WO 2011/003822PCT/EP2010/059436 1 Description Insulin preparations containing methionine 5 The
" invention relates to an aqueous pharmaceutical formulation with an insulin, insulin analog or insulin
derivative, and methionine; and also to its preparation, use for treating diabetes mellitus, and to a
medicament for treating diabetes mellitus. An increasing number of people around the world suffer
from diabwgzgéﬂi{gg%%y 10 of them are what are called type | diabeticS? éoF AR 11@[H8248¢knt of
the deficient endocrine insulin secretion is the only p?:)ssible therapy at present. Those affected are
dependent on insulin injections for life, usually several times a day. Type Il diabetes contrasts with
type | diab8€TIRGARL there is not always a deficiency of insulin, but in a large number of cases,
especially at the advanced stage, treatment with insulin, where 15 appropriate in combination with an
oral antidiabetic, is considered the most advantageous form of therapy. In healthy individuals, release
of insulin IRPHIR pEPRASRICES FRAKIBNRB PEIFARBI00d glucose concentration. Elevated blood
glucose levels, like those occurring after meals, are quickly compensated by a corresponding rise in
insulin secretion. In the fasting 20 state, the plasma insulin level falls to a base line value which is

sufficieRt {3'8BURTICRIHRIES LS QibRRHEPYR Phas TR e tiraLiaransatisi arith aninssliss inswito keep
hepatic glyaarseyRIPRisClianONG HlilRe AvaNindiRfIiRGRTReALE R EPAGIGRAYR Nt ipypecretion by

exogenous, usually subcutaneous administration of insulin does not in general come close to the
above-de¥&AES & WK sRsRA regdicasieotier Heating ciesetesramlituss there are
instances of blood glucose being thrown off-track, either upwardly or downwardly, and in their most
severe forms these instances maz be life-threatening. In addition, however, blood glucose levels which

are elevated B\REESRIRE MHMNSTGhREPRIBAIRIAG thenumildsyteonteom dinbeies melliiusHdany

large-gcalsf BemTastan it Hie biHbd HiseDlialkalesds orir A Rom Fopnpications T iRl Bererigh 30
Group (1%?’:3, N, Engl. J, Med. 329, 977-986) showed unambiguously that chronically elevated blood

glucose IEMOGB Ui BRSNS RRIPResTPlatheraiat Resmohitinse altegiaskate
complicatigg)serkeertien yRAMIHAR RIUGRBTMAEC URialy QAR HANAB2 2P G ERAINERMIEL

damage which is manifested in certain circumstances as retinopathy, nephropathy, or neuropathy, and

leads to bRBHESE WL afUrdiabriagdn thabthersiie st fwayaduiriciensyidnsalinvibvkin a
increasediige oiLAABEO VR SEIHaE SpElaEly M RSVRARB HRIAHRITRE ARNERD WIRAR M GrRRNOf

diabetes must be aimed primarily at 5 keeping blood glucose as closely as possible within the
physiol 8P TANRCARSHTIRE ARVl A8 16 Al @ﬁ@?ﬁaéﬁlﬁ?ﬂ%‘i‘i%@q the rmeste achieved by

means of ijesHense ey esatiistera sy, of fast-acting and slow-acting insulin preparations.
Fast-actirgbfor lations are iEF?iven at meal times, in order to compensate the postprandial rise in blood
I

