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for stabilizing a formulation of growth hormone.
10 BACKGROUND OF THE INVENTION

The growth hormones (GH) from man and from the common do-
mestic animals are proteins of approximately 191 amino acids,
synthesized and secreted from the anterior lope of the pitui-
.tary gland. Human growth hormone consists of 191 amino acids.

15 Growth hormone is a key hormone involved in the regulation of
not only somatic growth, but.also in the regulation of'meta-
bolism of proteins, carbohydrates and lipids. The major ef-
fect dfzgrowth hormone is to promote growth.

The organ sysfems affected by growth hormone include the ske-
20-leton, connective tissue, muscles, and viscera such as liver,
intestine, and kidneys. |
Until the development of the recombinant technology and the
cloning of the growth hormone gene now giving rise to produc-
- tion of e.g. human growth hormone (hGH) and Met-hGH in indu-
25 strial scale) human growth hormone could only be obtained by
extraction from the pituitary glands of human cadavers. The
very limited supplies of growth hormone restricted the use
. thereof to longitudinal growth promotion in childhood and
puberty for treatment of dwarfism, even though it has been



25 strial scale, human growth hornone coul d only be obtained by

extraction fromthe pituitary glands of human cadavers. The very limted
suppl i es of growt h hornone restricted the use thereof to longitudinal
growth pronotion in childhood and puberty for treatnment of dwarfism even

t hough it has been 2 pr oposed
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di mer or :polyner fornms are generated - especially in solutions of growh

hor none. ‘The predoni nant degradation reactions of hGH are 1) deami da- 15
tion by direct hydrolysi s or via a cyclic succinim de I nter- meadi ate to
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| 10 Pharmaceutical preparations of growth hormone tend to be un-
- stable. Degradation products such as deamidated or sulfoxy-
dated products and dimer or polymer forms are genefate_d -
- esp'ecially in solutions of growth hormone.

 The predominant degradation reactions of hGH are 1) deamida-

15 tion by direct hydroleis or via a cyclic succinimide inter-
meadiate to form various amounts of L-asp-~hGH, L-iso-asp-hGH,
D-asp-hGH, and D-iso-asp-hGH (ref 1-3), 2) oxidation of the -
methionine residues in positions 14 and 125 (ref 4-9), and 3)
cleavage of peptide bonds. |

20 Deamidation especially takes..place at the Asn in position
149, '

- hGH is rather easily oxidized in positions 14 and 125, espe-
cially in solution (4-8). '

The oxidation of hGH in solution forming sulfoxides is nor-
- 25 mally due to the | oxygen dissolved in the preparation. The
solubility of oxygen in distilled water is about 200 uM (9).
As the concentration of hGH in a preparation comprising 4
IU/ml is 1.3 mg/ml corresponding to 60 nM hGH, oxy';;en will,
at normal storing conditions, be present in an excess of
30 about 3000 times the stoichiometric amourit for oxidation of



hGH i.s rat her. ea5|ly oxi di zed in positions 14 and 125, espe- cially in
solution (4-8). The oxi dation of hGH in solution form ng sulfoxides |s
nor- 25 mally due to the oxygen dissolved in the preparation. The
solubility of oxygen in distilled water ig about 200 AM (9). As the
concentration of hGHin a preparation con%rising 4 1Unm is 1.3 ng/m
correspondlng to 60 nM hGH, oxygen will, at normal storing conditions, be
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I yophilized and stored i-n the |yophilized format 4[err]C untiI it is

r nstituted faor use in order to ninimnmze the degrada-
econst %or éhe gevelopment of a stable, dlséglved preparatlon com-

10 prising hGH it is of importance to know the rate of formation
of sulfoxides as well as means to control the oxidation.

The kinetics of degradation depend on temperature, pH and
various additives or adjuvants in the hGH formulation. '

Due to the instability, gréwth hormone is, at present

15 lyophilized and stored in the lyophilized form at 4°C until
it is reconstituted for use in order to minimize the degrada-
tion. |

The 1lyophilized pharmaceutical’ breparations comprising hGH
are, at present, reconstituted by the patient_and then stored
20 at a low temperature, often at about 4°C in the refrigerator
~ as a solution during the period of use of up to 14 days,
during which some degradation will take place.

Furthermore, the process of reconstitution of the lyophilized
growth hormone tends to provide difficulties for the patient.:

25 Thus, it is at present preferred to reconstitute the growth
hormone as late as possible before use and to store and ship'
the preparation in a IYOphiiized state., The chain from the

- manufactorer to the phafmaey is apt for handling the prepara-



‘tion.: .The Iyophlllzed phar maceut i cal preparatlons conpr|5|ng hGH ~are,
at present reconstituted by the patient and then stored 20 at a T ow™
tenperature, often at about 4[err]Cin the refrigerator as a solutlon“
during the period of use of up to 14 daysn during which some degradation
w |l take. place. Furthernore, the process of reconstitution of the

| yophi |l i zed growm h hornone tends to provide difficulties for the patlent
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in a lyophijakaed state for about one nonth and additionally 10 for one

nmonth in a reconstituted state in a pen device for the i ntended period of
use of a cartridge. Thus, there is a need for nore stable preparations

of growt h Preferably, a preparation should be stable with the end user
in a lyophlllzed state for about one month and addltlonally
10 for one month in a reconstituted state in a pen device for

the intended period of use of a cartridge.

Thus, there is a need for more stable preparations of growth
hormone being stable in a lyophilized state at a relative
high témperature for a period and additionally for a period

15 of use at a relatively high temperature in solution. Such
stabilization is of very great importance when moving the
‘administration of the growth hormone from clinics to the ho-
mes of the individuals to be treated where optimal storage
may not be available as indicated above.

20 Furthermore, the shift in pattern of administration of growth
hormone to the use of pen devices calls for a stable dissol-
ved preparation comprising growth hormone in order to facili~
tate the handling to be performed by the patient. A stable
dissolved preparation comprising growth hormone may be pro-

. 25 duced ready to use in the form of cartridges fitting into the
pen device used by the patient who may then avoid the recon-
stitution of the preparation and, hence, will not have to be
in the possession of a lyophilized preparation, a suitable
vehicle for reconstitution as well as the'necessary skill and

30 sterlle equlpment for sterile reconstltutlon of the prepara-
tion.



hornDne bei ng stable in a lyophilized state at a relative hi gh
‘tenperature for a period and additionally for a period 15 of use at a -
relatively high tenperature in solution. Such stabilization is of very
great inportance when noving the admi ni stration of the growh hornone
fromclinics to the ho- mes of the indivduals to be treated mhere
opti mal storage may not be avail abl e as indicated above.

Fur t her nor h hift in attern of . i str f rowt n 0
t he use of e\Ft)eén %338335 eat %n‘for" ggl rl % % %%sq'g repg?at °nirH) %hé
conpri-si ng xgomstonnbor ofcndeyopblﬁazad-prepamatiMW busdl ibefaexe bthe
perfornedlngétg*g@%%eg%%ggiéggghe di ssol ved preparation conprising

growt h hor none nma ) uced ready to use in the formof cartridges
fitting into the pen device used by the patient who may then avoid the

{ﬁcon- StFﬁibﬁh?ﬁn@il'et h@t{)t:en%aatal% anel, aheaaean\tefaglte Y d’tﬁyﬁfllt@?@elyol-n
e posse 0 a (0] 111 ze ar Ita venl Cl e or

oconet; Lot fxafien "Blep) §Rnthes Bipugkon £¥ diputh, heEnts: BESRRTRG:
sterile recmtmtst uLyophd)ﬂ.itzheipheﬁma tiﬁeononsuming and costly process

5 For o] hs e h
reconstltutlon % £f$8 BﬁtFL Qﬁ Bnggga ?gﬁ %US?HL réﬁ¥%ﬁl°ﬁ %%% 8? Fﬁe
preparat|odlmltedFQﬁP%@¥ﬁﬁr@f tbeméyeszelggle@-an advantage to avoid the

| yo- 5 philization step in the production of growth hornone pr epar a-

tions. Lyophilizatjon is a tinme consum ng and costlz process and is al so
often a "bott4enctRere,isa pretdictPoF q cthperate| jof tthe cdpaEpdatien

the freere pifdﬁsses inTheisdet heoe dAFlow NgRR t@isssveeat hey aﬁ)ﬁeﬁﬁréﬁfons

degradatlo esses Jin.order. to_allqw for d sspl ve pr.eparati ons
bei ng stabl 538|PW Ling R ir hﬁ e fhd, QE&P%ngEepeqﬂ°un€ouﬁﬁe
nont h. of up to one month. :

Prior attempts to stabilize hGH has not fully succeded in

- preventing the formation of dimer. The problems asso'ciat'ed

15 with dimer formation is e.g noted in Becker, G.W., Biotech-
nolo and Applied Biochemistry 9, 478 (1987).

International Patent Publication No. WO 89/09614 and Austra-
lian patent application No. 30771/89 disclose a stable phar—
maceutical formulation containing human growth hormone,'gly-'
20 cine, and mannitol. Such a preparation shows improved'stabi-
lity during normal processing and storage in a lyophilized
- state as well as in the period of use after the reconstitu-
tion.

Published European patent application No. 303 746 discloses

25 that animal growth hormone may stabilized with various stabi-
- lizers to give deoreased formation of insolubles and preser-
vation of the soluble activ1ty in aqueous env1ronments, such
stabilizers 1nclud1ng certain polyols, amino acids, polymers

of amino ac1ds,hav1ng a charged side group at physiological
30 pH, and choline salts. Polyols are selected from the group
consisting'of non-reducing sugars, Sugar.alcohols,.sugar aci-
ds, péntaerythritol, lactose, water-soluble dextrans and Fi-



Prior attenpts to stabilize hGH has not fully succeded in preventing the
formati on of dinmer. The problens associated 15 with dinmer formation is e. g
noted in Becker, G W, Biotech- nol ogy and Applied Biochem stry 9, 478
(1987). International Patent Publication No. WD 89/09614 and Austra-
| i an patent application. No. 30771/89 disclose a stable phar- maceut i cal
formul ati on contai ni ng human growt h hornone, gly- 20 cine, and mannitol.
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cho]ine borss 744 idiscloses a stabilized preparation of growth hormo-
15 ne comprising a buffered polyol excipient comprising a polyol
| having three hydroxy groups and a buffer to achieve a pH in a
range in which the growth hormone retains its biocactivity for
a sufficient period'of time. Histidine is mentioned as_é buf-
fer for a polyol having three hydroxy groups.

