as disclosed above. Most preferably, the
method comprises administering a tablet according to
the invention, characterized in that the tablet
consists of 1 mg, 2.5 mg, 5 mg or 10 mg meloxicam, and
further consists of meglumine preferably in a molar
ratio of 10:8 to meloxicam,hydroxypropylmethyl
cellulose, polyvidone, glucose, lactose,
microcrystalline cellulose, croscarmellose sodium,
artificial beef flavor, and magnesium stearate.
Preferably also, such treatment is by orally applying
the solid formulation according to the invention. The
mammal according to the invention is preferably a
mammal selected from the group consisting of dogs,
cats and rodents such as rabbits. Furthermore, the
invention relates to a method for manufacturing a
medicament for the prevention and/or treatment of of a
disease selected from the group consisting of pain,
inflammation, fever, acute mastitis, diarrhoea,
locomotive disorders, lameness, osteoarthritis,
problems of mobility or respiratory complaints,
preferably pain, inflammation or locomotive disorders,
characterised in that a solid formulation according to
the invention is used. Preferably, the invention
relates to a method for manufacturing a medicament for
the prevention and/or treatment of pain, inflammation,
fever, acute mastitis, diarrhoea, locomotive
disorders, lameness, osteoarthritis, problems of
mobility or respiratory complaints, characterised in
that a tablet consisting of 1 mg, 2.5 mg, 5 mg or 10
mg meloxicam and further consisting of meglumine
preferably in a molar ratio of 10:8 to meloxicam,
hydroxypropylmethyl cellulose, polyvidone, glucose,
lactose, microcrystalline cellulose, croscarmellose
sodium, artificial beef flavor, and magnesium stearate
is used. 



The following examples serve to further illustrate the
present invention; but the same should not be
construed as limiting the scope of the invention
disclosed herein.EXAMPLE 1: COMPOSITIONS A)B) EXAMPLE
2: RAW MATERIALS (01) Meloxicam Function: Active
ingredient (02) Meglumine Function: Salt- forming
agent (03) Hydroxypropylmethyl cellulose Function:
Binder (04) Povidone Function: Binder (05) Glucose
monohydrate Function: Carrier(06) Lactose, spray-dried
Function: Diluent, Disintegrant (07) Microcrystalline
cellulose Function: Diluent, Disintegrant (08)
Croscarmellose sodium Function: Disintegrant (09)
Artificial Beef Flavour Function: Flavour (10)
Magnesium stearate Function: Lubricant (11) Purified
water Function: Solvent EXAMPLE 3: MANUFACTURING
PROCESS 1 batch = 350000 tablets ( 1 mg Dosage) 1
batch = 140000 tablets (2.5 mg Dosage) 1 batch = 70000
tablets (5 mg Dosage) l batch= 35000 tablets (10 mg
Dosage)Method for the determination of poloxamers
Field of Invention The invention relates to the field
of the analytical determination of a surfactant
belonging to the class of poloxamers in a liquid
protein sample. Background of the invention Poloxamers
are non-ionic block copolymers of ethylene oxide (EO)
and propylene oxide (PO). They are used in
pharmaceutical formulations as surfactants,
emulsifying agents, solubilisation agents and
dispersing agents. A well known analytical approach
for characterising a poloxamer is a calorimetric
method in which the UV absorbance at 320 and 620 nm,
resulting from complex formation of the poloxamer with
cobalt (II) thiocyanate, is analysed. Yun Mao et al
(Journal of Pharmaceutical and Biomedical Analysis, 35
(2004), 1127) describe for poloxamer determination the
use of size exclusion 



chromatography (SEC) using a column with THF as mobile
phase and refractive index (Rl) detection. The method
was applied to the pharmaceutical formulations Avapro,
Neurontin and Sudafed wherein the active principle is
a "small molecule". Small molecules are conveniently
separable by SEC from the high molecular mass
poloxamers. Size-exclusion chromatography (SEC), also
called gel-permeation chromatography (GPC), uses
porous particles to separate molecules of different
sizes. It is generally used to separate polymer
molecules and to determine molecular weights and
molecular weight distributions of polymers. Molecules
that are smaller than the pore size can enter the
particles and therefore have a longer path and longer
transit time than larger molecules that cannot enter
the particles. All molecules larger than the pore size
are unretained and elute together. Molecules that can
enter the pores will have an average residence time in
the particles that depends on the molecules size and
shape. Different molecules therefore have different
total transit times through the column.No method has
been provided so far allowing the quantitative
determination of poloxamers in protein samples,
wherein the protein has a molecular mass which is
comparable to the poloxamers. There is in particular a
need for the quantitative determination of poloxamers
in protein samples, wherein the protein has a
molecular mass between 5 to 70 kDa, preferably between
20 to 70 kDa. Summary of the invention The present
invention relates to a method allowing the
quantitative determination of a poloxamer in a protein
sample, in particular a liquid protein sample, e.g. in
a liquid pharmaceutical formulation. In particular,
the invention provides a method for the quantitative
measurement of the poloxamer concentration in a
protein sample. Thus, at any time during the shelf
life of about 2 years of a protein formulation, the
poloxamer amount in the formulation can be determined.
The method for the quantitative determination of a
poloxamer in a liquid protein sample comprises the
steps of subjecting said sample to : (a) a separation
step of the ingredients of said sample using a size
exclusion chromatography column; and (b) a detection
step of the poloxamer by analyzing the refractory
index; Preferably, the present invention relates to a
method for the quantitative determination of a
poloxamer in a liquid protein sample comprising the
steps of subjecting said sample to : (a) a separation
step using a size exclusion chromatography column; (b)
an elution step with a mobile phase;and (c) optionally
a detection step for the poloxamer. Thus the size
exclusion chromatography combined with an elution step
with a mobile phase allows to separate the poloxamer
from the remaining ingredients.The poloxamer is
detected in the context of a further step by analysing
the eluted phase, for example using a Rl (refractory
index) detection system. Brief description of the
drawing 