glucose. SbURALIMNIMd RIS FRIEARE RitdnRiin bYeihs Panerams iR sidistip sRupiassinithe Sireshily
during theghigbsendthiessriaading, Libvaeasestia B INISRIBOMREMISR SURRIRR M&L38aR0 acids
which are divided hetween two .
are quickly compensated by a corresponding rise in insulin secretion. In the fasting
.20 state, the plasma insulin level falis to a base line value which is sufficient to ensure a
continuous supply of glucose fo insulin-sensitive organs and tissues, and to keep
hepatic glucose production low in the night. The replacement of the endogenous
insulin secretion by exogenous, usually subcutaneous administration of insulin does
not in general come close to the above-described quality of the physiological regulation
25 of blood glucose. Frequently there are instances of blood glucose being thrown off-
track, either upwardly or downwardly, and in their most severe forms these instances
may be life-threatening. In addition, however, blood glucose levels which are elevated
over years, without initial symptoms, constitute a considerable health risk. The large-
scale DCCT study in the USA (The Diabetes Control and Complications Trial Research
30 Group (1993), N. Engl. J. Med. 329, 977-986) showed unambiguously that chronically
elevated blood glucose levels are responsible for the development of late diabetic

complications. Late diabetic complications are microvascular and macrovascutar



amino acid chains: the A chain, with 21 amino acids, and the B chain, with 30 amino 15 acids. The

" chains are linked together by two disulfide bridges. Insulin preparations have been employed for many

years in diabetes therapy. Such preparations use not only naturally occurring insulins but also, more
rece insyli dﬁej ives and insulin analogs. 20 Insulin analogs are E?r?ﬁ# é J lly. gccurring
insul%sypn%%lé% uﬁ?gn insulin or animal insuling, which differ by replac %f ﬂ?gé%(%?fg naturally
occurring amino acid residue by other amino acitis and/or by addition/deletion of at least one amino

acid residue, fram the correspqQnding, otherwise identical, naturally occurring insulin. The amino acids
i R b R e R
derivateuers b thytuaatlyiembs torgintudisso remairfaiilineg el ddogkiolf exeebidssdhy, dhemical

modification. The chemical,madification may cansist, for example, in the addition of one or more
defingéﬁéwgrrr\fi c%laﬁ‘%’ucﬂ)%%?g Wi SRR g&i Cé'ﬁ{x Vﬁ%ﬁ&éﬁ?ﬁﬂ‘?ﬂé -a%'i ’isulin

derivamrebainfenadithahaloge@oveddheapmabalitabdtes conspaeedimidd huimaniinatlin,. WO

20]51/1?0

22RPCT/EP2010/059436 3.EP 0 375 437 d 0678 522. EP 0 124 826 relates,
e RReRRa BIead iehSe 2L AT B0 e Wb BH RIS TR RO, reve

differéntibendoneeid ofrinteatibed3AS upnefiecabhy pisikne tbbaachletadibpeidanB 6375 437

enco insulin analogs with lysing or arginine at B28, which may,5 also optionally be modified at
B3 ar?ﬁ?g(rﬁi%slf’ ggvg rl?fgrg ﬁ%iéc s%gﬁanss{ﬁ |%g§ﬁa?8§s$/ﬂ%ﬁ P%gp%ﬁégfbarﬁ%?%ical
modiffcasieasting fooditikztors cregiseagaierie 4 Srard, 0h andastooerfiptmsmasating acid at positions
A5, A r 1 nerally speaking, insulin derivatives.and insulin analogs have a somewhat
altere‘}jsg’c %%n%!sé?‘:ﬁ%nep;agrgc? %%@Laé%%eﬁ $§u i—na.% gfﬁﬂ%ﬁl‘g%@cﬁﬁ%g‘}ﬁgﬁﬁ% gﬁﬁgﬁg'ﬁ which at
lea$t tree anio s applyivhiositiinsesp&E1aBp dasnigeibe regle; edtby ltdewdbgtginine. Such insulins,
accorgglg)e{ﬁ \éV%? /00321, have an extended effect. A delayed effect is also exhibited by the insulin
analog LrBetin EP-A 0 368 187. The concept of intensified insulin therapy attempts to reduce the
risk to health by aiming for stable control of the blood sugar level by means of early administration of

basal s, ex f a commo basal insulin is the drug Lantus(r) (active ingredient:
insulirll%’?lg\tlgiseg:%éwpé@%,gﬁ%%%ﬁ, Err%gg(%g%l RAARSN Shh .%%gﬁié\f‘ Jb%%ﬁ& tff’f&?aim in the
develaprirenaociinavainspifee éddbessa) wisi |21k asnioonadiosz e tietherBbemaih hwitbgbcamiaevents. An
ideal igsuli afely in.each patient for at least 24 hours. Ideally, the onset.of the insulin
e O s TR T TG AR B SRR R iR R Rreidtione

have been employed for many years in diabetes therapy. Such preparations use not

only naturally occurring insulins but also, more recently, insulin derivatives and insulin

analogs.

