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15  Peptide drugs are often poorly soluble in physiological media due to the presence of
hydrophobic substituents.

Solubility problems can also lead to poor absorption by other routes of
administration and in some cases suitable solubilising agents can aid the absorption of the
drug by other routes, for example oral or nasal.. _

20 Exemplary peptide drugs that are so poorly soluble in physiological media are
LHRH analogues and growth hormone releasing factor (GRF) peptides.

Luteinising hormone releasing hormone (LHRH or GnRH) is a decapeptide
secreted by hypothalamus and capable of inducing the release of both LH and FSH. It
has the following formula: pyroGlu - His - Trp - Ser - Tyr - Gly - Leu - Arg - Pro - Gly -

25 NH;

LHRH can either stimulate pituitary gonadotropin secretion or be a potent
inhibitor. When administered in a precise pulsatile pattern LHRH can restore the normal
cyclic gonadotropin secretion. Pulsatile administration of LHRH using a computerized
pump was used with good results in the induction of ovulation in anovulatory women

30  with hypothalamic dysfunction. When administered chronically, LHRH or its agonists
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From studies carried out by the Applicant, it resulted, for example, that antide has
a very poor solubility in 0.9% NaCl solution (solubility 25 pg/ml) or other isotonic
media such as phosphate buffered saline (solubility.was 16 pg/ml). Previous aqueous
20 formulations of antide have shown poor bioavailability and pharmacokinetic
reproducibility. This is due to antide being present at the site of injection in
concentrations above 25 ng/ml for example, which leads to the formation of a precipitate
on contact with the physiological medium. This precipitate can be gelatinous in nature
and has a detrimental effect on drug absorption, as shown by clinical investigations
25  carried out by the Applicant. |
Other gonadotrophin releasing hormone antagonists in aqueous solutions can
form gel structures and in addition. the solubility is known to increase as the pH of the
solution is reduced, due to increased ionisation of the molecule (Cannon J.B, et al,
1995).
30 GRF (also called Somatorelin) is a peptide secreted by the hypothalamus which

promotes the release of growth hormone from the anterior pituitary. It occurs naturally
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15 tobe: rearrangement of Asp®, at pH 4-6.5, cleavage of the Asp’>-Ala* bond at pH 2.5-4.5,
deamidation and rearrangement of Asn® at pH above 7 (Felix A.M., 1991). Due to the
combined degradation pathways, unstabilised aqueous solutions GRF are most stable in
the pH range 4-5. Bongers et al. (Bongers et al., 1992) have shown that the deamidation
reaction at Asn® increases rapidly as the pH is raised above pH 3.

20 Various workers have made analogues of GRF by substitution of amino acids
into the natural GRF sequence to improve the chemical stability (Serono Symposia USA,

1996; Friedman, 1991). While modification can be an effective means to improve the
stability and retain bioactivity, it may be undesirable due to altered immunogenicity,
which could be a problem for chronic therapies such as growth hormone deficiency.

25 It is known from the literature that, in certain cases, the addition of aromatic
agents to solutions of proteins can cause a negative effect on solubility, resulting in
precipitation. For example, when aromatic agents were brought into contact with
recombinant human growth hormone (rhGH), conformational changes or denaturation

occurred, resulting in the formation of rhGH aggregates. (Maa Y.F. and Hsu C.C,,

30  1996). Additionally, to show that this was not a general phenomenon, it was shown that
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15  insoluble anti-ulcer drug using nicotinamide in order to produce a useful injectable form.
Many potential derivatives of the active moiety are claimed, however, no in-vivo data
were presented to demonstrate improved efficacy.

PCT Application WO 96/10417 describes the co-administration of Asp®® human
insulin and nicotinamide in order to achieve a rapid onset of action of the hypoglycaemic

20 effect. The claimed nicotinamide concentration range was 0.01 to 1 M (0.1-12% w/w),
but preferably from 0.05 to 0.5 M. The document gives evidence for faster absorption
during an in-vivo study in pigs, however, a mechanism by which the improved absorption
occurs is not addressed and, therefore, no generalisable teachings can be drawn from this
document.

25
DESCRIPTION OF THE INVENTION

It has been found that when a non-ionic aromatic hydrotropic agent is added to
aqueous solutions of a peptide drug, which is normally poorly soluble in aqueous
physiological saline solution, its solubility is increased and the resulting pharmaceutical

30 compositions also show excellent stability.
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15 The peptide active ingredient can be an LHRH analogue or a growth hormone
releasing factor (GRF) peptide. Preferably, the LHRH analogue is an antagonist. More
preferably, it is antide, hGRF or PEG-conjugates thereof.

According to this invention the word “hGRF” is intended to cover any human
GRF peptide, with particular reference to the | 1-44, 1-40, 1-29 peptides and the

20  corresponding amides thereof (containing -NH, at their end). They are all commercial
compounds. The preferred hGRF is hGRF(1-29)-NH,. The GRF peptide used in the
Examples will be the commercial product 'speciﬁed in the “Materials” paragraph .

It has also been discovered that the addition of nicotinamide to aqueous solutions
of hGRF can reduce the rate of deamidation of Asn® and of additional degradation

25  products, not all of which have been identified at the present time. It is known that Asn®
can degrade in aqueous solution to form the following degradation products: a-Asp®, B-

Asp® and succinimidyl-Asn®.
It has also been discovered that GRF can be dissolved in non-aqueous solvents
and by the consequent reduction of the activity of water in the solution, deamidation at

30  position Asn® is prevented. When the GRF is dissolved in propylene glycol (PG), it was

found that alternative (not fully characterised) degradation pathways occur. It has also
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administration route, such as oral, parenteral, nasal or pulmonary administration. They
can be in liquid form, as well as, in solid form as an intimate mixture (for example
following spray drying, lyophilisation, etc.). They can be, for example (but not limited
to), in a solid dosage form, such as a gelatin capsule for oral administration, or
20 formulated for nasal or pulmonary inhalation. Other pharmaceutically acceptable dosage
forms could be employed such as suspension, emulsion, microemulsion, micronised
powder, solution, suppository, pessary, microsphere, nanosphere, implant, etc, whereby
the absorption or stability of the peptide drug is improved by the combination with the
non-ionic hydrotropic agent. Oral microemulsions are particularly preferred
25  administrations forms.

Therefore, the compositions of the present invention can also be lyophilized and
reconstitutable and further comprise one or more stabilising agents, as well as one or
more pharmaceutically acceptable excipients.

Exemplary composition ranges for an injectable composition are the following:

30 antide or hGRF 0.1-20.0mg

nicotinamide 10 -300mg
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as used in 10 the present application, neans that in such a solution, at

room t enper atolubdityint &qngpus physiothgiical ealingfsolutipriés ene drdereef magnitude lawardhathows

e

The invention will now be described by means of the following Examples, which

15  should not be construed as in any way limiting the present invention. The Examples will

refer to the Figure specified here below.