Figure 1 shows a chromatogram for the quantitative
determination of Poloxamer 188 in a hCG formulation.
The Poloxamer 188 peak area is in this example at an
elution time of about 14-16 minutes (the retention
time may vary as a function of the flow rate). The
area under the curve allows the quantification of the
Poloxamer 188 within the hCG sample. Abbreviations The
following abbreviations are used in the description of
the invention: FSH: follicle stimulating hormone;
r-FSH; r-LH; r-hCG; r-GH; r-IFN beta, r-TSH:
recombinant FSH, LH, hCG, GH, INF beta, TSH; hFSH:
human FSH; r-hFSH: recombinant human FSH Rl :
Refractive Index KD or Kd or kDa : kiloDalton SEC :
Size Exclusion Chromatography RT : Room Temperature
WFI: water for injection Poloxamer 188 : synonym of
Pluronic F68 of BASF Inc. Detailed description of the
invention The present invention relates to a
convenient method allowing the quantitative
determination of a poloxamer - which is a surfactant -
in a protein sample. Preferably, the protein sample is
a liquid protein sample. The liquid protein sample may
be in the form of any liquid formulation, preferably
it is a liquid pharmaceutical formulation as described
below. In one embodiment, said liquid pharmaceutical
protein sample is contained in a vial, either for
single or multidose administration. In a further
embodiment the protein sample to be analysed is freeze
dried and is to be solubilized in a suitable aqueous
solvent prior to be analysed.The method for the
quantitative determination of a poloxamer in a liquid
protein sample comprises the steps of subjecting said
sample to : (a) a separation step of the ingredients
of said sample using a size exclusion chromatography
column (in particular a SE-HPLC column); and (b) a
detection step of the poloxamer by analyzing the
refractory index. Preferably, the invention provides a
method for the quantitative determination of a
poloxamer in a liquid protein sample comprising the
steps of subjecting said sample to : (a) a separation
step using a size exclusion chromatography column; (b)
an elution step with a mobile phase;and (c )
optionally a detection step for the poloxamer.
Typically the size exclusion column would be a SE-HPLC
column. In one embodiment, the poloxamer is Poloxamer
188. In a preferred embodiment the protein in the
liquid protein sample has a molecular mass which is
comparable to the poloxamer mass. 



In a particularly preferred embodiment, the protein in
the liquid protein sample has a molecular mass between
5 to 70 kDa, more preferably between 20 to 70 kDa. The
ratio of the protein mass to the respective poloxamer
mass may preferably be between 1:3 and 10:1 ,
preferably between 1:2 and 7:1 . Examples of proteins
according to the present invention include mammalian
proteins, such as, e.g., growth hormone, including
human growth hormone and bovine growth hormone; growth
hormone releasing factor; parathyroid hormone; thyroid
stimulating hormone; lipoproteins; a-l-antitrypsin;
insulin A-chain; insulin B-chain; proinsulin; follicle
stimulating hormone; choriogonadotropin; calcitonin;
luteinizing hormone; glucagon; clotting factors such
as factor VIIIC, factor IX, tissue factor, and von
Willebrands factor; anti-clotting factors such as
Protein C; atrial natriuretic factor; lung surfactant;
a plasminogen activator, such asurokinase or
tissue-type plasminogen activator (t-PA); bombazine;
thrombin; tumor necrosisfactor-alpha and -beta;
enkephalinase; RANTES (regulated on activation
normally T-cell expressed and secreted); human
macrophage inflammatory protein(MIP-lalpha); serum
albumin such as human serum albumin;
mullerian-inhibiting substance; relaxin A-chain;
relaxin B-chain; prorelaxin; mouse
gonadotropinassociated peptide; Dnase; inhibin;
activin; vascular endothelial growth factor (VEGF);
receptors for hormones or growth factors; an integrin;
protein A or D; rheumatoid factors; a neurotrophic
factor such as bone-derived neurotrophic factor
(BDNF), neurotrophin-3, -4, -5, or -6 (NT-3, NT-4,
NT-5, or NT-6), or a nerve growth factor such as
NGF-P; platelet-derived growth factor (PDGF);
fibroblast growth factor such as aFGF and bFGF, in
particular FGF-18; epidermal growth factor (EGF);
transforming growth factor (TGF) such as TGF-alpha and
TGF-beta, including TGF-beta1 ,TGF-beta2, TGF-beta3,
TGF-beta4, orTGF-beta ; insulin-like growth factor I
and-ll (IGF-I and IGF-ll);des(l-3)-IGF-1 (brain
IGF-I); insulin-like growth factor binding proteins;
CD proteins such as CD3, CD4, CD8, CD19 and CD20;
erythropoietin (EPO); thrombopoietin (TPO);
osteoinductive factors; osteopontin; immunotoxins; a
bone morphogenetic protein (BMP); an interferon such
as interferon-alpha,-beta, and -gamma; colony
stimulating factors (CSFs), e.g., M-CSF, GM-CSF, and
G-CSF; interleukins (ILs), e.g., IL-1 to IL-10;
superoxide dismutase; T-cell receptors; surface
membrane proteins; decay accelerating factor (DAF); a
viral antigen such as, for example, a portion of the
AIDS envelope; transport proteins; homing receptors;
addressins; regulatory proteins; immunoadhesins;
antibodies; and biologically active fragments or
variants of any of the above-listed polypeptides.
Preferably, the protein according to the present
invention is selected from follicle stimulating
hormone (FSH), choriogonadotropin (CG), luteinizing
hormone (LH), Interferon beta (IFN-beta), pegylated
Interferon beta (PEG-IFN-beta), growth hormone (GH),
thyroid stimulating hormone (TSH), fibroblast growth
factor 18 (FGF-1 8) or osteopontin. FSH, CG , LH and
TSH are glycoproteins falling into the class of
gonadotrophins. Gonadotrophins are used in the
treatment of infertility. 