20 Insulin analogs are analogs of naturally occurring insulins, namely human insulin or
animal insulins, which differ by replacement of at least one naturaily occurring amino
acid residue by other amino acids and/or by addition/deletion of at least one amino
acid residue, from the corresponding, otherwise identical, naturally occurring insulin.
The amino acids in question may also be amino acids which do not occur naturally.

25
Insulin derivatives are derivatives of naturally occurring insulin or an insulin analog
which are obtained by chemical modification. The chemical modification may consist,
for example, in the addition of one or more defined chemical groups to one or more
amino acids. Generally speaking, the activity of insulin derivatives and insulin analogs

30 is somewhat altered as compared with human insulin.

Insulin analogs with an accelerated onset of action are described in EP 0 214 826,



25 significantly minimizing the risk of short-term undersupply of sugar, and allowing administration

- even without food being taken beforehand. The supply of basal insulin is effective when the insulin
activity goes on consistently for as long as possible, i.e., the body is supplied with a constant amount
of insulin. As a result, the risk of hypoglycemic events is low, and patient-specific and day-specific

variability¥fe 20H#09382%he 30 pharmacookinetic profile of an ideal basalf$sTERP8H)/068AB® be

characterized by a delayed onset of action and by a2lelayed action, i.e., a long-lasting and uniform
action. WO 2011/003822PCT/EP2010/059436 4 The preparations of naturally occurring insulins for
insulin reFB R AENBarand BREBT 522 B kdRdfebinalatasigimonthethasiningsg tobovine,

porcine, egaBoHISIAEbY!ShAe Dal epURYR oy dR erae ARSI A5 ailsEh g guration o

action) may be affected. Through combination of different insulin products It iIS"possib obtain any

of a very HfRTeRkRBIR acilkinpesiten 2% prafgrabbuptaliveakybipgirglaisioyracislood sugar

values. Repambimas FaTaliret | ified | | this
kind. They include in%a%fgrﬁgﬁgﬁgm)%gé 91\9%2 %%ﬁlﬁ%@ﬁﬁﬁ?%ﬁfﬁﬂg (ia{:(%egnded
j

duration SfSReRNoRANiIRYRRfife StefdMona4drm of a clear, acidic solution, and, on the basis of
its 10 dissolution properties is precipitated, in the physiological pH range of the subcutaneous tissue,
as a stable hexamer association. Insulin glargine is injected once a day and is notable in comparison

with othe FBRYAHQIPEhAisriRsrs insulin analRgswhich raarreiesteshitamahetiogin the risk of night
hypoglycenpiaidSeos e FalauRatish s Asparagilt RA93)nd @Q{fMﬂéw@? FoGihgd to

date, the 15 specific preparation of insulin glargine that leads to the prolonged duration or action is
characteBRPBIIANa . Ll idh Kigk AR heidic pH. Specifically at acidic pH, however, insulins exhibit
reduceg stability and an increased tendency toward aggregation under thermal and -
physico-mechanical load, which may be manifested in the form of haze and precipitation (particle

formationPEStel¥ epapKingrinstdingdesivalives ardinsulio arrledrbavemaameviehalierid analogs -

lead to thgtiescabedpsiFed RaRattmsreriiibnprofile, when the insulin analogs are characterized by
the features that the B chain end is composed of an amidated basic amino acid residue such as lysine

or arginine amide, i.e., in the amidated basic amino acid residue at the B chain end, 25 the carboxyl

group of ey eIt ANHBScHEIESSHBUIh MRS FORRICANS: SNk RNAhG AP sﬁ%éﬁiﬂﬁe of the
y

insulin A chain is a lysine or arginine residue, and the amino acid position A8 is occupie a

histidie REBENaS Ge6R RidePEdRy hiine ArargiRinR.cBprl ipsigs cseaulingito and 30 there are
wo replagrenioobae fial i exeilibimeelcraing 8a duandli s ahaanvrl charged
Sl

amino acid residues, or one such replacement and one such addition, in each of positions A5, A15,