BRIEF DESCRIPTION OF THE DRAWING

Figure 1: The antide solubility in 0.9% NaCl solution versus nicotinamide concentration
20 is reported. The semi logarithmic plot shows that the solubility of antide bears a

logarithmic relationship with the concentration of nicotinamide present. The linear nature

of this profile is important, as it allows dilution effects to be considered accurately and

also shows that an equilibrium solubility has been reached for the drug in these solutions.

25 EXAMPLES
Materials
Antide bulk (Bachem), batches 8901 and 9001
hGRF(1-29)-NH, (Bachem), batches 1299201 and 1299202
Dulbecco's phosphate buffered saline (Sigma, D-8537)

30  Histidine hydrochloride (Merck, 1.04351 - Biochemistry grade),
Nicotinamide (Fluka, 72345), USP grade,



the solubility in water al one under the sane conditions. The invention wl|
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phosphat e bwuhiasine ydrathioadd @igoig18) BoBisrhedistry ghadé.i di ne hydrochl ori de

Merck, 1.04351 - Biochem.str rade), Ni.cotinam.de (Fluka, 72345), USP
ér ade, 3 ViRuBhsr stoppers, butyl rubb%r &harma)gumml, art. 1778\)91818 grey§ )

PCT/ EP98/ 039%9@%%@3@%%"@&%&%@%@ 7256) - Biochem stry grade. Sodium

benzoate (Merck, Sodi um sal icyl ate (Sigma, S-3007)
- General PAHphe ctheeaeapents ussHya® 7 Andliicalzrade’h yullescotherwistespedified k 8181 ) -
Bi ochem str rade. 5 Rubber stoppers, butyl rubber (Pharmagunmm , art.

1779 WL.816 éﬂﬂw‘"@‘m vial's DIN2R glass type | (Nuova Omwi) Al the other

reagents usqmemroq,iﬁgéfqﬂipfﬁénewasggeade", unl ess ot herw se specified.
Equi prent The fol |l ow ng _equi pnent_ was used: 10 * Merck Hitachi HPLC
syst em {@- 620¥emigffitachi HPEQ systern (k-6200 RgmpJgdAs0 Detector, AS-2000A

Autosampler, Compaq PC, HPLC-Manager 2000 software)
o Waters HPLC system (626 Pump, 6008 Controller, 994 Detector, 717 Autosampler,
NEC PC, Maxima Baseline software)
e Freeze-dryer (Edwards, Lyoflex mod. 06 and mod. 04)
15
Analytical method for antide
RP-HPLC gradient elution, C-18 (e.g. Vydac 218 TP54, 250 x 4.6 mm) column.
UV detection at 215 nm, injection volume 15 pl, mobile phase A: pH 4.5 phosphate
buffer (0.1M), mobile phase B: acetonitrile, flow rate = 1.0 ml/min, runtime = 23 min.
20  External standard solution concentrations of 100 pg/ml were injected during analysis.

The gradient was: 77% A, 23% B to 52% A, 48% B over 30 min.

Analytical method for h\GRF
A RP-HPLC method has been developed for the analysis of GRF(1-29)-NH,

25  which is capable of differentiating the following degradation products:

Oxidised: at Met”’

Free acid: GRF(1-29)OH

Desamido: a.-Asp®, B-Asp® and succinimidyl-Asn®

Acetylated: acetyl Tyr"
30  Isomerised: B-Asp® and succinimidyl-Asp®

Truncated: hGRF(4-29)-NH,, GRF(9-29)-NHo.
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PCT/ EP98/ 03@éfod SE60Thinttespwitina thtab ninetne of&iminntedet er mi ne t he cheni cal
purity of a nunber of solutions of hGRF, during storage at 4 and 40 OC as
denonstrated in the following tables. Conditions were simlar to those for

antide, usi il -ghﬁg@ e&VoRasRd of 5 ACN H20 and with TFA in place
t J . .
of phosphat embﬁ‘%ef er .l l{‘?'hle g gfc’il ent operated over a period of §0 m nut es,
with a total runPriliminay sgbility testing of Anit mgénlsantide |sphionhatadheEud*GoAAIEi ons
10  and 40°C was performed to evaluate their stability at pH 2, 3 and 4. The solutions at 0.1
mg/ml were prepared dissolving antide in water and adjusting the pH using 0.01 M

hydrochloric acid.

hGREF stability in'aqneous solutions

15 Stability testing of 2.0 mg/ml, 5.0 mg/ml and 10.0 mg/ml hGRF aqueous
solutions at 4°C and 40 °C, incorporating nicotinamide was performed to evaluate their
stability at pH 7.5. The effect of the addition of propylene glycol has also been

evaluated.

20  Solubilisation studies for antide
Solubilisation studies were carried out to study the effect of:
o pH (solutions were acidified with either acetic acid or hydrochloric acid)
e hydrotropic agents (nicotinamide, sodium saccharin, sodium salicylate, sodium
benzoate, histidine hydrochloride, thiamine hydrochloride, phenylalanine).
25 Saline used in these studies corresponds to 0.9% sodium chloride solution.

Based on the results of previous studies, excess antide was added to the test
solution and observed visually to evaluate the solubility following equilibration overnight
at 25°C. Following the visual analysis, a number of solutions were selected for further
quantitative determination of the solubility by filtration (0.45 um filters) and appropriate

30 dilution using the RP-HPLC method described above.
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5) freeze-drying cycle:

15 Load the product at room temperature.
Bring the product to -40°C and maintain for 1.5 hours, then apply vacuum.
Perform primary drying for 2 hours.
Raise the shelf temperature to +20°C and maintain for 16 hours.
Raise the shelf temperature to +40°C and maintain for 5 hours to complete.
20
Results and discussion
Antide stability in aqueous solutions
Three month stability testing of 0.1 mg/ml antide solutions at pH 2, 3 and 4,
adjusted using diluted hydrochloric acid and stored at -20°C, +4°C, +25°C and +40°C is
25  shownin Tables 1 & 2. The percentage of degradation increased as the pH decreased as
defined by the purity values observed. It was also seen that storage at -20°C negatively
affected the stability of the product when the pH was lower than 4.

Solubilisation studies for antide

30 Effect of pH



1) weigh 0.7 g antide acetate (expressed as dry powder), weigh 3.5 g
manni t ol and add about 50 10 m water for injectables (WFl) 2) bring both
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DH WO 98.65;?&414@ on the amount dissolved. Antide could be dissolved easily in water at a

PCT/ EP98/ 03079 -1 se. the ob atl e din
order to obf’ﬁ‘?‘%‘?“ﬁr?ﬁ%‘r ﬂé?Pd'ﬂglsmlr g‘h‘@e‘@ﬁ *.“P‘F @nth%ﬁ}?ﬁf#me ﬁ?ﬁgh’ |ﬁﬁl\%at er
for inject amag?o&\d\'ﬂ) be 8\Wihg/atti Thef g1 thad Yot Hrleastire PRRén thed6lutlon had gelled.and
saline acidified by acetic acid. 1n agreenent with previous. st ud| es, he
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it would be necessary to add further acid in order to fully solublhse a solution at this
concentration.
Tables 4 and 5 show that significant amounts of acetic acid did not effectively
solubilise antide in water. The addition of 2% acetic acid in water which equates to 0.33

15 M solution, (deemed too concentrated for injectable purposes) was found to effectively
solubilise between 10 and 20 mg/mi of antide.