20 BRIEF DESCRIPTION OF THE INVENTION

It has now surprisingly been found that a preparation of hu-
man growth hormone comprising only ‘histidin or a derivative
thereof as additive or bufferlng substance in an amount of
from 0.1 to 12 mg histidine or derivative thereof per mg of
25 growth hormone shows a very high stability against deamida-
tion, oxidation and cleavage of'peptide bonds. The stablllty

- of the product allows for the storing and shipment thereof in
a lyophilized state or in the form of a dissolved or re-dis-
solved preparation. - o

30 EP 303746 méntions polyhistidine as a potential stabilizer
for animal growth hormone but there is no indication whether
it stabilizes an animal growth hormone or human growth hor-
-mone.



ne gluconate, choline phosphate, di(choline)sulphate and di- choline
mucate. .- EP 374120 discloses a stabilized preparation of growth horno-
15 ne conprising a buffered polyol excipient conprising a polyol havi ng
t hree hydroxy groups and a buffer to achle%e.apr.in a range i n which the
growth hornone retains its bioactivity for /" a sufficient period of tine.
Hi stidine is nentioned as a buf- fer for a polyol having three hydroxy
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philized powder to be reconstituted later using conventional

vehicles such as distilled water or water for injection or in
the form of a solution or a suspension of crystals comprising

15 growth hormone. Such vehicles may comprise conventional pre-
sérvatiQes such as m-cresol and benzyl alcohol.

2 preferred embodiment of the invention is in the form of a
pharmaceutical preparation of human growth hormone comprising
histidin or a derivative thereof in the form of a buffered
20 agqueuos solution of growth hormone buffered with histidine
buffer. Such preparation is in a ready-to-use form and may be
stored and shipped as an aqueous solution without ahy consi-
derable degradation. L-histidine has a pKA of 6.0 and is,
accordingly suitable as a buffer itself at pH 6.5.

25 The formulation of ﬁistidine at pH 6.5 is considered stable
at 25°C for almost 50 days.

A further, preferred embodiment of the invention is in the
form of a pharmaceutical preparation of human growth hormone
comprising histidin or a derivative thereof in the form of a
30 buffered aqueous suspension of crystals ~of growth hormone
buffered with histidine'buffer. Such a preparation is very
stable and keeps the growth  hormone in a crystalline phase
during the storing and shipment in a ready-to-use form giving



quion of pistidine'hydrochloride. EP 374120 al so teaches - that hi-sti di ne
al one does not inpart chem cal and physical 10 stability to a growth

hor none preparation. The preparation of the invention.may be in the
formof a lyo- philized powder to be regonstituted later using _
conventi onal vehi cl es such as distilled water or water for injection or

I n the formof a solution or a suspension of crystals conprising 15

growth hormn%ve‘iuquw@iﬁéﬁae X ﬁerraégs:adeonwam pamaa:mrtx Sﬁt’@tlﬂﬁé
ernre nent ,of

Thvention o GiPsdred, ReEpazatith, when, fndaFtRR - E oPETehda ity BHE b

hor none cospraiiniedy relldagte bhH the chuman vgrowtht hermohei.n the formof a
buffered 20 aqueuos sol ution of growth hornone buffered with histidine
~buffer. Such preparation is in a ready-to-use formand nmay be -stored and
shi pped asFer stadisityvlnrasensi theupHand sossilutioferath|suspepsionipre-

L- hi sti dign a%%l%noKfso%g % atlo%uagear Cﬁ&géyv%ﬁ'ﬁeabiﬁ the Méﬁal

itself at histidine at pH 6.5 1s considered
stable  afrogy &19- CR@P@W"%@%&@Q a PHALEem Seito & ém# r@@pec;ally

enbodi ment a0pH Fe-dn\eRid 0N, 8 Saré ndee prefErpbaa phar maceuti cal
preparation of human growth hornone conprising histidin or a derivative

thereof in the formof a 30 buffered aqueous suspension of crystals of
growt h hor mene@rddmfter edtainh theststhbil bzifhgr efBach , a tvec eondetratiogry

Storl oo gL O o4 BAGCINAY Tedof 1o 1018008, LHd LB -
8 aitevred,| dher qca";mm;athegf ahlestsmm pAdpdr disi dm @0t sandwet £xom

di ssol ved Er%E@Eﬁﬁxﬁil‘MBE%'&E&%%E?Ed ffoml HCES i§ RR.Su- st ai ned rel ease

of fhe human gromﬁh or none '
Addition of 10% ethanol or 5% methanol resulted in more than
20% reduction in the deamidation.

The preparations of the inventidn_may also be in the form of
15 a iyophilized powder or "cake"'comprisihg growth hormone or a
' - growth hormone derivative, and histidin or a derivative
thereof in an amount from 0.1 to 12 mg histidine or derivati-
ve thereof per mg growth hormone or growth hormone derivative .
‘and a bulking 'agent for lyophilization selected from the
20 group con51st1ng of sugar alcohols and dlsaccharldes and mlx—
: tures thereof:. A sugar alcohol is preferably mannitol.

Lyophilized preparations according to the invention compri-
sing sucrose are preferred due to a very high stability and
~ preparations comprising sucrose and mannitol are especially
25 preferred combining very high stability with a very good pro-
cessability giving firm -hyophilized.'products being readily
dissolvable and very stable in solution for an extended
period of time after dissolution. Further preferred prepara-
tions according to the invention are preparations comprising
"30 mannitol and trehalose as bulking agent for the lyophiliza-
' tion. Preparations according to the invention comprising man-



. Sucrose an

For stability reasons the pH of a solution or suspension pre- 5 paration
"is preferably adjusted to a value in the interval from2-9. Preparations
‘having a pHfrom5 to 8 and especially a pHfrom6.to 7.5 are nore
preferred. - In order to obtain the stagilizing effect, the concentration
of histidinis preferably from1l mMto 100 M More prefer- 10 red, the
~concentration of histidin added is in an anount from 2 to 20 nM nost
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stability wift lglabwwr yhoowone oan am%ﬁb@ftﬁrgmvﬂ-né o ‘hy’éﬁhpleirzé'!g of

products bghRgthe none HSHY P fer@Pdgvery stable in solution for an
ext ended aperlod ofltfﬁ% after "dissolution. Further preferred prepara-

tions according to the invention are preparations conprising .30 mannitol
and trehal egephs 13t iitth a9ENhchOin hHSUiMiNY Ibusfer does. nBrepfna ivive

gccordlq% 8 %m%Iﬂygggéﬁg[qﬁggrfgéggogagéamidation is reduced by 20% on

standing after redissolving as compared to phosphate buffer.

The pharmaceutical preparation of the invention may further-

more comprise salts conventionally used in order to facilita-

te the processing thereof, e.g. the lyophilization or recon-
15 stitution.’ '

Another:way of stabilizing growth hormone according to the
invention is to form crystals of growth hormone giving a good
protection against degradatioh. It has surprisingly been
found that preparatiohs of growth hormone in the form of cry-

20 stals”comprising histidine fulfil the above-mentioned needs.
The crystals in dried form may be used directly as a GH-pre-
paration to be reconstituted before use in the conventional
manher.

Thus, the present invention also relates to crystals of

25 growth hormone or a growth hormone derivative comprising
histidine or a derivative thereof and an organic or inorganic .
cation. It has been shown that the quality of such crystals
is better than the quality obtained using prev1ous formula-
tions. ' '



nitol and a disaccharide normally conprises about equal anount of the two
constituents on a wei ght basis. The anpbunt sucrose present 'in the =
preparations of the inven- . tion may vary within wide limts. The ratio of
‘growt h-hornmone 5 to sucrose nmay vary fpogkp;OOS to 1.5 on a wei ght. basis.
Thus, the anount of sucrose may be from0.67 to 200 ng per ny of growt h
hor none, an armount of from1l1l.1 to 50 ng per ng of growt h hornone bei ng

preferred. Althok:égpk&réééﬂ p ORvafi1BFTel 1 Gldnk Deidsf EaErdeeentotrdt Veryl se
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The crystalgoigh digged form may be used directly as a GH pre- paration to
be reconstituted before use in the conventi onal manner . Thus, the

- present invention also relates to crystals of 25 growth hornone. or a growh

hornone derrheathyfg CAGPArYp dmetRbat iid NEher modier céminbre ndtHedf uaed ain
or a0t 0% akBAR Cox Cabyha i BRs REEN RIGNBLIRS bhe Bualudyclosten
tions. city growth hormone preparations the size and the shape of
' the crystals reported vary significantly. The largest cry-
stals have been reported by Jones et al.'(1987). For their
successfull experiments they used a mixture of polyethylene

15 glycol 3500 and beta octyl glucoside at neutral pH. Clarkson

et al. (1989) reported that the use of lower alcohols and

acetone permitted the generation of crystals of 0.001 to
0.005 cubic mm with varying shapes. None of the known methods.

are however suitable for commercial production of GH érystals

20 a.o. due to the fact that periods of growth of from several

weeks up to one year are needed. '

Boviné growth hormone has been formulated for veterinarian
use in a mixture of divalent ions and an'oil'(EP 343 696). By
addition of 2ZnCl, to either bovine or porcine growth hormone
25 in the presence of lipids undefined particles were produced
to form é prolonged release formulation. The growth hormone
was dispersed in the carrier in such a way as to trap 1 to 4
Zn molecules per growth hormone molecule. The solutions were
~ prepared in the presence of varying concentratidns of dena-
30 turing solutes (1 to 4 M of urea) at high pH (9.5). A repro-
duction of this process with hGH has shown that it is not
possible to produce crystals in this way. ' '

From the literature it is well known that the presence of
divalent cations during the process of crystallization of



10 . .Although readily available in quantities sufficient for cry-
stallization, ho succesfull crystallization of GH has been reported so
far. Mcro crystals, or anorphous nmaterial have been reported froma
vari ety of sources: (Jones et al., Bio- 5 Technology (1987) 5, 499 - 500;
Wlhelm et al., J.Biol.Chem (1984) 1}% 735 - 745; darkson et al.
J.Mol.Biol. (1989) 208, 719 - 721; and Bell et al., J.Biol.Chem (1985)
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4 Zn nol ecul es per growt h hornone nol ecule. The sol utions were pr epar ed

in the prese centrad depa- ng.so 1 o
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catlons during t proc ss 0 crystal tion of

15 a) forming a solution of growth hormone or growth hormone
derivative in a solvent and adding histidine or a derivative
of histidine and optionally adjusting the pH to a value from
5 to 8 using hydrochloric acid

b) adding organic or inorganic cations

20 c) crystallizing the solution at a temperature froin about 0°C
to about 30°C, and ' '

d) isolating the crystals formed by a manner known per se.

