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Stable lvophilized 'harmacenfical"re arations of G-CSF

The present invention concerns lyophilized
pharmaceutical preparations of G-CSF which contain
maltose, raffinose, sucrose, trehalose or amino sugars
as stabilizers. In addition the invention concerns a
process for the production of these stabilized
lyophlllsates and the use of maltose, raffinose,
sucrose, trehalose or amino sugars as stablllzers of

- pharmaceutical agents containing G-CSF.

Various pharmaceutical preparations which contain G-CSF
(granulocyte colony stlmulatlng factor) are already '
known from the state of the art,

A pharnaceutical agent containing G-~CSF iS'described in .
DE 37 23 781 (GB 2,193,631) which contains at least one
pharmaceutlcally acceptable surface—actlve agent,
saccharlde, protein or a high-molecular compound for
stablllzlng G-CSF. Preparatlons are proposed there which
contain human serum albumin as a StablllZlng aqent._In
part;oular preparatlons are stated to be advantageous '
.which contain surface-active agents in parts by weight

: whlch correspond to 1 - 10000 -fold the amount of G-CSF
used

'Stablllzed preparatlons of G-CSF are. descrlbed in~
EP O 373 679 which are characterlzed essentlally by an
ac1d1c pH value of the solution, whereln the solutlons
should have as low a conduct1v1ty as p0551b1e. The
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sucrdse; “rehal ose or amino sugars-as stabilizers of pharnmaceutical agents .
cont-ai ni ng G CSF. Vari ous pharmaceutical preparations which contain G CSF
%granulogyte col.ony stinulating factor) are al ready knowmn fromthe state of -
the art A pharnmaceutical agent containing GCSF is described in DE 37 23
781 (£B 2,193,631) which contains at least one pharnmaceutically acceptable
surface-active agent, saccharide, protein or a high-nol ecular conpound for
stabilizing G CSF. Preparations are proposed there which contain human
serum al bum n as a stabilizing agent. ‘In particular preparations are stated
to be advant agéations tlaveord g winfeaof- 3ctH e 7Tadentthe rcame ttshdly wei ght

whi ch corresp nd' .- 399 #Bq @% 8{ & ilized
preparatlons ﬁ%@gélﬁ?ép escr?‘itffj |nh%ED§ %§%§€%1&%1afe oﬁ%racterlzed
essentially bybahaacesl sush \a8 (ko fexamp leobufifers whemannitrl solfiti ons

' no buffer substances are present in the pharmaceut1cal

formulation, pH ranges of 2.75 - 4 are described as_
being advantageous.

Furthermore, stablllzed lyophlllsates of human protein
preparations are. descrlbed in EP 0 306 824 in which .

stabilization 'is achieved by adding a mlxture.of_urea,
amino acids and detergent. ' ' '

In the-earlier PCT Patent Applicafion PCT/EP92/01823 a
process is described for the production of well- |
tolerated pharmaceutlcal agents containing G-CSF for
infusion or injection purposes. The liquid forms of -
administration are characterized in particular by a low
titration acidity and low buffer capacity. The pH values

. of the described 1nfu51on and 1n]ectlon solutions
containing G- CSF_are_ln_an acidic range of about 3.8 ~.
4.5. o '

Processes for the productlon of llquld drug
administration forms contalnlng G-CSF which addltlonally_
contain preservatlves are known. from PCT/EP92/01822 The
~ pH values of the aqueous pharmaceut1ca1 solutlons are 1n
.the acidic range of 2 5 -~ 4.5. In thls case the _
stabilization of G-CSF is essentially achieved by
setting an ac1d1c pH value which is favourable for G-CSF
and by adding a mlxture of varlous amino ac1ds. '

The previously known drug admlnlstratlon forms for G-CSF
do, however, have some dlsadvantaqes. It was found that"
liquid G~CSF preparatlons can in some casés be sen51t1ve

ThIS Sheet Has Been Replace




shoul d have as | ow a conductivity as possible. The
-2- » solutions have a pH value of 3 - 3.7 in the case that the sol utions
contain further pharmaceutical auxiliary substances such as for exanple

uffers or mannitol. If no buffer substances are present in the
pharnpceutical fornulation, pHranges.of 2.75 - 4 are described as being
advant ageous. Furthernore, stabilized |yophilisates of human protein

preparatlons are described in EP 0 306 824 in which

towards free21ng and thaw1ng. The uncontrolled freez1ng
and thawing of such preparations can lead to the
formation of dimers, oligomers and aggregates; insoluble
precipitates may also be formed. Such properties of
pharmaceutical agents containing protein are
questionable from a medical-pharmaceutical point of view
since it is not poss1b1e to absolutely avoid an
accidental freezing of the pharmaceutical solution and
thus there is a risk of administering a qualitatively

- changed preparation. -

A disadvantage of the preparations described in
DE 37 23 781 is moreover that they contain
pharmaceutical additives or-auxiliary substances which,
from a medical point of view, cannot simply-:be judged as
harmless. Polymers and proteins have a certain potential
risk with regard to their suitability as pharmaceutical.
- additives due to their origin and their physicochemical
. properties. Proteins of human or animal origin as well
as proteins obtained from cell cultures, bear a potential
residual risk of viral contaminations. Other protein--
like impurities which are analytically difficult to.
detect can also cause immunological reactions in humans
due to their antigenic properties. Moreover proteins of
animal origin can generally trigger immunological
reactions. in humans due to their species-specific
properties. Long-term reactions after a later re-
admlnlstratlon of such protelns are also p0551ble.

The addition of high-molecular compounds (polymers) may
also be problematic. Polymers can accumulate in the body
due to their large molecular mass and can thus remain in
the body over a long period if no biodegradation occurs.
This is a particular risk in the case of subcutaneous
administration since removal and distribution via the
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stabilization is achieved by .adding a m xture of urea, am no acids and :
det er gent. In the earlier PCT Patent Application PCT/EP92/01823 a process
i s descrisbed for the production of well- tolerated pharmaceutical agents
c¢ontaining G CSF for infusion or injection purposes. The liquid forns of
adm ngstration are characterized in pargieular by a low titration acidity
and | ow buffer capacity. The pH val ues of the described infusion and

i njection solutions containing GCSF are in an acidic range of about 3.8 -

- 4.5, Processes for the production of liquid drug adm nistration forns
cont ai ni ng Ghisfodhs tiheanldis | coed idexainl vi sleves ecanparxed toe known, from

T 752 10 i Lagt et 4 OB 140 g on

i s essenti al [aptigeriedrgpertiendepending copHhelnaokeenlas magsur abl e

for G CSF andpyadigh foh i PuF e plof Po el 1 @t fifcult to
guarantee because of the catalysts used for their
production or the presence of monomérs and other polymer
fragments. The use of polymers in pharmaceutical forms
of administration should thus be avoided if possible in
barticular in the case of forms of pharmaceutical agents ‘
that can be administered subcutaneously.

The amounts of surfactant described in DE 37 23 781 must
also be regarded as problematic from a medical poinf of
view. Here surfactant concentrations are described as .
being advantageous in which 1 to 10000 parts by weight
of a surface-active’agent are present in relation to the
propoftion by weight of G-CSF. If, on the other hand,
one considers the preferred application concentrations
of : " '

G-CSF for clinical use of 0.05 ~ 1.5 mg/ml in the final
pharmaceutical formulations, then this results in |
correspondingly high surfactant concentrations;-These
should be avoided from a medical point of view since
.thef can cause local irritations.

In addition some of the known.formulations have the
disadvantage that,'pafticularly in the case of.

' subcutaneous administration, they lead to local
intolerances in patients due to the low.pH value used.
The product obtained can cause pain and local tissue

- irritation in sensitive patients .since the physiological
pH range of 7.0 - 7.5 present in tissue_is-not_adhered

- to. -
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The previously known drug adm nistration fornms for G CSF do, however, have
sone* di sadvantages. It was found that l.iquid G CSF preparations can in sone
cases besensitive : towards freezing and thaw ng. The
Uncontrolled freezing and thaw ng of such preparations can lead to the
formagion of diners, oligoners and aggrggates; insoluble precipitates may
al so be forned. Such properties of pharmaceutical agents containing protein
~are questionable froma nedi cal -pharmaceutical point of viewsince it is
not possible to absolutely avoid an '

In addition it is known from the literature that

especially non-glycosylated forms of G-CSF are
particuarly unstable compared to glycosylated G-CSF
which is'obtained from CHO cells (J. Biol. Chem. 1990,
265, 11432). The stabilization of non-glycosylated forms
of G-CSF proved to be particularly difficult and
requires specially selected measures in order to
formulate this molecule in a stable drug administration
form.

The object of the present invention was to provide a
drug administration form of G-CSF which enables a proper
use of G-CSF as a pharmaceutical agent and which does
not have thé‘disadvantages of the previously known drug
forms described above. The pharmaceutical preparation
should be stable towards uncontrolled freezing and
thawing processes as well as aISO'bging'stable when
stored for long periods as a lyophilisate,
physiologically well~tolerated, 51mple to use and
p0551b1e to dose prec1se1y.-ue'

The examples described in DE 37 23 781 show that stable
lyophilisates can be obtained when human serum albumin
_is'uSéd'as an auxiliary agent. The addition-of-Sugar
alcohols alone leads to less stable formulations. -
Therefore with regard to improvinq the state of the art
it is desirable to find formulations which do not.
contain human serum albumin (HSA) or other proteins or
polymers but nevertheless have a good stability even at
increased temperatures. The absence of human serum
albumin and polymers reduces the medical risk of side-
effects such as those described for examplerongSA.

Surprisingly it was found that, within the sense of the
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accidental freezing of the pharmaceutical solution and thus-there is a risk
of atlm nistering a qualitatively changed preparation. A di sadvant age of

t he preparations described in DE 37 23 781 is noreover that they contain
_pharmaceutical additives or-auxiliary substances which, froma nedical"

poi ntgof view, .cannot sinply be judged g@s-harm ess. Polyners and proteins
have a certain potential risk with regard to their suitability as
pharmaceuti cal additives due to their origin and their physi cochem cal
properties. Proteins of human or animal origin as well as proteins obtained
fromcell cupreseatbémventiairentitlis goshidile itsk pfoducal sttaimtam nati ons.

Qher protei go hikgs %E.JuH& £ @&Q%&{ ?@ll‘é’ LU 114 Lpk {n 40 det ect
can al so cauSe i mmunofogical reactions 1n hunans e 10 t hei'r~antT génic
properties. Kucvose; [rehalesefordmiio (UIANs @re RERA AS Y trigger

I mmunol ogi cal 3g¢egt@ns i n humans due to their species-specific properties.
Long-termreactions after a later re- admnistration of such proteins are
al so possi bl e, ' ' -

Solid preparations which :contain maltose, raffinose,
suérose, trehalose or amino sugars as auxiliary agents
can be frozen or even stored at increased temperatures
(up to 40°C) with no significant loss of protein
quality. The pharmaceutical quality of the active
substance is not adversely affected by this. The
preparations according to the invention are preferably
put on the market as lyophilisates. The aqueous
preparations prepared after redissolving are very well-
tolerated and represent high quality preparations with
regard to protein stability. In addition they have the
advantage that the addition of maltose, raffinose,
sucrose, trehalose or amino sugars és auxiliary agents
enables solutions to be prepared with an advantageous pH

“value of 4 - 5 or 7 - 8 whereas the solutions known. from
the state of the art in-éeneral require solutions with a .
pH value of 2.5 - 3.5 for stabilizing the protein.

An additional advantage of the preparations according to
the invention is that they are essentially free of
protein-like or polymeric-auxiliary-substaﬁces the use
of which may be problematic from a medical point of '
view. Due to the fact that liquid drug administration
forms containing G-CSF obtained by dissolving _
lyophilisates can now be produced with a pH value of =
about 4 - 5 or 7 ~ 8, preferably with a pH value near to
the pH value of blood (pH 7.2 - 7.4), they also have the
advahtage of being well tolerated and capable of
administration substantially free of pain. This is

particularly important for subcutaneous administration
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The addition of high-nolecul ar conpounds (polyners) may al so be
problematic. Polyners can accunulate in the body due to their |arge

ol ecul ar nmass and can thus remain in the body over a long period if no
*blodegradatlon occurs. This is a particular risk in the case of

subcgt aneous adm ni stration since removal- and distribution via the

-4- bl ood streamis considerably slower conpared to intravenous -

adm ni stration. Polynmers nay al so have antigenic properties depending on
their nolecular mass. In addition the purity of polyners is difficult to
guarantee beginee ah thdscgaseyinsolerances pgenr more easily than

with intravenous admlnlstratlon. The preparations
according to the invention can also be prepared in the
clinically particularly pfeferred concentration ranges
of 0.05 - 1.5 mg/mi so that it is possible to keep to
injection volumes of < 1.0 ml. Small injection volumes
are particularly advantageous for subcutaneous
administration since they cause only sllght mechanlcal
stimuli in the hypodermis.

‘A further advantage is that due to the selected
auxiliary substances, the relatively high amounts of
surfactant previously required in the liquid
pharmaceutical preparations are no longer necessary. On
the contrary low amounts of surfactant of 0.5 mé/ml or
less, preferably of 0.01 - 0.1 mg/ml, are'adequate to
stablllze G-CSF. Surfactant concentrations (mg/ml) ‘can
be used advantageously which are smaller than or at most
jthe same as the amount of G-CSF protein used per unit of
volume (mg/ml). This is a particular advantage for those
Tiquid drug forms which are intended for the
subcutaneous administration of G-CSF. In addition the
measures according to the invention lead to an adequate
stablllzatlon for pharmaceutical preparatlons of the
labile non-glycosylated G-CSF molecules in particular.

The auxiliary agent maltose (malt.sugar,_haltobiose,_4—
o-alpha-D-glucopyranosy1-D—g1ucose)_is used ih an amount
of 0.01 - 10000-fold the amount of the active substance
G-CSF. The same applies to the auxiliary.substandes
raffinose, sucrose and'trehalose. The concentration of
these auxiliary substances in the liquid form of the
pharmaceutical agent is 0.1 - 200 mg/mi,“pfeferably 10 -
60 mg/ml. The stereoisomeric disaccharides cellobiose,
gentiobiose or isomaltose can also be used instead of
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production or the presence of nononers and ot her polyner fragnents. The use
of polyners in pharmaceutical forns of adm nistration shoul'd thus be

avoi ded i;f possible in particular in the case of fornms of pharnaceuti cal
dgents that can be adnini stered subcutaneously. The amounts of surfactant
descri bed in DE 37 23 781 nust al so be Begarded as problematic froma

medi cal point of view Here surfactant concentrations are described as
bei ng advantageous in which 1 to 10000 parts by weight of a surface-active
agent are present in relation to the proportion by weight of GCSF. If, on
t he ot her hamilieme cohminersugars pyenerablly sppnotat thaseoncent rati ons of

G CSF for cf irfGhadifariads hicH Savd/ dh AiAGCoE! 84| aBPRLERACUNICH
formul ations, then this results iIn_correspondi ngly high surfacgtant
concent r at i orfEOUPkRSERRA | of 2 BYIF Py FFWP a g%ﬂWEE?SpBﬁth&F #F&w si nce

they can .causfludssdminié) { fdlactSosanife agdd t hewr spiRiof atha. known
fornul ations have the di sadvantage that, particularly in the case of -

In a particuiar embodiment pharmaceutical preparations
are provided which contain amino acids in addition to
maltose,'raffinose, sucrose or trehalose. Basic amino
acids come into particular consideration as amino acids
such as for example arginine, lysine, ornithine etc.,
acidic amino acids such as for eiample glutamic acid,
éspartic-acid etc. and also aromatic amino acids such as
phenylalanine, tyrosine, tryptophan etc.-

Amino acids are used in 0.01 - 10000-fold the amount of
the active substance G-CSF. The concentration of these
auxiliary substances in the liquid pharmaceutical
preparation is 0.1 - 200 mg/ml, preferably 1 - 50 mg/ml.

In drder_to produce thé lyophiiisates, firstly the
aqueous pharmaceuticallsdlutions which dbhtain the
active substance and other common pharmaceutical
auxiliary sustances are prepared. Amino acids shéh as
e.g arginine, lysine, ornithine, phenylalénine or
tyrosine ccme'in‘pérticﬁlér into consideration as
pharmaceutical auxiliary substances. In addition the
aqueousApreparation can contain common buffer substances
such as e. g. acetic acid, hydrochloric acid, citric
adid,'léctic acid, -tartaric acid, maleic'acid and’
phosphoric acid or physiologically tolerated salts
thereof. In the production of the auxiliary substance
solution these buffer  substances can either be present
in the form of the corresponding free acids or in the
form of the alkali, alkaline-earth or amménium salts.

i
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subcut aneous adm nistration, they lead to | ocal intolerances in patients
due to the | ow pH val ue used. The product obtained can cause pain and | oca
tissue irritation in sensitive patients since the physiological pH range of
7.0 - 7.5 present in tissue is not adhered to. '

-5- s In addition it is knowmn fromthedl+terature that especially

non- gl ycosyl ated forns of G CSF are particuarly unstable conpared to

gl ycosyl ated G CSF which is obtained fromCHO cells (J. Biol. Chem 1990,

265, 11432). The stabilization of non-glycosylated forns
: The solution can in addition contain further common

pharmaceutical auxiliary substances.

The seqdence of addition of the various auxiliary
substances or of the active substance is 1afgély
independent of the production process and is at the
discretion of the person skilled in the art. The desired
pH value of the solution is adjusted by adding bases
such as alkali hydroxides, alkaline-earth hydrdxides or’
ammonium hydroxide. Sodium hydfoxide is preferably used
for this. The adjustment of the desired pH value can in
principle be achieved by adding basic solutions. In
general salts of strong bases with weak acids come into
consideration for this such as e.g. sodium acetate,
sodium citrate, di-sodium or di-potassium hydrogen
phosphate or sodium carbonate. If the pharmaceutical
solution of auxiliary substance has a basic pH value, it
is adjusted by'titration with an acid until the desired
pH range is reached;'Physiologically tolerated inorganic
or organic acids come into consideration as acids such
as for example hydrochloric acid, phosphoric acid,
acetic acid, citric acid or conventional solutions of
substances which have an acidic pH value. In this
respéct preferred substances are salts of strong acids
with weak: bases such as e.g. sodium dlhydrogen phosphate
or potassium dihydrogen phosphate..'