The addition of 5 mg/ml antide to 1% acetic acid gave a solution of pH 3.12 in
the presence of saline. The solution remained opalescent, indicating that the drug
solubility was less than 5 mg/ml; the exact amount was not quantified (Table 6).

20 Table 7 shows that antide at a concentration of 10 mg/ml in saline is not soluble
at a pH of 3.0 or 4.6, using 4% acetic acid to achieve the reduction in pH. The pH was
measured when the solution was prepared, after which the gel gradually formed
indicating the partial solubility of the drug. At pH 3.0 the solubility of the drug in saline
solution was found to be 2.2 mg/ml, compared to the value of 0.025 mg/ml at the natural

25  pH of 5.04 for this solution.

Effect of hydrotropic solubilising agents on antide solubility
The effect of different hydrotropic agents (1.5% & 15% w/w) in saline solutions
was also evaluated and is described in Tables 8 and 9. Nicotinamide and thiamine_

hydrochloride proved to be the most effective solubilising agents.
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effective sol ubilising agents. WD 98/ 53844

PCT/ EP98/ 03@tRgacidity-of thisiselugior Hewis hydwtiopiccagentsidid pa reBiciaraopd spRlisgtipns o,
w w) of the gm txﬁ?ﬁfn agents sel ected on the pH of the solution as.
measur ed bef® rug addition, however, they were not effective in
sol ubi I'i si nNiegtinaghiieat a | evel of 10 ng/ m | in saline. The experinent
descri bed n TablF%rt ermﬁlsxregt?ggggrgsegveyes carfied olu(%V\{%r cof rllr(r:letrll)ter $0 tIubohsmg effect of
nicotinamide on antide in saline solution and to estabiish the most effective concentration
to use. The effect of the concentration of nicotinamide on antide solubility is shown in
Table 10, where it was found that 20% nicotinamide in saline allows the solubilisation of
. 8.5 mg/ml antide.

20 These results are shown graphically in Figure 1. The semi logarithmic plot shows
that the solubility of antide bears a logarithmic relationship with the concentration of
nicotinamide present. The linear nature of this profile is important as it allows dilution
effects to be considered accurately and also shows that an equilibrium solubility has been
reached for the drug in these solutions.

25 Since nicotinamide proved to be a very good solubilising agent for antide, a
further study was undertaken to verify the chemical compatibility between nicotinamide
and antide. Four formulations of antide and nicotinamide at different concentration ratios
and adjusted to pH S5 were prepared and tested over 3 months at +40°C, +25°C and
+4°C. The stability data are reported in Table 11.

30 An increased viscosity with precipitate formation was observed in the formulation

containing 10 mg/ml antide and 5% nicotinamide after | week at +40°C and +25°C; no
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antide at concentrations from 1 to 5 mg/ml were prepared in 15% nicotinamide/WFI,
followed by dilution in PBS by a factor of 3. Observations were performed over a period
of 3 hours, with the effect of the dilution in PBS shown in Table 12.

The results are in good agreement with the measured solubility of antide in these

20  systems. reported in Table 10 where a solution of 5% nicotinamide in saline can
solubilise about 0.5 mg/ml of antide. The data shows that it is possible to produce a
stightly supersaturated solution of antide in the body fluids by preparing, e.g. a 2 mg/ml
solution of antide in 15% nicotinamide. On dilution to 5% this would contain 0.67 mg/ml
of antide which remained in solution during the studies reported above.

25 Therefore, suitable formulations containing for example 15% nicotinamide and 2
mg/ml of antide or 5% nicotinamide and 0.5 mg/ml of antide may reduce precipitation at
the injection site after administration. Other suitable formulations, such as thpse
described above, can be determined from the solubility profiles in Figure 1 and are
preferred in accordance with this invention.

30 As a result of the Examples above, antide can be effectively solubilised by a

number of agents which are non-ionic aromatic hydrotropic compounds, while the
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i nj ectidi siG¥edNaGr+ HYprnicptinamide on. 0.8A5hweg/mbui t abl e fornul ati ons, such as

t hose descri bed can be determn fromthe solubj ity DrQfi in
Figure | and ar e%&?‘?t&i‘si(ﬁ aé’?cgdr ﬁ’ﬁ(@g Wit hprf?ﬁrg‘? fw&% iag#tgg bpEf30 As
a result of anhes%HBxenphem aftousamidetidded CBY incredsfirige €fid YHI, \theé Qloiti off AERFDY a

nunber of agents which are nan-ionic aromati ¢ hydrotropi c conpounds, while
t he precipitation was determined. The results demonstrate the ability of nicotinamide to

solubilise hGRF even at high pH. The results are reported in Table 13.
20
hGRF stability in-aqueous solutions
By incorporating nicotinamide into aqueous solutions of hGRF, it has been
discovered that this agent also has the ability to dramatically reduce the chemical
degradation of this peptide. GRF is known to degrade rapidly through deamidation in
25  aqueous solution, the rate of which is increased by increasing the pH above the 4 - 5
region. Aqueous solutions of hGRF were prepared in water adjusted to pH 7.5,
containing either 0, 5 or 20% nicotinamide and stored for up to 12 weeks at 4° and 40°C.
The data presented in Tables 14 and 15 show that the rate of deamidation is
substantially reduced by the presence of nicotinamide, particularly the rate of
30  deamidation at the asparagine at position 8 in hGRF, with solutions more stable at the

lower temperature.



WD 98/ 53844 .
PCTI EP98/ 03079 -14- addition of ionised species reduces the aqueous

solubility. Antide solubility is shown to increase with decr '
whil e the M3%B%4 stability of antide decreases as the pH ip?q?égé?{g%g" bel ow

the value of pH 4. It is also found that antide remains chemcally stable
In the presence of 5 ni coti nam de. Sol ubilisation studies for hGRF The
solubility of hGRF was neasured at 250C-Is water versus saline (stored for
one week to reacBine€dédnmiblationnjccarsdn BEGtisn, aheakctivity of waéerds aim frepastanti fictdrt i es
were 10 WFI 0. 042

. > 1 /i 0. 9%, NaCl .
my/ ni | PBS goveming the rate of degradatig. Eher £in lgéﬁ: éststﬂh.gaé%mé{ro%ene@h{cgp, one

veek, the f Qgé 5&%1[5019 FRGRE Il donftfon'1R tRis QBRBARLS st%di&%r{\la@er to understand the