It has been found that crystallizing hGH in the preSénce of
histidine or a derivative thereof gives a higher yield of

25 crystalline hGH in the form of bigger and more pure and uni-
form crystal's then crystallization in the presence of phosp-
hate buffer normally used for formulation of preparations of |
hGH. Thus, the isolation and purification of the crystals is
facilitated. c



insulin pernmits not only excellent orientation during analy-  sis,. but

al so i nproved physical conditions for the crystalli- zation (see e.g. US
pat. no. 2174862). G owh hornone is, however, nore than three tines
larger than insulin and has a 5 totallg2different conformation.
Surprisingly it has now been shown that the addition of cations to

sol utions containi ng hGH and histidine or a derivative of histidine
renders pophe ydidlide dhecypstaisi hasofbermbincreasedr BYcrys?@F sWhen Gar-
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hGH. Thus, 't i sol ation urification of the crystals is il
: hate buffer or hiséﬁdine buffer. y facilitated.

The crystallization is allowed to proceed for a period from 1

to 120 hours, preferably from 5 to 72 hours and most prefer-

red from 20 to 48 hours at a temperature. The temperature is
15 preferably from 4 to 25°C.

‘The pH in step a) is normally from 5.0 to 7.5, preferably

from 5.0 to 6.8, more preferred from 5.8 to 6.5, and most

. preferred from 6.0 to 6.3.

‘The concentration of histidine or histidine derivative in

20 step a) may vary from 5-25 mM, 5-15 mM being preferred, in
order to have crystals of appropriate size and quality as
stated above. '

Divalent. cations are preferred and inorganic cations such as
zntt has been found to be well suited for the fast formation
25 of stable GH crystals. Also mixtures of cations can be used.:

The cation should be added in an amount providing fast and
efficient formation of well defined crystals. The upper limit
for the amount of added cation is the amount which would cau-
se unspeeific precipitation of substantial amounts of

30 amorphous_material.'



,12 . The yield'of‘crystals has been increased by ~ 20% when car - rying
“out the crystallisation in the presence of histidine as conpared with

crystallizing from previous formul ati ons. The starting material, the
growt h hornone, nmay be a concen- 5 trate.,gbtained directly fromthe
fernmentation broth or a con- ventional "Tyophilized preparation which is
di ssolved in the sol vent and adjusted to a concentration of preferably
more  thag -ef e1ANlPL A £ ORERRENR E“Eriofr{sonhfliog#%

nost preferrea a co H%eﬁ?iatlgﬁab é? ?nﬁ %heaSO | vent use n step a
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6.0to once on ne -or |st I'ne derrvative in
20 step a)fnuythaSybﬂmd¢n5-25 mV| 5-15 nmM being preferred, in order to
have crystals of appropriate size and quality as stated above

Dival ent catjons are preferred and inorganic cations such as %H has

been foundZ2Po béilk| Prefieradlyorbendised: 1po@aht #BAUDE shighpvilg cause
crystals. AbgfaliivhUos aif craidtals v Dy Useflolar ratio between zn* and

10 GH'from about 0.2 to about 10, more preferred from about 0.5
to about 5 and preferably from about 0.5 to about 2.

When using other inorganic cations, the concentration may be
varied between 0.5 and 10 mol cation/mol GH.

In a preferred embodiment of the invention an organic solvent
15 or a mixture of organic solvents is added in step a).

Suitable organic solvents to be added for the crystallizetion
may be chosen from short chained aliphatic, alicyclic or aro-
matic alcohols and ketones such as methanol, ethanol, 1- and
2- propanol, cyclohexanocl, acetone, and phenol or m-cresol.

20 Preferred organic solvents are ethanol and acetone, ethanol
being most preferred. |

The solution may be seeded by adding small and well defined
crystals of hGH of hexagonal or needle shape, but preferably
no seedlng is carrled out.

25 The concentratibn of the organic solvent may be from 0.1 to
50% v/v, preferably from 0.1 to 30%, more preferably from 0.1
to 20%, even more preferably from 5 to 15% and most preferred
from 6 to 12% v/v. ' |



The cation shoul d bé added in an anDunt provi di ng fast and eff|C|ent
formati on of well defined crystals. The upper |im.t for the anount of -

added cation is the anount  which woul d cau- se unspecific precipitation

of substantial amounts of 30 anorphous rial. _

13 ‘When using Zn[err], suitable concentrations will typically be from
. about 0.2 to 10 nol Zn[err]/nmol GH However, if the crystal- lization
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The sol ut O Y 5 ekt by SRR e 3%%?%&933&“?

10 The size of the crystals will be dependeént on the zn™ to GH
ratio and the choice and content of solvent used in the pro-
cess.’ '

"hGH crystals according to' the present invention have been
shown to have a biological potency similar to that of a solu-

15 bilized hGH standard in in vitro tests. The novel GH éry-
stals can thus be used for the same indications as the com-
mercially available hGH preparation.'

Still another aspect of the invention relates to the use of
" histidine or a derivative thereof for the preparation of a
20 stabilized preparation of growth hormone.

The pharmaceutical preparations of the invention are pre-
ferably presented in a unit dosis form comprising from 4 IU
to 100 IU growth hormone per dosis.

In the present context "growth hormone" may be growth hormone
25 from any origin such as avian, bovine, equine, human, ovine,
porcine, salmon, trout or tuna growth hormone, preferably
bov1ne, human or porcine growth hormone, human growth hormone
being most preferred. The growth hormone used in accordance
with the invention may be native growth hormone isolated from



crystals of hGH.of hexagonal or needl e shape, but preferably no seedi ng
“is carried out: 25 The concentration of the organic solvent may be from
0.1to 50% v/ v, preferably from0.1 to 30% nore preferably fromO0.1 to
20% even nore preferably fromb5 to 15@6§gd nost preferred from6 to 12%

v/v. ' 14 The present process my -
be used as a fast and efficient down st ream processi ng of the growt h
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10 naturally occurring amino acid, as long as the substitution
does not have any adverse effect such as antigenicity or re-
duced action; or a derivative thereof, e.g deamidated or
sulfoxidated forms of the growth hormone or forms having an

~ N- or C-terminal extension such as Met-hGH, Met-Glu-Ala-Glu-

15 hGH or Ala-Glu-hGH. The preferred growth hormone is hGH.

The term "derivatives of histidin" is used, for the present
purpose, to'désignate amides and esters of histidine such as
the methyl or ethyl ester, dipeptides such as'His-Gly, His~-
Ala, His-Léu, His-Lys, His-Ser, and His-Phe, and analogues or
_2o_defivatives of His such as imidazol, des-amino-His or poly-
His. For the sake of simplicity, the contents of hiétidine or
a derivative thereof in the preparations of the invention is .
calculated and using the molar weight of histidine itself.

The term “"salts" used to designate additional agents'for fa-
25 cilitating the processing or reconstitution of pharmaceutical
preparations comprises conventional additives such as alkali-
ne metal, alkaline earth metal or ammonium salts of organic
acids such as citric acid, tartaric acid or acetic acid, e.g.
sodium citraté; sodium tartrate or'sbdium acetate, or of mi-
30 neral acids such as hydrochloric acid, e.g. sodium chloride.

In the present context "high stability" is obtained when the -
preparation is more stable-than the conventional formulations
comprising phosphate buffer.



hi stidine or a derivative thereof for the preparation of a 20 stablllzed

preparati on of growt h hor none. The pharnaceuti cal preparations of the ’

invention are pre- ferably presented in a unit dosis form conprising from

41U to 100 IU growm h hornone per d05|§ In the present context
"growt h hornmone" may be growth hornone 2 §r0n1any origin such as avian,
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accordancethrﬁﬂﬁﬁlbhéqqhkﬁﬂl(ﬂfrEANQEF tive growth hornmone isolated from
15 ~a. natural source, e.g. by extractlng pituitary glands in a
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hGH. 10Tbertativedeuctds as-afedbistdrlikénz ¥l UsBdohdDdt the present
pur pose, to designate am des and esters of histidine such as t he net hyl
or ethyl ester, dipeptides such as Hs-Ay, His- Ala, Hi s-Leu, Hi s-Lys,
Hi s- Ser, 'and Hi s-Phe, and anal ogues or 20 derivatives of H's such as

i mdazol, BREERTHRACHIPIYONYY THE DRAWINGS

The invention is: described more in detail with reference to
the drawings in which '

Fig. 1 shows a phdto of crystals of hGH prepared in the pre-
15 sence of phosphate buffer (without addition of histidine)
(Magnification 400X), and '

Fig 2 shows a photo of crystals of hGH according to the
invention formed in the presence of histidine buffer. (Magni-
flcatlon 400X) .

20 DETAILED DESCRIPTION OF THE INVENTION

The invention is explained more in detail in the below Exam-
ples which illustrate the invention. They are not to be con-
sidered as limiting the scope of the invention being defined
by the appended claims. '



Hi s.. For the sake of sinplicity, the contents of histidine or a
"derivative thereof in the preparations of the invention is cal cul ated and

using the nolar weight of histidine itself. The term "salts" used to
desi gnat e ‘addi ti onal agents for fa- 25 CIH tating the processing or
reconstitution of pharnaceuti cal preparatlons conpri ses conventi onal

addi tives such as.al kali - ne netal, alkaline earth nmetal or ammoni um
salts of oggPRRTMENIGIIIS has citric acid, tartaric acid or acetic acid,
e.g. sodiumcitrate, sodiumtartrate or sodium acetate, or of m- 30
neral acids such as hydrochloric acid, e.g. sodiumchloride. -I'n the

present comkamprehiigh stability™ is obtai ned when the preparation is nore
stabl e than the conventional fornmulations conpri sing phosphate buffer.
16 A "sugar alcohol” may e.a. be mannitol, xylitol, erythritol,

threitol, Redbctdonoofyltheeiddamidationt he present context "di saccharide"

Is used to designate natural ly occurring di saccharides such as sucrose,
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BRI EF DESCRI PTI ON OF THE DRAW NGS

The hGH preparation comprisihg_4 IU having the composition A
was prepared by dissolving 13.3 mg hGH in 10 ml 10 mM
histidine buffer prepared by dissolving 15.5 mé histidine in

10 10 ml deionized water containing 0.9% benzyl alcohol and
adding 0.1 N hydrochloric acid to pH 6.5. The preparation
comprising 12 IU was prepared by dissolving 40 mg hGH in the
‘same constituents as stated above.