The concentrations of the buffer substances in the
ready-to-administer liquid drug administration form are
preferably about 2 - 80 mmol/l in each case. The total
concentration of buffer substances should not exceed a
value of 100 mmol/l. The concentration of buffer |
substances is preferably 5 - 40 mmol/1l.
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of G CSF proved to be particularly difficult and requires specially-
sel'ected nmeasures in order to fornmulate this nolecule in a stable drug .
_administration form The object of the present invention was to provide a
*drug administration formof G CSF which enabl es a proper use of G CSF as a
pharyraceuti cal agent and which does nd0 kave the di sadvantages of the
previously known drug forns described above. The pharnmaceutical preparation
shoul d be stabl e towards uncontroll ed freezing and thawﬁng processes as
wel |l as also being stable when stored for |ong periods_as k ophi | i sat'e,
q? °?o g

physi ol ogi chey skaRLkigak iRt Gk BV et &R PHoESPBFe §se
precisely. sallde atamilasy dogsstantbd rdlates 2ﬁ17ﬁﬁlnhmplltEhtb aflabl e

a1 ary. a6s °""”w§e§v§%f%$§é’mu Y et pPpEaaHeE0aRa " i
forml at i on&arllae:w atteewed . rElgarckrmo G-rqsro\nmgG-tdaSFsvareaat the art it is
deS|rabIe t%d@&% J'Eﬂfﬁﬁé"ﬁkééaﬁ%‘beéHﬁlon includes all
o naturally occurring variants of G-CSF as well as_G-CSF
proteins modified by recombinant DNA technology'that are -
derived theréfrdm, in particﬁlar fusion proteins which
additionally contain other protein sequences in addition
to the G-CSF part. In this regard a G-CSF mutein is
particularly preferred with a N-terminal Met residue at
position -1 which is suitable for éxpression in
prokaryotic cells. A récombinant methionine—freé G-CSF
variant which can be produced according to
PCT/EP91/00192 is equally suitable. The term "G~CSF
variant" is understood to include those G-CSF molecules
in which one or several amino acids may be deleted or
replaced By other amino acids wherein the:essential .
properties of G-CSF are substantialiy rgtained. Suitable
G-CSF muteins are described for example in EP 0 456 200.

It is expedient to add auxiliary:substances which act.
isotonically for the production of well-tolerated .
parénteral- drug administration forms if isotonicity-
‘dannot be already. achieved by the osmotic properties'of
the active substance and the auxiliary substances used
'for'stabilization. For this purpose non-ionised, well-
tolerated auxiliary substances are mainly used.-

It is not advantageous to add salts to adjust the
isotonicity, since high'concentrations of salts or ions
promote the formation of G=CSF Aggregates. Therefore -
salts are advantageously added in-small amounts.
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coritai n human serUn1aIbunin (HSA) or other proteins or polynmers but
nevert hel ess have a good stability even at increased tenperatures. The
absence of human serum. al bunmin and pol yners reduces the nedical risk of

Side- effects such as those described for exanpl e for HSA Surpr|3|ngly
It was found that, within the sense of éqt
-6- pr esent invention,'it s possi bl 0 produce stable forms of

phar maceuti cal agents when nultose, raffinose, sucrose, trehal ose or amino

sugars are used as

The pharmaceutical preparations can also contain further

convential auxiliary substances or additives.

Antioxidants such as for example glutathione, ascorbic

acid or similar substances, chaotropic auxiliary

substances such as for example urea and amino acids such

as for example arginine, lysine, ornithine, glutamic

acid and others can be added.

The invention is described in more detail in the

-following on the basis of representativé examples of

embodiments:

Examples 1 - 14 show in which manner lyophilisates

according to the invention can be formulated,

manufactured and examined in more detail with regard to
the stability of the protein. The influence of the
auxiliary substances added in addition to maltose,

raffinose, sucrose or trehalose and of the pH value is

elucidated.

Comparative experiments on 1yoph1115ates produced on the

‘basis of mannitol or glycine show that maltose,

raffinose, sucrose or trehalose lyophilisates produce
significantly better results than preparations prepared

with other builders. Use of the lyophilisates described

according to the invention and elucidated in the

examples enables an opt1mal formulatlon to be produced

" for the descrlbed objectlve, which has a phy51olog1ca11y

tolerated pH value, has a long-term storage stability

enduring increased storage temperatures as well as

mechanical stress without negative effects on the

protein. The preparations are in particular not

sensitive to freezing and it is possible to cdmpletely
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dispense with auxiliary substances that are regarded as



~addi tives. Solid preparations which contain maltose, raffinose, sucrose,
‘trehal ose or amino sugars as auxiliary agents can be frozen or even stored
at increased tenperatures (up to 40[err]C) with no significant |oss of
fprotein quallty The .pharmaceutical quality of the active substance is not
adversely affected by this. The preparabki ans according to the invention
are.preferably put on the market as |yophilisates. The aqueous preparations
prepared after redissolving are very well- tolerated and represent high
gquality preparations with regard to protein stability. In addition they
have the advbetiage cirfitiddie s tasnrpnﬁtermist ase palyfienss eln sadddtdon

~trehal ose or ﬁﬁmh;]%(?\?“:%[aﬁ oqﬁs‘/atgg r&elﬁ?%}ﬁﬁ]ﬁ%lﬁ&ss%fjt ions to be

prepared wt ageou 7 - 8 whereas the

sol utions knphwﬂhainqjﬂakizuw&kﬁ-QQ&?nﬂﬁedrﬁ%ﬁﬁﬁ9§§n9%QU|re sol utions with
a pHvalue of 2.5 - 3.5 for stabilizing the protein. ° An additi onal

advant age of the preparations according to the invention is that they are

essentially {88 Rfs sugars or sugar alcohols are examined in example
3 for their stabilizing effect in G-CSF lyophlllsates.
Maltose turns out to be advantageous compared to lactose
and mannitol.

Lyophilisates containing maltose and further auxiliary
substances are described in example 4. The results
clearly demonstrate that the addition of surfactant does
not substantially influence the stability of the
preparation} but it prevents the adhesion of the protein
to surfaces and thus prevents possible losses in '
content. The presence of surfactant in such formulations
is thus not necessary for reasoﬁs of stabilization but
rather to maintain the nominal dosage.

Various lyophlllsate formulations contalnlng maltose are
compared. in example 5 with two lyophilisates w1thout
maltose which are otherwise formulated identically. The
data clearly show that the presence of maltose has an
advantageous effect on the examined parameters with
respect to stability of the preparation. Thé.addition of
further'auxiliary substances such as ascorbic acid,
glutathidne or glutamic acid has no significént
influence on the stability within the framework of the
examined storage temperatures and séoﬁage periods. . The
preparations described in example 5 are distinguished in
particular by the fact that they exhibit no changes. in
the examined quality cr1ter1a on long-term storage at an
increased temperature.

I —
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protein-like, or polyneric auxiliary substances the use of which may be
probl ematic froma nedical point of view. Due to the fact that |iquid drug
adim ni stration forns contai ning G CSFE obtai ned by dissolving | yophilisates
tan now be produced with a pH.value of about 4 - 5 or 7 - 8, preferably
with,a pH value near to the pH value of blood (pH 7.2 - 7.4), they also
have the advant age of bei ng wel | toleréﬁed and capabl e of adm nistration.
substantially free of pain. This is particularly inportant for subcutaneous
adm ni stration . -7- since in this case

into'erancesFﬁg%ﬂ%fmyfé€?§ii§'égﬁgkeht'from the examples that a
further buffer salt is not absolutely necessary in
1yophilisates which contain maltose and arginine since
the arginine buffer formed when the pH is adjusted by
ahydrochloric acid, phosphoric acid, citric acid or other
acids has an adequate pH-stabilizing effect. Arginine
buffer is extremely suitable for formulating_étable.
preparations in the pH range under 5.0 and of 7.0 - 7.5
(see examples 11 and 12). Example 9 shows that
redissolved lyophlllsates with a pH of 7.4 and
contalnlng maltose and arginine buffer are stable for at
least 24 hours.

G-CSF lyophilisates are described in example 6 which
contain amino sugars (galactosamine, N-methyl-
glucosamine). It can be seen that the combination of
maltose and amino sugar-results in more stable
preparations than the combination of glycine with amino
sugars. This demonstrates that maltose in combination
with physiologically well-tolerated auxiliary substances
yields -considerably more stable and thus higher gquality
lyophilisates of G-CSF.with regard to pharmaceutical
quallty than other bullders and stablllzers proposed in
the literature.

Example 7. shows that G-CSF is considerably more stable
in lyophilisates containing maltose than in o
lyophilisates containing mannitol. This is demonstrated
accordingly at relevant storage-temperatufes and for -
long storage periods. -

Example 8 shows that lyophilisates containing maltose at
.various pH values and containing various auxiliary

substance additives give advantageous results compared
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wi th intravenous admini stration. The preparations according to the
i nvehtion can also be prepared in the clinically particularly preferred
concentration ranges of 0.05 - 1.5 ng/m so that it is possible to keep to

|nject|on volumes of < 1.0 m .- Smal| injection volunes are particularly
advant ageous for subcut aneous adninisirg4i4n1since.they cause only slight
mechani cal stinmuli in the hypoderms. "A further advantage is that due to

the selected auxiliary substances, the relatively high anounts. of
surfactant previously required in the |iquid pharmaceutical preparations
are no | ongetondyepdarlisaives eithnothey bm&ld&m&nﬂnﬂo$tehiiaceaat of 0.5

mg/ m or Ies ﬁr‘ifearl%gt%’ o P OaIQ}l<1 %ﬁ!t} are adequate to stabilize

G CSF. Surfacta concentratf ons can be used advant ageousl y whi ch

are smaller than or at nDst the sane as the anount of G CSF protein used

per unit of volune ( nq% . This is a particu)ar advantage for those |iquid
t

drug fornms whXafPdee RS THrt et RARNELE AEintRestration of G CSF.

I'n addition ub'@pma.ilﬁalﬁe@%dhﬂlﬂné Ot hghé NeFén©Ioh edéntainlingdequat e
stablllzatlon f Qaﬁﬁﬁ€fiﬁé§81 gﬁg¥§géuééwtréhafose after 13 weeks

storage at 40°cC.

Example 11 shows that the lyophilisates accordlng to the
invention are stable even with higher G-CSF
concentratlons‘and the long-term stability of the |
formulations according to the invention even at :
increased temperatures is substantiated in example 12.

Test methods for the stability determination -

The lyophilized preparations were stored in the dark at
‘defined storage temperatures and subsequently examined
with reversed phase HPLC (RP-HPLC), gel chromatography
or size exclusion chromatography (SEC HPLC) and Western
blot for protein purity as well as for the occurrence of-
aggregates and dimers. In addition the protein content
was examined by .OD 280 photometry, the biological.
activity by bioassay (NFS. 60 cell test) and aggregatibn :
and precipitation by turbidity measurement. The methods
used can be described as follows: '

1.1 Reversed phase HPLC

The RP-HPLC was carried out using a Nucleosil C18
column (Knauer Company). The mobile phase consisted
: I —
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| abi | € non-gl ycosyl ated G CSF nol ecul es in parficular.

.agent maltose (malt sugar, naltobiose, 4-

The auxiliary

C)alpha D gl ucopyranosyl - D-gl ucose) is used in an anmnount of 0.01 -
°10000-fol d the anbunt of the active substance G CSF. The sane appliesto
- the sauxidiary substances raffinose, sugrose and trehal ose. The
concentration of these auxiliary substances in the liquid formof the

phar maceutical agent is 0.1 - 200 ng/nl, preferably 10 -
st ereoi sonmeri c di saccharides cell obi ose, gentiobi ose or

60 ng/m . The
i somal t ose can al so

be used instead obf 0.12 $ (v/v) trifluoroacetic acid (TFA)/water
(A) and 0.1 & (v/v) TFA/acetonitrile (B). The
chromatography was carried out at a flow rate of

0.5 ml/min using a linear gradient of A to B.

_ The injection amount was 3 - 6 ug G-CSF depending
on the formulation. It was evaluated at a :
wavelength of 214 nm by means of the peak area

using an external standard.

1.2 Size exclusion éhromatographg (SEC)

A TSK G 2000 SW separation column (7.5 x 300 mm)
was used for the SE chromatography. The'separations

were carried out isocratically at room temperature
and a flow rate of 0.6 ml/min in a phosphate buffer
(22.2 mM Na,HPO,; 107.7 mM KH,PO,; pH 6.2). The

injected amount was 3 - 6 ug G-CSF.

It was

evaluated at a detection wavelength of 214 nm by
means of the peak area using an external standard.

1.3 SDS page/Western blot

3 pg rhG-CSF is applied under non-reducing

conditions to a 12 per cent polyacrylamide SDS gel
and subjected to gel electrophoresis. Subsequently
the G-CSF monomers, dimers or aggrégates_separated
according to their molecular weight are transferred
by electro-blotting onto nitrocellulose. The o

protein bands are identified by incubation with a

specific polyclonal biotinylated anti-G-CSF

antibody (PAB < GCSF > IgG) and detected by means
of the phosphatase.technique using streptavidin-
alkaline phosphatase conjugate (SA-AP conjugate),
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mal t ose. Am no sugars generally denote those nonosacchari des which have an
ammno or an acylated am no group instead of a hydroxy group. Exanples of
this are glucosam ne, gal actosam ne and neuram ni ¢ aci d. In a particular
“enbodi nent phar maceutical preparations are provided which contain am no
acids in addition to maltose, rafflno§§; sucrose or trehal ose. Basic am no
acids come into particular consideration as anino acids such as for exanple
arginine, lysine, ornithine etc., acidic ami no acids such as for exanple
glutam c acid, aspartlc acid etc and al so aromatic am no acids such as

phenyl al anine, t W.G3ldig, - 4RI Sdo1y 1%5@%%&«&@'8(&@51839& n 0.01 -

10000-fold the amobunt of the active subst'ance he concentrati on of

“these auxiliary dudaiide itetnazqligm (BB mateetPREFeRFaASration is 0.1
- 200 ng/m, prefaiciits bf dhoierd, dindroraed dggpegsaues abe

I hili
yop sates, fu{Stlfﬁlned by laser densitometric evaluatlon with
the aid of a series of rhG-CSF standards.

1.4 NFS-60 biocassay (biological activity)

The in vitro determination of G-CSF actiVity is
based on the measurement of cell counts in a cell
culture of NFS-60 cells stimulated by G-CSF.

Under suitable conditions it is possible to
correlate the dehydrogenase activity of the cells
with the concentration of G-CSF in the medium.
Suitable dilutions' of the G-CSF buffér.SOIgtion are
pfepared in order to obtain a readily_measufable
increase. in the dehydrogenase activity.-

The activity is then measured photometrically at
~ 570 and 690 nm; the reduction of the tetrazolium
_ salt MTT (yellow) to formazan (blue) is measured.

The in vitro activity of G-CSF is_calculated by
comparing the data for the sample with those for
. the standard according to the parallel line method.
The eyaluation is accdrding'to the réquirements of
Ph. Eur. (VIII, 13). |
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aqueous pharnmaceutical solutions which contain the active substance and
~other common pharnmaceutical auxiliary sustances are prepared. Am no acids
such as.e.g arginine, lysine, ornithine,. phenylal anine or tyrosine cone in
“particular into consideration as pharnaceutical auxi'liary substances. In
addition the aqueous preparation can_cpatain common buffer substances such
as e. ¢g. acetic acid, hydrochloric acid, citric acid, lactic acid, tartaric
acid, maleic acid and phosphoric acid or physiologically tolerated salts
thereof. In the production of the auxiliary substance solution these buffer

substances cansei §bgt+ReeAr 936AL haaéﬁﬂeﬁeﬁ€10EuEBQdQQ %ﬂ&b nitr ee
acids or in the formo e alkallt, alkali ne-eart anmpni um sal t s.

The measurement is carried out directly on the
undiluted product solution in glass cuvettes
(diameter 2 cm). The scattered light that is
diffusely deflected by the liquid is measured at an
"angle - of 90 degrees. It is measured in comparison
to formazine standard suspensions according to

DIN 38404C2, the values are stated in TU/F. The
measurement is carried out on a suitable turbidity-
photometer, e.g. LTP 5 (Dr. Lange Company, o
Diisseldorf) . ' o

1.6 Photometry OD 280 (protein content)

The G-CSF UV spectrum has an absorbance maximum at
280 nm which is due to side chain chrohophores such
as tryptophan, tyrosine and phenylalanine residues.
The measurement is carried out in comparison to’
placebo solutions by meéans of: : |

.- UV spectrophotometer
(e.g. Uvikon 810 P or 941, Kontron Instruments)

-  Semi-micro quartz cuvettes, 500 ul path
‘length: 1 cm (e.g.- Hellma, Supra511
Cat. No. 104.002B-QS)
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The-solution can in addition contain further common pharnaceuti cal
auxiliary substances. The sequence of addition of the various auxiliary
Substances or of the active substance is largely independent of the
production process and is at the discretion of the person skilled in the
art.. The desired pH value of the soldti®n-is adjusted by addi ng bases such
as al kali hydroxides, al kaline-earth hydroxi des or ammoni um hydr oxi de.
Sodi um hydroxide is preferably used for this. The adjustnent of the desired
pH val ue can in principle be achieved by addi ng basic solutions. I'n general
salts of strExamphees2eith weak acids cone into consideration for this such
as e.g. sodium acetate, sodiumcitrate, di-sodium or di-potassium hydrogen
phosphat e or sodi um carbonate. If the'pharnaceutical solution of auxiliary

substance hagyfebdsi SoPtit¥8hyeorib. 1Sm@gnumeﬂomsxtah@&at1i1®1 aMd h an acid
~until the desired pH ran ached | ol ogi cal t_ol ed I nor gani c
or organic ai?d@g@gﬁe°anBec§ﬂiiagFﬁgl8Hg§§5a8Fd§u§GEy lcoho
mannitol (formulation 1), lactose (formulation 2) and
maltose (formulation 3)_were'édmixed.with G-CSF at a
concentration of 70 pg/ml. After filtration through a
sterilized 0.2 um membrane filter, the solutions were
filled into sterile injection bottles made of glass of
hydrolytic class I. After lyophilisation they were
gassed with sterile nitrogen anduthe-stoppe;s which were
firstly put on loosely were préssed in under aseptic
conditions to close the lyophilisates. The lyophilisates
were flanged and stored in the dark for 6 and 13 weeks
" at different temperatures. Afterwards the stability of
'the preparation was examined with the methods described

below.
Table la: Storage at 20°C
6 weeks storage at |13 weeks storage at
20°C | 20°C
I I III | I  II III

Formul. 1 mannitol >99% . 91% 36% 86% - 47% 27%
Formul. 2 lactose >99% >99% 18% [>99% >99% 12%
Formul. 3 maltose >99% >99% 6% |>99% >99% 7.8%
I Purity of unchanged protein in RP HPLC
II Purity of unchanged protein in SEC HPLC
IIT Dimers/aggregates in Western blot '

.
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as for exanple hydrochloric acid, phosphoric acid, acetic acid, citric acid
or tonventional solutions of substances which have an acidic pH value. In
this respect preferred substances are salts of strong acids with weak bases
such as e.g. sodium di hydrogen phosphate or -potassi um di hydrogen phosphate.
The concentrations of the buffer substances in the ready-to-adninister

i quid drug adm nistration formare preferably about 2 - 80 mol /I in each
case. The total concentration of buffer substances should not exceed a

val ue of 100 mmol /1. The concentration of buffer substances is preferably 5

- 40 mmol /1. Table 1b: Storage at-44€c-
6 weeks storage at |13 weeks storage at
40°c. - 40°C
I "IX III I II III
Formul. 1 mannitol | 81% 70% 50% | 69%  25%  70%
Formul. 2 lactose ' |>99% >99%. 37% |>99% '>99%_ not
. detectable/
aggregated
|Formul. 3 maltose >99% >99% 6.4% (>99% >99% 12%
I Purity of unchanged protein in RP HPLC
"II Purity of unchanged protein in’SEC HPLC
IIT Dimers/aggregates in Western blot

Example 3:

Lyophilisates of G-CSF were prepared. For this the
auxiliary substances stated in the following table were
dissolved in water for injection purposes, subsequently
G-CSF was added at a concentration of 70 ug/ml and if
necessary the pH value'was adjusted exactly ﬁith small
amounts of the buffer systenm. Bluronic F 68 ﬁas_used as
a representative of an appfopriate surfactant. Other
surfactants behave similarly. After sterilization by
filtration through a suitable 0.2 um membrane filter,
the solutions were filled into sterile injection bottles
made of glass of hydrolytic class I and lyophilized
according to conventional methods. After lyophilisation
they were aerated with nitrogen and the injection
bottles were closed under aseptic conditions with
freeze-drying stoppers. The preparations were stored in
flanged bottles in the dark at defined storage
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The-stabilization of G CSF nol ecul es by neans of the said auxiliary.
substances relates in principle to all G CSF nol ecul es produced by

reconbi nant processes and variants thereof. The term G CSF or G CSF vari ant
according to the present invention includes all naturally occurring
variants of G CSF as well as G CSF protgj ns nodi fied by reconbi nant DNA
technol ogy that are derived therefrom in particular fusion proteins which
additionally contain other protein sequences in addition to the G CSF part.
In this regard a G CSF nutein is particularly preferred with a N-term nal
Met residue dempexiatwres Ifehi€land Kuivedks dnd exanibsed owith phekaryotic
cells. Arec F variant which can be produced
accordi ng to% %%%%‘gryirgeee%u e;?]gﬁl table. The term "G CSF variant”

i s understood to include those G CSF nol ecul es in which one or several

am no aci ds nay :be del eted or replaced by other am no acids, wherein the
essential pr E@él@_ée- droxmugt igns %ﬁ‘a&fﬁ' ¥ \PH 1 of reentainingl e G CSF
mutei ns are descri-bed ffrtea@nple in EP 0 456 200.