0.097 ng/m 9% NaCl + 5% ni coti nammi de .875 ng/ m . hGRF sol utions

(5 and 20 ngffedt pndesmidptiepreadtibnsn wat er adj usted to pH 3.0 and 5% or 20%

ni coti nam de added. i_ncreasi.ng.t.he , . the-pol nt L.l tation
was det egnm' ned. %ﬂ% ‘Eﬁ% Lﬂr?sgntaénlﬁnz?bp%sc gytﬂ}éi Z%I ‘?ei ﬁ‘s %%teﬂt@étd? %?r#t &) te%
sol ubi | i se QeiRAd@wANatatheldsphrapie aflositiofl8 Was aeducednord eeryi lowTkiotleinlhis 20

hGRF stability in aqueous sol uti onsgl%ﬁ: .ncorporating nicotinamde int.o
aqueous sol selutiors The datiplso show that BERF dissolved én prpryiens slyRPlshaws Sebstantigl has

the abilit - . . ; :
pept | de. | GRECHRORRENH fhaplBEHER dobS, SRR Bl AGKARRY R hriefs new
aqueous sol degratationprodintefovfminghiscieaks eluting efterete imain peakefas hGRE vrdeptheabove

the 4 - 5 region. Agueous solutions of hGRF were prepared in water adjusted
to pH 718, Gg'i?l"%ﬂ “e‘i"{"l‘?&’r"“ﬁ,emgn’éﬁgZO% ni cotinam de and stored for up to

12 veeks at 40 andcgiDbe sddie cHaMyR ke BRNEAS thdt thalidafiodofomiotidantdiory tiat

the rate of deam dation is substantially reduced by the presence_ of
ni cot i nani deplution of BGRE iR yrqpbﬂ@nc glysologauses a substantial reduction in the level of these

degradation products. The rates of degradation were again affected by temperature with
the solutions at 4 °C being more stable than at 40 °C.

15 To evaluate the effect of combining both nicotinamide and propylene glycol in an
aqueous solution of hGRF, 10 mg of hGRF was dissolved in a solution containing 60%
propylene glycol and 20% nicotinamide, made up to volume with water adjusted to pH
7.5.

The data presented in Tables 18, 19 and 20 demonstrate that degradation via

20 deamidation at the asparagine at position 8 was reduced to a very low level in this
solution and at 4 °C the rate of degradation was sufficiently low to be considered for
pharmaceutical applications.

These data show the stabilisation of aqueous solutions of hGRF by the use of
nicotinamide and incorporating propylene glycol. It is considered that for different

25  pharmaceutical applications the composition could be optimised or that other non-
aqueous solvents could be employed to reduce the activity of water.

However, the stabilising actions of nicotinamide are necessary for effective

pharmaceutical performance.
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nore stable at the | ower tenperature.
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Stability of 0.1 mg/ml antide solutions at pH 2, 3 and 4; Temp= +25° and +40°C

+25°C +40°C
Formuin. Test T=0 5W 12W 5w 12W
pH=2 :
purity (%) 99.6 95.8 92.0 83.4 65.0
pH=3
Purity (%) 99.6 99.0 98.8 97.7 95.6
pH=4
Purity (%) 99.5 99.6 99.4 99.4 99.1




aqueous sol vents could be enployed to reduce the activity of water.
However, the stabilising actions of nicotinam de are necessary for

effective pharmaceutical perfornmance. WO 98153844
PCT/ EP98/ OMPAY/S3 4. TABLE | Stability of 0.1 mg/m antide s&Cufione 4t pH
2, 3 and 4; Tenp= +40 and -200C L L -200C +40C
For mul n. Test T=0 5W 5W . 12WPurity (9 99. 60
87.50 98. 80 98.20 pll -17- v ___ pHs3
_Purity (9% 99. 60 93.50 99. 40 99.10 pH -4__ o
______ Purity (9% 99. 30 99. 2 99.20 5 TABLE
2 Stability of 0.1 ng/m antide sol utions a? pH 2, 3 and 4; Tenp= +250 and
+400C +250C +400C Fantidé Solubility REWFI T=0 5w
12w oW 12\W - pH=2 purity (04 QQ 6 957-& 520
83. 4 $5 aptid fnomjnal ggnoynt | 9dArpearancey. ( oH 3 Sglubijity (mg/m); |g
PH=4 Purity (% added)@ngiml) 09. 6 99.14 99 .4 99.1 WO
98/ 53844 50 gel ND PCTNEP98/ 03(79
10 opalescent 4.40 8.13
1 clear 5.00 1.00°
5
TABLE 4
antide solubility in WFI + 4% acetic acid
antide (nominal amount Appearance pH
added, mg/ml)
100 gel ND
50 gel ND
33 gel ND
25 opalescent 3.18
10 _ TABLE 5
antide solubility in WFI+ 2% acetic acid
antide (nominal amount Appearance pH
added, mg/ml)
40 gel ND
20 opalescent 3.31
10 clear 3.31




-17- TABLE 3 antide solubility in WI

pH
ND
8.13 1

Appear ance
ND 50

gel
3.18 10

WO 98/53844
antide solubility in WI

antide (nom nal

Solubility (nmg/m) added, ng/m) 50

ND 10
cl ear

pH added,

gel

ND 25

opal escent

TABLE 5 antide solubility in WI

anmount
gel

4. 40 |
1PEB/EPSS/OBAT E 4

5.00
+ 4% acetic acid antide (nom nal anount
rnglm) 100
-18- - ND 33
opal escent

Appear ance

+ 2% acetic acid antide (nom nal anopunt Appear ance

pH added, nmg/m) 40 TABLE! ND 20
opal escent 3.31 10 cl ear

3.31 WO 98/ 53844 antide solubility in saline + 1% acetic acid

PCT/ EP98/ 0g6+3——d-BeT-ARtfmle—rfH~+ ' j d
anti de (noi #atide.(aopynal amount Appear 4MRpgarance pﬁ
added, mg/ml)
10 gel ‘ND
5 opalescent 3.12
5
TABLE 7
Effect of pH on antide solubility in saline
antide (nominal amount pH Appearance Solubility (mg/ml)
added. mg/ml)
1 5.04 opalescent 0.025
10 4.61 gel ND
10 3.01 opalescent 2.23
10
TABLE 8 _
Effect of 1.5% hydrotropic agents on antide solubility in saline
antide (nominal amount | Hydrotropic pH Appearance | Solubility (mg/ml)
added, mg/mi) agent
10 nicotinamide 4.89 gel ND
10 saccharin 4.61 gel ND
10 sodium 5.08 gel ND
salicylate
10 thiamine 3.94 gel ND
hydrochloride




added, ng/m) 10 gel ND 5

opal escent 3.12 5 TABLE 7 Effect of pH on antide

sol ubi |i ty in saline antide (nom nal anount pH

Sol ubi I i t yWER§FHY added rrg/n1) 1 5. 04 Apeg%g esgent
0.025 10 gel ND 10

3.01 opal escent 2.23 10 TABLE 8 Effect of 1.5%

hydrotropi c agents on antide sol ubili ty-1n saline antide (nom nal anount
Hydr ot r opi ¢ pH Appear ance Solubility (my/m) added, nmg/m)

agent 10 ni coti nam de 4. 89 gel ND 10
saccharin 4.61 gel ND 10 sodi um

5.08 gel ND sal i cyl ZABLE)9 t hi am ne 3.94
gel ND_hydr ochl ori de WD 98/ 53844