IFN-beta is a glycoprotein falling into the class of
interleukins. IFN-beta is used in the treatment of
multiple sclerosis.PEG-IFN-beta is an IFN-beta
derivatized by a polyethylene glycol chain, which
confers improved stability. Growth hormone is a
non-glycosylated protein. It is used to treat child or
adult growth hormone deficiencies. FGF-18 is used in
the treatment of osteoarthritis. Osteopontin is a
glycosylated single chain polypeptide. In one
preferred embodiment said protein is a heterodimer
such as the gonadotropins (FSH, LH, CG, TSH as well as
variants). In a further embodiment the protein is
Growth Hormone (GH) or interferon beta (IFN-beta or
variants, e.g. pegylated variants). In a still further
embodiment, the protein is FGF-18 or osteopontin. In a
preferred embodiment, the liquid protein sample
includes one or more therapeutic proteins. Preferably,
such sample does not include a non-protein
therapeutic, such as a small molecular weight chemical
compound. Follicle stimulating hormone, or FSH, as
used herein refers to the FSH produced as a
full-length mature protein which includes, but is not
limited to human FSH or "hFSH", whether produced
recombinantly or isolated from human sources, such as
the urine of postmenopausal women. The method is
applicable to natural as well as recombinant proteins.
In one embodiment the protein formulation is human
recombinant FSH, LH, CG, TSH, GH or IFN-beta.
Follicle-stimulating hormone (FSH) is a glycoprotein
falling into the class of gonadotrophins. FSH is used
in the treatment of infertility and reproductive
disorders in both female and male patients, e.g. to
induce spermatogenesis in men suffering from
oligospermia. Luteinising Hormone (LH) is a
gonadotropin secreted by the anterior lobe of the
pituitary. LH is used in female patients in
combination with FSH in Ol (ovulation induction) and
in COH (controlled ovarian hyperstimulation),
particularly in those patients having very low
endogenous LH levels or resistance to LH, such as
women suffering from hypogonadotrophic hypogonadism
(HH, WHO group I) orolder patients (i.e. 35 years or
older), and patients in which embryo implantation or
early miscarriage is a problem. Chorionic gonadotropin
(CG) is a gonadotropin produced by the placenta and
obtained from the urine of pregnant women. CG acts at
the same receptor as LH and elicits the same
responses. CG has a longer circulation half-life than
LH and is therefore commonly used as a long-acting
source of LH-activity. CG is used in Ol and COH
regimens to mimic the natural LH peak and trigger
ovulation. An injection of human chorionic
gonadotrophin (hCG) is used to trigger ovulation at
the end of stimulation with FSH or a mixture of FSH
and LH. CG may also be used together with FSH during
stimulation for Ol and COH, in order to provide
LH-activity during stimulation in patients in which
LH-activity is desirable, such as those mentioned
above. 



FSH, LH and CG are members of the heterodimer,
glycoprotein hormone family that also includes thyroid
stimulating hormone (TSH). The members of this family
are heterodimers, comprising an a- and a b-subunit.
The subunits are held together by noncovalent
interactions. The human FSH (hFSH) heterodimer
consists of (i) a mature 92 amino acid glycoprotein
alpha subunit, which also is common to the other human
family members (i.e. chorionic gonadotrophin ("CG"),
luteinising hormone ("LH") and thyroid stimulating
hormone ("TSH"); and (ii) a mature 111 amino acid beta
subunit that is unique to FSH. The human LH
heterodimer consists of (i) the mature 92 amino acid
glycoprotein alpha subunit; and (ii) a mature 112 beta
subunit that is unique to LH. The alpha and beta
subunits of the glycoproteins may be prone to
dissociate in formulations, due to interaction with a
preservative, surfactant and other excipients.
Dissociation of the subunits leads to loss of
biological potency. FSH is formulated for
intramuscular (IM) or subcutaneous (SC) injection. In
one embodiment FSH is supplied in lyophilised (solid)
form in vials or ampoules of 75 lU/vial and 150
lU/vial with a shelf life of one and a half to two
years when stored at 2-25C. A solution for injection
is formed by reconstituting the lyophilised product
with water for injection (WFI). Furthermore, a liquid
FSH formulations is available (Gonal-F pen) containing
22 mg/0.5 ml, 33 mg/075 ml or 66 mg/1 .5 ml of FSH as
well as Poloxamer 188, saccharose, buffer, methionine
and m-cresol.Hence, FSH has been formulated in both
single-dose and multi-dose liquid formats, in vials,
or ampoules. Single dose formats must remain stable
and potent in storage prior to use. Multi-dose formats
must not only remain stable and potent in storage
prior to use, but must also remain stable, potent and
relatively free of bacteria over the multiple-dose use
regimen administration period, after the seal of the
ampoule has been compromised. For this reason,
multi-dose formats usually contain a bacteriostatic
agent, e.g. benzyl alcohol or m-cresol. LH is
formulated for intramuscular (IM) or subcutaneous (SC)
injection. LH is supplied in lyophilised (solid) form
in vials or ampoules of 75 lU/vial with a shelf life
of one and a half to two years when stored at 2-25C. A
solution for injection is formed by reconstituting the
lyophilised product with water for injection (WFI).
Luveris(tm) contains further to LH the following
excipients : saccharose, buffer, Polysorbat 20,
methionine. More recently, LH formulations were
described containing Poloxamer 188 ( WO 2004/087213).
Liquid pharmaceutical compositions containing hCG are
also on the market e.g. Ovitrelle(tm) containing
mannitol, in a phosphate buffer at pH 7, methionine,
Poloxamer 188. The expression "variant" is meant to
encompass those molecules differing in amino acid
sequence, glycosylation pattern or in inter-subunit
linkage from human FSH, LH, CG, TSH, IFN-beta or GH
but are exhibiting the corresponding biological
activity of FSH, LH, CG, TSH, IFN-beta or GH. Examples
include CTP-FSH, a long-acting modified recombinant
FSH, consisting of the wild type a-subunit and a
hybrid b-subunit in which the carboxy terminal peptide
of hCG has been fused to 