Formulation 4 Formulation S

G-CSF 70 ug 70 ug

Maltose 35 mg 35 mg
L-Phenylalanine 10 mg 10 mg

Ascorbic acid 5 mg 5 mg

Glutathione 10 mg 10 mg

L-Glutamic acid 5 mg 5 mg

L-Arginine 10 mg 10 mg

Buffer (pH) to pH 3.6 _to pH 3.6

Pluronic Fés8 - 0.1 mg
|Water for up to 1 ml . up to 1 ml
injection ' '

 purposes

Table 3: Storage at 20°.C

Fm. |Storage after df_téi‘_ - after 6._ weeks |after 12 weeks

temp. 6 weeks 12 weeks sec RP SEC RP
| aggr. in'% |aggr. in § |%G-CSF %G-CSF |%G-CSF $G~CSF
14 +20°C . 2.6 61 63 64 69
+20°C . 0.5 >99 >99 | >99 >99
eet Has Been Rep|aced

HII\I\\ M




It i s expedient to add auxiliary substances which act isotonically for the
production of well-tolerated parenteral drug admnistration forns if

i sotonicity cannot be already achieved by the osnotic properties of the
active substance and the auxiliary substances used for stabilization. For
thi s.purpose non-ionised, well- toleraégd —auxiliary substances are mainly
used. It is not advantageous to add |fs to adjust the i sotonicity,

si nce--hi gh concentrations of salts or ions pronote the formation of G CSF
aggregates. Therefore salts are advantageously added in small anounts.

 Example 4:

G-CSF lyophilisates containing 500 ug/ml G-CSF
(formulations 6 - 10) were prepared as follows. The
auxiliary substances stated in the following table were
G-CSF was
added and if necessary the pH value was adjusted with

dissolved in water for injection purposes,

o small amounts of hydrochloric-acid or disodium hydrogen
phosphate. In each case 1 ml of the,solutionsathat were
previously sterilized by filtration throﬁgh a 0.2 um
membrane filter were filled into injection bottles made
of glass of hydrolytlc glass I and freeze-drled
according to conventional methods. After the
lyophilisation they were aerated with.nitrogén and the
lyophilisates were closed under aseptic conditions with
freeze-drying stoppers. The flanged lyophilisates were
stored in the dark at defined temperatures and examined

using the methods stated in example 1.

' Table 4: Compositions of formulations 6 - 10

Formul.é6 |Formul.7 | Formul.8 | Formul.9 | Formul.10
G-CS8SF 0.5 ug b.S ug 0.5 ug. 0.5 ug 0.5 ug
Maltose 35 ng 35 mg 35 mg: - - - -
L-Phenylalanine 10 mg 10 mg 10 mg | 10 mg 10 mg
Ascorbic acid 5 mg - - | 5 mg. -
Glutathione 10 mg - - 110 mg -
L~Glutamic acid| 5 mg - - "5 mg -
L-Arginine 10 mg 10 mg 10 mg 10 mg 10 mg
Buffer (pH) to 4.5 | to 4.5 | to 6.5 | to 4.5 to 6.5
Pluronic Fé8 0.1mg | 0.1mg | 0.1mg | 0.1 mg 0.1 mg
Water for tolml|tolml|tolml|tolml| tolml°-
injéction . |
purposes

i L.




The pharmaceuti cal
auxiliary substances or additives.
gl ut at hi pne, ascorbic acid or simlar substances, chaotropic auxiliary

preparations can al so.contain further conventi al
Ant i oxi dants_such as for exanple

subst ances such as for exanple urea and am no aci ds such as for exanpl e

arginine, lysine, ornithine, glutanie aeié and others can be added.
i nvention is described in nore detai

in the foll owi ng on the basis of

The

representative exanpl es of enbodi nents: Exanples 1 - 14 show i n which

manner

manuf act ured and exam ned in nore det ai
the protein.
mal t ose;

| yophi | i sates according to the invention can be formul at ed,

with regard to the stablllty of
The influence of the auxiliary substances added in addition to

'raf@gggge,5@ug&@y§ﬁyb41%¥ggd¥%§zﬂuicﬁ the pH val ue is el uci dat ed.
Form |{Storage |{Western blot after 6 weeks after 13 weeks
temp. 6w 12 w |SEC RP |SEC RP
faggr. %aggr. |%G~CSF %aggr. %G-CSF | $6-CSF $aggr. %G-CSF .
6 |+ 8°C < 1 1.0 |>99% 0.9 ~ >99% |>99% 0.7. 99%
o + 40°C < 1 - 1.7 [>99% 0.6 >99% |>99% @ 0.6 98%
7 + 8°C < 1 1.1 |>99% 1.6 | >99% [>99% 1.1 99%
+ 40°C < 1 2.3 |>99% 1.9 >99% |>99% 1.1 99%
8 + 8°C < 1 - >98% 1.5 >99%
+ 40°C < 1 - 1 >98% 1.4 >99%
9 |+ 8°C |3.8 0.3] 95% 5.8 >99% | 95% 1.5  98%
+ 40°C 7.9 2.5 | 95% 6.4 93% 86% 0.8 94%
10 [+ 8°C - . 5.2 ' 96% 1.0 95%
|+ 40°C - 10.3 89% 2.6 89%

Example 5:

The formulations stated in the following table . .
(formulations 11 - 14) were prepared as follows: the
auxiliary substances were dissolved in water for

injection purposes, subsequently G-CSF was added at the

stated concentration. If necessary the pH value was
adjusted exactly with the aid of components of the
phoSphate buffer. The solutions were then filtered'

through a sterilized membrane fllter with a pore size of

0.2 um and fllled under aseptlc condltlons into .

1n]ectlon bottles of hydrolytic class I and lyophlllzed.

.'After lyophlllsatlon they were aerated with nltrogen,

the 1yoph11;sates were closed under aseptlc qondltlons

with freeze-drying rubber stoppers and flanged. The

-
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Conpar ati ve experiments on |yophilisates produced on -the basis of mannitol
or glycine show that naltose, raffinose, sucrose or trehal ose |yophilisates
produce significantly better results than preparations prepared w th other
buil ders. Use of the |yophilisates-described according to the invention and
el uci~dated i n the exanpl es enabl es an;pggiQﬁl formul ation to be produced
for the.described objective, which has a“physiologically tolerated pH

val ue, has a long-termstorage stability enduring increased storage
tenperatures as well as nechanical stress w thout negative effects on the
protein. The prepMiatisitesiord fFddddd ain e RN tdtvaaépiheqezi ng and
it is possible'to conpleteuy diifense W th auxiliaky ggbstances that are
regarded as .Storage temperatures. After 6 and 13 weeks they were |

examined with the methods stated in example i.:

6: Lyophilisate preparations containing amino

Table
sugars

Form. 11 Form. 12 Form. 13 Form. 14
G-C8F ' 0.5 ug 0.5 ug 0.5 ug 0.5 ug
Pluronic Fé8 0.1 mg 0.1 mg 0.1 mg 0.1 mg
N-methyl- - 10 mg - 10 mg
glucosamine
Galactosamine 10 mg - 10 mg -
Glycine : - = '35 mg 35 mg
Maltose 35 mg " 35 mg - -
Phenylalanine 10 mg ' - - -
Phosphate : to to to to
buffer PH 7.0 pPH 7.0 . pH 7.0 "pH 7.0
Water for up to up to up to up to
injection 1.0 ml 1.0 ml 1.0 m1 . 1.0 ml
| purposes : - o -

The analytical data obtained after storage of'thé afore-

mentioned preparations are summarized in the following

results table.

-

i

[l
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- 12 - being critical such as proteins or polyners. In addition théy'
contain only relatively small amounts of physiologically well-tolerated

surfactants. Various sugars or sugar al cohols are exam ned in exanple 3
for their stabilizing effect i-n G CSF |yophilisates. Maltose turns out to
be advant ageous conpared to | actose ang4anannitol. Lyophi |l i sates

contajning nmaltose and further auxiliary substances are described in

_exanple 4. The results clearly denmonstrate that the addition of surfactant
does not substantially influence the stability of the preparation, but it
prevents theTadhesi @n ahailyéiprdt vesuldssurfaces and thus prevents possible

“losses in content. Thep Ebesea%Eo@Fo§ﬁ%H%%t%E%dh%t%“Ch formul ations is thus
u t . .

not necessary for .reasons of stabilization
Form. Storage |6 Weeks - 12 Weeks 12 Weeks
West. blot |West. blot |RP-HPLC % DCP in
%_aggr. % _aqgr. % G-CSF SEC HPLC
11l -+ 8°C 3.8 2.9 >99 . 1.2
+ 40°C 3.2 2.3 >99 1.8
12 + 8°C . 1.8 3.8 >99 1.4
+ 40°C 1.7 4.5 >99. 0.7
13 + 8°C 1.1 1.4 >99 0.9
+ 40°C 16.8 13.0 75 4.2
14 + 8°C | 1.6 12.4 97.5 1.2
+ 40°C 7.7 26.3 84.5 3.5
Example 6:

Formulations 15 and 16 described in the following were
prepared as follows: The stated auxiliary substances
were dissolved in water for 1njectlon purposes, G-CSF
was added in the stated concentration. The pH was
adjusted if necessary using portions of buffer
components. Afterwards the solution was filtered through
a sterile membrane filter with a pore size of 0.2 um and
dispense& under aseptic conditions into sterile
injection bottles made of glass of hydrolytic class I.
Subsequently the injection preparations were freeze-
dried, then aerated with nitrogen and the injection
bottles were closed under aseptic conditions with
freeze-drying stoppers and sﬁbsequently flanged. The
formulations were stored in the dark at defined
temperatures and examihed for the parameters mentioned
below. The test methods stated in example 1 were used
for this. : |
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rather. to mai ntain the nom nal dosage. Various |yophilisate fornmulations
containing naltose are conpared in exanple 5 with two |yophilisates wi thout
mal t ose which are otherwise fornulated identically. The data clearly show
that the presence of nmltose has an advantageous effect on the exan ned
paraneters with respect to stability of,the preparation. The addition of
further auxiliary substances such as ascorblc acid, glutathione or glutamc
acid has no significant influence on the stability within the framework of
t he exam ned storage tenperatures and storage. periods. The preparations
descri bed i n mowmpl£L borr e5di sti ngui-shed i n papdi-gulatiby tlee fact that

they exhibit no changes in the examned quality criteria on long-term

storage at J@BF €ased tenpeg gglr €. _ G=CSF 0.3 mg_
Polysorbate 80 [{0.05 mg Polysorbate 80 0.1 mg
Phenylalanine |5 mg Mannitol 50 mg
Maltose 17.5 mg Buffer to
' . pH 4.5
L-arginine 5 mg Water for up to
injection ' 1.0 ml-
purposes
Buffer to pH 4.5
Water for up to 0.5 nl
injection :
purposes

Table 8: Examination results after storage of
formulations 15 and 16 for'3 and 6 months

Formulation 15 Formulation 16
storage . storage |storage storage
period period period ' period
3 months 6 months|{3 months . 6 months

4-8°C 23°C 4-8°C 23°C|4-8°C 23°C_4-8°C 23fc

West.blot (2.2 < 1% 1.3% 0.7 < 1% 12% 4.1% 17
{dimers) S -

SEC-HPLC |< 1% <1% < 1% < 1%1< 1% 2% < 1% 3
(dimers) _

RP-HPLC |>99% >99% >98% >98%|>99% 98.2% >98% >98
(G-CSF :
peak)
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- 13, - Furthernore it is apparent fromthe exanples that a further
buffer salt is not absol utely necessary in |lyophilisates which contain
mal t ose and argi ni ne- since the arginine buffer formed when the -pHis

"adj usted by hydrochloric acid, phosphoric acid, citric acid or other acids
has an adequate pH stabilizing effect.24rginine buffer is extrenely -
suitable for fornulating stable preparations in the pH range under 5.0 and
of 7.0 - 7.5 (see exanples 11 and 12). Exanple 9 shows that redi ssol ved

| yophilisates with a pH of 7.4 and containing naltose and argini ne buffer
are stabl e fExampléea?: 24 hours. G CSF | yophilisates are described in
exanpl e 6 which contain am no sugars (gal actosam ne, N-nethyl-

gl ucosam ne). It can be seen that the conbination of mal t ose and am no

sugar resul tfnd NeSPRE1aEEBNE descrlbed in table 9 were prepared as

follows:

The stated auxiliary substances were dissolved in water
for injection purposes, G-CSF was added in the stated
concentration, afterwards the pH was adjusted if
necessary with small portions of buffer components. The
pharmaceutical solution was then filtered through a
sterilized membrane filter with a pore size of 0.2 um
and subsequently dispensed into sterile injection
bottles made of glass of hydrolytic class I under
aseptic conditions and lYophilized. '

After lyophilisation they were aerated with nitrogen and
the bottles were closed under aseptic conditions with
freeze-drying stoppers. The bottles were flahged_and
stored in the dark under defined temperature conditions.
After the respective-stcrage periods, analytical
examinatiqns were carried out using the methods
described in example 1 (cf. table 10). '
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preparations than the conbi nation of glycine with am no sugars. This
denmdnstrates that maltose in conmbination with physi ol ogi cal | y

wel |l -tol erated auxiliary substances yields considerably nore stable and
f hus higher quality |yophilisates of GCSF with regard to pharnmaceuti cal

‘qual-i-sty than other builders anrﬁszﬂu I Jnthe literature.
Exanpl e 7 shows that G CSF is tHishi® bl |in | yophlisates
containing maltose-than in Iyo@igg : nitol. This is
denonstrated accordingly at re evaio bt urjes and for | ong
storage peri ods. Exanple 8 sid ot bs| dont ai ni ng mal t ose at
var.i ous pH val ues and contai ni hg®/4 i supgt ance adtlitives give
advant ageous results conpared A4 ' Q@
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- 14, - to |yophilisates with other builders and stabilizers (sugar

al cohol s, am no acids). Exanpl e 10 denonstrates the stability of the
l.yophi | i sates according to-the invention containing mattose, raffinose,
sucrose or trehal ose after 13 weeks storage at 40[err]C. Exanpl e 11 shows

that the |yophilisates according to the2gnvention are stable even with

hi gher G CSF concentrations and the long-termstability of the fornulations
according to the invention even at increased tenperatures is substantiated
in exanple 12. :

In Table 10 the analytical data are summarized for the
stated formulations:

Formulation |Storage 4 weeks . 4 weeks

RP-HPLC SEc-HPLc Western blot
% G-~CSF % G-CSF -

17 8°C > 99 . > 99 |3.6 % dimers
30°C 94 92 9.6 % dimers
40°C . : 14.4 % dimers

18 8ecC - 69 . 60 aggregates
30°C - 44 36 |aggregates
40°C 13 12 aggregates

19 8°cC > 99 > 99 1.0 % dimers

: 30°C > 99 95.5{0.5 % dimers
40°C > 99 97.5{0.5 % dimers

20 ~8°C > 99 > 99 1.6 % dimers,
30°C > 99 >99 |[1,4 % dimers’
40°C > 99 > 99 2.3 % dimers

21 8°C >'99 > 99 1.5 % dimers
30°C > 99 ' 97.512.1 % dimers
40°C > 99 97 2.0 £ dimers

22 8°C > 99 > 99 2.8% di/aggr.

. 30°C 96 96 |3.0% di/aggr.
: 40°C | - - : 12 ¥ di/aqggr.