The hGH preparation comprising 4IU having the composition B
15 was prepared by dissolving 13.3 mg hGH in 10 ml 10 mM
- disodium phosphate prepared'by dissolving 17.8 mg disodium-

hydrogen-phosphate in 10 ml deionized water, containing 0.9%

(v/v) of benzyl alcohol and adding 0.1 N phosphoric acid to

PH 6.5. The preparation comprising 12 IU was prepared by
20 dissolv1ng 40 mg hGH in the same constituents as stated

.above

Composition A:

10 mM His

0.9% benzyl alcohol
25 HC1 ad pH 6.5

Composition B:

10 mM disodium phosphate
0.9% benzyl alcohol _
phosphoric acid ad'pH'G,S.



The invention is ‘described nore in deta|I with reference to t he. dr awi ngs

in which Fig. 1 shows a photo of crystals of hGH prepared in the pre-
15 sence of phosphate buffer (w thout addition of histidine)

(Magni fication 400X), and Fig 2 shows a photo of crystals of hGH.
according to the invention fornmed in the presence of histidine buffer.
(Magni - fication 400X). 20 DETAI LED DESCRI PTI ON OF THE | NVENTI ON

The invention is explained nore in detail in the bel ow Exam pl'es which
illustrate the invention. They are not tojge con- si dered as Ilnltlng t he
scope of the invention being defined by the appended cl ai ns.

17 EXPERI MENTAL PART - EXAWVPLE 1. : Reduction of the

deam dgtl Onl‘l::e preﬁgﬁatabﬁso%eﬁa@ugmmag mmmdf@Hf Blgéfe]?bheentgr o#CH
re- ar 1 onNs,.C 1sSin n | u er.
Pommar o' GEFRATISTRCH, FrBRdiptely afker And Tecchalt i ard, Aker 7

cpnpr|5|rm)deiJmav3mgcthfheonpsautsoap&ear from the below Table 1.

TABLE 1.
5 Deamidation.

Preparation Desamido
. : .
Buffer A 4IU/ml 1.7
10 start 12 IU/ml
Buffer A 4TU/m1 10.1
7 days at 37°C 1210/ml 10.4
~ Buffer B 4 UI/ml .
Start 12 IU/ml 2.3
15 Buffer B 4 UI/ml 16.9
7 days at 37°C 12 IU/ml ) 14.9

From the above figures it appears that the deamidation of hGH
- is significantly reduced at 37°C in hlstldlne buffer as
compared with phosphate buffer



was prepared by.dissolving 13.3 ng hGH in 10 mM 10 mM  histidine
buffer prepared by dissolving 15.5 ng histidine in 10 10 m dei oni zed wat er
cont ai ni ng 0. 9% benzyl al cohol and adding 0.1 N hydrochloric acid to pH
6.5. The preparation conprising 12 11U was prepared by dissolving 40 ny
_ hGHin the - sane constituents as ‘stated above. The hGH preparation

conprising 41U having the conposition B 15 was prepared by dissolving
13.3 mg hGH in 10 mM 10 mM di sodi um phosphate prepared by dissol ving
17.8 ng di sodi um hydr ogen- phosphat e i 0O m deionized water, containing
0.9% (v/v) of benzyl alcohol and addin&' .1 N phosphoric acid to pH
6.5. The preparation conprising 12 | U was prepared by 20 dissolving 40 ng-
hGH in theSamprgonstituents as stated above. Conposi tion A 10 v
- His 0.9@6benz§1 al cohol 25 HCO ad pH 6.5 Conposition B: 10 mM

‘di sodi um phosphat e 0. 9% benzyl al cohol phosphoric acid ad pH 6.5

The prepar Reaut iU oexentnadakidbeibBl G ofhd hprésshest @fothistidine or
desam do- hG %5E§giatel . after the reconstitution and after 7 days at
37[err]C. qx?%ﬁ%ﬁ%ﬁlY?%n1the bel ow Table 1.

The rate of deamidation was examined at 25°C for hGH pre-
5 parations comprising 6 IU hGH at pH 6.5 and at pH 7.3 in 5

mM, 10 mM and 100nM His buffer as compared to 8 mM phosphate

-buffer at the same pH. Furthermore, the histidine derivatives

His-Gly, His-Ala, His-Leu, His-Lys, His-Phe, His-Ser, Histi-

dine methyl ester, histidinol, imidazol, imidazol-4-acetic
10 acid, and histamine were tested. '

The hGH preparations were prepared by dissolving 20 mg:hGH in

10 ml of histidine buffer of the desired strength prepared by

dissolving 7.8 mg, 15.5 mg, and 155.2 mg, respectively, of

histidine in 10 ml deionized water containing 0.9% (v/v) of
15 benzyl alcochol and adding 0.1 N hydrochloric acid to the
- stated pH. ' ' |

The hGH formulations stated in the below Table 2 were stored

at 25°C and analyzed for the desamido contents after 14 and

'30 days by IE-HPLC. The results appear from the below Table
20 2. '

Table 2.

Contents of desamido hGH as determined by TIE-HPLC as a func—

tion of the formulation and the time in solution at 25°C:



TABLE 1. . ..5 Deani dati on. | Preparation - ..Desarmi do

Buffer A = 41U , 1.7 10 Start , 12 1U'm

2.1 - Buffer A 41U m 10.1 7 days at 37 C

121U 10.4 - Buffer B ) 4 U/ m 1.8
Start 12 1Um 2.3 15 Buffer B 4 U/
16.9 7 days at 37 C 12 11Ul 14.9 From t he above
figures it appears that the deam dation of hGH is significantly reduced

at 37 Cin histidine buffer as conpareg wi th phosphate buffer.
19 . EXAWPLE 2: : .

Formulation (%) Formation of desamido compound
at 25°C '
14 days (') ‘ 30 days
5 5 mM His pH 6.5 _ 6.5 . 9.1
5 mM His pH 7.3 11.0 | 17.4
10 mM His pH 6.5 6.8 9.7
10 mM His pPH 7.3 11.3 16.6
100 mM His pH 6.5 9.8 ‘15.2
10 100 mM His pH 7.3 19.3 28.8
8 mM di-Na-Phosfat 7.8 , - 10.8
pPH 6.5
8 mM di-Na-Phosfat . 15.2 ' 20.3
pH 7.3
15 8 mM di-Na-phosfat. | 9.4 L13.2
PH 6.5,

0.3% m-cresol
10 mM Asp, PH 6.5 21.7 nd
10 mM Glu, pH 6.5 14.8 nd

20 10 mM His-Gly, - - 5.6 8.1



_Reduction.of the deam dation in the presence of histidine or, . histidine
derivatives. The rate of deam dation was exam ned at 25-C for "hGH pre-
5 parations conmprising 6 U hGH at pH 6.5 and at pH 7.3 in 5 mv 10 niVi
and 100mM Hi s buffer as conpared to 8 nM phosphate  buffer at the sane pH.
Furt-hernore, the histidine derivatives Hs-dy, Hs-Aa, Hs-Leu,

H s-Lys, Hi s-Phe, H s-Ser, H sti- di ne nethyl ester, histidinol,

i m dazol, inidazol-4-acetic 10 acid, and hi stam ne were tested. The hGH
preparations were prepared by dissolving 39 mg hGHin 10 m of histidine
buffer of the desired strength prepared by di ssolving 7.8 ng, 15.5 ng,
and 155.2 ng, respectively, of histidine in 10 m deioni zed water
containing 0.9% (vw)e0% 15 benzyl alcohol and adding 0.1 N hydrochloric
acid to the stat'ed pH. The hGH fornul ati ons stated in the bel ow Tabl e
2 were stored at 25[err]C and anal yzed for the desam do contents after 14
and 30 days by. |io HRMMQiidhmrlaesul ts appear fromeét.lze bel ow Tabl e &0 2.
Tabl e 2. Cbntentéﬂo% gesanido hGH as determ ned by | E-HPLC as a func-
tion of the fornul®&tioh“and the tinme in solution at 25[err] C '

20 |
| 10 mM His-Leu 8.8 12.3
5 pH 6.5 '

10 mM His-Lys . 8.6 12.0

pPH 6.5
10 mM His-Phe 7.5 11.3

pH 6.5
10 © 10 mM His-Ser 22.0 nd

"pPH 6.3
10 mM His-methyl- 4.6 ' 5.2

ester,pH 6.5

15 10 mM histidinol 27.4 - nd
pH 6.5
10 mM imidazol 9.2 12.2
pH 6.5
10 mM imidazol-  10.3 14.2
20 4-acetic acid
PH 6.5
10 mM Histamine 9.8 12.2

pH 6.5



Forrmul ation (* ) " Formation of desani do conmpound

at 25[err]C , 14 days (') 30
days 5 5 mMMHs pH®6.5 . 6.5 , 9.1
5 MMHs pH 7.3 11.0 17. 4 10 mM
Hs pH®6.5 6.8 9.7 10 MM H s pH
7.3 11.3 16.6 100 MM H s pH 6.5
9.8 ) 15.2 10 100 MM Hs pH 7.3 - 19.3
28.8 ' 8 mM di - Na- Phosf at 22 7.8 10. 8
pH 6.5 . 8 mM di - Na- Phosf at 15.2 20. 3
pH 7.3 15 8 mM di - Na- phosf at 9.4 13.2
gT 3-5’ *: Compf&§d§nbcégsﬂénzyl alcoEPI 1@x@¥b@§&oﬂﬁdé§€ion Ng.9 o
nd. 20 The qu;gmtﬁso€;9esam1do-hGH in startlggGmaterlal was: E?ﬂ; %

From the above Table 2 it appears that- the de-amidation of

hGH is reduced by approximateiy 20% by the addition of histi-

5 dine as compared with phosphate buffer at ph 6.5 and 7.3.
Furthermore, a reduction of the'pH from 7.3 being the conven-

tional pH.bf commercial hGH preparations to 6.5 in itself

t gives rise to a reduction of the rate of de-amidation by 50%.