the C-terminal of the b-subunit of FSH, as described
in LaPoIt et al.\ Endocrinology; 1992, 131, 2514-2520;
or Klein et al.; Development and characterization of a
longacting r-hFSH agonist; Human Reprod. 2003, 18,
50-56]. Also included is single chain CTP-FSH, a
single chain molecule, consisting of the following
sequences (from N-terminal to C-terminal):wherein bFSH
signifies the b-subunit of FSH, bhCG CTP ( 1 13-145)
signifies the carboxy terminal peptide of hCG and aFSH
signifies the a-subunit of FSH, as described by Klein
et al.; (Pharmacokinetics and pharmacodynamics of
single-chain recombinant human follicle-stimulating
hormone containing the human chorionic gonadotrophin
carboxyterminal peptide in the rhesus monkey;
Fertility & Sterility; 2002, 77, 1248-1255). Other
examples of FSH variants include FSH molecules having
additional glycosylation sites incorporated in the a-
and/or b-subunit, as disclosed in WO 01/58493
(Maxygen), particularly as disclosed in claims 10 and
11 of WO 01/58493, and FSH molecules with intersubunit
S-S bonds, as disclosed in WO 98/58957. The FSH
variants referred to herein also include the carboxy
terminal deletions of the beta subunit that are
shorter than the full length mature FSH protein. FSH
heterodimers or FSH variant heterodimers can be
produced by any suitable method, such as
recombinantly, by isolation or purification from
natural sources as may be the case, or by chemical
synthesis, or any combination thereof. "Variants" also
comprises pegylated forms of the proteins. The use of
the term "recombinant" refers to preparations of FSH,
LH, CG, TSH, GH, IFN beta or variants that are
produced through the use of recombinant DNA technology
(see for example WO 85/01958). One example of a method
of expressing FSH or LH using recombinant technology
is by transfection of eukaryotic cells with the DNA
sequences encoding an alpha and beta subunit of FSH or
LH, whether provided on one vector or on two vectors
with each subunit having a separate promoter, as
described in European patent nos. EP 0 2 11 894 and EP
0 487 512. Another example of the use of recombinant
technology to produce FSH or LH is by the use of
homologous recombination to insert a heterologous
regulatory segment in operative connection to
endogenous sequences encoding the subunits of FSH or
LH, as described in European patent no. EP 0 505 500
(Applied Research Systems ARS Holding NV). The FSH or
FSH variant used in accordance with the present
invention may be produced not only by recombinant
means, including from mammalian cells, but also may be
purified from other biological sources, such as from
urinary sources. Acceptable methodologies include
those described in Hakola, K. Molecular andCellular
Endocrinology, 127:59-69, 1997; Keene, et al., J.
Biol. Chem., 264 :4769- 4775, 1989 ; Cerpa-Poljak, et
al., Endocrinology, 132 :351-356, 1993 ; Dias, et al.,
J. Biol. Chem., 269:25289-25294, 1994; Flack, et al.,
J. Biol. Chem., 269:14015- 14020, 1994; and Valove, et
al., Endocrinology, 135:2657-2661 , 1994, U.S. Patent
3,1 19,740 and US Patent no. 5,767,067. Luteinising
hormone, or LH, as used herein refers to the LH
produced as a full-length mature protein, which
includes, but is not limited to human LH, whether 



produced recombinantly or isolated from human sources,
such as the urine of postmenopausal women. The protein
sequence of the human glycoprotein alpha subunit is
provided in SEQ ID NO: 1, and the protein sequence of
the human LH beta subunit is given in SEQ ID NO: 6. In
a preferred embodiment the LH is recombinant. The
expression "LH variant" is meant to encompass those
molecules differing in amino acid sequence,
glycosylation pattern or in inter-subunit linkage from
human LH but exhibiting LH-activity. LH heterodimers
or LH variant heterodimers can be produced by any
suitable method, such as recombinantly, by isolation
or purification from natural sources as may be the
case, or by chemical synthesis, or any combination
thereof. The liquid protein samples of the present
invention also comprise mixtures of FSH /LH and
variants (WO 2004/087213) as well as FSH and hCG and
variants (WO 2004/105788) The term "aqueous diluent"
refers to a liquid solvent that contains water.
Aqueous solvent systems may be consist solely of
water, or may consist of water plus one or more
miscible solvents, and may contain dissolved solutes
such as sugars, buffers, salts or other excipients.
The more commonly used non-aqueous solvents are the
short-chain organic alcohols, such as, methanol,
ethanol, propanol, short-chain ketones, such as
acetone, and poly alcohols, such as glycerol. The term
"bacteriostatic" or "bacteriostatic agent" refers to a
compound or compositions added to a formulation to act
as an anti-bacterial agent. A preserved FSH or FSH
variant or FSH and LH containing formulation of the
present invention preferably meets statutory or
regulatory guidelines for preservative effectiveness
tobe a commercially viable multi-use product,
preferably in humans. Examples of bacteriostatics
include phenol, m-cresol, p-cresol, o-cresol,
chlorocresol, benzyl alcohol, alkylparaben (methyl,
ethyl, propyl, butyl and the like), benzalkonium
chloride, benzethonium chloride, sodium dehydroacetate
and thimerosal. The term "buffer" or
"physiologically-acceptable buffer" refers to
solutions of compounds that are known to be safe for
pharmaceutical or veterinary use in formulations and
that have the effect of maintaining or controlling the
pH of the formulation in the pH range desired for the
formulation. Acceptable buffers for controlling pH at
a moderately acidic pH to a moderately basic pH
include, but are not limited to, such compounds as
phosphate, acetate, citrate, arginine, TRIS, and
histidine. "TRIS" refers to 2-amino-2-hydroxymethyl-1
,3,-propanediol, and to any pharmacologically
acceptable salt thereof. Preferable buffers are
phosphate buffers with saline or an acceptable salt.
The term "phosphate buffer" refers to solutions
containing phosphoric acid or salts thereof, adjusted
to a desired pH. Generally phosphate buffers are
prepared from phosphoric acid, or a salt of phosphoric
acid, including but not limited to sodium and
potassium salts. Several salts of phosphoric acid are
known in the art, such as sodium and potassium
monobasic, dibasic, and tribasic salts of the acid.
Salts of phosphoric acid are also known to occur as
hydrates of the occurring salt. 