23 8°C > 99 > 99 |6.8 % dimers
30°C . 91.5 = 92 aggregates
40°C .79 .74 = |aggregates

24 g8°Cc | > 99 - > 99 |10.8 % dimers

' 30°C .88 85 aggregates
40°C 67 60 aggregates
¢

Example 82

Standing time of redissdlveq_lfbphiliéates according to
. the invention having a pH éf'7,4' '
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Exanpl e 1: Test nethods for the stability determination  The |yophilized
preparations were stored in the dark at defined storage tenperatures and

- subsequently exam ned with reversed phase HPLC (RP-HPLC), gel

chromat ography or size exclusion chromatography (SEC HPLC) and Western bl ot
for protein purity as well as for the oggquence of aggregates and di nmers.
In addition the protein content was exafit ned by OD 280 photonetry, the

bi ol ogi cal activity by bioassay (NFS 60 cell test) and aggregation .and
precipitation by turbidity nmeasurenent. The nethods used can be descri bed

as follows: Tﬁelfggighgg% QQ&@%SH@EQH was prépadddHPLC was carried out

using a Nucl eosil . col um (Knauer Cbnpany) The nobil e phase
consi st ed ng/ml Formulation 25

G~CSF 0.35_

Polysorbate 80 0.1

Maltose - 50

Arginine 10

Phenylalanine 10

Hydrochloric acid |to pH 7.4

‘The stated auxiliary substances were dissolved in 1 ml
water for injection purposes, G-CSF was added and the pH
value was adjusted to pH 7.4. The solution was
sterilized by filtration through'a sterilized membrane
filter with a pore size of 0.2 um and afterwards
dispensed into injection bottles of hydrolytic class I.

-After putting on suitable freeze-drying stoppers, the
preparation was freeze-dried at a main drying
temperature of -25°C and a subseQuent drying temperature
of +8°C until the residual moisture reached < 5 %. The
dried lyophilisates were aerated with nitroéen and
closed. '

After 6 months storage at 4 - 8°é the lyophilisates were
dissolved in 1 ml water for injection purposes and
allowed to stand for 24 hours at room temperature.

After this standing time there was no change using the
examination methods described in example 1 with regard
to biological activity (NFS-60 test), protein content
(photometry OD 280) and purity (Western .blot), purity
' (SEC HPLC), purity (SDS page) and purity (RP HPLC)
compared to samples examined directly after dissolution.
Turbidity measurements - even under
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- 15 - of 0.12 % (v/v) trifluoroacetic acid (TFA)/water (A) and
0.1%(v/v) TFA/ acetonitrile (B). The chromat ography was carried out at
a flowrate of- 0.5 mM/mn using a linear gradient of Ato B. The
i njection anobunt was 3 - 6 [err]g G CSF dependi ng on the formul ation.

It was evaluated at a - mavelength of3@14 -nm by neans of the peak area
usi ng an external standard.

mechanical stress - resulted in very low turbldlty

values.

This clearly indicates that redissolved lyop@ilisates of
the formulation according to the invention containing
maltose and arginine buffer at pH 7.4 have an adequate
standing time for clinical application.

Example 9:

Stability of lyophilisates according to the invention
containing maltose, raffinose, sucrose or trehalose
after 13 weeks storage at 40°C

Three lyophilisates corrésponding to example 8,
formulation 25, were prepared that contained 50 mg/ml.
maltose or the same amount by weight of a) raffinose or
b) sucrose or c) tréhalose. '

All lyophiliéates wéfe stored for 13 weeks at
temperatures of 5°C, 25°C, 30°C and 40°C, afterwards -
they were dissolved and examined visually and using the
examination methods SEC HPLC, RP HPLC, Western blot and
'SDS page described in example 1.

In all cases clear colourless solutions resulted. In SEC
'HPLC the product peaks had a size of > 98 % and the
dimers/aggregates had a size of < 1%. In RP HPLC the
product peak reached 100 %, secondary peaks could not- be '
detected, the main-péék_corresponded to the working .
standard. In SDS-page no degradation pfoducts, dimers or
- -aggregates could be detected. |
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1.2 Size exclusion ¢hromatoaraphy (SEC)
colum (7.5 x 300 mm)

separ ations

Na[err|HPQ [err];
6 [err]g G CSF

were carried out
2 flowrate of 0.6 ni/ninin a phosphat e buffer
107. 7 mM KH2PO4; pH 642). The
eval uated at a. detecti-on wavel e

It was

means of the peak area using an external

bl ot

separ at ed
el ectro-bl ot

by incubatidqn with a

st andar d.
3 [err]g rhG CSF is applied under
to a 12 per ag1eRolafay|m@rivseiidSgetage perist subj ected to ge

A TSK G 2000 SW separation

room

i nj

(22

t

ect

non-r educi ng

was used for the SE chronatographyrf.“b
|socrat|cally at

eeﬁ_ﬁiii Been I';ﬂaced

1.3 SDS page/ West ern
condi tions

el ectrophoresi & Subsequentily the G CSF nononers, dinmers or aggregates
accorarng LO LDerr mol Wel ght, ar e % apgt e q%% by
ti ng®®Rro n t?gé;§?5Fo< fﬁﬁépﬁc g grerh iﬂgs e#éé%- $®itied
% G-CSF % G-CSF | % aggregates % minor
bands
5°C >98% 100% n.d. <1
20°C >98% 100% n.d. <1
-30°C >98% 100% n.d. . <1
40°C >98% - 100% n.d. <1
Example 10:
Stability of maltose 1Yophilisates according to the
invention containing arginine'phosphate and arginine'
chloride buffers at pH 4. 5 and pH 7.2 after 13 weeks
storage at 30°C
The following formulations were prepared_accordipg_tq |
the production process described in example 8, which - |
only differed in their buffers and pH values:
Formulation | Formulation | Formulation Eormnlatioh
26 27 28 29
G-CSF 0.35 mg 0.35 mg 0.35 mg 0.35 ng
Polysorbate 80 0.1 mg 0.1 mg 0.1 mg 0.1 mg
Phenylalanine 10 mg 10 mg 10 mg 10 mg
Arginine 10 mg - 10 mg 10 mg 10 mg
Maltose ' 47.5 mg 47.5 mg 47.5 mg 47.5 ng
Phosphoric acid| to pH 4.5 | to pH 7.2 f ' '
Hydrochloric - | to pH 4.5 | to pH 7.2
acid - '




specific polyclonal biotinylated anti-G CSF - anti'body (PAB < GCSF >

| gG and detected by neans of the phosphatase techni que using
streptavi di n- al kal i ne phosphat ase conj ugate (SA-AP conjugate),

- 16 - - 5- brono- 4-chl oro- 3-i ndolyl phosphate (BC P) and nitro
bl ue ‘tetrazoli um(NBT). The percentages2 - anounts of nononers, .dimers and
aggregates are determi ned by | aser densitonetric evaluatlon wth '
the aid of a series of rhG CSF standards

' The preparations were stored at temperatures of 4 to
g8°C, 20 - 25°C and 30°C, dissolved after 13 weeks in 1
ml water for injection purposes and examined using.the
examination methods described in example 1 i.e. RP HPLC,
SEC HPLC (purity) and Western blot (degradation,

. dimerization and aggregate formatidn). The results are.
shown in table 11 and show that the lyophilisates at pH
4.5 and 7.2 according to the 1nventlon are stable after
13 weeks storage at 30°C.

‘Table 11: Results after 13 weeks at 30°C

RP-HPLC SEC-HPLC| = Western blot
% minor peaks degrad. dimers aggregaﬁe
Formulation 26 <1 <1 n.d. - n.d.  n.d.
Formulation 27 <1 <1 n.d. n.d. n.d.
Formulation 28. | <1 =~ =~ <1 n.d. <l% - n.d.
Formulation 29 o<1 - <1. n.d. - - <1% - n.d.

K2

n.d. = not detectable
Example 11:

- stahiiity of maltose lyophilisates according to the’
invention containing arginine phOSphate and argini@e‘_-
chloride buffer at pH 7.4'after'4 and is'weeks sterage
at 40°C : o o . BEEEREE ol

Formulatlons were prepared in the same manner as
described in example 8 and their PH value was adjusted
to 7.4 in one case with hydrochloric acid and once with
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1.4 NFS-60 bi oassay (biological activity) ' The in vitro determ nation

of GCSF activity is based on the nmeasurenent of cell counts in a cel
culture of NFS-60 cells stinulated by G CSF. Under suitable
conditions it is possible to - correlate the dehydrogenase activity of
the cells with the concentration of, G CSF in the medi um Sui tabl e
dilutions of the G CSF buffer solution-are prepared in order to obtain
‘a readily neasurabl e i ncrease in the dehydrogenase activity. The
activity is then neasured photonetrically at 570 and 690 nm the
reducti on-of Jrasdifdsfd chéia salt MIT (yellow) to formazan (blue) is
measur ed. he in vitro activity of GCSF is cal cul ated by
conparing the data for the sanple with those for t he standard accordi ng
to the parallel line nethod. : :
Formulation 30 | Formulation 31

G-C8F : . 0.35 mg 0.35 mg

Polysorbate 80 0.1 mg , 0.1 mg

Phenylalanine 1 10 mg - 10 mg

Arginine . 10 mg 10 mg

Maltose | . 47.5 mg 47.5 mg

Phosphoric acid PH 7.4

Hydrochloric pH 7.4

acid

These two preparations were stored for 4 and 13 weeks at
temperatures of 4 - 8°C and 40°C. The examination
results (Western blot, SDS page) after 13 weeks storage
are shown in the following table 12. The results after 4
weeks storage are 1dent1ca1.-

The results show that the maltose lyophilisateé at pH
7.4 accordlng to the 1nvent10n are stable after 13 weeks
storage at 40°C. '
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The evaluation is according to the requirenments of
1.5 Scattered |light neasurenent turbidity neasurenent
is carried out directly on the

- 17 -

neasur enent

in glass cuvettes
diffusely deflected by the liquid is-4masw ed at an

degr ees. IS measured in conparison

It

suspensi ons according to

Ph. Eur.

(V11

13).

" The

undi | uted product solution

(diameter 2 cm. The scattered light that is

angl e of 90

to formazi ne standard

Table 12: Results after 13 weeks at 40°C
Storage |Western blot, s8Ds-Page, reduc. Residual
temp. non-reduc. product degr. other |moisture

aggr. dimers| band prod. bands %
<1% - <2%

Form. 30| 5°C | n.d. n.d. | <98%  <1%  n.d. .
- 40°C n.d. n.d. <98% <1% n.d.

Form. 31 5eC n.d. n.d. <98% <1l% n.da. .

40°C n.d. n.d. <98% <1% ‘n.d. .1

Example 12:

Stability of lyophilisates according to the invention
having a pH of 7.4 and G-CSF concentrations of 0.5 and
1.0 mg/ml after 13 weeks storage at 40°C

The following formulations were prepared according to
the production process described in example 8 which

differ in their content of G~CSF:

mg/ml Formulation 32 | Formulation 33
G-CSF 0.5 mg_ 1.0 mg
Polgporbate 80 0.1 mg 0.1 mg
Phenylalanine 10 mg - 10 mg
Arginine 10 ng 10 mg
Maltose 47.5 mg 47.5 mg
Phosphoric acid pR 7.4 pH 7.4

The formulations were stored for 4 weeks and 13 weeks at -
4 - 8°C, 20°C - 25°C, 30°C and 40°C, afterwards

-20°c'

dissolved in 1 ml water for injection purposes and
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DI'N 38404C2, the values are stated in TUF. The measurenent is carried
out*on a SU|tabIe turbidity phot oneter, e.g. LTP 5 (Dr. Lange Conpany,
Dussel darf). 1.6 Photonetry OD 280 (protein content) The G CSF WV
spectrum has an absorbance nmaxi mum at - 280 nmwhich is due to side chain
chr onophor es such as tryptophan, ty§95|ne and phenyl al ani ne resi dues.

- The measurenent is carried out in conparison to pl acebo sol utions by
means of : UV spectrophot onet er (e.g. Wikon 810 P or 941,
Kontron | nstrunments) Sem -mcro quartz cuvettes, 500 [err]l, path

length: 1 cmd,eaghné®! EPng SHRE 8Skdmination mgé‘ﬁodyOSEéoﬁPQQZBRﬁs)
HPLC, Western blot and SDS-page descrlbed in example 1
(examlnatlon results see table 13).

The results show that the-lyophilisétes of the
formulations according to the invention are stéble even
at a higher protein. concentration of up to 1 mg/ml after
13 weeks storage at 40°C. '

Example 14:
‘Long-term stability during 9 months

- Lyophilisates were prepared using formulation 31 of
example 11 and the preparations were stored for 9 months
at temperatures of -20°C, 5°C, 25°C, 30°C and 40°C and
examined after 3, 6 and 9 months using all examination
methods described in example 1. ' |

No change could be detected in any of the examiﬁéd__"
parameters during the storage period. At the end of the

- storage periods and at all temperatures the preparation
proved to be fully biologically active, it had the
complete protein content and showed bands or peaks in
all determinations of purity which were wél; below 1 %
of the intact G-CSF molecule.

The results show that lyophilisaﬁes according to the -
invention are stable even when stored for long periods
‘at higher temperatures and thus greatly exceed the
stabilites described in the state of the art.
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Exampl e 2: Aqueous solutions of 0.1 ng/l m Pol oxamer 118 and 50 ng/ m of
theé followi ng sugars or sugar al cohols, mannitol (fornulation 1), |actose
(formulation 2) and maltose (formulation 3) were adm xed with G CSF at a
concentration of 70 [err]Jg/m. After filtration through a sterilized 0.2
[err]m nmenbrane filter, the solutions ygre filled into sterile injection
bottl es made of gl ass of hydrol ytic class |I. After lyophilisation they were
gassed with sterile nitrogen and the stoppers which were firstly put on

| oosely were pressed in under aseptic conditions to close the

| yophi | i sat emsabliée 1yophi Steonage at 30°C

3 months 6 months 9 months
NFS 60 test corresponds corresponds | corresponds
80 - 125% , '
oD 280 358 mg ' 360 mg 352 mg
SDS page s ' <1% T <1%
minor bands | '
Western blot
% aggregates n.d. n.d. _ n.d.
%$dimers <1% <1% ' <1%

3 months 6 months 9 months
RP HPLC _
Product peak . >99% >99% >99%
SEC HPLC L
Product peak >98% - >98% _ >93%;
Minor peaks n.d. : n.d. - | n.d.
Turbidity ' '
measurement _ _
TU/F - 0.5 . 0.5 0.5
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o 0 .—
=-0 o - 37 -
DT B
£ER S crebl 13
S m Q “Tetble : _
COB o_T Formulation 32 .
- 0 %v . ~Wm33@.m.. 0 weeks 13 weeks 13 weeks 13 weeks 13 weeks 43 weeks
5 m < _ —..mimm..mnon_ [-20°C] [refrigerator] [RT] {30°C] 140°C]
S O + Su n_@aa.:n:c: :
=9 8= earance, lyophilisate - .
D g white |  white white white white
Q e oL .n_m:? (solution) - clear clear . Clear - clear clear.
m o S >0 .
o 2 ECtHp-c
—Q n\m S - [purity %] >98 >08 >08 >98 >98 >98
T a .— [dimers/aggregates %]. <1 <1 <1 - < <1 <1
© [
© Iv_muo S _
o .. — [purity %] >98 >08 >898 >98 >08 >98
5.0 - © [sum of minor vmmxm %) <1 <1 <1 <1 < <1
~ M ) mﬂa..w blot : : _ _
R o Ow [dimers %) n.d. nd. - nd. nd. nd. n.d.
COoFESsPSeSO [aggregates %] nd. n.d. nd. nd. nd. n.d.
Qv ﬁ EQ maom radation products %} nd. nd. n.d. nd. nd. nd.
-0 = ~C Cc . :
c=32 Mm.ﬁ%&m silver stain
= "D L S5 5 [monomers %] - >>99% >>99% >>99% >>99% >>99%
TT m D Wd# [additional bands %]} - nd. n.d. nd. nd. nd. .
- m S m u..mnm:o: products %] - <<1% T <<1% -<<1% <<1% <<1%
= O |. —C ) : .
R —_—Q0. >
— = @© w n (A7)
2ZQho0C o et
G OooOoON ®
. OGL ©T© O
T nm — —_ Q
QO wno O
25845 “5=39
§22%°0 .88
famwwm T2
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37%
6. 4%

1 nannit ol
>09%
>99%:-

Formulation 33

._.nmn vmqmamno.. 0 weeks 13 weeks 13 weeks 13 weeks _ 13 weeks | aw weeks

>99%
>99%

For mul .
| act ose
3 nul t ose

2

For nmul .
For nul .

70%

Storage at 40[err]C

25%
aggr egat ed

69%

50%
not
12%

70%
>99%

det ect abl e/

Tabl e 1b:
8195
>99%
>090%0-

[refrigerator] [-20°C] [refrigerator] [RT] [30°C] | -[40°C)
Visual examination | _ .
-appearance, iyophilisate - white white white white white
-clarity, (solution) - clear _ clear clear clear clear
SEC-HPLC | :
[purity %] >98 >98 >98 >98 >08 >98
[dimers/aggregates %] <1 <1 <1 <1 <1 <1
RP-HPLC | - . |
[purity %] >98 >08 >08 >08 >98 >98
- [sum of minor peaks %) <1 . <1 _ <1 <1 R <1
Western blot 1. . .
[dimers %] nd. nd. n.d. n.d. nd. n.d.
[aggregates %] nd. nd. . nd. nd. nd. _ - nd.
[degradation products %)] nd. nd. nd. nd. nd. nd.
SDS-PAGE, silver stain : : . :
[monomers %] - >>»>99% >>99% >>98% >>99% >>99%
[additional bands %] - nd. n.d. n.d. nd. nd.
[degradation products %) - <<1% <<1% <«<1% <<1% - «<1%

laced

" i

n.d. = not detectable

>99%



I - Purity of unchanged protein in RP HPLC I Purity of unchangéd
protein in SEC HPLC |1 D mer s/ aggregates in Western bl ot Exanple 3:
‘Lyophilisates of G CSF were prepared. For this the auxiliary substances
stated in the following table were dissolved in water for injection

pur poses, subsequently G CSF was added_alqa_concentration of 70 [err]g/ni
and if necessary the pH val ue was adjuste3 exactly with small anounts of
the buffer system Pluronic F 68 was used as a representative of an
appropriate surfactant. O her surfactants behave simlarly. After
sterilization by filtration through a suitable 0.2 [err]Jm nenbrane filter,

t-he solutions were filled into steril eciajig@ i on bottle Ilm ||EI“RMﬂﬂmf
hydrol ytic class | and |yophilized according to conventfu “ ter
i yophi l'i sation ' -

1. Lyophilized pharmaceutical-prepafation of G~-CSF
containing maltose, raffinose, sucrose, trehalose

or amino sugar.

2. Lyophilized preparation as claimed in claim 1
additionally containing a physiologically tolerated
amount of surfactant which is smaller than or at
most the same as the amount of G-CSF protein used.

3. Lyophilized preparation as claimed in claim 2 |
containing 0.5 mg/ml, preferably 0.01 - 0.1 mg/ml
- surfactants.

4. Lyophilizéd preparation as claimed in one of the
claims 1 to 3, which additionally contains a
physiologically tolerated amount of amino acids.