Histidinol does not seem to stabilize the preparations under
10 the test conditions, and addition of histidine in larger amo-
unts does not add but rather detract from the desired effect.

Comparable results are seen to be obtained using histidine
'dnalogues such as imidazol, histamine, and imidazol-4-acetic
acid as well as the histidine methyl ester giving rise to the
15 formation of only 3.1% desamido-hGH after 30 days at 25°C,
allowing for a life-time of the preparation of 3~4 months.

Addition of Asp or Glu increases the rate of deamidation as
compare to phosphate at pH 6.5. '

Addition of dipeptides of the type His-X shows positive ef-
20 fect for His-Gly and His-Ala[ whereas His-Ser reduces the
stability to de-amidation.

The above results show that the rate of de-amidation is redu-
ced by lowering the pH and by adding histidine in a low con-
centration, preferably about S5mM-10mM. The rate of de-amida-
25 tion may be reduced by more than 50% by lowering the pPH and
substituting the phosphate buffer with histidine.



21

‘8.5
12.3 5
12.0
11.3

nd

52

nd

12.2

10

pH 6.2 10 mM Hi's- Al a 6.2

pH 6.5 10 mM Hi s- Leu : ‘ ‘g8

pH 6.5 10 MM Hi s-Lys 8.6

pH 6.5 10 nM Hi s- Phe 7.5

pH 6.5 10 10 mM Hi s- Ser 22.0
pH 6.3 10 mM Hi s-net hyl - 4.6
ester,pH 6.5 15 10 mM hi sti di nol _ 27

"pH 6.5 10 mM.i m dazol" 9.2
pH 6.5 23

The use of m-cresol or benzyl alcohol as preservative seems
to have no influence on the rate of de-amidation.

Split-formation (hydrolysis of peptide bonds) is reduced by
histidine at pH 6.5 in comparison with phosphate.
EXAMPLE 3.

Reduction of the formation of sulfoxide.

The dépendency og the pH and the type df buffer was examined.
Dependéncy of pH:

Formulation:

A commercial hGH preparation (Norditropin®, 12 IU/ml) compri-
sing bicarbonate, glycine and mannitol + 0.9% benzyl alcohol
was adjusted to pH 8.3, 8.0, 7.5, 7.0, 6.5 and 6.0 using 0.1
N hydrochloric acid, and the samples. were left at 37°C.
Analysis was carried out by RP-HPLC after 0, 7 and 14 days.

15 The results appear from the below Table 3.



10 mM i mi dazol - ’ 10. 3 - 14.2 20 . 4-acetic

aci d pH 6.5 10 mM Hi st ami ne " 9.8 '
12.2 pH 6.5 22 *:
Conpri ses 0.9% benzyl al cohol, except forrnualtion No.9 The contents of
desam do-hGH in starting material was: 2.1 % From the above Table 2 it
appears that the de-am dation of hGH i s reduced by approxi mately 20% by
the addition, of histi- 5 dine as conpared with phosphate buffer at ph 6.5
and 7. 3. Furthernore, a reduction of th? pH from 7.3 being the conven-
tional pH of commercial hGH preparations To 6.5 in itself gives rise to a
reduction of the rate of de-am dation by 50% Hi stidi nol does not seem
to stabilizg, %igapreparatlons under 10 the test conditions, and addition of
hi stidine in larger ano- unts does not add but rather detract fromthe
desired ef fEQymation @fpGulEoxidgsylits are seen to be obtained using

hi sti di ne anal ogues such as imdazol, histam ne, and imndazol-4-acetic
acid as well as the. hlitldlne nmet hyl ester givin iseto 6&? 15(%ornat|on
of only 3.1% desartdBPHeH af £8FP30 days at 25[er%ﬁ¥

life-time of the preparation of 3-4 nonths. Addltloﬁlgﬁ:Asp or Qu
|ncreasessthe rate_of deanmidation as___conpare {0 _bhosphate at pH 6.5,

pH 8.37 - 0o 1.0

pH 8.37 37 | 7 9.0

pH 8.04 37 7 8.7

_pH 7.52 37 7 8.3

10 pH 7.01 37 7 7.7

pH 6.52 37 7 6.5

pH 6.02 37 7 4.8

pH 8.37 37 _ 14 14.9

pH 8.04 37 ' 14 14.5

15 pH 7.52 37 | 14 14.0

pH 7.01 37 _ 14 12.9

pPH 6.52 37 14 11.1

pH 6.02 37 14 7.7

As will be appfeciated, the formation of sulfoxide of hGH is
20 reduced when lowering the pH from 8.4 to 6.0.

Type of Buffer, pH:

A B-hGH preparation comprising 12 mg/ml distilled water was
‘diluted in the_proportion 1+10 with various buffers in a con-
centration of 15 mM and optional added .further additive(s).

25 The samples were left at 25°C, and analysis by RP-~HPLC was
carried out after 10 and 34 days. The results of the RP-HPLC
and optional additives aﬁpear from the below Table 4.



Addi tion of dipeptides of the type His-X shows positive ef- 20 fect for
"His-@y and His-Ala, whereas Hi s-Ser reduces the stability-to ' -

de- am dati on. The above results show that the rate of de-am dation is

r edu- ced by lowering the pH and by adding histidine in a:low con-
centration, preferably about 5mvil O"M The rate of de-amida- 25 tion may be
reduced by nore than 50% by | owering the pH and substituting the
phosphat e buffer w th histidine.

23 The use of mcresol or benzyl alcghol as preservative seens to
have no influence on the rate of de-am d&ti on. Split-formation
(hydrol ysis of peptide bonds) is reduced by histidine at pH 6.5 in
conpari son “Lih Qhosphate. 5 EXAMVPLE 3. - Reduction of the formation
of sul foxi 3821 %+ The dependency og the pH and the type of buffer was
~exam ned. Formbejendeifc$udifoxide :
Buffer pH Additive - Sulfoxidated
5 - 104 344
%
Phosphate 7.3 - 1.9 5.5
Histidine 7.3 - 0.9 2.4
10 "Histidine 6.9 - 0.9 2.0
Histidine 6.5 - 0.8 1.9
Histidine 7.3 18 mM Met 0.8 2.0
Histidine 7.3 18 mM Cys 2.4 2.9

. Histidine 7.3 0.42mM toc. 1.1 3.0
15 Histidine

7 9% ethanol 1.3 4.2
Histidine 7.3 18 mM asc. 41 nd
Histidine 7.3 0.8% NacCl 1.3 3.5

Toc.: tocoferol; asc.: ascorbic acid.

20 As compared with phosphate buffer, a marked reduction of the
formation of sulfoxidated B-hGH is observed in histidine buf-
fer (pH 7.3). A reduction of the formation of sulfokide is
observed with falling pH in His-buffer. '

No further effect was obtained by addition of anti-oxidants
25 or other additives.



Formul ati on: 10 A comrercial hGH preparation (Norditropin[err], 12 lUn)

. the formt

5

10

15

20

25

conpri- - sing bicarbonate, glycine and mannitol + 0.9% benzyl al cohot -
was adjusted to pH 8.3, 8.0, 7.5, 7.0, 6.5 and 6.0 using 0.1 N o
hydrochl oric acid, and the sanples were left at 37[err]C Anal ysi s was
carried out by RP-HPLC after 0, 7 and 14 days 15 The results appear fron1-
t he bel ow Tabl e 3. 24
- Tabl e 3. Formation of Sul foxide o Sanpl e Tenp
Days SquOX|de [err] C 6 % pH
8. 37 - 0 1.6 | pH 8.37 = 37
7 9.0 pH 8. 04 37 - 7 8.7
pH 7.52 : 7 8.3 10 pH 7.01 37
7 EXBNPLE 4 pH 6.52 37 7 6.5
pH 6.02 - 37 -7 4.8 pH 8. 37 37.
14 l4rystallizatioRHo® ®&H ind4he presence of phdédphate orlhistild
.pH 7.52 _ _ . pH 7.01 37
14 1$ige buffer 6. 52 37" 14 11.1
pH 6. 02 37 14 : 7.7 As will be appreciated,

'£f1quo§U|f%x'dquﬁI sgihﬁlon prepared according to Dalboege et
al Biotechnology (1987), 5, 161-164, in concentrations of 6
mg/ml were incubated in 10 mM phosphate or 10 mM histidin
buffer at pH 6.2. To each of the samples was added ethanol to
a final concentration of 7. 5% (v/v) followed by addition of
zinc acetate solution to a final zinc concentration of 1.34
mol Zn/mol hGH in the case of phosphate buffer and 5.5 mol
Zn/mol hGH in the case of histidin buffer.

The crystals were grown in suspension for 16 hrs and the cry-
stallization was monitored by phase contrast microscopy. The
crystals formed in histidine buffer have a well defined uni-
sized hexagonal appearence comprising little or no amorphous
contamiﬁants (Fig. 1). On the contrary, hGH crystals formed
in phosphate buffer under the exact identical conditions show
a much more pronounced heterogenous appearenée comprising a
. snsiderable amount of amorphous material (Fig. 2).

The crystals were allowed to grow for a further 5 days.
Crystals formed in both histidine and phosphate buffer were
collected by centrifugation and the crystals were dissolved
in 7 M urea followed'by hGH analysis.

Buffer % _crystals % free hGH
Histidine 65 , 35

Phosphéte 55 45



20 reduced when lowering the pHfrom8.4 to 6.0. Type of Buffer, pH
‘A B- hGH preparation conprising 12 ng/m distilled water was diluted in
the proportion 1+10 with various buffers in a con- centration of 15 mV
and optional added further additive(s). 25 The sanples were left at
25[err]C, and analysis by RP-HPLC was . carried out after 10 and 34 days.
The results of the RP-HPLC and optional additives appear fromthe bel ow

Tabl e 4. 25 Tabl e 4.
Formati on of " Sul f oxi de Buf f er pH Additive

Sul f oxi dat ed 5 ' 27 10d 34d .
Phosphate 7. 3 - 1.9 5.5 __— Histidine 7.3 -
0.9 2.4

Hi stidi ne GTB“S hlStlg&}‘glob‘affgrl EF°V1deS be??%il(ﬁ?ﬂ?#tEPn%B AN VAGH

0.8 2.0 crystallizhitiondivbtH. S'es%ﬁdﬁ\/l €¥Sboth dyield. f crystals and
H sti di ne 7q§a19t42nwltoc 1.1

EXAMPLE 5

5 The stability of lyophilized hGH preparations comprising hi-
stidin and succcrose or mannitol compared to a conventional
hGH preparation containing phosphate, glycine and mannitol.