Phosphate buffers may cover a range of pHs, such as
from about pH 4 to about pH 10, and preferred ranges
from about pH 5 to about pH 9, and a most preferred
range of at or about 6.0 to at or about 8.0, most
preferably at or about pH 7.0. The term "vial" refers
broadly to a reservoir suitable for retaining FSH in
solid or liquid form in a contained sterile state.
Examples of a vial as used herein include ampoules,
cartridges, blister packages, or other such reservoir
suitable for delivery of the FSH to the patient via
syringe, pump (including osmotic), catheter,
transdermal patch, pulmonary or transmucosal spray.
Vials suitable for packaging products for parenteral,
pulmonary, transmucosal, or transdermal administration
are well known and recognized in the art. The
expression "multi-dose use" is intended to include the
use of a single vial, ampoule or cartridge of an FSH
formulation or a formulation of the protein for more
than one injection, for example 2, 3, 4, 5, 6 or more
injections. The injections arepreferably made over a
period of at least at or about 12 hours, 24 hours, 48
hours, etc., preferably up to a period of at or about
12 days. The injections may be spaced in time, for
example, by a period of 6, 12, 24, 48 or 72 hours. The
term "stability" refers to the physical, chemical, and
conformational stability of the given protein in the
formulations of the present invention (including
maintenance of biological potency). Instability of a
protein formulation may be caused by chemical
degradation or aggregation of the protein molecules to
form higher order polymers, by dissociation of the
heterodimers into monomers, deglycosylation,
modification of glycosylation, oxidation (particularly
in heterodimers of the a-subunit) or any other
structural modification that reduces at least one
biological activity of a polypeptide included in the
present invention. A "stable" solution or formulation,
is one wherein the degree of degradation,
modification, aggregation, loss of biological activity
and the like, of the proteins therein is acceptably
controlled, and does not increase unacceptably with
time. Preferably the formulation retains at least at
or about 80% of the labelled protein activity over a
period of up to 2 years. The problem underlying the
present invention is to provide a convenient and rapid
method for determining the amount of a poloxamer in a
protein sample. A poloxamer can be used as a
surfactant and is selected from block copolymers of
ethylene oxide and propylene oxide, preferably
Pluronic(r) F77, Pluronic F87, Pluronic F88 and
Pluronic(r) F68, particularly preferably Pluronic F68
(BASF, Pluronic F68 is also known as Poloxamer 188).
As mentioned above, pharmaceutical formulations should
have a shelf life of up to 2 years at a storage
temperature of 2-25C. This implies that the
formulation is expected to remain stable during this
time. Since liquid formulations contain various
excipients that may affect directly or via
decomposition indirectly the stability of the protein
formulation, there is a need to have the analytical
tools to assess said stability of the formulation.
More specifically, poloxamer surfactants are block
copolymers of ethylene oxide (EO) and propylene oxide
(PO). The propylene oxide block (PO) is sandwiched 



between two ethylene oxide (EO) blocks.Poloxamers are
synthesised in a two-step process:  A hydrophobe of
the desired molecular weight is created by the
controlled addition of propylene oxide to the two
hydroxyl groups of propylene glycol; and  Ethylene
oxide is added to sandwich the hydrophobe between
hydrophilic groups. Poloxamer surfactants are also
known as pluronics. In Pluronic(r) F77, the percentage
of polyoxyethylene (hydrophile) is 70%, and the
molecular weight of the hydrophobe (polyoxypropylene)
is approximately 2,306 Da. In Pluronic F87, the
percentage of polyoxyethylene (hydrophile) is 70%, and
the molecular weight of the hydrophobe
(polyoxypropylene) is approximately 2,644 Da. In
Pluronic F88, the percentage of polyoxyethylene
(hydrophile) is 80%, and the molecular weight of the
hydrophobe (polyoxypropylene) is approximately 2,644
Da. In Pluronic F68, the percentage of polyoxyethylene
(hydrophile) is 80%, and the molecular weight of the
hydrophobe (polyoxypropylene) is approximately 1,967
Da. Typical properties of Pluronic F77 are listed
below: Average Molecular Weight: 6600; Melt/pour point
: 480C ; Physical Form (S) 2O0C : solid; Viscosity
(Brookfield) cps: 480 [liquids at 250C, pastes at 6O0C
and solids at 770C]; Surface tension, dynes/cm @ 250C
; 0.1 % Cone. : 47.0 0.01% Cone. : 49.3 0.001 % Cone.
: 52.8 lnterfacial tension, dynes/cm @ 250C vs. Nujol
; 0.1 % Cone. : 17.7 0.01% Cone. : 20.8 0.01% Cone. :
25.5 Draves Wetting, Seconds 250C 1.0% Cone.: > 360
0.1 % Cone: > 360 Foam Height Ross Miles, 0.1%, mm @
5O0C: 100 Ross Miles, 0.1%, mm (S) 260C: 47 Dynamic,
0.1%, mm (S) 400 ml/min: > 600Cloud point in aqueous
solution, 0C 1% Conc.: >100 10% Cone: >100 HLB
(hydrophile-lipophile balance): 25 Typical properties
of Pluronic F87 are listed below: Average Molecular
Weight: 7700; Melt/pour point : 490C ; Physical Form
(S) 2O0C : solid; 