5. - Lyophilized preparaticn as claimed ‘in claim 4
containing argininé_and/or_phenyialanine.

6. Lyophilized preparation as.claimed in one of the
claims 1 to 5'contaihing physiologically tolerated
auxiliary substances selected from the group of
antioxidants, complexing agents, buffers, ac1ds,'

' bases or 1sotonlzlng agents.

7. Lyophilized prepafation as claimed in one of the
claims 1 to 6 containing phosphate or acetate
buffer. '
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they‘mere“aeraped W th hitrogen and the I njection bottles were cl osed under
aseptic conditions with freeze-drying stoppers. The preparations were

stored in flanged bottles in the dark at defined storage

- 20 - tenperatures for 6 and 12 weeks and exam ned T -
stated in example 1 Tabl e 2: Formnul at iggns- of G CSF aﬂnmﬁmﬂlnwmmg

- 8. Lyophilized preparation as claimed in one of the
claims 1 to 6 containing arginine phosphate,
arginine chloride or arginine citrate buffer,
preferably at a pH value of 7 - 8.

9. Lyophilized preparation as claimed in one of the
claims 1 to 3,-wherein it is essentially free from
protein-like auxiliary substances or polymeric
auxiliary substances.

~10. Agqueous pharmaceutical preparation obtainable by
redissolution of the lyophilisate as claimed in one
of the claims 1 to 9.

11. Agueous pharm&ceutical preparation as claimed in
claim 10, wherein the solution has a pH value of
6.5 - 8 or 3 - 5, preferably a pH value of 7.0 -
7.5. |

12. Process for the'production of a lyophilized ,

pharmaceutical preparation as claimed in one of the
~claims 1 - 9, wherein an aqueous preparation is

prepared which contains'G-CSF as the active
substance and ﬁaltose, raffinose, sucrose,
trehalose or amino sugar as auxiliary substances as
well as, if desired, further pharmaceutical-
auxiliary substances and the solution is
subsequently lyophilized."

13. Use of maltose, raffihbsé; sucrose, trehalose or
amino sugar for the production of a stable
lyophilized'pharmaceutiéalVpreparation GOntaihind
G-CSF as the active substance. Lo
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mal t 0se : | a Fornul ati on 4 Formul ation 5 G CSF

70 ferr]g 70 [err]g Maltose . . 35
35 nmg L-Phenyl al ani ne 10 ny ’ 10 ng Ascorbic acid
5nm - 5 ng @ U at hi one 10 ny 10
ng L-"Autamc acid . 5 m o 5 nmg L-Arginine '
10- ny 10 ng Buffer (pH to pH 3.6 to pH
3.6 Pluronic F68 : 0.1 ng Water for
upto 1 m up to 1 m injection Tabl e 3: Storage at 20[err]C
Fm storage after after after 6 weeks after 12 weeks

' - 41 -

Abstract

. STABLE LYOPHILIZED PHARMACEUTICAL PREPARATIONS -OF G-CSF

The present invention concerns 1§ophilized
pharmaceutical preparations of G-CSF that contain
maltose, raffinose, sucrose, trehalose or amino sugar as
stabilizing agents. In additon the invention concerns a
pchess for the production of stabiiized lyophilisates
as well as the use of maltose, raffinose, sucrose,
trehalose or amino sugar as stabilizing agents of
pharmaceutical agents containing G-CSF. |
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Stable lyophilized harmaceutical preparations of G=CSF

The present invention concerns lyophiliied
pharmaceutical preparations of G-CSF which contain
maltose, raffinose, sucrose, trehalose or amino sugare
as stabilizers. In addition the invention concerns a
process'for the production of these stabilized
lyophilisates and the use of maltose, raffinose,

'sucrose, trehalose or amino sugars as stabilizers of

pharmaceutical agents containing G-CSF.

Various pharmaceutical preparations which contain G-CSF
(granulocyte colony stimulating factor) are already
known from the state of the art.

A pharmaceutical agent containing G-CSF is described in
DE 37 23 781 (GB 2,193,631) which contains at least one
pharmaceutically acceptabie surface-active _agent,
saccharide, protein or a high-moleculer compound for -
stabilizing G—CSF. Preparations are proposed there Wthh
contain human serum albumin as a stab:.lJ.z:.ng agent. In

- particular preparatlons are stated to be advantageous

which contain surface-active ‘agents in parts 'bjr weight

which correspond to 1 - 10000-fold the amount of G-CSF

used.

Stabilized preparations of G-CSF are described in
EP 0 373 679 which are characterized essentially by an
acidic pH value of the solut:.on, wherein the solutlons

o should have as ‘low a conduct1v1ty as poss:Lble. The
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(f_orr?ul ations: 6 ---40) were prepared as follows. The auxiliary substances
stated in the followng table were dissolved in water for injection '
pur poses, G CSF was added and if necessary the pH val ue was. adjusted with
smal | anmounts of hydrochloric acid or, di sodi um hydrogen phosphate. |In each
case 1 m of the solutions that were previously sterilized by filtration
through a 0.2 [err]m nmenbrane filter were filled into injection bottles
made of glass of hydrolytic glass-1 and freeze-dried according to
conventional nethods. After the lyophilisation they were aerated with

ni trogen andgpheiRinddat £spiefLud @Fed Undel aseRiHe So88i£hgps With
freeze-dryi ng st oppers,. The flanged I%&phl | i sates wer.e st ored.in t he dark
at defined t Ehfe FRAWHELRH CRERH JPT TG PRAEIASENTHS Y A+ Ha % anpl e 1.

Tabl e 4: Conpapstiapitespisdch nag atdrokamplelBuffers or mannitoXorDfl . 6
Formul .7 Formul .a EqQrmul . .9 Fornul.10 G CoF . . - 0.5
[err]g 0.5 Pgr %P&gero.sgnfséiﬁr]’%es TS P["&FF% lﬁaitpgsé) ha%aCé‘gé{‘]F‘rgl 35 ny
35 ny - formulation, pH ranges of 2.75 - 4 are described as

being advantageous. '

Furthermore, stabilized lyophilisates of human protein
prepé.rations are described in EP 0 306 824 in which
stabilization is achieved by adding a mixture of urea,
amino acids and detergent.

In the -earlier PCT Patent Applicafioh PCT/EP92/01823 a
process' is described for the production of well—
tolerated pharmaceutical agents containing G-CSF .foj:'
infusion or injection purposes. The liquid forms of -
"administration are characterized in.particular by a low
titration acidity and low buffer capacity. Th_e pH values
of the described infusion and.injection solutions
containing G-CSF are in an acidic range of about 3.8 -
4.5,

Proc'esées ‘for the production of liquid drug
administration forms containing G-CSF which additiqnally

" contain preservatives are known. from PCT/EP92 / o1s22. The

_ pPH values of the aqueous pharmaceutical solutiéris are in
the acidic rahge of 2.5 - 4.5. In this case the :
stabilization of G-CSF is essentially achieved by
setting an acidic pH value which is favourable for G-CSF
and by adding a mixture of various amino -acids.'

The previously known drug administration forms for G-CSF
do, however, have some disadvantages. It was found that
liqu_id G-CSF preparations can in some cases be sensitive
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L-Phenyl al anine 10 ng 10 ny 10 ng - 10 ny 10 ng Ascorbic acid

g ny - _ 5 mg @ utathione 10 ng _ 10
ny L-Jdutamc acid 5 ng _ 5 ng . _  L-Arginine

10 ny 10 ny 10 ny 10 ny . 10 ng Buffer (pH to 4.5 to 4.5 to
6. 5 to 4.5 to 6.5 pluronic F68 _ 9.1 ny 0.1 ng 0.1 mg 0.1 ny
0.1 mg water for ~to 1nm tolnmM to 1m.tolmM to 1l n
pur poses - 22 - ,

towards freezing and thawing. The uncontrolled freezing
and thawing of such preparations can lead to the _
formation of dimers, oligomers and aggrégates; insoluble
precipitates may also be formed. Such properties of
pharmaceutical agents containing protein are
questionable'from a medical-pharmaceutical point of view
since it is not possible to absolutely avoid an '
accidental freezing of the pharmaceutical solution and
thus there is a risk of administering a qualitatively
changed preparation.

A disadvantage of the preparations described in-
DE 37 23 781 is moreover that they contain
pharmaceutical additives or-auxiliary substances which,
from a medical point of view, cannot simply be judged as
harmless. Polymers and proteins have a certain potential
risk with regard to their suitability as pharmaceutical
additives due to their origin and their physicochemical
properties. Proteins of human or animal origin as well
as proteins obtaihed from cell cultures bear a potential
‘residual risk of viral contaminations. Other protein-
like impurities which are analytically difficult to
detect can also cause imﬁunological reactions in humans
due fo their antigenic properties. Moreover proteins of
animal origin can generally trigger immunological
reactions in'humans'due to their species-specific |
properties. Long-terﬁ reactions after a later re-

_ administrqtion of such préteins are also possible.

The addition of high-molecular compounds (polymers) may
also be problematic. Polymers can accumulate in the body
due to their large molecular mass and can thus remain in
the body over a long period if no biodegradation occurs.
This is a particular risk in the case of subcutaneous
administration since removal and distribution via the
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Tabi'e 5: Anal ytical results Form St orage Western bl ot after 6 weeks

After 13 Weeks tenp. 6 w 12 W SEC RP SEC RP

% aggr. %aggr. %'CSF %aggr. % CSF %5 CSF %aggr. % CSF 6 + BC <1

1.0 >99% 0.9 >99% >99% .0.7 99% + 40[err]C <1 1.7 <99%
0.6 >99% >99% 0.6 98% 7 + 3B[gery]C 1 1.1 >99% 1.6 >99%
>99% 1.1 99% + 4]err]C <1 2.3 >99% 1.9 >99%>99% 1.1 99%
8 + 8[err]C <1 >98% 1.5 >99% + 40C < 1

- >08% 1.4 >99% O + 8[err]C 3.8 0.3 95% 5.8 >99% 95%
1.5 98% bldodOsEreas iZ. onsidera®ly sdober 23Mpar88lto0. 8 94% 10 +

gg$£r£C% SQEgtravghgus administratf%g%’P%lgmer%5%£§ éQLSrhhge 10.3
antigenic properties depending on their molecular mass.
In addition the purity of polymers is difficult to
guarantee because of the catalysts used for their
production or the preSence of monomers and other polymer
fragments. The use of polymers in pharmaceutical forms
of administration should thus be avoided if possible in
particular in the case of forms of pharmaceutical agents

that can be administered Subcutaneously.

The amounts of surfactant described in DE 37 23 781 must
also be regarded as problematic from a medical point of
view. Here surfactant concentrations are described as
being advantageous in which 1 to 10000 parts by weight
of a surface-active agent are present in relation to the
_propoftion by weight of G-CSF. If, on the other hand,
one considers the preferred epplication concentrations
of ' _
G-CSF for clinical use of 0.05 - 1.5 mg/ml in the final
pharmaceutical formulations, then this results in
correspondingly high surfactaht concentrations. These
should be avoided from a medical point of view since
thej can cause local irritations.

In addition some of the known formulatlons have the
disadvantage that, partlcularly in the case of
subcutaneous administration, they lead to local =
intolerances in patients due to the low pH value used.
The product obtained can cause pain and local tieegeg;-
irritation in sensitive patients since the-physi016§ical
pH range of 7.0 - 7.5 present in tissue is not adheped
to. ' '
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Exafipl e 5: The formul ations stated in the followng table (formulations
41 - 14) were prepared as follows: the auxiliary substances were dissol ved
in water for injection purposes, subsequently G CSF was added at the stated
concentration. |If necessary the pH value was adjusted exactly with the aid
of couponents of the phosphate buffqrs'[he solutions were then filtered
through a sterilized nenbrane filter Wwth a pore size of 0.2 [err]mand
filled under aseptic conditions into injection bottles of hydrolytic class
| and | yophilized. After |yophilisation they were aerated with nitrogen,

the |yophi 'iﬁ%&&wf{pﬁ Ekoa%dleﬁla%r f2saPthe copdirhtape thak freeze-drying
rubber stoppers and an

especially non-glycosylated forms of G-CSF are

particuarly unstable compared to glycosylated G-CSF

which is obtained from CHO cells (J. Biol. Chem. 1990,

265, 11432). The stabilization of non-glycosylated forms

of G-CSF proved to be particularly difficult and

requires specially selected measures in order to

formulate this molecule in a stable dfug administration

form.

The object of the present invention was to provide a
drug administration form of G-CSF which enables a proper
use of G-CSF as a pharmaceutical agent and which does
not have the disadvantages of the previously known drug
forms described above. The pharmaceutical preparation
should be stable towards uncontrolled freezing and
thawing processes as well as also being stable when
stored for long periods as a lyophilisate,
physiologically well-tolerated, simple to use and
possible to dose precisely. ' -

The examples described. in DE 37 23 781 show that stable
lyophilisates can be obtained'when human serum albumin
is used as an auxiliary agent. The addition of sugar
alcohols alone leads to less stable formulations.
Therefore with regard to improving the state of the art
it is desirable to find formulations which do not.
contain human serum albumin (HSA) or other proteins or
polymers but nevertheless have a good stability even at
increased temperatures. The absence of human serum

- albumin and polymers reduces the medical risk of side-
effects such as those descrlbed for examplg for HSA.

Surprisingly it was found that, within the sense of the
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_ 23 | yophilisates were stressed in the dark at defined storage
t®enperatures. After 6 and 13 weeks they were exami ned with the nethods

stated in exanple 1. Table 6: Lyophilisate preparations containing
am no sugars : Form 1l Form 12 Form 13 From 14
G CSF 0.5 [err]g 0.5. §exr]g 0.5 [err]g 0 5 Jerr]g

Pl uroni ¢ F68 0.1 ng 0.1 ng 0. 1 ny 0.1 ng

present invention, it is possible to produce stable
forms of pharmaceutical agents when maltose, raffinose,
sucrose, trehalose or amino sugars are used as
additives.

Solid preparations which contain maltose, raffinose,
suérose, trehalose or amino sugars as auxiliary agents
can be frozen or even stored at increased temperatures
(up to 40°C) with no significant loss of protein
guality. The pharmaceutical quaiity of the active
substance is not adversely affected by this. The
preparations according to the invéntioh are preferably |
put on the market as lyophilisates. The aqueous '
preparatiéns prepared after redissolvihg are very well-
tolerated and represent high quaiity preparations with
regard to protein stability. In addition they have the
advantage that the addition of maltose, raffinose,
sucrose, trehalose or amino sugars as auxiliary agents
enables solutions to be prepared with an advantageous pH
value of 4 - 5 or 7 - 8 whereas the solutions known from
the state of the art in éeneral require solutions with a
pH value of 2.5 - 3.5 for stabilizing the protein.

An additional advantége of the preparations according to
the invention is that they are eésentially free of
protein-like or polymeric auxiliary substances the use
of which may be problematic from a medical point of
view. Due to the fact that liquid drug administration
forms containing G-CSF obtained by dissolving
lyophilisates can now be produced with a pH value of .
about 4 - 5 or 7 - 8, preferably with a pH value near to
the pH value of blood (pH 7.2 - 7.4), they also have the
advantage of being well tolerated and capable of
administration substantially free of pain. This is
particularly important for.Subcutaneous administration
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N- et hyl - 10 ny 10 my gl ucosani ne

@l act osam ne 10 ny 10 ny d ycins - _

-35 1y 35 ng ° Ml tose .35 ny _

Phenyl al ani ne 10 ngy - Phosphat e to to
to to buffer pH 7. 0o pH 7.0 pH 7.0 pH 7.0 Wat er
for up to up to up to up to I nj ection 1.0 n
1.0m 1.0m 1. Om pur poses The anal ytical data cltained

after storage of the afore- nentioned preparations are summarized in the
foll owi ng resiihte fiabkhis case intolerances occur more easily than

with intravenous administration. The preparations
according to the invention can also be prepared in the
clinically particularly preferred concentration ranges
of 0.05 - 1.5 mg/ml so that it is possible to keep to
injection volumes of < 1.0 ml. Small injection volumes
are particularly advantageous for subcutaneous
administration since they cause only slight mechanical
stimuli in the hypodermis. '

A further advantage is that due to the selected
auxiliary substances, the relatively high amounts. of
surfactant previously required in the liquid
pharmaceutical preparations are no longer necessary. On
the contrary low amounts of surfactant of 0.5 mg/ml or
less, preferably of 0.01 - 0.1 mg/ml, are adequate to
stabilize G-CSF. Surfactant concentrations (mg/ml) can
be used advantageously which are smaller than or at most
the same as the amount of G~CSF protein used per unit of
volume (mg/ml). This is a particular advantage for those
liquid drug forms which are intended for the
subcutaneous administration of G-CSF. In addition the
measures according to the invention lead to an adequate
stabilization for pharmaceutical preparations of the
labile non-glycosylated G-CSF molecules in particular.

The auxiliary agent maltose (malt sugar, maltobiose, 4-
O-alpha-D-glucopyranosyl-D-glucose) is used ih an'amount
of 0.01 ~ 10000-fold the amount of the active substance
" G-CSF. The same applies to the aux111ary substances
raffinose, sucrose and trehalose. The concentration of
‘these auxiliary substances in the liquid form of the
pharmaceutical agent is 0.1 - 200 mg/ml, pfeférably 10 -
60 mg/ml. The stereoisomeric disaccharides cellobiose,
gentiobiose or isomaltose can also be used instead of
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- 247 Table 7: Analytical results DCP = deconposition

ptoducts Form Storage 6 Weeks 12 Weeks 12. Weeks

West-. bl ot West. blot RP-HPLC % DCP in % aggr . %aggr. . %

G CSF SEC HPLC 11 + 8[err]C 3.8 2.9 >99

1.2 + 40[err] C 3.2 -33 . >99 1.8 12 +

8lerr]C 1.8 3.8 >99 1.4 + 40[err]C 1.7

4.5 >99 0.7 13 . + 8[err]C 1.1 1.4 >99
4.2

0.9 + 40[err]C 16. 8 13.0 75
: maltose. Amino sugars generally denote those

monosaccharides which have an amino or an acylated amino
group instead of a hydroxy group. Examples of this are
glucosamine, galactosamine and neuraminic acid.

In a particular  embodiment pharmaceutical preparations
are provided which contain amipo acids in addition to
maltose, raffinose, sucrose or trehalose. Basic amino
acids come into particular consideration as amino acids
such as for example arginine, lysine, ornithine etc.,
acidic amino acids such as for example glutamic acid,
aspartic acid etc. and also aromatic amino acids such as
phenylalanine, tyrosine, tryptophan etc. '

Amino acids are used in 0.01 - 10000-fold the amount of
the active substance G-CSF. The concentration of these

auxiliary substances in the liquid pharmaceutical ',
preparation is 0.1 - 200 mg/ml, preferably 1 - 50 mg/ml.