The following preparations 1-8 were made by desaltning'e hGH
~solution into the stated histidin buffers. After adjusting

10 the hGH concentration to 6 IU/ml with the various histidin
buffers, the stated amounts of mannitcl and sucrose were dis-
solved. '

Preparatlons 9 corresponds to a conventional hGH preparatlon
and is used as reference

15 A1l hGH solutions 1-9 were filled into vials a 1 ml and lyo-
philized.

Analyses of hGH were performed after reconstitution with a
0.9% solution of benzyl alcohol.

1. hGH 6 IU/ml
20 Adjusted to pH 6.5 using HCl
Mannitol 33 mg/ml

2. . hGH 6 IU/ml _
Adjusted to pH 6.5 using HCl
Sucrose 62 mg/ml



15 Histidine 7.3 9%ethanol 1.3 4.2 Histidine 7.3 18
nmM asc. 41 nd H stidine 7.3 0.8% Nad 1.3 3.5

Toc.: tocoferol; asc.: ascorbic acid. 20 As conpared w th phosphate
buffer, a marked reduction of the formation of sulfoxidated B-hGH is
observed in histidine buf- fer (pH 7.3). A reduction of the formation of
~sulfoxide is observed with falling pHin H s-buffer. No further

ef fect was obtained by addition of anti-oxidants 25 or other additives.

26 EXAMPLE 4 Crystallization of hgsl in the presence of phosphate or
hi sti - di ne buffer - Aliquots of a hGH solution prepared according to
Dal boege et 5 al Biotechnol ogy (1987), 5, 161-164, in concentrations of 6
mg/ M wer e 3ncubatk@i 6 I0/mM phosphate or 10 nM histidin  buffer at pH

6.2. To each of thgss S addad..ats to a final concentration of
d$E5LLES £ . @' . h .
7.5% (v/v) folloméﬁ § a QIFIOEHO? ® ?%%% agg?hte solution to a final zinc

concentration of 1M2aniBokpB3ZAYABL hGH in the case of phosphate buffer and
5.5 nol Zn/mol hGH in the case of histidin buffer.

4. hGH 6 IU/ml
5 Adjusted to pH 7.0 using HCl
Sucrose 62 mg/ml

5. hGH 6 IU/ml
Adjusted to pH 6.5 using HCl
Mannitol 33 mg/ml

10 6. hGH 6 IU/ml
Ajusted to pH 6.5 using HCl
Sucrose 62 mg/ml

7.  hGH 6 IU/ml
Ajusted to pH 7.0 using HCl
15 ' Mannitol 33 mg/ml
8. hGH 6 IU/ml

Ajusted to pH 7.0 using HCl
Sucrose 62 mg/ml

9. hGH 6 IU7ml
20 Na,HPO,,. 2H,0 0.59 mg/ml
| NaH,PO,, 2H,0 0.53 mg/ml
Mannitol, 20.5 mg/ml
. Ajusted to pH 7.0 using phosphoric acid

The lyophilized prqducts-are readily soluble and forms clear
25 aqueous solutions.



The crystals wer e gromn in suspension for 16 hrs and the cry- o

stal lizatton was nonitored by phase contrast m croscopy. The crystals
formed in histidine buffer have a well defined uni - 15 sized hexagonal
appearence conprising little.or no anorphous contam nants (Fig. 1). On
the contrary, hGH crystals fornmed .= in phosphate buffer under the exact
“identical conditions show a nuch nore pronounced heterogenous appearance
conprising a consi der abl e anmount of anor phous material (Fig. 2). 20 The
crystals were allowed to grow for a further 5 days. Crystals formed in
bot h hi stidine and phosphate buffer ver e 29 col | ect ed by centrifugation and
the crystals were dissol ved in 7 Murea foll owed by hGH anal ysi s.-
ggffeéhospﬁ‘&e am&%é’ségl Sglymer befo{grfer efyéﬁi‘%f?zﬂf&hdl(%i) and immec?jl.s—
27 Thusatieilyt | aif bex blfyfoph igrizatiem beafsercohdnenths fady sF, after 7

crystal |1 2gigriihgiah £ S8 R5FLs ﬁ??ﬁ@h% akd39 v dkeand ndiald tae 4

EXAMPLE 5 5 The st g i zed hGH preparations conpr|5|ng
hi-  stidiPdivsnd aitdhsat 5n%1nh“t |igofbaked &8 ZabdRvEnti onal hGH
‘preparation containing phosphate, egC|ne and mannitol. . The foll ow ng

preparationg 1.8 it JPPi ey I53 Y 1L gtateg;Hln Table 6.

The amount of desamido hGH in % is stated in Table 7, and

The amount of sulfoxide in % is stated in Table 8.

The amount of desamido hGH and sulfoxide was determined as in
Examples 1-4. |

10 The amount of dimer and polymer was determined by gp-HPLC.



solution into the stated histidin buffers. After adjusting 10 the hGH
concentration'to 6 lUmM wth the various histidin buffers, the stated
amounts of mannitol and sucrose were dis-  sol ved. Preparations 9
. corresponds to a conventional hGH preparation and is used as reference.
15 AIl hGH solutions 1-9 were filled into vials a 1 m and |yo- philized. -
Anal yses of hCGH were perforned after reconstitution with a 0. 9% sol ution

of benzyl al cohol. 1. hGH 6 ILVn1 20 Adj usted to pH 6.5 using
HC1 Mannitol 33 nmg/m 2. . 3QQH 6 1Um Adjusted to
pH 6.5 using HCl Sucrose 62 ny/
28 3. hGH 6 TU N Adj usted to pH 7.0 usi ng HC
Mannitol 33 nmg/ m 4. hGH 6 | UgdpieSs Adjusted to pH 7.0 using
HCl : '
| | Amount of Polymer in % '|
Buffer _ '
BL T=0 7 mos. { 7 mos. 4°C + | 7 mos. 4°C +
4°C 4 mos. 37°C 4 mos. 25°C
No. 1 . _
0.2 1.5 2.0 6.0 -
No. 2 .
- 0.2 0.2 0.2
5 No. 3 .
' 0.2 . 1.8 4.0 2.6
No. 4 0.2
- <0.2 0.2 <0.2 <0.2
|}
No. 5 .
<0.2 . 1.6 3.1 3.9
No. 6
- 0. 0.2 0.2 <0.2
No. 7 .
0.2 . 2.0 3.1 2.3
10 No. 8
- . 0.2 <0.2 <0.2
No. 9 .
0.2 2.3 2.9 2.2

The amount of polymer is clearly lower for samples comprising

sucrose.




Sucrose. .62.ng/m. 5. hGH 6 1UN Adj usted to.pH 6.5 using

© HC1 ~ Mannitol 33 ng/m 10 6. hGH 6 | U/ m A usted to
pH 6.5 using HC Sucrose 62 ng/ m 7. hGH 6 1 U n
Ajusted to pH 7.0 using HO 15 Mannitol 33 ng/nm 8. hGH 6
U m Ajusted to pH 7.0 using HC - Sucrose 62 ng/ m
9. hGH 6 | U/ 20 Na HPO err], 2H err]O 0.59 ny/n
NaH2PO4, 2H err] O 0.53 nmg/ m I\/annltol 20.5 ng/m
Ajusted to pH 7.0 using phosphoric acid 5 The Iyophlllzed products are
readily soluble and forns clear 25 aqueous sol uti ons.
29 The anmount of polyner before |yophilization (BL) and i medi -
Table 6
_ Amount of Dimer in %
Buffer _
o BL T=0 7 mos. {7 mos. 4°C + | 7. mos. 4°C +
4°C 4 mos. 37°C |4 mos. 25°C
No. 1 0.8 o | '
0.4 | 0.9 1.8 3.6 - -
No. 2. 0.4 | - “
_ - . 0.3 2.8 0.4
5| No. 3 .
0.4 2.2 5.6 4.7
No. 4 .
- . 0.4 3.3 0.4 |
l No. 5 0.6 |
0.3 0.6 1.1 3.4 2.2
No. 6 | 0.4
- 0. 0.3 3.1 0.3
No. 7 1 o.9 | | - '
' 0.3 . 1.4 4.7 3.3
10f No. 8 | 0.4 : -
- . 0.4 3.0 0.4
No. 9
0.5 0. 1.0 4.3 2.2

‘The amount of dimer is clearly lower for samples comprising
sucrose.



ately aerr;IyophiIfzation, after 7 months at 4 C, after 7 _.nonths. at '
4[err]C plus 4 nonths at 37 C and after 7 nonths at 4[err]C plus 4 nonths

at 25[err]Cin %is stated in Table 5. 5 The amount of dimer in %is
stated in Table 6. The amount of desamido hGHin %is stated in Table 7,
and The amount of sulfoxide in %is stated in Table 8. The amount of
desam do hGH and sul foxide was determined as in Exanples 1-4. 10 The
amount -of dimer and pol ymer was determ ned by gp-HPLC. '
30 Tabl 825 Anmount of
Pol ymer in % Buf f er _ BL T=0 - 7 nps. 7 noS. 4[err]C +
7 nos. 4 C + ~ 4[err]C 4 nos. 37 C 4 nos.
25 C No. 1 1.5 TABLE 70.2 1.5 2.0 6.0
No. 2 . : = S =2 =
0.2 5 .3 Amoun®. 8f Desamido hGH 8n2% 1.0 1.8 . 140
2.6 é Q.2 — =02 Q.2 .2
<0. 2 Buffer _ _ ) = '
. BL T=0 7 mos. |7 mos. 4°C + | 7 mos. 4°C +
4°C 4 mos. 37°C 4 mos. 25°C
No. 1 1.8
' 2.0 . 1.1 3.9 -
No. 2 1.4
- .5 3.1 22.8 1.3
5 No. 3 .
2.1 8 2.1 5.6 1.5
No. 4 i 1.6 '
- . 2.1 23.6 1.0
No. 5 1.3 .
' 1.6 . 1.4 S12.1 1.0
No. 6 , 1.2
' - . 1.6 23.0 1.4
No. 7 1.4 ' '
2.0 1.6 1.0 4.8 4.6
10| No. 8 | _ 1.5
- 1.4 1.9 20.2 2.9
No. 9 1.7 | o
2.1 1.5 2.0 9.9 3.6 S

The amount of desamido-hGH is very low for compoéitions com-
prising histidine after 7 months at 4°C + 4 months at 25°C.