Viscosity (Brookfield) cps: 700 [liquids at 250C,
pastes at 6O0C and solids at 770C]; Surface tension,
dynes/cm @ 250C ; 0.1 % Cone. : 44.0 0.01% Cone. :
47.0 0.001 % Cone. : 50.2 lnterfacial tension,
dynes/cm @ 250C vs Nujol ; 0.1 % Cone. : 17.4 0.01 %
Cone. : 20.3 0.01% Cone. : 23.3 Draves Wetting,
Seconds 250C 1.0% Cone: > 360 0.1 % Cone: > 360 Foam
Height Ross Miles, 0.1%, mm (S) 5O0C: 80 Ross Miles,
0.1%, mm (Sj 260C: 37 Dynamic, 0.1 %, mm (S) 400
ml/min: > 600 Cloud point in aqueous solution, 0C 1%
Cone: >100 10% Cone: > 100 HLB (hydrophile-lipophile
balance): 24 Typical properties of Pluronic F88 are
listed below: Average Molecular Weight: 11400;
Melt/pour point : 540C ; Physical Form (S) 2O0C :
solid; Viscosity (Brookfield) cps: 2300 [liquids at
250C, pastes at 6O0C and solids at 770C]; Surface
tension, dynes/cm (S) 250C ; 0.1 % Cone : 48.5 0.01%
Cone : 52.6 0.001 % Cone : 55.7 lnterfacial tension,
dynes/cm (S) 250C vs Nujol ; 0.1 % Cone : 20.5 0.01%
Cone : 23.3 0.01% Cone : 27.0 Draves Wetting, Seconds
250C 1.0% Cone: > 360 0.1 % Cone: > 360 Foam Height
Ross Miles, 0.1%, mm (S) 5O0C: 80 Ross Miles, 0.1%, mm
(Sj 260C: 37 Dynamic, 0.1 %, mm (Sj 400 ml/min: > 600
Cloud point in aqueous solution, 0C1% Conc: >100 10%
Cone: > 100 



HLB (hydrophile-lipophile balance): 28 Typical
properties of Pluronic F68 are listed below: Average
Molecular Weight: 8400; Melt/pour point : 520C ;
Physical Form (S) 2O0C : solid; Viscosity (Brookfield)
cps: 1000 [liquids at 250C, pastes at 6O0C and solids
at 770C]; Surface tension, dynes/cm @ 250C ; 0.1 %
Cone. : 50.3 0.01% Cone. : 5 1.2 0.001 % Cone. : 53.6
lnterfacial tension, dynes/cm @ 250C vs Nujol ; 0.1 %
Cone. : 19.8 0.01% Cone. : 24.0 0.01% Cone. : 26.0
Draves Wetting, Seconds 250C 1.0% Cone.: > 360 0.1 %
Cone: > 360 Foam Height Ross Miles, 0.1%, mm (S) 5O0C:
35 Ross Miles, 0.1%, mm (Sj 260C: 40 Dynamic, 0.1 %,
mm (S) 400 ml/min: > 600 Cloud point in aqueous
solution, 0C 1% Conc.: >100 10% Cone: >100 HLB
(hydrophile-lipophile balance): 29 Other poloxamer
polymers having properties similar to those listed
above may also be used in the formulations of the
invention. The preferred poloxamer surfactant present
in the protein formulations that are analysed with the
present method is Pluronic F68 (= Poloxamer 188).
Preferably the concentration of Pluronic, particularly
Pluronic F68, in liquid protein formulations is at or
about 0.01 mg/ml to at or about 1 mg/ml, more
preferably at or about 0.05 mg/ml to at or about 0.5
mg/ml, more particularly preferably at or about 0.2
mg/ml to at or about 0.4 mg/ml, most preferably at or
about 0.1 mg/ml. The protein formulations analysed
according to the method of the present invention have
a pH between at or about 6.0 and at or about 8.0, more
preferably at or about 6.8 to at or about 7.8,
including about pH 7.0, pH 7.2, and 7.4. A preferred
buffer is phosphate, with preferred counterions being
sodium or potassium ions. Phosphate saline buffers are
well known in the art, such as Dulbecco's Phosphate
buffered saline. Buffer concentrations in total
solution can vary between at or about 5Mm,9.5Mm, 10Mm,
50Mm, 100Mm, 150Mm, 200Mm, 250Mm, and 500Mm.
Preferably the buffer concentration is at or about
10Mm. Particularly preferred is a buffer 10 Mm in
phosphate ions with a pH of 7.0. Preferably,
formulations of FSH analysed according to the method
of the present 