In order to produce the lyophilisates, firstly the
aqueous pharmaceutical solutions which contain the
active substance and other common pharmaceutical
auxiliafy sustances are prepared. Amino aéids-such as
e.g arginine, lysine, ornithiﬁe,_phenylalanine or
'tyrosine‘come'in_particular into consideration as
pharmaceutical auxiliary substances. In addition the
aqueous preparation can contain common buffer substances
such as e. g. acetic acid, hydroéhloric acid, citric
acid, lactic acid, tartaric acid, maleic acid and
phdsphorgc acid or physiologically tolerated salts
thereof. In the production of the auxiliary substance
'solution these buffer substances can either be present
in the form of the corresponding free acids or in. the
form of the alkali, alkaline-earth or ammoniﬁm salts.
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14 ~ + 8[err]C 1.6 12.4 97.5 1.2 +
40[err]C 7.7 26. 3 84.5 .3.5 Exanpl e 6:
Formul ati ons 15 ‘and 16 described in the foll owi ng were prepared as foll ows:
The stated auxiliary substances were dissolved in water for injection

pur poses, G CSF was added in the stated concentration. The pH was adj usted
I f necessary using portions of buffer conponents. Afterwards the solution
was filtered through a sterile nenbrane filter with a pore size of 0.2
[err]mand di spensed under aseptic conditions inte sterile injection

bottl es madeThné-gbiutioh kepar dlnytiddidliams cont8ibs yuréinelry cogiomj ect i on
preparation ¥$ﬁ§ PR o | AUIN(=Yo ith nitrogen and the

i njection bi? esaééggigF%sgﬁﬁﬂﬁﬁ%?%2§§%'?%ﬁggﬁbitions with freeze-drying
stoppers and subsequently flanged. The formnul ati ons were stored in .the dark

at defined tenperatures and exami ned for the paraneters nentioned bel ow.
The test netTRRIsSQERLBES Ricpaddtdon Rér Ehgs¥arigus, puxiliary

substances or of the active substance is largely
independent of the production process and is at the _
discretion of the person skilled in the art. The desired
pH value of the solution is adjusted by adding bases
such as alkaii hydroxides, alkaline-earth hydroxides or
ammonium hydroxide. Sodium hydroxide is preferably used
for this. The adjustment of the desired pH value can in
principle be achieved by adding basic solutions. In
general salts of étrong bases with weak acids come into
consideration for this such as e.g. sodium acetate,
sodium citrate, di-sodium or di-potassium hydrogen
phosphate or sodium carbonate. If the pharmaceutical
solution of auxiliary substance has a basic pH value, it
is adjusted by titration with an acid until the desired
pH range is reached. Physiologically tolerated inorganic
or organic acids come into consideration as acids such
as for example hydrochloric acid, phosphoric acid,
acetic acid, citric acid or conventional solutions of
substances which have an acidic pH value. In this
respéct preferred substances are salts of strong acids
with weak bases such as e.g. sodium dihydrogen phosphate
or potassium dihydrogen phosphate.

The concentrations of the buffer substances in the ‘
ready-to-administer liquid drug administration form are
preferably about 2 - 80 mmol/1l in each case. The total
concentration of buffer subétances should not exceed a
value of 100 mmol/l. The concentration of buffer
substances is'prefefably 5 - 40 mmol/1l.
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- 257 Formul ati on 15 Fornmul ation 16 G CSF

0. 25 G CSF 0.3 ng Polysorbate 80 0.05 ny

Polysorbate 80 0.1 ng Phenyl al anine - 5 ngy ’ Manni t ol 50 ny
Mal t ose 17.5 ng Buf f er to

pH 4.5 L-arginine 5 ngy -Waper for up to

I nj ection 1.0 m pur poses

. The-stabilization of G-CSF molecules by means of the
said auxiliary substances relates in principle to all
G-CSF molecules produced by recombinant processes and
variants theréof.'The term G-CSF or G-CSF variant
according to the present invention includes all
naturally occurring variants of G-CSF as well as G-CSF
proteins modified by recombinant DNA-technology that are -
defived therefrom, in particular fusion proteins which
additionally contain other protein sequenées in addition
to the G-CSF part. In this fegard a G-CSF mutein is
particularly preferréd with a N-terminal Met residue at
positidn -1 which is suitable for expression in |
prokaryotic cells. A recombinant methionine-free G-CSF
variant which can be produced according to
PCT/EP91/00192 is equally suitable. The term "G-CSF
variant" is understood to include those G-CSF molecules
in which one or several amino acids may be deleted or
replaced by other amino acids wherein the essential
properties of G-CSF are substantially retained. Suitable
G-CSF muteins are described for example in EP 0 456 200.

" It is expedient to add auxiliary substances which act
isotonically for the production of well—tolerated.
parehteral drug administration forms if isotonicity ..
cannot be already achieved by the osmotic properties of
the active substance and the auxiliary substances used -
for stabilization. For this purpose non-ionised, well-
tolerated auxiliary substances are mainly used.

It is not advantageous to add salts to adjust the
isotonicity, since high concentrations of sélts-ér ions
promote the formation of G-CSF aggregates. Therefore
salts are advantageously added in small amountsL
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Buf fer to pH 4.5 Water for up to 0.5 nl injection purposes

Jable 8: Exam nation results after storage of formul ati ons 15
and 16 for 3 and 6 nonths For mul ati on 15 For mul ati on
16 : st or age storage storage st orage

peri od peri od peri od _ 1B§[jod 3 nont hs 6
nont hs 3 nont hs 6 nont hs 4-8[err]C 23C 4-8[err]C 23C

4-8[err]C 23C 4-8C 23[err]C West . blot 2.2 < 1% 1.3% 0.7 < 1%
12% 4.1% 17 (dimers) SECGHPLC < 1% <1% < 1% < 1%< 1% 2% <

1% 3 (di "®h&) pharmaceutical preparations can also contain further
convential auxiliary substances or additives.
Antioxidants such as for example glutathione, ascorbic

' acid or similar substances, chaotropic auxiliary
substances such as for example urea and amino acids such
as for example arginine, lysine, ornithine, glutémic
acid and others can be added.

The invention is described in more detail in the
following on the basis of representative examples of
embodiments:

Examples 1 - 14 show in which manner lyophilisates"
according to the invention.can be formulated,
manufactured and examined in more detail with regard to
the stability of the protein. The influence of the
auxiliary substances added in addition to maltose;
raffinose, sucrose or trehalose and of the pH value is
elucidated.

Comparative experiments on lyophilisates produced on the
basis of mannitol or glycine show that maltose,
raffinose, sucrose or trehalose lyophilisates produce
significantly better results than preparations prepared
with other builders. Use of the lyophilisates described
according to the invention and elucidated in the
examples enables an optimal_formﬁlation to be-prbduced
for the described objective, which has a physiologically
tolerated pH value, has a long-term storage stability
enduring increased storage temperatures -as well as
mechanical stress without negative effects on the
protein. The preparatipns are in particular not
sensitive to freezing and it is possible to completely
dispense with auxiliary substances that are regarded as
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RP-HPLC  >99% >99% >98% >98% >99% 08.2% >98% >98 (G CSF peak)

<F 26 - Exanple 7: The formul ations described in table 9 were prepared
as foll ows: The stated auxiliary substances were dissolved in water
-12 -

being critical such as proteins or polymers. In addition
“they contain only relatively small amounts of
physiologically well-tolerated surfactants.

Various sugars or sugar'alcohols are examined in example
3 for their stabilizing effect in G-CSF lyophilisates.
Maltose turns out to be advantageous compared to lactose

and mannitol.

Lyophilisates ¢ontaining maltose and further auxiliary
substances are described in example 4. The results
clearly demonstrate that the addition of surfactant does
not substantially influence the stability of the
preparation, but it prevents the adhesion of the protein
to surfaces and thus prevents possible losses in
content. The presence of surfactant in such formulations
is thus not necessary for reasons of stabilization but
rather to maintain fhe nominal dosage.

Various lyophilisate formulations containing maltose are
compared in example 5 with two lyophilisates without
maltose which are otherwise formulated identically.'The
data clearly show that the presence of maltose has an
advantageous effect on the examined parameters with
respect to stability of the preparation. The addition of
further auxiliary substances such as ascorbic acid,. .
glutathione or glutamic acid has no significant |
influence on the stability within the framework of the
examined storage temperatures and storage periods. The
preparations described in example 5§ are distinguished in
particular by the fact that they exhibit no changes in
the examined quality criteria on long-term storage at an
increased temperature. '
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~for injection purposes, G CSF was added in the stated concentration,
afterwards the pH was adjusted if necessary with small portions of buffer
conmponents. The pharmaceutical solution was then filtered through a
sterilized nenbrane filter with a pore size of 0.2 [err]mand subsequently
di spensed into sterile injection bottl made of glass of hydrolytic class
| under aseptic conditions and |yophilized. After |yophilisation they
were aerated with nitrogen and the bottles were cl osed under aseptic
conditions with freeze-drying stoppers. The bottles were flanged and stored

in the dark rudenegfibracd t! @D apdaHentC Trdn ites oxiinifled Rndtespect i ve

Zéggﬁggege[hg nagﬁglcalsﬁg n1natlon%gggyaegTyw;zcéggaégnJEJthe nmet hods
1yophlllsates which contaln maltose and arginine since
the arginine buffer formed when the pH is adjusted by
hydrochloric. acid, phosphoric acid, citfie acid or other
acids has an adequate pH-stabilizing'effect, Arginine
buffer is extremely suitable for formulatiné stable
preparations in the pH range under 5.0 and of 7.0 - 7.5
(see examples 11 and 12). Example 9 shows that
redissolved lyophilisates with a pH of 7.4 and
containing maltose and arginine buffer are stable for at

least 24 hours.

© G-CSF lyophilisates are described in example-G which
contain amino sugars (galactosamine, N4methyl¥
glucosamine). It can be seen that the combination of
maltose and amino sugar results in more stable _
preparations than the combination of glycine with amino
sugars. This demonstrates that maltose in combination
with physiologically well-tolerated auxiliary substances
yields considerably more stable and tﬁus:higher_quality
lyophilisates of G-CSF With regard to pharmaceutical
quaiity than other builders and stabilizers proposed in
the_literature. |

Example 7 shows that G-CSF is con51derab1y more stable
in lyophilisates contalnlng maltose than in
lyophilisates containing mannitol. This is ‘demonstrated
accordingly at relevant storage temperatures and for
'long storage periods.

Example 8 shows that lyophilisates containing maltose at
various pH values and containing various auxiliary
substance additives give advantageous results compared
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-27-“Terr] _ - 28 In Table 10 the
anal ytical data are summarized for the stated formnul ations:

_14_.

to -lyophilisates with other builders and stabilizers

(sugar alcohols, amino acids).

Example 10 demonstrates the stability of the
lyophilisates according to the invention containing
maltose, raffinose, sucrose or trehalose after 13 weeks

storage at 40°C.

Example 11 shows that the lyophilisates according to the
invention are stable even with higher G-CSF
concentrations and the long-term stability of the
formulations according to the invention even at
increased temperatures is substanfiated_in example 12.

Example 1:
Test methods for the stability determination

The lyophilized preparations were stored in the dark at
defined storage temperatures and subsequently examined
_wiﬁh reversed phase HPLC (RP-HPLC), gel chromatography
or size exclusion chromatography (SEC HPLC) and Western
blot for protein purity as well as for the occurrence of
aggregates and dimers. In addition the protein content
was examined by OD 280 photometry, the biological
activity by bioassay (NFS 60 cell test) and aggregation
-and precipitation by turbidity measurement. The methods
used can be described as follows:

1.1 Reversed phase HPLC
The RP-HPLC was carried out using a Nucleosil C18
column (Knauer Company). The mobile phase consisted
" This is the replacement shest
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For mul ati on Storage 4 weeks 4 weeks

RP-HPLC SEC- HPLC Western bl ot % G CSF % G CSF
17 8[err]C > 99 > 99 3.6 %diners
30[err]C . 94 92 9.6 %diners 40C
14.4 % diners 18 8C _ 15.@9 60 aggr egat es
30C 36 aggr egat es : 40[err] C 13 -
12 aggregates 19 - 8C > 99 > 99 1.0 %dinmers
30[err]C > 99 : 95.5 0.5 %diners : 400C > 99
éggé?r?CS %)S'gSE&'%plz T gV f trlf%aoroébégﬁc acid (TFﬁﬁpWZB?r6 ?Eginers
: err >

99 C >99 (B 1, @ derts YY) TFA/acetC’nl'fet[Jelr‘? &) - > 99
1.5 %diners - chromatogra&alﬁﬁ@as c?azQ:QLed out at H7£How. ﬁa%doﬁers
40[err] C 9 7 2.0 % dinmers 22, £ 8[err]C >
99 > 99 ZQW%(ﬂyﬁﬂﬁﬂ'u31ng a llnear gr %RF]?? A toB. 96
3.0% di / aggr. 40[err] C 12 % di/aggr. 23
8[err]C > 99 > 99 6.8 % dinmers o

The injection amount was 3 - 6 ug G—CSF depending

on the formulation. It was evaluated at a :

wavelength of 214 nm by means of the peak area

using an external standard.

1.2 Size exclusion chromatography (SEC
A TSK G 2000 SW separation column (7.5 x 300 mm)
was used for the SE chromatography. The separations
" were carried out isocratically at room temperature

and a flow rate of 0.6 ml/min in a phosphate ‘buffer

(22.2 mM Na,HPO,; 107.7 mM KH,PO,; pH 6.2). The

injected amount was 3 - 6 pug G-CSF. It was

evaluated at a detection wavelength of 214 nm by

means of the peak area using an external standard.

1.3

~ 8DS_page/Western blot

3 pug rhG-CSF is applied under non-reducing
conditions to a 12 per cent polyacrylamide SDS gel
and subjected to gel electrophoresis. Subsequently
the G-CSF monomers, dimeré or aggregates separated
according to their molecular weight are transferred
by electro-blotting onto nitrocellulose. The
protein bands are identified by incubation with a
specific polyclonal biotinylated anti-G-CSF
antibody (PAB < GCSF > IgG) and detected by means
of the phosphatase technique using streptavidin-
alkaline phosphatase’conjugate (SA-AP conjugate),
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30[efr]C 91.5 92 aggr egat es 40[err] C 79
t4 aggregates 24 8lerr]C > 99 > 99 10.8 % di ners
30[err]C 88 85  aggregates 40[err]C 67
60 aggr egat es Exanple 8: . Standing tine of redissolved | yophilisates
according to the invention having a pfifg 7.4

- 29 - .

S5-bromo~4-chloro-3-indolyl phosphate (BCIP) and
nitro blue tetrazolium (NBT). The percentage
amounts of monomers, dimers and aggregates are
determined by laser densitometric evaluation with
the aid of a series of rhG-CSF standards. |

1.4 NFS-60 bioassay (biological activity)

. The in vitro determination of G-CSF activity is
based on the measurement of cell counts in a cell
culture of NFS-60 cells stimulated by G-CSF.

Under suitable conditions it is possible to
correlate the dehydrogenase activity of the cells
with the concentration of G-CSF in the medium.
Suitable dilutions® of the G-CSF buffer solution are
prepared in order to obtain a readily measurable
increase in thé dehydrogenase activity.

.The activity is then measured photometrically at
570 and 690 nm; the reduction of the tetrazolium
. salt MTT (yellow) to formazan (blue) is measured.

The in vitro activity of G-~CSF is calculated by

comparing the data for the sample with those for

the standard according to the parallel line method.

The evaluation is acéording to the requirements of
' Ph. Eur. (VIII, 13).
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The foll owing conposition was prepared: ng/m For mul ati on 25
G CSF 0. 35 Pol ysorbate 80 0.1 Maltose 50.

Ar gi ni ne 10 Phenyl al ani ne 10 Hydrochloric acid to pH 7.4
The stated auxiliary substances were dissolved in 1 m water for injection
pur poses, G CSF was added and the pH value was adjusted-to pH 7.4. The
solution was sterilized by fiItratioﬁ'ﬂﬂ}dhgh a sterilized nenbrane filter
with a pore size of 0.2 [err]mand afterwards di spensed into injection
bottl es of hydrolytic class I. After. putting on suitable freeze-drying

stoppers, the g eRaIAl GLYaF ﬁ@%@a’ﬁf&&rﬁ; A 1 £ lilﬁ@asurement

The measurement is carried out directly on the
undiluted product solution in glass cuvettes
(diameter 2 cm). The scattered light that is |
diffusely deflected by the liquid is measured at an
angle - of 90 degrees. It is measured in comparison

to formazine standard susbensions according to

DIN 38404C2, the values are stated in TU/F. The
measurement is carried out on a suitable turbidity
phdtometer, e.g. LTP 5 (Dr. Lange Company,
Diisseldorf). ' '

1.6 Photometry OD 280 (protein content)

The G-CSF UV spectrum has an absorbance maximum at
280 nm which is due to side chain chromophores such
as tryptophan, tyrosine and phenylalanine residues.
The measurement i$ carried out in comparison to
placebo solutions by means of: |

.- UV spectrophotometer _
(e.g. Uvikon 810 P or 941, Kontron Instruments)

- Semi-micro quartz cuvettes, 500 ﬂl, path
length: 1 cm (e.g. Hellma, Suprasil,
cat. No. 104.002B-QS)
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tenﬁérature of -25[err]C and a subsequent drying tenperature of +8[err]C
until the residual noisture reached < 5 % The dried |yophilisates were

aerated with nitrogen and cl osed. After 6 nonths storage at 4 - 8[err]C
the | yophilisates were dissolved in 1 m 1@ater for injection purposes and
allowed to stand for 24 hours at room tenperature. After this standing

time there was no change using the exam nation nethods described in exanple
1 with regard to biological activity (NFS-60 test), protein content
(phot orret ry 1 purity (Western blot), purity (SEC HPLC), purity
(SDS page) and:purity (RP HPLC) conpared to sanples exam ned directly after
di ssol ution. Turbidity neasurenents- even under

Agqueous solutions of 0.1 mg/l1 ml Poloxamer 118 and

50 mg/ml of the following sugars or sugar alcohols,
mannitol (formulation 1), lacteose (formulation 2) and
maltose (formulation 3) were admixed with G-CSF at a
concentration of 70 ug/ml. After filtration through a
sterilized 0.2 pm membrane filter, the solutions were
filled into sterile injection bottles made of glass of
hydrolytic class I. After lyophilisation they were
gassed with sterile nitrogen and the stoppefs which were
firstly put on loosely were pressed in under aseptic
conditions to close the lyophilisates. The lyophilisates
were flanged and stored in the dark for 6 and 13 weeks
‘at different temperatures. Afterwards the stability of
the preparation was examined with the methods described

below.
Table las Storage at 20°C

6 weeks storage at |13 weeks storage at

z20°¢ 20°0
s - IXI IXI ; I IT IXX

Pormul. 1 mannitol |[>99% 91% 6% 86% 47% 27%
Formul. 2 laatoge |>09% >99%  18% [>99%  >99% 12%
Formul. 3 mxltosa »99% >98% 6% |>99% »09% 7.8%