PCT/ EP98/ 03079 - 19Effenis{H 53 hydeairorir agepss rpcrnsidegsglubiliydnsaling, ant i de

sol ubi lityrm LSy T TpuT
oo Y axggire clm ST dssdne TR | KBBAHEE | Solybiy (mg/mD)
i i ! 222
ni cott nam s mcotmamide 5.79 | opalescent 3.32
5 sodium 5.81 opalescent 0.21
salicylate
5 thiamine 3.30 opalescent 3.01
hydrochloride .
5 sodium 6.69 opalescent 0.072
benzoate '
5 histidine 4.17 opalescent 0.076
hydrochloride
(5%)
5 phenylalanine 4.59 opalescent 0.066
(1.7%)
5
TABLE 10

Effect of nicotinamide concentration on antide solubility in saline

-1 antide (nominal amount | Nicotinamide pH Appearance | Solubility (mg/ml)
added, mg/ml) (%)
1 S ND opalescent 0.47
5 10 5.68 opalescent 1.40
5 15 5.76 opalescent 3.23
10 20 5.64 | opalescent 8.49




S sodi um 5.81 opal escent 0.21 salicylate 5

t hi am ne 3.30 opal escent 3.01 hydrochloride . 5 '
sodi um 6. 69 opal escent 0.072 benzoat e
5 WO 98/5p844t i di ne 4.17 opal escent 0. 0761'%5/%@6?78“ de
(59 5 phenyl al ani ne 4.59 opal escent 0.066 (1.7% 5

TABLE 10 Effect of nicotinam de concentration on antide solubility in
saline antide (nom nal anmount N coti nafd0de pH Appear ance

Solubility (ng/m) added, ng/m) (% 1 5 ND
opal escent 0.47 5 10 5. 68 opal escent

1.40 5 15 5.76 opal escent 3.23 10

20 5.64 opal escent 1 WO 98/ 53844

PA
PCT/ EP98/ 03079 -20- TABLE 11 Stability o

ni coti nam de/ anti de fornul ati ons

at 40, 250 and 40SGbility0f nicotinamide/antid2 F@nulations at 4°, 25° am:l)ﬁECant i de

?LSS;I Qam HG;H OL ‘V%II\ID ;'X%: 94W (%2\"'76 g. V\b +‘8f°év t ..w m)
0.9 1.0 ¥Santide | Nicothamid] T=0 [[1W | 4w J 2WL{Qw 4w | 2wl 1w [Uaw mw 1.1
(mg/ml) (%)
1 5 10 | ND | 0.9 1.0 091} 09 1.0 1.0 0.9 1.0
1 25 10 1.0 1.1 1.0 1.0 1.1 1.0 1.0 1.1
10 5 97 1 103 | 100 | 105 | gel | gel gel gel gel gel
10 25 9.8 10.1 | ND 98 | 95 11.1 107 { 94 | 10.2
5
TABLE 12
Effect of 1:3 dilution of antide/15% w/w nicotinamide solutions in PBS
Ant. Smg/ml | Ant. 4mg/ml | Ant. 3mg/ml | Ant. 2mg/ml | Ant. Img/ml
nic. 15% nic. 15% nic. 15% nic. 15% nic. 15%
Time | Dilution 1:3 | Dilution 1:3 | Dilution 1:3 | Dilution 1:3 Dilution 1:3
(min) (PBS) (PBS) (PBS) (PBS) (PBS)
0 opalescent opalescent clear clear clear
5 precipitate precipitate clear clear clear
15 precipitate precipitate opalescent clear clear
30 precipitate precipitate precipitate clear clear
60 precipitate precipitate precipitate clear clear
120 | precipitate precipitate precipitate clear clear
180 precipitate precipitate precipitate clear clear

10




10 5 9.7 10.3 10.0 10.5 gel gel gel gel gel
gel 10 25 9.8 ND 10.1 ND 9.8 9.5 11 0.7
10.2 5 TABLE qjgéggfe(:t of 1:3 dilution of antide/ 15% W w ni ¢e4igpasihde
sol uti ons ™M? Bt . 5ng/ m Ant. 4ng/m Ant. 3ng/m Ant. 2ng/ m
Ant. 1ng/m nic. 15% nic. 15% nic. 15% nic. 15%
nic. 15% Ti ne Dilution 1:3 DiIuti% 1:3 . Dilution 1:3 Dilution
1:3 Dilution 1:3 (mn) (PBS) el (PBS) (PBS)
(PBS) (PBS) O opal _esc're%?LE 13 opal escent cl ear
cl ear clear 5 JGRF somlﬁﬁitfh{ i‘i@eous niddtinGmidd soliftions Cl ear
cl ear cl ear precipitate precipitate opalescent
cl ear cl e®oluttbns preci pi Gaitial pH pr eci Prietipitation ppingdpH) t at p
cl ear clear 60 ST VATt BT P-4 =
cl ear GRF (& Imgéml in 50 at g &L pi {at e 493 precipitate 10%8recipitate
cl ear tear—180 cTpitat preciprtare precipitat p
cl ear GRF (2{ rglfp! i 420 atgH 3k 5hoas *94 720
PCT/ EP98/ OBBRE (5 Zg/miIABEID d4tpHGRF s¢l ubisiggy iph aqueous st i nani de
sol utions polutions Ipitial pH Preci pitation point {pH)
GRF (5 ng/j in 26nigptipamids) 4.93 10. 09 GRF{ (20
ng/ min H2Pp-at-n-—3— L 7.2 (5 mg/rm{in
Ho0 at pH ORF (0 mg/ml ig HO at pH3 ¥ 330 1b 28 5% ni cotinani de) GRE (20
mg/ M in HRO at [¥ekh dicdtinamide) 5. 30 10. 10 5% ni coti nafni de)
GRF (5 ng/pdl_in H2Q at pH 3 + — 676 204

GRF (5 mg/ml in H,O at pH 3 + 6.76 12.01

20% nicotinamide)
GRF (20 mg/ml in H,O at pH 3 + 5.52 12.38
20% nicotinamide)

Legend (for the abbreviations in Tables 1-13):
5 ND = not determined; W = weeks, Temp = temperature; WFI = water for injectables,

Ant. = antide, nic. = nicotinamide

TABLE 14
Stability at +40 °C for GRF (2 mg/ml) + nicotinamide solutions adjusted to pH 7.5
10 '
1 WEEK Chromatographic peak areas (%). In order of elution.