invention have pH between at or about 6.0 and at or
about 8.0, more preferably at or about 6.8 to at or
about 7.8, including about pH 7.0, pH 7.2, and 7.4. A
preferred buffer is phosphate, with preferred
counterions being sodium or potassium ions. Preferably
formulations of mixtures of FSH and LH analysed
according to the method of the present invention have
pH between at or about 6.0 and at or about 9.0, more
preferably at or about 6.8 to at or about 8.5,
including about pH 7.0, Ph 8.0, and 8.2, most
preferably at or about pH 8.0. Preferably formulations
of hCG analysed according to the method of the present
invention have pH between at or about 6.0 and at or
about 8.0, more preferably at or about 6.8 to at or
about 7.8, including about pH 7.0, pH 7.2, and 7.4.
The protein sample is preferably a liquid formulation
for single dose or multi-dose administration. Liquid
formulations of the invention that are intended for
multi-dose use preferably comprise a bacteriostatic,
such as phenol, m-cresol, p-cresol, ocresol,
chlorocresol, benzyl alcohol, alkylparaben (methyl,
ethyl, propyl, butyl and the like), thymol,
benzalkonium chloride, benzethonium chloride, sodium
dehydroacetate and thimerosal. Particularly preferred
are phenol, benzyl alcohol and m-cresol, more
preferred are phenol and m-cresol, most preferred is
m-cresol. The bacteriostatic agent is used in an
amount that will yield a concentration that is
effective to maintain the formulation essentially
bacteria free (suitable for injection) over the
multi-dose injection period, which may be at or about
12 or 24 hours to at or about 12 or 14 days,
preferably at or about 6 to at or about 12 days. The
bacteriostatic is preferably present in a
concentration of at or about 0.1 % (mass
bacteriostatic/mass of solvent) to at or about 2.0%,
more preferably at or about 0.2% to at or about 1.0%.
In the case of benzyl alcohol, particularly preferred
is a concentration of 0.9%). In the case of phenol,
particularly preferred is at or about 0.5%. In the
case of m-cresol, particularly preferred is a
concentration of at or about 0.3 % (e.g. at or about 3
mg/ml in WFI).Size Exclusion columns are well known to
the person skilled in the art. They are chosen
according to the respective protein and poloxamer in
the sample. The gel of the column should be a polymer
based matrix. A preferred column is a SE-HPLC column
having the designation TSK G3000PW of TosoHaas Inc.
The beads of the matrix have a particle size of 10 or
17 mm, a pore size of about 200 A. The column is
commercially available. The detection step may be
performed with any of the Rl detection systems, which
are known to a person skilled in the art. It has been
found that under more acididc conditions, the
poloxamer could be separated more easily from the
proteins. Thus, the mobile phase used in the method
according to the present invention is an aqueous
solvent such as water or a buffered solution. In a
particular embodiment, the mobile phase is adjusted to
a pH lower than 7, preferably lower than 3, more
preferably between about 1.6-2.0 and most preferably
between 1.9-2.0. In one embodiment the protein is a
heterodimer, such as FSH, CG, LH or TSH. Under acidic
conditions a heterodimer protein tends to 



decompose into its subunits which migrate more easily
thus improving the separation and detection step
(resolution). Acidic agents suitable to adjust the pH
may be selected by the person skilled in the art. The
most preferred acid is trifluoracetic acid (TFA).
Typically, the samples to be assessed are prepared and
injected into the column. By having regard to the
refractive index in the detection step of the method a
chromatogram is obtained containing a peak area for
the poloxamer as well as at least one further peak for
the protein(s) and excipients. The assessment of the
peak area allows the quantification of the poloxamer
present in the analysed sample. The quantification is
allowed since a standard curve with poloxamers is
prepared (see Examples). EXAMPLES The present
invention will now be illustrated by means of
examples. EXAMPLE 1 (cf Figure 1)The purpose of this
Example was to analyse the Poloxamer 188 concentration
in a sample of the commercially available liquid hCG
formulation Ovitrelle (tm) after 18 months of storage
at room temperature. Thus, the stability of the liquid
formulation in respect of Poloxamer 188 was assessed.
The Poloxamer 188 concentration at the moment of
preparation was about 100 mcg/ml. The protocol for the
Poloxamer 188 quantitation in Ovitrelle (tm)was as
follows. The liquid injectable Ovitrelle (tm)
contained the following ingredients :
Choriogonado-tropin alpha, mannitol, L-methionine,
Poloxamer 188, phosphoric acid, NaOH and water. 1.
Equipment and Materials Provider HPLC ALLIANCE mod.269
Waters Rl detector mod. 2414 Waters Software Empower
Waters Personal computer IBM (or equiv.) Poloxamer 188
- Lutrol F68 cod. 0 10293-1 BASF Trifluoracetic acid
(TFA) cod.9470 (1OxImL) J.T.Baker Analytical column
TSKgel G3000 PWxI cod.08021 TOSOH D(-)Mannitol cod.
1.05983 MERCK L-Methionine cod. 1.05707 MERCK
Ortho-Phosphoric acid 85% cod. 1.00573 MERCK Sodium
Hydroxide 50% cod. 7067 JT. Baker Ethanol gradient
grade cod 1. 1 1727 MERCK Ovitrelle syringes - hCG
liquid formulation 250mcg SERONO 2. Procedure 2.1
Eluent A (H2O / TFA 0.5%) To 950 ml of purified water,
in a 1 litre graduated cylinder, 5 mL of
trifluroracetic acid (TFA) were added and made up
under stirring to 1000ml. The pH of the eluent was
between 1.7 and 1.9. 