I ‘Purity of unchanged protein in RP HPLC

II ~ Purity of unchanged protein in SEC HPLC
IIT Dimers/aggregates in Western blot
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- 30 - mechani cal stress - resulted in-very low turbidity val ues. Thi s
clearly indicates that redi ssolved |yophilisates of ‘the fornulation
according to the invention containing naltose and arginine buffer. at pH 7.4
have an adequate standing tinme for -cl ~nieak applicati on. Exanmpl e 9:
Stability of |yophilisates according to the invention containing maltose,
raf finose, sucrose or trehal ose after 13 weeks storage at 40[err]C

Table 1b: Storage at 40°C

¢ weaks storage at |13 weeks storage at
I

40°¢ | 40°¢
1 II ITZT I II ITT
— | _
Formul. 1 mannitel 81% 70% 50% | 69% 25% 70%
Formul. 2 lactose >99%  >09% 317% |>99% >90% not
: ' dectable/
. aggregated

Formul. 3 maltose »>89% »09% 6.4% |>99% >99% 12%

I - Purity of unchanged protein in RP HPLC

IT Purity of unchanged protein in SEC HPLC
III ' Dimers/aggregates in Western blot

Example 33

Lyophilisates of G~CSF were prepared. For this the
auxiliary substances stated in the following Eable were
dissolved in water fer injection purpeoses, subsequently
G-CSF was added at a concentration of 70 ug/ml and if
necessary the pH value was adjusted exactly with small
amounts of the buffer system. Pluronic F 68 was used as
a representative of an appropriate surfactant. Other
surfactants behave similarly. After sterilization by
filtration through a suitable 0.2 um membrane filter,
the solutions were filled into sterile injection bottles
made of glass of hydrolytic class I and lyophilized.
according to conventional methods. After lyophilisation
they were aerated with nitrogen and the injection
bottles were closed under aseptic conditions with
freeze~-drying stoppers. The preparations were stored in
flaqged bottles in the dark at defined storage
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Three |yophilisates corresponding to exanple 8, formnulation 25, were
pirepared that contained 50 ng/mM maltose or the sanme anount by wei ght of a)
raf fi nose or b) sucrose or c) trehal ose. Al'l lyophilisates were stored
for 13 weeks at tenperatures of 5[err]C, 2@85Lerr]C, 30[err]C and 40[err]C,
afterwards they were di ssolved and exam ned visually and using the
exam nation net hods SEC HPLC, RP HPLC, Western blot and SDS page descri bed
i.n exanple 1. In all cases clear colourless solutions resulted. In SEC
HPLC the pr Odwémpenksubad Foxi Be agid 129 diridieexhiminadagitiegtihes had a
sizée of < 1% P h pr ak reached 100 % secondary peaks
coul d not be d% ec dg E%EEE% lﬁ 5§%§&%5$ €sponded to the working standard.
I n SDS-page no degradation products, diners or aggregates could be -
det ect ed. . '

Table 2: Formulations of G-CSF at pH 3,6 containing

maltose
Formulation 4 Formulation §.

G-CSF 70 ug 70 ug
Maltose 35 mg 35 mg
L«Phenylalanine 10 meg 10 mg
Ascorbic acid 5 mg ' 5 mg
Glutathione 10 mg 10 wnyg
L-Glutamic acid 5 my 5 mg
L~Arginine 10 ng - 10 me
Buffer (pH) to pH 3.6 £o pH 3.6
Plurenic Fes ' - 0.1 mg
Water for up to 1 ml up to 1 ml
injection '
purposes

Tabla 3: Storage at 20°C

Fm. [Storage |after atter aftar 6 waake  [after 12 wawks
temp. € weaks {12 wesks sEC RP §EC RD
|Bggr. in & laggr. in & |G-CSF $G-CSF ¥C~CSF $G=CSF

4 +200C 0.0 3.6 61 63 | - 64 69
5 +200C 0,0 0.5 »09 09 | >»99 >99
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- 371 -

Tabl e: after

13 weeks storage period Tenp. SEC HPLC RP
HPLC Western bl ot SDB-Page % G CSF G CSF % aggr egat es
% m nor bands 5C >98%
100% n. d. <1 20[err]c >98% 100%
n. d. <1 30C >98%~ 21 -100% n. d. <1
40[err]C >98% 100% - n .d. <1

Exanpl e 10:

Example 4:

G-CSF lyophilisates containing $00 ug/ml G=CSF
(formulations 6 - 10) were prepared as follows. The
auxiliary substances stated in the following table were
dissolved in water for injection purposes, G-CSF was
added and if necessary the pH value was adjusted with
small amounts of hydrochloric acid or disedium hydrogen
phosphate. In each case 1 ml of the solutiona that were
previously sterilized by filtration through a 0.2 um
membrane filter were filled into injection bottles made
of glass of hydrolytic glass I and freeze-dried
according to conventional methods. After the
lyophilisation they were aerated with nitrogen.and the
lyophilisates were closed under aseptic conditions with
freeze-drying stoppers. The flanged lyophilisates were
stored in the dark at defined temperatures and examined
using the methods stated in example 1.

Table 4: Compositions of formulations 6 - 10

Formul.6 |Formul.? | Formul.a | Forpul.? ({Formul.l0
G-CBF 0.5 pug 0.5 ug 0.5 pug 0.5 ug 0.5 ug
Maltoze 35 mg 35 - mg . 35 ng - -
L=Phenylalanine 10 mg 10 mg 10 mg 10 mg 10 ng
Ascorbie agid § mg - - | ‘5 mg -
Glutathione 10 mg - - © 10 me -
L=Glutamic aaid S mg - - - 8 ng -
L=Arginine 10 mg 10 mg 10 ng 10 ng 10 mg
Buffer (pH) to 4.5 to 4.5 to 6.5 to 4,5 to 6.5
Pluronic Fé6 0.1 mg 0.1 mg 0.1 mg 0.1 mg 0.1 ng
wWater for to 1mlftelml|ted1ml|tolnml to 1 ml
injeation '
purposes
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Stab?lity of maltose |yophilisates according to the invention containing
argi ni ne phosphate and arginine chloride buffers at pH 4.5 and PH 7.2 after

13 weeks storage at 30C The followi ng fornul ati ons were prepared
according to the production process described in exanple 8, which only
differed in their bulffers and pH varues: = For mul ati on
Formul ati on Forul ati on Fornul ati on 26 27 28

29 G CSF 0.35 ny 0.35 ny 0.35 ny 0.35 ng Pol ysorbate 80
0.1 ngy 0.1 ny 0.1 ngy 0.1 ng Phenyl al ani ne 10 ny 10ny
10 ng 10 .-ng Argi ni ne 10 ng = 10 ngy 10 ng 10 ng
Mal t ose "47.5 mg - 47.5 ny 47.5 ny 47.5 ny

Table 5: Analytical results .

|Farm |Storage |Western blot after 6 weeks after 13 wasks
temp. 6 W i2 w |8EC RE |SEC RP
] Eaggy., Saggr. | $G+CEF %agqr. $G-CS5F | 4G-CSF %aggr. BG-CSE

] |
6 + B°C |< 1 1.0 |>99% 0.9 »09% [ >99% - 0.7 99%
4+ 40°C |< 1 1.7 [>99% 0.6 >90% [ >99% 0.6 98%
7 + BeC |« 1 1.1 [>99% 1.6 »>99% |»>90% 1.1 99%
+ 40°C |< 1 2.3 |>99% 1.9 >909% |[>990% i.1 99%
[] + B°C J< 1 - . »98% 1,5 >99%
+ 40°C [< 1 ~ >08% 1.4 >99%
9 + 8¢°C 3.8 0.3 ]| 95% 5.8 >08% 98% L.5 98%
+ 40°C 17.9 2.5 | 95% 6.4 93% | 86% 0.8 04%
ia + B°C - §.2 _96% 1.0 95%
+ 40°C - 10.3 - LS 2.6 89%

Example 53

The formulations stated in the following table
' (formulations 11 - 14) were prepared as follows: the
auxiliary-substances were dissolved in water for
injection purposes, subsequently G-CSF was.added'at the
stated concentration. If necessary the pH value was
adjusted exactly with the aid of components of the
phosphate buffer. The solutions were then filtered
through a sterilized membrane filter with a pore size of
0.2 pm and filled under aseptic conditions into _
injection bottles of hydrolytic class I and lyophilized.
After lyophilisation they were aerated with nitrogen,
the lyophilisates were closed under aseptic conditions
with freeze-drying rubber stoppers and flaﬁged. The

This is the replacement sheet

" Date: -8 AUG-B%



Phosphoric acid to pH 4.5 to PH 7.2 Hydrochloric to
pH 4.5 to pH 7.2 acid - 32 - The
"preparations were stored at t enperatures 2&64 to 8[err]C, 20 - 25[err]C and
30[er]C, dissolved after 13 weeks in 1 ™ ter for injection purposes and
‘exam ned using the exam nation methods described in exanple 1 i.e. RP HPLC
SEC HPLC (purity) and Western bl ot (degradation,

lyophilisates were stressed in the dark at defined
gtorage temperatures. After 6 and 13 weeks they were
examined with the methods stated in example 1.

' Egglg__giwLyophilisate preparations containing amino

sugars

Faxm. 11 Form. 12 Form. 13 Form. 14
G~COBYF 0.5 pg 0.5 ug 0.5 ug 0.8 ug
Plurconic ¥68 - 0.1 mg 0.1 ng 0.1 mg 0.1 mg ,
N=methyl- - 10 ng - 10 mg
glucosanine
galactosamine 10 mg - 10 mg -
Glyeine - - 35 mg 35 _met
Maltosae 35 myg 35 mg - bod
Phenylalanine 10 mg - - -
Phosphate to to to to
buffsr pH 7.0 pH 7.0 pPH 7.0 vH 7.0
Watesr for up to up to up to up to
injaction 1.0 ml 1.0 ml 1.0 ml 1.0 ni
purposes

The analytical data chtained after storage of the afore-
mentioned preparations are summarized in the following
results table. '
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dinefization and aggregate formation). The results are shown in table 11
and show that the lyophilisates at pH 4.5 and 7.2 according to the

i nvention are stable after 13 weeks storage at 30[err]C. Table 11
Results after 13 weeks at 30[err]C - RP- HPLC SEC- HPLC
West ern bl ot % m-nag peaks degrad. diners aggregate
Formul ati on 26 <1 <1 n. d. n. d. n.d. Formul ation 27
<1 <1 n. d. n. d. n.d. Formul ation 28 <1 <1

n. d. <1% n.d. Formul ation 29 <1l <1 n. d. <1%

n.d. n.d. =Tabledef/acthaislytidadanmsultis Stability of nualtose
l'yophi l'i sates accordi ngd £ hfecomposition products

Form. |Storage 6 Weeks 12 Weeks 12 Weeks
West. blot |[West. blot |RP~-HPLC % DCP in
% aqggr. 1% aqgqr. % G-CSF SEC HPLC
11 ¥ 8°C 3.8 2.9 599 1.2
+ 40°C 3.2 2.3 >99 1.8
12 + 8°C 1.8 3.8 >99 1.4
+ 40°C 1.7 4.5 >99 0.7
+ 40°C 16.8 13.0 75 4.2
12 + 8°C 1.6 12.4 57.5 1.2
+ 40°C 7-7 . 26-3 84.5 305
Example 6:

Formulations 15 and 16 described in the following were
prepared as follows: The stated auxiliary substances
were dissolved in water for'injection'purposesr_G-CSF
was added in the stated concentration; The pH was |
adjusted if necessary using portions of buffer
components.. Afterwards the solution was filtered through

. a sterile membrane filter with a pore size of-o;z pm and
dispensed under aseptic conditions into sterile
injection bottles made of glass of hydrolytic class I.
Subsequently the injectién preparations were freeze-
dried, then aerated with nitrogen and the injection

" bottles were closed under aseptic conditions with
freeze-drying stoppers and subsequently flanged. The
formulations were stored in the dark at defined.
temperatures and examined for the parameters mentioned
below. The test méthods_stated in example 1 were used
for this. '
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I nvention containing arginine phosphate and argi nine chloride buff er at pH
7.4 after 4 and 13 weeks storage at 40[err]C Fornul ati ons were prepared

I n the same manner as described in exanple 8 and their pH val ue was

adjusted to 7.4 in one case w.th hydrochloric acid and once with

- 33 - phosphoric aci d.

- 26 =~
Formulation 15 Formulation 16
G-CSF 0.25 ' _|G=CSF 0.3 mg
Polysorbate 80 |0.05 mg Polysorbate 80 |0.1 mg
Phenylalanine |5 mg Mannitol 50 mg
. Maltose 17.5 mg Buffer to
) ‘ _ pH 4.5
L-arginine 5 mg _ Water for |up to
' injeetion 1.0 ml
purposes :
Buffer to pH 4.5
Water for up to 0.5 ml
injection
purposes

Table 8: Examination results after storage of
formulations 15 and 16 for 3 and 6 months

Formulation 15 Formulation 16
storage storage |storage storage
period period period period
3 months 6 months |3 months 6 months

4-8°C 23°C 4-8°C 23°C[4-8°C 23°C 4-8°C 23°C

West.blot 2.2 < 1% 1.3% 0.7 |< 1% 12% 4.1% 17
(dimers)

SEC-HPLC |< 1% <1% < 1% < 1%|< 1% 2% < 1% 3
(@dimers) ' _ B

RP-HPLC >99% >99% >98% >98%|>99% 98.2% >98% >98
(G-CSF :
peak)
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Formil ati on 30 Formul ati on 31 G CSF 0.35 ny 0. 35

ng Pol ysor bate 80 0.1 ng 0.1 ng Phenyl al ani ne 10 ny
10 nmg Arginine 10 ny 10 ng Mal t ose 47.5
47.5 mg Phosphoric acid pH 7.4 Hydrochloric

ng

pH 7.4 acid These two preparations. wgre stored for 4 and 13 weeks at
tenperatures of 4 - 8[err]C and 40[err]C. The exam nation results (Western
bl ot, SDS-page) after 13 weeks storage are shown in the follow ng table 12.
The results after 4 weeks storage are identical.

Example 73

The formulations described in table 9 were prepared as
follows:

The stated auxiliary substances were dissolved in water
fér injection purposes, G-CSF was added in the stated
concentration, afterwards the pH was adjusted if
necessary with small por;idﬁs of buffer components. The
pharmaceutical solution was then filtered through a
sterilized membrane filter with a pore size of 0.2 um
and subsequently dispensed into sterile injection
bottles made of glass of hydrolytic class I under
aseptic conditions and lyophilized.

After lyophilisation they were aerated with nitrogen and
the bottles were closed under aseptic conditions with
freeze-drying stoppers. The bottles were flanged and
stored in the dark under defined temperature conditions.
After the respective storage periods, analytical
examinations were carried out using the methods
described in example 1 (cf. table 10). '
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From 30 5[err]C n.d. n.d. <98% <1% n.d. 1.4 40[err]C
n:d.. n.d. <98% <1% n.d. 2.0 Form 31 5C n.d. n.d. <98% <1%
n. d. 1.9 40[err]C n.d. n.d. <98% <1% n.d 2.1 Exanple 12:
Stability of |yophilisates according to the invention having a pH of 7.4
and G CSF concentrations of 0. 5 and L wg/nm after 13 weeks storage at
40[err]C . The follow ng formnul ati ons were prepared according to the
production process described in exanple B which differ in their content of
G CSF: mg/ m Formul ati on 32 Fornul ati on 33 G CSF .

0.5 ng - 1.0 ng Pol.ysorbate 80 0.1 ng 0.1 ng
Phenyl al ari n@n Table 10 Hthempnalytical dataOang summarized for the

stated formulations:

Formulation |Storage 4 weeks 4 weeks
RP-HPLC SEC-HPLC |Western blot
% G=CSF % G-=CSF '

17 8°C > 99 > 99 |3.6 % dimers

30°C 924 92 9.6 % dimers
40°C - 14.4 % dimers
18 ' 8°C - 69 60 aggregates
' 30°C 44 36 aggregates
40°C 13 12 aggredgates
19 . - 8°C > 99 > 99 1.0 £ dimers
30°C > 99 95.5/0.5 % dimers
40°C > 99 - 97.5/0.5 % dimers.
20 : 8°C > 99 ' > 99 1.6 % dimers
30°C > 99 > 99 1,4 % dimers
40°C > 99 > 99 2.3 % dimers
21 g8°C > 99 > 99 1.5 % dimers
30°C > 99 97.5|2.1 % dimers
40°C > 99 97 2.0 % dimers
22 . 8°C > 99 > 99 2.8% di/aggr.
30°C 96 96 3.0% di/aggr.
40°C 12 % di/aggar.
23 8°C . > 99 > 99 6.8 % dimers
30°C 91.5 92 aggregates
40°C 79 - 74 aggregates
24 8°C > 99 > 99 '10.8 % dimers
30°C - 88 85 aggregates
40°C - 67 - 60 aggregates

Example 8:

Standing time of redissolved lyophilisates according to
the invention having a pH of 7.4 I
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Ar gini ne 10 ny 10 ng Mal t ose ' 47.5
ng 47.5 ng Phosphoric acid pH 7.4 pH 7.4 The
formul ati ons were stored for 4 weeks and 13 weeks at -20[err] C 4 -
8[err]C, 20[err]C - 25[err]C, . 30[err]C and 40[err]C, aftermards di ssol ved
in 1 m water for injection purposes

- 35 - exam ned using the exanlnat?% met hods SEC HPLC, RP HPLC, Western
bl ot and SDS-page described in exanple 1

The following comp051t10n was prepared:

ng/ml Formulation 25
G-~CSF 0.35
Polysorbate 80 0.1

Maltose 50.-

|lArginine 10
Phenylalanine 10
Hydrochloric acid |{to pH 7.4

The stated auxiliary substances were dissolved in 1 ml
water for injection purposes, G-CSF was added and the pH
‘value was adjusted to pH 7.4. The solution was
sterilized by filtration through a sterilized membrane
filter with a pore size of 0.2 um and afterwards
dispeneed into injection bottles of hydrolytic class I.

After.putting on suitable freeze-drying stoppers, the
preparation was freeze-dried at a main drying
temperature of -25°C and a subsequent drying temperature
of +8°C until the residual moisture reached < 5 %. The
dried lyophilisates were aerated with nitroéen and
closed. -

After 6 months storage_at 4 - 8°C the lyophilisates were
dissolved in 1 ml water for injeciion purposes and
allowed to stand for 24 hours at room temperature.