No. 5 . 0.8 ' < 0.2 0.7 1.6 3.1
- - 3.0 No. 6 0.2 ' o 0.2 0.2 .
0.2 <0.2 No. 7 : 1.3 0.2 1.4
2.0 3.1 2.3 10 No. 8 0.2
_ 0.2 0.2 <0.2 <0.2 No. 9 1.2
0.2 1.4 2.3 2.9 : 2.2 The anount of polyner
is clearly | ower for sanples conprising 'sucrose.
31 ' _ Tabhkg 6 * Amount of Di ner
in % - Buffer BL T=0 . 7 nos. 7 nos. 4[err]C + 7 nos.
4l err] C + 4[err] C 4 nos. -37[err]C 4 nos.
25[err]C No. 1 0.8 TABLE 8 0.4 0.9 1.8
3.6 No. 2 : 0.4 0.4 0.3 2.8
0.4 5 No. 3 1.1
| [ Amount of Sulfoxide in %
Buffer [ ' r. ] '
BL T=0 7 mos. | 7 mos. 4°C + |7 mos. 4°C +
4°C 14 mos. 37°C 4 mos. 25°C
No. 1 ' "
No. 2
. 1.0
5 No. 3
4.8
No. 4 ' ' -
s . o ' 1.1
No. 5
No. 6 | o o | '"
1.0
No. 7
' 1.8
10 .Np._ 8
1.4
No. 9
' 2.4

The amount of sulfoxide is clearly lower in samples compri-

sing sucrose.



0.4 1.1 . 2.2 5.6 4.7 No. 4 0.4
0.4 0.4 3.3 0.4 No. 5 0.6
0.3 0.6 1.1 3.4 2.2 No. 6 0.4
_ 0.4 0.3 3.1 0.3 No. 7 0.9
0.3 0.9 1.4 4.7 3.3 10 No. 8 0.4
0.5 0.4 3.0 0.4 No. 9 0.6
0.5 0.7 . 1.0 4.3 _ 2.2 The armount of di ner
is clearly | ower for sanples conprising 3gucrose.
32 TABLE 7 . Anount of
Desam do hGH in % Buf f er BL T=0 7 nos. 7 nos.
4[err] C + EXBMBLEAGerr]|C + 4[err] C 4 nos.
37[err]C 4 nos. 25[err]C No. 1 . 1.8

Stability of 1lyophilized preparations comprising histidine,
mannitol and disaccharide.

The following preparations were made in the same manner as
5 disclosed in Example 5. '

10. hGH 6 IU/ml

| Adjusted to pH 6.5 using HCl .
Sucrose 21 mg/ml
Mannitol 22 mg/ml

10 11. hGH 6 IU/ml
Ajusted to pH 7.0 using HCl
Sucrose 21 mg/ml
Mannitol 22 mg/ml

12. hGH 6 IU/ml .
15 Adjusted to pH 7.0 using HCl
Trehalose 20 mg/ml |
Mannitol 22 mg/ml

The amount of disamido-hGH, polymer, and dimer in % was de-
termined before lyophilization (BL), at t=0, after three
20 months at 40°C and after 6 months at 25°C..

The results appear from the below Tables 9-11.
It appears that samples comprising mannitol and sucrose_or

trehalose show better stability than samples comprising only
mannitol as bulking agent for the lyophilization.
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1.4
No. 4
NO. 5
No. 6
No. 7
No. 8
No. 9

The anpunt of

2.

Buffer

BL T=0 3 mos. at 40°C | 6 mos. at 25°C
No. 1 0.8 3.0 3.1
No. 10 | 1.3 0.9 1.7 2.4
No. 3 0.9 2.4 3.0
No. 11 0.9 | 1.4 1.2 2.0
No. 12 1.0 1.8 1.9
No. 9 0.7 | 0.7 2.8 3.4 “
Table 10
_ Amount of Polymer in % I
Buffer R J
, BL _T=0_ 3 mos. at 40°C | 6 mos. at 25°C
No. 1 1.1 5.0 4.1
No. 10 0.4 0.6 1.8 1.3
II No. 3 0.9 5.2 3.2
No. 11 0.5 0.6 1.5 1.1
No. 12 0.8 1.3 1.1
No. 9 0.4 0.6 1.9 1.6

=
o

1.3

el
IS ENIN

prising histidine after 7



Amount of Sulfoxide in %  Buffer | BL T=0 7 nos. 7 nos.

4[err]C +~ 7'n0ds. 4[err]C + _ 4[err]C - 4 ‘'nos.
37[err]C 4 nos. 25[err]C No. 1 - No. 2
1.0 5 No. 3 ' : _ 4.8
No. 4 No. 5 No. 6
1.0 No. 7 : _ ' 1.8 10
No. 8. . 1.4 No. 9
2.4 - The anmount of sulfoxide is clearlyglower in sanples conpri- si ng
sucr ose. _ 34

Table 11

I Amount of Dimer in % _ I

Buffer 1 -

BL T=0 3 mos. at 40°C | 6 mos. at 25°C l

| No. 1 1.3 _ 4.3 ' 3.8 ||
No. 10 0.5 | 0.9 | 1.8 1.6
50 No. 3 1.3 5.0 4.3
No. 11 0.6 1.2 | 2.2 1.8
l No. 12 1.1 1.6 1.4
l’ No. 9 0.6 0.9 ' 1.0 2.3




. EXAMPLE 6~ Stability of |yophilized preparations conprising histidine,
manni t ol and di sacchari de. The foll owi ng preparations were nmade in the
same nanner as 5 disclosed in Exanpl e 5. 10. hGH 6 1 U n

Adjusted to pH 6.5 using HC ~Sucrose 21 nmg/m _ Manni t ol 22
ng/ m 10 11. hGH 6 1Um Ajusted to pH 7.0 usi ng HC

Sucrose 21 ng/m Mannitol 22 ng/m 12. hGH 6 U mM 15

Adj usted to pH 7.0 using HG Trehal ose 20 mg/ m Manni to
22 my/m The armpunt of disanmi do-hGH, sgol yner, and dinmer in % was de-
term ned before |yophilization (BL), at t= 0, after three 20 nonths at
40[err]C and after 6 nonths at 25[err]C. The results appear fromthe
bel ow Tabl EXAMPLE. 7 It appears that sanples conprising mannitol and
sucrose or trehal ose show better stability than sanples conprising only
manni tol as bul ki ng agent for the |yophilization.

Formulation of a Pharmaceutical Preparation Containing Cry- |

stals of hGH:

Crystals were grown as described in example 4 and stored at
5 4°C. The crystals were then iéolated by centrifugation and

subsequent removal of the mother liquor. Then the crystals

were lyophilized over night to achieve dry crystals without

remaining organic solvent. A pharmaceutical suspension of the

dried crystals was prepared according to the following for-
10 mulation:

hGH cryStals ' © 1.3 mg/ml
Histidine - | 1.6 mg/ml
Zn(Ac),,H,0 , 0.1 mg/ml
Benzyl alcohol 0.9% (v/v)

15 pH was adjusted to 6.5 using HCl.

EXAMPLE 8

Example 7 was repeated with the exception that Zn(Ac)ngo was
omitted, giving a Suspension of the following formulation:

hGH crystals ._ 1.3 mg/ml
20 Histidine - 1.6 mg/ml

Benzyl alcohol . 0.9% (v/v)

.- pPH.was_adjusted to 6.2.



35 L Table 9 S Anount

of Desamido-hGH in % Buf f er BL T=0 3 nos. at
40[err]C 6 npbs. at 25[err]C . No. 1 0.8 3.0 ,
3.1 No. 10 . 1.3 0.9 L 1.7 2.4 5 No. 3
0.9 2.4 3.0 No. 11 0.9 1.4 1.2
2.0 . No. 12 1.0 1.8 ' _ 1.9 No. 9
0.7 0.7 . 2.8 3.4 - , S

Tabl e 10 Amount osgPol ymer in % 10 Buffer

BL T=0 3 nos. at 40[err[C 6 nos. at 25[ertr]C No. 1

1.1 5.0 4.1 No. 10 0.4 0.6 1.8
1.3 [EXAMPLE 9 0.9 5.2 3.2 No. 11
0.5 0.6 1.5 1.1 15 No. 12 0.8 .
1.3 1.1

The crystals were treated in the same way as in example'i and
the following suspension was formulated:

hGH crystals : 1.3 mg/ml

5 Histidine 1.33 mg/ml
Nacl ' ' 5.7 mg/ml

Benzyl alcohol 0.9% (v/v)

pH was adjustéd to 6.2.

- EXAMPLE 10

10 The crystals were treated in the same way as in example 7 and
‘the following solution was prepared:

hGH crystals _ , 1.3 mg/ml
Histidine - 1.14 mg/ml

Nacl f _ 9.0 mg/ml

15 pH was adjusted to 6.1.

EXAMPIE 11

In an analogous manner as described in EXAMPLE 1 biosynthetic

human growth. hormone was formulated in a concentration of 6
_ IU/mi in 0.9% benzyl alkohol at pH 6.5 in various concentra-
20 tions of histidine, 0, 1, 2, 5, 10, 20, 30, 50, or 100 mM.



- 36

No..9 0.4 0.6 1.9 1.6

: Table 12 ©° Anount
of Dinmer in % Buf f er : BL T= 0 3 npos. at 40[err]C 6
nos. at 25[err]C . No. 1- 1.3 4.3 3.8
No. 10 0.5 0.9 . : 1.8 1.6 5 No. 3
1.3 - 5.0 4.3 = No. 11 0.6 1.2 2.2
1.8 No. 12 1.1 1.6 1.4 . No. 9
0.6 0.9 1.0 2.3 34 o -

The samples were stored 7 days at 37°C and analyses for the
contents of desamido, oxidized forms and dimers and polymers
were performed in the same manner as_described above. The
 results appear from the below Table 12 wherein the contents
5 of desamido-hGH, dimers and polymers, and oxidized forms are
determined by IE-HPLC, GP-HPLC and RP-HPLC and the contents
of the cleaved forms of hGH is measured by IE-HPLC.