2.2 Eluent B (20% Ethanol)To 750 ml of purified water,
in a 1 litre graduated cylinder, 200 ml. of Ethanol
were added and made up under stirring to 1000ml. 2.3
Wash solution for autosampler (10% Methanol) To 850 ml
of purified water, in a 1 litre graduated cylinder,
100 ml of methanol were added and made up under
stirring to 1000ml. 2.4 Seals wash solvent (5%
Methanol) To 900 ml of purified water, in a 1 litre
graduated cylinder, 50 ml of methanol were added and
made up under stirring to 1000ml. 2.5 Standard curve
dilution solution (liquid formulation without
Poloxamer 188) To 850 ml of purified water, in a 1
litre graduated cylinder, 54,6 g of D(-) Mannitol,
0,98 gr of Ortho-Phosphoric acid 85%, and 200 meg of
L-Methionine were added. The solution was brought to
pH 7,0 by drop wise addition of 50% Sodium Hydroxide
und made up to 1 ml. The solution was filtered by a
0.45mm filter. As an alternative, water may be used as
standard curve dilution solution. 2.6 Concentrated
standard curve solution 200 mg of Poloxamer 188 were
dissolved in 80 ml of purified water, in a 100 ml
graduated cylinder, and made up to 100 ml. The
standard curve was prepared based on the concentration
expected in the samples to analyse. In this Example, a
Poloxamer 188 concentration of about 100 mcg/ml was
expected in the liquid injectable Ovitrelle (tm), the
standard curve thus was in the range of 50-160 mcg/ml.
3 Samples preparation Blank 0.05ml of standard curve
dilution solution were injected. Samples All samples
were tested without any pre-treatment and 0.05ml were
injected. 4. Operative conditions 4.1. Instrument set
upThe following solutions were connected to the HPLC
lines: Line A : Eluent A (H2O / TFA O.5%) Line B:
Eluent B (Ethanol 20%) The lines A , and B were
filled, the system was purged and rinsed at 2 imL/min
flow rate for 3 minutes. The on line degasser, if
present, was switched on. Before the analysis the
solenoid valve of the Rl Detector of the flow was
switched in the purge mode for at least 30 minute with
line A . The purging of the flow cell was carried out
to flush fresh mobile phase into the reference side of
the cell. Connection of the column to the instruments
and input of the following parameters:  Rl Detector
temperature:: 30 C  Column temperature: +20  5  Column
flow rate 0,5 ml/n  Elium flow rate : 2200 mmll//mmin
(in case the degasser is not in line) 



Autosampler temperature: + 4C  Autosampler Loop 200
mcl  Syringe size: 250 mcl  Duration analysis: 40 min
Next inject: 5 min 4.2 Column equilibration The column
was flushed with eluent A , to equilibrate the column.
The equilibration was completed when the baseline was
stable. 4.3 Storage column After completion of the
analysis the column was rinsed with at least 30 ml of
purified water followed by 30 ml of 20% ethanol. 4.4
Determination of Poloxamer 188 concentration in the
Ovitrelle samples The model used to calculate the
concentration of Poloxamer 188 in the Ovitrelle
samples was the linear regression. Y=a+bx WhereinY =
Total area of the Poloxamer 188 a= Intercept value b=
Slope value x= Concentration of Poloxamer 188 in
mg/injected ml. The sample was integrated as shown in
Fig. 1. The intercept (a) and the slope (b) of the
standard curve were calculated, the linear regression
was calculated by the software Statgraphics plus. The
following formula was applied to calculate the
concentration of Poloxamer 188. y - a Cpoioxameri88 =
- * FD (FD=DNution factor) Equation 1 b The solution
of equation 1 gives the Poloxamer 188 concentration in
each of the Ovitrelle samples expressed in mg/ml. The
Poloxamer concentration found in the samples of this
Example (see Figure 1) was about-94 mcg/ml. EXAMPLE 2
The purpose of this Example is to analyse the
Poloxamer 188 concentration in a sample of the
commercially available liquid hFSH formulation Gonal-F
RFF Pen(tm) after 18 months of storage at room
temperature. Thus, the stability of the liquid
formulation in respect of Poloxamer 188 was to be
assessed. The Poloxamer 188 concentration at the
moment of preparation was about 100 mcg/ml. The
protocol for the Poloxamer 188 quantitation in Gonal-F
RFF Pen(tm) was identical as shown in Example 1 for
Ovitrelle, with the exception that the column flow
rate was 0,75 ml/min. The poloxamer could be separated
from the hFSH and was separately quantified. EXAMPLE 3



The purpose of this Example is to analyse the
Poloxamer 188 concentration in a sample of the
commercially available liquid hGH formulation
Serostim(tm). The protocol was identical as in Example
2 . The poloxamer could be separated from the hGH and
was separately quantified.EXAMPLE 4 The purpose of
this Example was to analyse the Poloxamer 188
concentration in a sample of a liquid hlFN-beta
formulation. The protocol was identical as in Example
2. The poloxamer could be separated from the hlFN-beta
and was separately quantified.Claims 1. A method for
the quantitative determination of a poloxamer in a
liquid protein sample comprising the steps of
subjecting said sample to : a) a separation step using
a size exclusion chromatography column; b) an elution
step with a mobile phase; and c) optionally a
detection step for the poloxamer. 2. The method of
claim 1, wherein the poloxamer is Poloxamer 188. 3.
The method according to claim 1 or 2, wherein the
protein has a molecular mass between 5-70 kDa,
preferably between 20-70 kDa. 4. The method of any of
claims 1 to 3, wherein the protein is a heterodimer
protein. 5. The method according to claim 4, wherein
the protein is a gonadotropin selected from FSH, LH,
hCG, TSH. 6. The method of any of claims 1 to 3,
wherein the protein to be analysed is interferon beta
or Growth Hormone (GH). 7. The method of any one of
claims 1 to 6, wherein the sample is an aqueous
pharmaceutical composition containing FSH, LH, hCG,
TSH, GH or interferon beta. 8. The method of any one
of claims 1 to 7, wherein the mobile phase is an
aqueous, in particular a buffered, solvent. 9. The
method of any one of claims 1 to 8, wherein the
elution of the sample is performed with a mobile phase
of acidic pH. 10. The method according to claim 9,
wherein the pH of the mobile phase is adjusted to
below 3.11. The method according to claim 10, wherein
the pH of the mobile phase is adjusted to about
1.9-2.0 12. The method according to any of claims 1 to
11 wherein the detection step for the poloxamer
involves analyzing the refractory index. 13. The
method of any one of claims 1 to 12, wherein the size
exclusion column is a SE-HPLC column filled with a
polymer based matrix containing beads. 14. The method
according to claim 13, wherein the beads of the matrix
have a particle size of 10 or 17 mm. 15. The method
according to claim 13 or 14, wherein the beads of the
matrix have a pore size of about 200 A. 