% Nicotinamide | rtr=0.76 | B-Asp8 | 8-Asp3 | Succ-N8 ? | GRF1-29 Succ-D3 + Asp8
0 0.8 16.7 3.8 0.3 68.0 nr 5.2
5 0.5 13.4 3.5 0.3 73.9 0.9 3.9
20 0.5 11.5 3.6 0.3 77.1 0.9. 3.1

4 WEEKS Chromatographic peak areas (%).

% Nicotinamide | rtr=0.76 | B-Asp8 | B-Asp3 | Succ-N8 ? | GRF1-29 | Succ-D3 ? + Asp8
0 6.2 37.8 5.7 2.7 22.2 29 10.4
5 4.9 333 6.4 1.9 315 24 9.0
20 4.2 28.6 7.5 2.1 39.5 2.6 7.6




20% ni cotinam de) GRF (20 nmg/m in H20 at pH 3 + 5.52
12. 38 20% ni coti nam de) Legend (for the abbrevi ations in Tables 1-13): 5
ND  not determ ned; W= weeks; Tenp = tenperature,; = water 9
i nj ect abl eWO %3844 anti de, nic. = nicotinam de TABLE 14 St aBFT’lEf’éf‘éf” Y40 " C
for GRF (2 nmg/ M) + nicotinam de solutions adjusted to pH 7.5 10 1 WEEK
Chr omat ognaphi ¢ peak areas (% . In order of elution. %

Nicotmnide rtr- 0.76 p-Asp8 , -Asp3-22-Succ-N8 ? GRFI-29 Succ-D3 +
Asp8 0 0.8 16.7 3.8 0.3 68. 0 nr

5.2 5 0 5 13.4 3. 5TABLE 15 0. 3 73.9 0.9

3.9 20

11.5 3.6 0.3 L 17.1 9.
3.1 4 WEEKS Stablhty 2t +4°C for hGRF (2 mg/miht aiﬁetiagmaﬂﬂﬁ%"tmwdwé%t%vlg)7:5 %
Nicotinamde rtr= 0.76 P3-Asp8 ,B-Asp3 Succ-N8 ? GRFl -29 Succ-D3 ?

+ Asp8 0S5 6.2 37.8 5.7 2.7 22.2 2.9
10.4 5 4.9 33.3 Chrofnatdgraphic peak dred3 (%). In ordéitofelution. 2. 4
9.0 20 % Nicofinaguide | 4-28? 6] p-Asp® /| B-Asp’ | SucciNS ? | GRFI3®) b Succ-D32. 6Asp’
7.6_ _ "Prele 260 ¥4 0.1 0.2 0 03 97.6 0.6

PCTI EP98/ 0307 wEgEks 1ABLE 1o praprii [y at ff Ccr1or Qe {7 '*Tg'/m) +

ni coti nam e SOt PrT OS] atjoUsTEd {7 P 0?‘—5 u1roolrrat Igs pi C| €a, arleaspgg V. )|-
£

I n order of NGOt loulbge A= 6’5 26:3)'5J nPUCC'NéG'/
I e e s G/ B 0 T i

.;:

Ny N

(9).7i6 . dg AWEEKS I © 17,79 U
0 0 74 02 01 932 - 1
5 0 15 02 0.1 95.8 o 0.9
20 0 14 0.2 0.1 9.3 o 08

12 WEEKS

0 106 | 339 | 027 0.07 89.9 o 1329
5 028 | 212 | 026 o.11 54.0 o 0.97

20 0.15 1.95 0.26 0.10 95.1 nr 0.97

Legend (for the abbreviations in the Tables 14-15):
nr = not resolved. The Succ-D3 + Asp® may elute as an overlapping peak
? = further characterisation is necessary to confirm peak identity

10  rtr = retention time ratio



5 0 0.9 0.1 0 96. 8 nr 0.6
0.6

20 0 0.8 0.1 0 97. 4 nr

8 WEEKS 0 0 2.4 0.2 0.1 nr
1.1 5 V/0 98/53844 1.5 0.2 0.1 95. 819§T"%P98/°3'079
0.9 20 0 1.4 0.2 0.1 96. 3 nr
0.8 12 WEEKS 0 1. 06 3.39 0.27 . 0. 07 89.9

nr 1.29 5 0.28 2.12 “23- 0.26 0.11 94.0

nr 0.97 20 0. 15 TfsBLE 16 0. 26 0. 10 95. 1

resol ved. T%é’ng %rt]%g(o Rshgﬁlng t:é &let é’ﬁ?}r‘]‘gﬁﬁéﬁk&@'ﬂ"%}st— hggt

characterisation is necessary to c‘b |dent|ty 10 rtr = retention
time ratio WD 98/ 53844
PCT/ EP9SY 03079 -23- TARIE 16 Stability at =4 C for h

propyl ene bl WWEEK# °6i dot i nani deChrematographic peak areasd(6)+ In qsdgr of elut, OMWEEK_4_C
Chr omat ogr hiVicotinamide d Matr®x (| BrAspt ) Sugocsy i29QH | GRE#29 b Syce-BB Hdsiyi dertr 13t | Ox
P-Asp8  Suf 6ul81299200(0H0.08RF1- 29 | Iw6c- D308 AbpI7.7 r{r 0% oF W k (129920
0.04 0 0 0.4 02 |0.8 097.7 04 ]0.954 0.4 10 |0 O
0.2 20 0.2 03 Q.40 0% .4, 04 0.975 .40 0.7 4 20
0.3 Of 1 WEEKY *€ . 4 Chromafdgraphic peak Rresk (%). In orfler 6f dlutiShEK 4 C
Chr omat ogr APTE Griaged) F|Ga3.08 Jore-11 1] @ 108" | @F 1.67 lJtmqm.s @ONLo NUedp3 | rf L9
1.08 rtr [TITgtr TjT3H T T .o |1- 64 (rfeL 1]20.rtf BoZ3] og4r{l.69 O
0. 2 0 2 ZOAUA‘T - ] :‘ - - )9 03 (b.ﬂ - U 1 6(2
E:h 4 WE%K,$' 4°C N Chm% e Qe,ak Areds (%). mr%f elution.
r Ogr AP R e RS e | Met-0L| p-Aup8 ] SUCC-N& | 1-200H | GRF1-29 | Succ-D3 + Asp8 | rtr 1.07
0 0.1 0 0.2 0.3 95.0 0.4 0.9 04 .
20 0.4 0 0.3 0.3 97.1 0.4 1.0 0.1
4 WEEKS 4 °C Chromatographic peak areas (%). In order of elution.
(Continued) | rr1.08 | rtr1.11 | rr1.13 | rr 117 | rr .18 | rtr1.20 | rtr1.23 | rtr1.36
0 0.2 0.6 - 1.6 - 0.3 - 0.1
20 0.1 0.1 - 0.1 - - - 0.1
8 WEEKS 4 °C Chromatographic peak areas (%). In order of elution.
% Nicotinamide | Met-Ox | B-Asp® | Succ-N8 | 1-290H | GRF1-29 | Succ-D3 + Asp® tr 1,07
0 0.3 0 0.2 0.3 92.2 1.2 -oor 0.7
20 0.5 0 0.3 0.3 95.7 1.8 nr 0.1
8 WEEKS 4 °C Chromatographic peak areas (%). In order of elution.
(Continued) | rr110 | atr 111 | rtr1.13 | r117 | mrld8 | rr1.20 ) nr123 | rir1.36
0 0.5 0.9 .- 2.6 - 0.5 - 0.1
20 0.1 0.1 - 0.2 - 0.1 - 0.1