The amount of Dimer is low when the concentration is 1 mM
histidine or above,-for'formation of desamido compounds con-

10 centrations of histidine of up to 30 mM gives acceptable re-
Sdlts, and for,formation of oxidized forms concentrations of
histidine below 20 mM are preferred. An overall optimum is
seen for a concentration of histidine of 5 mM.



'37 EXAMPLE 7 ‘ Fornmul ati on of a Phérnaceutical Prepanation

Cont ai ni ng Cry-’ stals of hGH: - Crystals were grown aS'described in
exanmple 4 and stored at 5 4[err]C. The crystals were then isol ated by
centrifugation and subsequent renoval of the nother liquor. Then the
crystals  were |lyophilized over night to.achieve dry crystals w thout
remai ni ng organi c solvent. A pharnmaceutical suspension of the dried
crystal s was.prepared according t #¢ he following for- 10 nutati on: hGH
crystals =S T St

1.6 mg/m = Zn (Ac)[er ], Herr]O

Benzyl al cohol o L1919 84 WS | TE fpH was
adj usted to 6.5 using HcP BXAVELE ¥ | © Btnple| 7°whs® rleffedt ed with
the exception that Zn(fc)[err]Herr]] O Jas omttdgd, @ivipg & sugpension of
-the follow ng fornul at {fon: nCHcryqtal'$
1.3 ng/mM 20 Histidine a : : 1.4 ng/mM
Benzyl al cohol L o . « Q. 999 (/). Qﬁ S
adj usted to 6. 2. 2 S B B B B IR R A B
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38 EXAMPLE 9 ' The'crystals'mere treated in the sane way as in-

exanpl e 7 and the follow ng suspension was fornul at ed: hGH crystal s
1.3 mg/m 5 Histidine 1.33 nmg/ m

NaCl : ' 5.7 mg/m Benzyl al coho
0.9% (v/v) pH was adj usted to 6. 2. EXAMPLE 10 10 The crystals
were treated in the sanme way as in exanple 7 and the foll ow ng solution
was prepared: hGH crystal s 1.3

mg/ m Hi sti di ne 41 - 1.14 ng/m NaC
9.0 ng/m 15 pH was adjusted to 6. 1. EXAMPLE 11 I n an anal ogous -

manner as described in EXAMPLE 1 biosynthetic human growt h. hornone was
f or mul at ecREFEREBCRSentrati on of 6 IUm in 0.9% benzyl al kohol at pH 6.5
in varlous concentr a-
1) Y.-C.J. Wang and M.A. Hanson. Parenteral Formulations
of Proteins and Peptides: Stability and Stabilizers.
J. Parenteral Science and Technology 42 (Suppl.)
5 (1988) 53-525. - '

2) M.C. Manning, K. Patel, R.T. Borchardt. Stability of
' Protein Pharmaceuticals. Pharmaceutical Research 6
(11) (1989) 903~918.

'3) "B.A. Johnson,  J.M. Shirockawa, W.S. Hancock, M.W.
10 Spellman, L.J. Basa and D.W. Asward. J.Biol.Chem. 264,

1462-71 (1989).

4) L.C. Teh et al., J.Biol.Chem., 262, 785-794 (1987).

5) . G.W. Becker et al., Biotech.Appl.Biochem., 10, '326-337
(1988).
15 6) R.A. Houghten et al., Arch.Biochem.Biophys., 178,'350-

355 (1977).

7) ~R.M. Riggin et al., Anal.Biochem., 167, 199-209
(1987). '
8) . P. Gellerfors et al., Acta Paediatr.Scand (suppl),
20 370, 93-100 (1990).

9) M.J. Kaufman, Pharm.Res., 7 (3) 289-292 (1990).



20 tions of histidine, 0, 1, 2, 5 10, 20, 30, 50, or 100 mw .

39 The sanpl es were stored 7 days at 37[err]C and anal yses for the
contents of desam do, oxidized forns and di ners and pol yners wer e
performed in the same manner as described above. The results appear from
t he bel ow Table 12 wherein the contents 5 of desam do-hGH, diners and

pol yners, and oxidized forns are determ ned by | E-HPLC, GP-HPLC and
RP--HPLC and the contents of the cleaved forns of hGH is neasured by

| E- HPLC. The anqgg;_gi_gijgg_;s_LDMImhﬁh the concentration is 1 nM

hi stidi ne or above, or ma am do conpounds con- 10 centrations
of histidine of up to(lm“mw!@%\!‘j tabl e re- sults, and for formation
of oxi di zedCLAIMS con i stidine below 20 nM are preferred.

- An overall optimumis seen for a concentratlon of histidine of 5 nM

40 [err -
' [ ] 1. A pharmaceutlcal preparation comprising a growth hormone

or a growth hormone derivative and histidine or a derivative
of histidine in an amount of from 0.1 to 12 mg histidine or a
5 derivative thereof per mg of growth hormone. ' '

2. A pharmaceutical preparation as claimed in claim 1 in the
form of a buffered: aqueuos solution of growth hormone
buffered with histidine buffer in a concentration from 1 mM
to 100 mM.

1 103. A pharmaceutical preparation as claimed in claim 1 in the
form of a buffered aqueous suspension of crystals of growth-'
hormone buffered with histidine buffer.

4. A pharmaceutical preparation as claimed in any of claims
1-3 wherein the pH is adjusted to a value in the interval 2-
15 9. |

5. A pharmaceutical preparation as claimed in claim 4 where-
in the pH is adjusted to a value in the interval from 5 to 8.

6. A pharmaceutical preparation as claimed in any of the
preceeding claims further comprising a sugar alcohol or a
20 disaccharide or a mixture thereof. '

7. A pharmaceutical preparation as claimed in any of the
preceeding claims comprising mannitol or a disaccharide or a
mixture thereof. ' '
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9. A pharmaceutical preparatlon as claimed in any of claims
1-8 wherein the growth hormone is hGH.

5 10. Crystals of growth hormone comprlslng hlstldlne or a der-
ivative of hlstldlne

11. Crystals as claimed in claim 10 wherein the growth hormo-
ne is hGH.

12. A method of preparing crystals of growth hormone or
10 growth hormone derivatives and histidine or a derivative of
histidine comprising the steps of:

a) fbrming a solution of growth.hormone-or a growth hormone

derivative in a solvent and adding histidine or a derivative

of histidine and optionally adjusting the pH to a value from
15 5 to 8 using hydrochloric acid.

b) adding organic or inorganic cations,

c) crystailizing the solution at a temperature from about 0°C
to about 30°C, and

d) isolating the crystals formed by a manner known per se.
20 13. A method as claimed in claim 12 wherein the solvent in

step a) is selected from short chained aliphatic, alicyclic
or aromatic alcohols and ketones. '



9). M J. Kaufman, PharmRes., 7 (3) 289 292 (1990)

42 CLAI V5 1. A pharmaceutical preparation conprising: a growt h

hor none or a growth hornone derivative and histidine or a derivative of
hi stidine in an amount of fromO0.1 to 12 ng histidine or a 5 derivative

t hereof per ng of gromﬁh hornDne 2. A pharmaceutical preparation as
claimed in claim1l in of 3a buffered aqueuos solution of growth
hor none - bufferedLuﬂl E&HH| rﬁu ffer in a concentration from1 nM to
100 MM - 10 3. A ,__:;,-éparat|4qln as claimed in claiml in the
formof a buffered aqueous suspension of crystals of growth -hornone

buffered with histidine buffer. - * 4. A pharmaceutical preparation as
cl ai med i n any of mdtatcms as leBadhedeiin diainl 15 6f] U3t eHek@in tHalegrswtie
i nterval h%% HA pharmaceutical preparation as claimed in claim4
where-  in Bﬁ 'S usted to a value in the interval fromb5 to 8.

6. A pharnaceuti cal preparatlon as clained in any of the preceedi ng
clains further conprising a sugar alcohol or a



20 disaccharide or a mixture thereof. 7. A pharmaceutical preparation
as clained in any of the preceedi ng clains conprising mannitol or a

di saccharide or a 'mxture thereof. 8. A pharnaceuti cal
preparation as clainmed in claim?7 where- in the disaccharide is sucrose
or trehal ose. 9. A pharnmaceutical pagparation as clainmed in any of
clains 1-8 wherein the growth hornone is hGH. 5 10. Crystals of
growt h hornone conprising histidine or a der- i vative of histidine.

11. Crystals as clainmed in claim10 WABSERACThe growt h hor no- ne i s hGH
12. A nmethod of preparing crystals of growth hornone or 10 growth hornone
derivatives and hlstldlne or_a derlvatlve of hlstldlne [of0) -r|S|no the
steps of: STA Gl AARMACE FORMUL % ) ROW O
derivative in a solvent and addlng hi e or a derlvatlve
and optlonally adjustlng the pHto a value from15 5 to 8 using

of hlstl dllﬂe

hy d rochl ori X hannaceutlcal preparation comprising a growth hormone and histidine or a derivative of histidine as
additive or buffering substance shows a very high stability against deamidation, oxidation and cleavage of

peptid_e bonds. The stability of the product allows for the storage and shipment thereof in a lyophilized

" state or in the form of a dissolved or re-diésolved_ preparation at afnbient temperature. Crystallizatioh of

growth hormone in t#l_e presence of histidine or a den'vétive thereof gives rise to a higher yield of crystal

having a higher purity than known methods.



b) addi ng organic or i norgani ¢ cations, C) crystallizing the solution
at a tenperature from about O[err]C to about 30 C, and d) isolating.

t he crystals :formed by a nmanner known per se. 20 13. A nethod as cl ai med
in claimi2 wherein the solvent in step a) is selected fron1short chai ned
aliphatic, alicyclic or aromatic al cohols and ketones.

44  14. A nethod as clalned in claiml1ll or 12 wherein the growth hornone
is hCH _

| Y

FIG. 1

FIG. 2