~ After this standing time there was no change using the
examination methods described in example 1 with regard
to.biological activity (NF8460 test), protein content.
(photometry OD 280) and purity (Western blot), purity
(SEC HPLC), purity (SDS page) and purity (RP HPLC)
compared to samples examined directly after dissolution.
Turbidity measurements - even under '
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(exani nation results see table 13). The results show that the
l.yophi | i sates of the fornul ations according to the invention are stable
even at a higher protein concentration of up to 1 ng/m after 13 weeks
storage at 40[err]C Exanpl e- 14: Long-term stability during 9 nonths
Lyophili sates were prepared using foraugat+on 31 of exanple 11 and the
preparations were stored for 9 nonths at tenperatures of -20[err]C,
S[err]C, 25[err]C, 30[err]C and 40[err] C and exami ned after 3, 6 and 9
nont hs using all exam nation nethods described in exanple 1. No change
coul d be det mmnm@hys‘éresﬁe-examlh@adpananeryr dogu i idddYst or age

period. At tRhg gk of the

 This clearly indicates that redissolved lyophilisates of
the formulation according to the invention containing
maltose and arginine buffer at pH 7.4 have an adequate
standing time for clinical application.

Example 9:

Stability of lyophilisates according to the invention
containing maltose, raffinose, sucrose or trehalose
after 13 weeks storage at 40°C '

Three lyophilisates corresponding to example 8,
formulation 25, were prepared that contained 50 mg/ml
maltose or the same amount by wéighﬁ of a) raffinose or
b) sucrose or c) trehalose.

All lyophilisates were stored for 13 weeks at _
temperatures of 5°C, 25°C, 30°C and 40°C, afterwards
they were dissolved and examined visually and using the
examination methods SEC HPLC, RP HPLC, Western blot and
SDS page described in example 1.

In all cases clear colourless solutions resulted. In SEC
HPLC the product peaks had a size of > 98 % and the
dimers/aggregates had a size of < 1%. In RP HPLC the
product peak reached 100 %, secondary peaké'could not be '
detected, the main peak corresponded to the~workingV¢
standard. In SDS-page no degradation products, dimers or
aggregates could be detected. '
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storage periods and at all tenperatures the preparation proved to be fully
it had the conplete protein content and showed bands
bel ow 1 % of the
| yophi l i sates according to
| ong periods at higher

bi'ol ogically active,
or peaks in al

i ntact G CSF nol ecul e.
the invention are stable even when stored for
tenperatures and thus greatly exceed the stabilites described in the state

Table: after 13 weeks storage pérfﬁﬁ'

of the art.

determ nations of purity.
The results shé%

that

ich were wel |

Temp. S8EC HPLC | RP HPLC | Western blot | SDs-Page
% G-CSF % G=CSF |% aggregatea| % minor
bands
5eQ >08% 100% n.d. <1
20°C >08% 100% n.d. <l
aoec >98% 100% n.d. <1’
40°C >98% 100% . n.d. <1

Example 10:

Stability of maltose lyophilisates aceording to the
invention eontaining arginine phosphate and arginine
chloride buffers at pH 4.5 and pH 7.2 after 13 weeks _
storage at 30¢cC

The following formulations were prepared according to
- the production process described in example 8, which
only differed in their buffers and pH values:

Formulation{Formulation | Farmulation | Formulation
26 27 28 29

G-CSF 0.35 Wy 0.35 g 0-35 mg 0.35 ng
Palysorbhate 80 0.1 mg 0.1 mg 0.1 nmg 0.1 ng
Phenylalanine 10 ng 10 my 10 mg 10 mg
Arginine 10 mng . 10 mg 10 my 10 ng
Maltoge 47.5 mg 47.5 mg 47.5 mg 47.5 mg |
Phospheric acid| to v 4.5 | to pH 7.2 . _
Hydrochloric to pH 4.5 | to pH 7.2
acid
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Tablé 14: Storage at 30[err]C . 3 nonths 6 nont hs

9 nont hs NFS 60 test corresponds corresponds corresponds 80 - 125%
oD 280 358 ny 360 ny 352 ng SDS page - <1%
<1% <1% m nor bands Western bl ot % aggregat es - n.d.

n. d. n.d. %i nmers - 32% <1% - <1%

3 nont hs 6 nont hs 9 nont hs RP HPLC Product peak - >99%

>99% >99% SEC HPLC Pr oduct peak >9.8% >98%

>98% M nor peaks -~ n.d. n.d. n.d. Turbidity

The preparations were stored at temperatures of 4 to:

8°C, 20 - 25°C and 30°C, dissolved after 13 weeks in 1

mi water for injection purposes and examined using the
examination methods described in example 1 i.e. RP HPILC,
SEC HPLC (purity) and Western blot’ (degradation, '
dimerization and aggregate formation). The results are
shown in table 11 and show that the lyophilisates at pH
4.5 and 7.2 according to the invention are stable after
13 weeks storage at 30°C. |

Table 11: Results after 13 weeks at 30°C

RP-HPLC SEC-HPLC | Western bilot

| % minor peaks |degrad. dimers aggregate
Formulation 26 <1 . <1 n.d. ‘n.d. n.d.
Formulation 27 <1 - <1 n.d. n.d. " n.d.
Formulation 28 <1 . <1 n.d. <1% n.d.
Formulation 29 RS © <1 n.d. - <1% n.d.

n.d. = not detectable
Example 11:

stability of maltose lyophilisates according to the
invention containing érginine-phosphate and arginine
chloride buffer at pH 7.4 after 4 and 13 Weéﬁs'stdrage
at 40°c I .

~ Formulations were prepared in the same mahner'as
described in example 8 and their pH value was adjusted
to 7.4 in one case with hydrochloric acid and once with
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measurement TU F 0.5 0.5 0.5

BT

[err]

- 33 -

phosphoric acid.

Formulation 30 | Formulation 31

G~CSF : . 0.35 mg . 0.35 mg
polysOrbate 80 0.1 mg 0.1 mg
Phenylalanine 10 mg 10 mg
Arginine ' 10 mg 10 mg
Maltose 47.5 ng 47.5 ng
Phosphoric acid pH 7.4

Hydrochloric ' pH 7.4
acid

These two preparations were stored for 4 and 13 weeks at
temperatures of 4 - 8°C and 40°C. The examination
results (Western blot, SDS page) after 13 weeks storage
are shown in the following table 12. The results after 4
weeks storage are identical. '

The results show that the maltbse lyophilisates at pH
7.4 according to the invention are stable after 13 weeks
storage at 40°C. S ' '
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Table 12: Results after 13 weeks at 40°C
Storage | Western blot, shg~Page, reduc. Reésidual
. temp. non-reduc. product degr. cother |[moimsture
aggr. dimers| bangd proed. bands %
<i% <2%
Form, 30. 5°C n.d, - n.d, <98% <1% n.d. 1.4
4O°c n.d- 'n-dv <98% ‘:1% n.d- 2.0
Form. 31 5°C n.da, n.d. <98% <l% n.d. 1.9
40°€C n.d, n.d. <08% <1% n.d. 2.1

Example 12¢

Stability of lyophilisates according te the invention
having & pH of 7.4 and G-CEF concentrations of 0.5 and
1.0 mg/ml after 13 weeks storage at 40°C

The following formulations were prepared according to
the production process described in example B which

differ in their content of G-CSF:

ng/ml Formulation 32 | Formulation 33
G=-CEF 0.5 mg 1.0 mg
Polysorbate 80 0.1 mg 0.1 mg
Phenylalanine 10 mg 10 mg
Arginine 10 me 10 mg
Maltose 47.5 mg 47.5 mg
Phosphoric acid pH 7.4 EH 7.4

The formulations were stored for 4 weeks and 13 weeks at
-20°C, 4 = 8°C, 20°C - 25°C, 30°C and 40°C, afterwards
dissolved in 1 ml water for injection purposes and
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39.¥ 1. Process for the production of |yophilized pharmceuti cal
Ppreparations of G CSF which are stable on storage, wherein an aqueous
preparation of GCSF and if desired further pharmaceutical auxiliary
substances is prepared and subsequently the solution is |lyophilized
wherein t he additives naltose, %Ilobiose, genti obi ose, isonaltose,
raf finose, -trehal ose or am no sugar 5r§ added in the production of the
aqueous solution in order to avoid loss of quality of G CSF during
.uncontrol |l ed freezing and t haw ng

examined using the examination methods SEC HPLC, RP
.HPLC, Western blot and SDS-page described in example 1
(examination results see table 13).

The results show that the lyophilisates- of the
formulations according to the invention are stable even
at a higher protein concentration of up to 1 ng/ml after
13 weeks storage at 40°C.

Example 14:
Long-term stability during 9 months

Lyophilisates were prepared using formulation 31 of
example 11 and the preparations were stored for 9 months
at temperatures of —20°c,'5°c, 25°C, 30°C and 40°C and
examined after 3, 6 and 9 months using all examination
methods described in example 1. . '

No change could be detected in any of the examined
parameters during the storage period. At the end of the
storage periods and at all temperatures the preparation
proved to be fully biologically active, it had the
complete protein content and showed bands or peaks in
all déterminations of purity which were well below 1 %
of the intact G-CSF molecule. |

The results show that lyophilisates according to the
invention are stable even when stored for long periods
at higher temperatures-ahd thus greatly exceed the
stabilites described in the state of the art.
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procésses or during storage at increased tenperatures. 2. Process for
the production of |yophilized pharmaceutical preparations of G CSF which
are stable on storage, wherein an aqueous preparation of GCSF and if
desired further pharnmaceutical -auxiliary substances is prepared and
subsequently the solution is |yophilizedgwherein the additives (1) naltose,
raf fi nose, sucrose or trehal ose and (2) a basic acidic or aromatic am no
acid are added in the production of the aqueous solution in order to avoid
the occurrence of aggregates or diners of GOCSF. after redi ssol ution
of the |yophitabage. 14:3. SRowragesaxs 30°@ ned in claim1l1l, wherein naltose,
“raffinose, trehal ose or amino sugar are used as additives. 4. Process as

glahgﬁ?ak?nf~aln]3 mherelr_gziéﬁipthrgiflno§em9gkﬁgosdnlng,mggkgﬁ}os m ne

NFS 60 test corresponds 'corresponds corresponds
80 - 125%
oD 280 358 mg ' 360 mg 352 mg
SDS page <1% o<1% . T <1%
minor bands )
Western blot
% aggregates n.d. " n.d. n.d.
%dimers <1% ' <1% <1%

3 months 6 months . 9 months
RP HPLC
Product peak >99% >99% >99%
8S8EC HPLC '
Product peak >98% >98% >98%
Minor peaks " n.d. n.d. n.d.
Turbidity ' '
measurement
TU/F . 0.5 R E 0.5 _ . 0.5
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6. _
in an anpunt

Process as cl ai ned

wherein a
wherei n a physiol ogically tol efated anount of

4

in one of the clains 1 -
the sane as the anobunt of. G CSF protein used.

Process as cl ai ned

at nost

40 - ' 5.
~physiologically tolerated anount of surfactants is added which is srra_l | er

.than or

in

wherein surfactants are added
7.

of 0.5 my/m, preferably of 0.01 -_§;1 ng/ni.
61

one of the clainse 1 -

Process as clained in claimb5,
am no aci ds

i s added.

%1>> % |>> % 1>> % 1>> o 1>> - [% mﬁ_uzuo.a_:o_umvu._moz
‘pu ~ pu ‘pu pru ‘pu - [% spueq jeuonippe]
9,86<< %66<< %66<< 9%,66<< %66<< . [% ssawouow]
_ ulels JaAjls ‘3ovd-s0as
pu ‘pu ‘pru ‘pru ‘p'u pry [% s1onpouad uogepeshiap]
‘pu pru ‘pu Py - ‘p'u pru [, seyebasbbe]
‘p'U ‘pu ‘p'u ‘p'u p'u Py —* m‘_QE_ﬂH
: ' Joiq wiajsapp
1> 1> > 1> 1> 1> |[% syead Jouiw jo wns]
86< . §6< 86< 86< - 86<’ 86<  '|[% Aund]
’ . O1dH-d¥
1> 1> 1> 1> > 1> ‘% sareba166e/s1owip]
86< 86< 86< 86< 86< 86< [% Aund] _
: . O1dH-038
Jesjp Jeald Jes)o Jea) 1890 - (uonnjos) ‘Ajue)o-
onyMm SNuMm Sium UM Sum . ajesiydoA] ‘aoueseadde-
UORRUJWIEXS |enSIA
[5.0%] [5.0¢] [Lu]  |Dowisbimall | 0,001 | oweisbijai]
SyaIM ¢ SHooM ¢ Syaam ¢ SYo9M ¢} S)}a9M ¢} $4oOM 0 Jarewesed 3sa)

z€ uorjRTNUIOL

-

TET  O1del

This is the replacement shest

-~ 8 AUG 8%

Date:



e

- .

. 7 ) . :

8.." Process #&scl-aimed in claim7, wherein arginine and/or phenylal anine is
added. 9. Process as clainmed in one of the claine 1 - 8, wherein

1ti oxi dants, conpl exi ng agents, buffers, acids, bases or isotonizing
agents are added as the physiol ogitdBty tol erated auxiliary substances.
10. Process as clained in one of the clains 1 - 9, wherein phosphate
buffer or acetate buffer is added as the physiologically tolerated .
auxi liary substance. 11. Process as clained in one of the clains 1 - 10,
wher ei-n argi ni ne phosphate buffer, arginine chloride buffer or ar.ginine
citrate buffer preferably with a pH value of 7 - 8 is added as a
physi ol ogically tolerated auxiliary substance. '
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41 12.-* Use of maltose, :cellobiose, gentiobios onal't ose,

raf fi nose, ssucrose, trehal ose, glucosani ne, gal act osgﬁQe or njegﬁarﬁfg’i C

acid to avoid loss of GCSF quality during freezing. dur i

I ncreased tenperatures of pharmaceutical prepa atlduﬁlmmﬁmﬂmTﬂSﬁEEﬂtsﬁG

13||L%pphlllzed phar maceuti cal preparation of Q§FD@@ﬁbﬁmml@ﬂgﬁﬁ]tﬁﬁpﬂ&d

cel | obi ose genti obi ose, - isonaltose, ffi §0Sa 4
4 ég rpaeaﬁq to paged P

Q

gal act osami ne or neuraminic acid. ophi aged ...

preparation of G CSF containing (1) naltose, ra fgngighag§ ﬁﬁgéiort P d..

‘trehal ose and §2) a basic, b Abstract 7~ T 'paged ..... o page
DATE OF RECEIPT i3Na.qq?

1. Process for the production of lyophilized pharmaceutical
preparations of G-CSF whidh are stable on storage, wherein .an
aqueous preparation of G-CSF and if desired further pharmaceutical
auxiliary substances is prepared and subsequently the solution.is
lyophilized wherein the additives maltose, , cellobiose,
gentiobiose, isomaltose, raffinose, trehalose or amino sugar are
added in the production of the aqueous solution in order to avoid
loss of quality of G-CSF during uncontrolled freezing and thawing

processes or during storage at increased temperatures.

2. Process fdr.the production of lyophilized pharmaceutical
preparatioﬁs of G-CSF which are stable on storage, wherein an
aqueous preparation of G-CSF and if desired furthér pharmaceutical
auxiliary substances is prepared and subsequently the solution is
lyophilized wherein the additives (1) maltose, raffinose, sucrose
or trehalose and (2) a basic acidic or aromatic amino acid are
added in the production of the aqueous solution in order to avoid
the occurrence of aggregates or -dimers of G-CSF after

redissolution of the lyophilisate.

3. Process as claimed in claim 1, wherein maltose, raffinose,

trehalose or amino sugar are used as additives.

4. Process as claimed in claim 3, wherein maltose, raffinose,
glucosamine, galactosamine or neuraminic acid are used as

additives.
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acidic or

aromati ¢ am no aci d. 15. Lyophilized pharnaceutlcal prepar ati on

of GCSF as claimed in claim13 or 14 that is essentially free of

protein-like or polyneric auxiliary substances. . 16. Aqueous )
phar maceut i cal preparation of G CSF obtainable by redissol ution of t he
| yophilisate as clainmed in one of the clains 13 - 15. 17. Aqueous

pharmaceutical preparation as clainmed in clgim16, wherein the solution has
a pHvalue of 6.5 - 8 or 3 - 5, preferably a pH value of 7.0 - 7.5.

5. Process as claimed in one of the claims 1 - 4, wherein a
physiologically tolerated amount of surfactants is added which is
smaller than or at most the same as the amount of G~CSF protein

used.

6. Process as claimed in claim 5, wherein surfactants are added

in an amount of 0.5 mg/ml, preferably of 0.01 - 0.1 mg/ml.

7. Process as claimed in one of the claims 1 - 6, wherein a

physiologically tolerated amount of amino acids is added.

8. Process as claimed in claim 7, wherein arginine and/or

phenylalanine is added.

9. Process as claimed in one of the claims 1 - 8, wherein
antioxidants, complexing agents, buffers, acids, bases or
isotonizing agents are added as the phy51ologically tolerated

auxiliary substances.

10. Process as claimed in one of the claims 1 - 9, wherein
phosphate buffer or acetate buffer is added as the phys1ologlcally
tolerated auxiliary substance.

11. Process as claimed in ohe of the claims 1 - 10, wherein
arginine phosphate buffer, arginine chloride buffer or arginine
citrate buffer preferably with a pH value of 7 -~ 8 is added as a

physiologically tolerated auxiliary substance.
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12. Use of maltose, cellobiose, gentiobiose, isomaltose,
raffinose, sucrose, trehalose, glucosamine, galactosamine -or
neuraminic acid to avoid loss of G-CSF quality during freezing or
during storage at increased temperatures of pharmaceutical
preparations containing G-CSF.

13. Lyophilized pharmaceutical preparation of G-CSF containing
maltose, cellobiose, gentiébiosé, ' isomaltose, raffinose,

glucosamine, galactosamine or neuraminic acid.

14. Lyophilized pharmaceutical preparation of G-CSF containing
(1) maltose, raffinose, sucrose or trehalose and (2) a basic,

acidic or aromatic amino acid.

15. Lyophilized pharmaceutical preparation of G-CSF as claimed
in claim 13 or 14 that is essentially free of protein-like or

polymeric auxiliary substances.

16. Aqueous pharmaceutical preparation of G-CSF obtainable by
redissolution of the lyophilisate as claimed in one of the claims

13 - 15,

17. Aqueous pharmaceutical preparation as claimed in claim 16,
wherein the solution has a pH value of 6.5 - 8 or 3 - §5,

preferably a pH value of 7.0 - 7.5.
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