% Ni coti nam de Met-Ox P-Asp8 Succ-N8 1-290H GRFO-29 Succ-D + Asp

r. O 0.1 -0 0.2 0.3 95.0 0.4 0.9
0.4 20 0.4 | 0 0.3 0.3 97.1 .
0.1 4 WEEKWOpS8/53844 CC peak areas (/). order o’rcﬂg’fiﬁ%("c’s???
(Conti nued) rtr 1.08 rtr 1.11 rtr 1.13 rtr 1.17 rtr 1.18 rtr 1.20
rtr 1.23 rtr 1.36 0 0.2 0.6 . 1.6
0.3 0.1 20 0.1 .24-0.1 0.1
0.1 8 WEEKS 4 0C Chr omat ogr aphi ¢ peak areas (/). In order of
elution. 9\ cotinamde Met-OX | 3 Asp@AB@g:p; N8 1-290H GRFI-29  Succ-D3
+ Asp's rtr 1.07 O 0.2 0.3 92.2
0.7 20 Stability at +4@©°C for hGRE 3 mg/m!)(in propylene gigcol + nicotinamide
0.1 8 WEEKS 4 C sdippewiadjusted to pH 7.5 I n order of
el ution. 5(Conti nued) nr 1.10 rtr 1.11 _rtr 1.13 rtr 1.17 rtrl.18
rtr 1.20 rtrl.23 rtr 1.36 0 0.5 0.9 - J 2.6
) 0 3 lWEEK 40 °C Ul ZU Chromatogga:ﬁic%eak area¥(%). In order of elution. 0.2
- 00. 1t NicolNAntis PMefOx | B-Asp’ | Succ-NS | 1-290H | GRF1-29 | Succ-D3 + Asp | _ rtr 1.07
PCT/ E|P98/ 0367 17 3‘|‘."§§ﬁ StgoT | 16 ot T(l)-'i[J G 9II%TE§ m,i’l’i,” T
propyl ene gty a-t-1—ﬁga-n=—d-e—sef o —atht ottt 5 YWEEKA0—C
Chr omat ogr apda = eds 34 2, crO{?c. "?ﬁf‘!:! Al :.) {ut. Ara-te—iviet—01
p- ASpS Suc 1 ]:QMK))&] L CRE1..29 Chr T. C pe A)) Ol;d.ﬁl'Of u tlp;l a
0.3 0 |_(Continygd) | rtr L8 hrtr L11 | gtp1.83 | rir 117 |3 rtr 118 4 ry 1.20 | 5423 rtr 1.39
1.6 0 900.3 050.p 32 |834 03113 39 62.8 \WER7ah C 0.3
Chr omat ogrﬂghi c Meak ateds (%48%W |n0kddr & dl utlion | (DBntli nidd &y
1.08 rtr U MIWEEKS48.13  rr 1. IChromdtégraphic bak ardas §%)20n order cfeldon. rt 1. 39
0 0.53. ¢ 1.4}0.33912.61. 37 _
0.3 20 % Nicdtinamide | Met-Bx | B-AspU] Sucd-N8 | 1-390H | GRF1-2D9 Succ-D3 + Aspf rdl.®
0 0 0.5 0 0 0 44.6 17 | 15 15.1

20 10.9 0.9 0 0.4 43.1 1.3 4.2 10.3

4 WEEKS 40 Chromartographic peak areas (%). In order of elution.
°C
(Continued) rtr1.08 { rte .11} rtrl.13 | rtr1.17 | rtr1.18 | rtr 1.20 | rtr 1.23 others
0 15.3 3.4 1.4 34 1.4 2.1 12 3.4 (n=8)
20 8.9 43 - 2.5 2.0 2.0 0.9 3.4 (n=7)

n = number of additional peaks occurring in chromatogram.
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TABLE 18
Stability at +4 °C for hGRF (10 mg/ml) in 60% propylene glycole + 20%
nicotinamide, 20% H;0 adjusted to pH 7.5
15

Chromatographic peak areas (%)

GRF 1-29 Oxidation 4-29 7 | B-Asp8 | B-Asp3 | Succ-N8 | Succ-D3 + Asp8
peaks (%)
RT Ratio 0.65 - 0.67 0.87 0.89 0.96 0.98 1.06
T=0 98.17 0.07 - 0.07 - 0.04 - 0.38 0.60
4 WEEKS 97.97 0.06 - 0.07 0.03 0.03 0.03 0.28 0.84
-8 WEEKS 97.97 0.07-0.11 0.03 0.04 0.03 0.21 0.93
12 WEEKS 97.62 0.07 - 0.07 0.08 0.06 0.09 0.16 0.93




4 \EEKS 40 Chr omat ogr aphi ¢ peak areas (% In order of
elution. C o o L
o _ _9%N i nam de Met-Ox -Asp8 Succ-N8 1-290H A cc-D3
¥ Asp Vo Safites" 57 § 0.5 0 0 Plhessnsoid, °C
1.7 1.5 15.1 20 10.9 0.9 0 0.4 43.1
1.3 4.2 10.3 4 WEEKS 40 ) Chr omat ogr aphi ¢ peak
areas (%6). In order of elution. C (CoT¥t5i'nued) rtr }.08 rtr 1.11 rtr
1.13 rtr 1.17 rtr 1.18 rtr 1.20 rtr 1.23 others O 15.3
8.4 1.4 3.4 1.4 TABLE19 12 J n=8) 20 8.9
4.3 - 2.5 ogle. 0 0 . o ~4ln= =, nhunber of
addi ti onal peaksgalb'ﬁg'u?trﬂ?g. ’F?r @%%?Qggé% y °§Ba°§'|)°|+i '{/%at +4 C
for hGRF. (10 ng/m) in 60YICpRBMpden204p ms%}aniﬂlc;o?i nam de,  20% H20
adjusted®to pH 7.5 15 Chromatog raphic peak areas(% G RF 1-29 Oxi dati on
4-29 ? fP-Asp8 P-Asp3 Suce-N3 Succ-D3 + Asp8 | peaks (%
| RT Ratio Q. 65 - 0.67 0.87 0.89 Q.96 Q.98
1.06 T=0 98} 17 0. 07 - Chsfdmatographic peakQveas (%) - 0. 38
0. 60 4 WEEKS OGRP1-29 | OxiGdtion D .48 ? | plAsfE3| p-Asp3. [OSucc-N8(. Sie-D3 +RsiB
0.84 8 WEEKS_ 97. 97 f2aks{%)0] 11 0.03 0.04 0.103 Q.21
0.93 12 WEEKETRatio | 97. 62 06500:60. D/70.87 D. O 0606 0.99. 09 1.060. 16
0.93 'VD 98783844  98.17 0.07 - 0.07 - 0.04 - 0.38 0.60
PCT/ EP98/ OBOF WEEKX.- | TABEEB 19) n.efbiolovt Yy 0.03 +P50.47 floro.85GHE 019 n/ md )13#n 60%0
propyl ene §l $WBEKS +| 2098.68 col | Ex¥viods, | 2005 H200.41| us2.3d jt 0008 7. 5  1.57
12 WEEKS 90.94 0.12-0.14 0.10 0.60 3.54 0.10 1.73
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TABLE 20
Stability at +40 °C for hGRF (10 mg/ml) in 60% propylene glycole + 20%
nicotinamide, 20% H,O adjusted to pH 7.5
15
Chromatographic peak areas (%)
GRF 1-29 Oxidation rtr= | B-Asp8 | p-Asp3 | Succ-N8 | Succ-D3 +
peaks (%) 0.76 Asp8
T=0 98.17 0.07 - 0.07 - 0.04 - 0.38 0.60
4 WEEKS 84.06 0.15-0.16 0.22 1.75 8.59 0.10 2.18

(The Succ-D3 + Asp® may elute as a single unresolved peak)



5 Chromatogahic p areas GRF 1-29 Oxi dati on 4-29 ? P-Asp8 P-Asp3

Succ- N3 Succ-D3 + Asp8 peaks (% - RT Ratio 0 65 -

0. 67 0. 87 0. 89 0. 96 0.98 1.06 T=0 "
0.07 - 0.0WO9/53844 oy - 0.38 0.60 4 '\’/%%R%"s’ o7

96. 28 0.08 -0.09 0.03 0. 27 0. 85 0. 15 1. 34 8 WEEKS
93. 69 0.12 - 0.15 0.03 0. 47 2.34 . 0.08 1.57 12 WEEKS
90. 94 0.12 - 0.14 0. 10 0.60 -26-3.54 0.10 1.73 10

TABLE 20 St &eférengesat +40 C for hGRF (10 ng/m ) in 60% propyl ene glycole +
20% ni coti nam de, 20% H20 adjusted to pH 7.5 is Chromatogra hic peak areas
(%9 GRF 1-29 Oxi dati on rer= P- Asp8 P-Asp3 Succ-N8 Succ-D3 +

peaks (% Bddgdi§, J., et al., Int. J. Peptide. Protein Res. 39, 364-?5&93 gx0 98. 17
0.07 - 0.07 0. 04 0. 38 604V\EEKS 84. 06

0.15 o 16 CangorpkB., J Phgmn. Sci.g 849953-958) 19%5; 2 18 (The Succ-D3 + Asp$
may el ut S nr k 98/,53844
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PCT/ EPoR/ 03618 Repikie PR ASlyble n aaueqy Al aﬁ*ﬁléa‘rneéahﬁla& Fs6Hve '8$F6?"F‘§tr ng:
a) a pepki d&g)RQRnliynie ﬁ}dﬁmn@ hydrREopROparRAceaiicl) dbseptabfePdgeme asd! Ut i on. as
active ingredient; 5 b) a non-ionic aromatic hydrotropic pharnmaceutically
accept abl e arg@mhymahewel)aqaemysﬂm@gu cal aqueous sol ution. 2. The

phar maceuti cal conposition of claim1, wherein the peptide (a) is an LHRH
anal ogue or a GRF peptide. 10 3. The phar maceuti cal conposition

accordi ng t @, any The phifindeestivatlcorgpositionrof clantia| ehereinthe pepided@) {san LIERHN
LHRH ant agoni st. 4. The pharnmaceutical conposition according to any of
t he precedi r?@aleg‘&??l"saGBgPeP rein the peptide (a) is antide or human GRE.
5. . Thg pharnmaceutical conposition according to any of the preceding

clainms, wherein the non-ionic aromatic hydrotropic agent is selected form
t he group cdnsi stThegpharmaceutical composition according to any of the preceding claims,

wherein the peptide (a) is an LHRH antagonist.

4. The pharmaceutical composition according to any of the preceding claims,

15 wherein the peptide (a) is antide or human GRF.

5. The pharmaceutical composition according to any of the preceding claims,
wherein the non-ionic aromatic hydrotropic agent is selected form the group consisting
of: nicotinamide, nicotinic acid, benzoic acid, salicylic acid, gentisic acid, ascorbic acid,
20 histidine, tryptophan, phenylalanine, tyrosine, cresol, phenol, xanthines, pyridoxine, folic

acid, saccharin, as well as non-ionic derivatives thereof.

6. The pharmaceutical composition according to any of the preceding claims,
wherein the non-ionic aromatic hydrotropic agent is nicotinamide.

25 .
7. The pharmaceutical composition according to any of the preceding claims, which

is lyophilised and reconstitutable and further comprises one or more stabilising agents.

8. The pharmaceutical composition according to any of the preceding claims, which

30 further comprises propylene glycol.



of : nicotinam de, nicotinic acid, benzoic acid, salicylic acid, gentisic
acid, ascorbic acid, 20 hi sti dine, tryptophan, phenylal ani ne, tyrosine,

cresol, phenol, xanthines, pyridoxine, folic acid, saccharin -
non-i oni c W&%F3#4yes t hereof 6. The phar maceuti cal conp"o%"i’?‘?98)@’??47L
according to any of the preceding clains, wherein the non-ionic aromatic
hydrotropi c agent is nicotinamde. 25 7. The .pharmaceuti cal conposition

according to any of the preceding clai ”8§- which is Iyophilised and
reconsti t utabl e Fheephhticeatical composkien actrdiag toramycoftha prebedinggaimgewhish 8.
The pharmaceuti cal conposition according to any .of the precedi ng cl ains,
whi ch 30 fisifuitable for, paventssal ofply fipsal REPYMERYY admim t@ﬁf@‘i’&m

PCT/ EP98/ 03079 -28- 9. The pharnaceutical conposition according to any
of the preceding clainms, which is suitable for parenteral, oral, nasal or
pul monary ayi niBier pbaronaceutivalecontgibsition Tareopling nacent ¢fcthe prsagsting claims,

according t ny of .the preceding, cl ains. further. conpri sing one or

nor e phgr rrﬂ{ggﬁ? i°831Pr‘§’“§c‘§‘§p‘¥ é‘b‘]’%gmaﬁﬁrﬁg‘ﬁ?@“ﬁ’?abie FHRECRar maceutical

conposition according to any of the preceding clainms. which is suitable for

injections. 10 12. The pharmaceutical conposition of ¢laim 10,, y‘\,hi ch

has the folVowi nEhecRhappageuticah compRition aspRriing te any,efthe preceding claims, ghich_~ 5 g
0

ng nicotin i e e 10 - 300 ng propyl ene glycol
500 g 15 suitble formjections, 00 o 200 UL

10 12. The pharmaceutical composition of claim 10, which has the following

composition ranges:

—_————
Te—
—_—

wioite 0 wone (AR

15 Aqueous phase, q.s. 1.0ml.