A18, B-1 ylipanglegs feseiiped I0/EP2A0 AfiRd87pThemppoepioydntansified insulin therapy

attempts to reduce the risk to health by aiming for stable control of the blood sugar
level by means of early administration of basal insulins. One example of a common

20 basal insulin is the drug Lantus® (active ingredient: insulin glargine = Gly (A21 ), Arg
(B31), Arg (B32) human insulin). Generally speaking, the aim in the development of
new, improved basal insulins is to minimize the number of hypoglycemic events. An
ideal basal insulin acts safely in each patient for at least 24 hours. Ideally, the onset of
the insulin effect is delayed and has a fairly flat time/activity profile, thereby

25 significantly minimizing the risk of short-term undersupply of sugar, and allowing
administration even without food being taken beforehand. The supply of basal insulin is
effective when the insulin activity goes on consistently for as long as possible, i.e., the
body is supplied with a constant amount of insulin. As a result, the risk of hypoglycemic
events is low, and patient-specific and day-specific variability are minimized. The

30 pharmacookinetic profile of an ideal basal insulin, then, ought to be characterized by a

delayed onset of action and by a delayed action, i.e., a long-lasting and uniform action.



5 Common to all aqueous formulations of insulins, insulin analogs, and insulin derivatives is that the
- stated proteins are not entirely stable chemically, but instead, as a function of the time, storage

temperature, and movement to which the formulation is 5 subject, and many more, there are a range
of molecular processes that may occur, affecting the insulins, insulin analogs and insulin derivatives,

that aY¥Q&B#MBA3884ne quality of the formulation. One substance whidk HEBRS 1RO al

stability of insulins, insulin analogs, and insulin dérivatives is oxygen, whose contact with the
formulations in question is unavoidable, owing to its presence in the air - particularly in 10 the case of

formuldifoREGRPAERESHT Nt mersHigRaBauling fedosidin verlasermssoival aRmBEeReRtthe
oxidaByrrne iRIREP EHMSMRATHBBYINST ARCIHIDMITRNGI BRI NHdieME A SiRBH I Msulijas now been

found that, surprisingly, the addition of the amino acid methionine to 15 formulations of insulins, insulin

analo§8d48ari8hed savRRELISa a5 dosartie FEDEtY fEifeenselans daratiosei@mdior) The
invention ACE IFNIBIPTHASESHAELAMIRBHS nRITAT RS tIARL I PrIBLRR G RIGBB RN SUlin, insulin

analog or insulin derivative, or a pharmacologically 20 tolerable salt thereof, and methionine. The

invenBetAIT 1YY Bf G ey Widraraniste i aativinbraiibes angeiechrieg abevt vary ALY being selected
from ERINARRIPIBIHIRAR aRKE, R@E@ﬂﬂamﬁﬁq@ﬁﬁqWW??W%ggﬁy@\éﬂBWtMther

provides a pharmaceutical formulation as described above, the insulin analog being selected from the
groupRERElAtNY efynestified igantiag, s seyhuthey insimae i7ewdB)9BIGgiRe9) human insulin,
Asp(ES Mmms@a,&w ) REBAANBUMANRRLER. HeshBal)duatrshiBsuigRd an insulin
analog of the formula | 1511011520 AOGIVEA5 CCHSICSLYA15 LEA18 YCG I( SEQ ID NO: 1
)A-chiisUiicsiasane dsdiested e iw i sleanNgidis soidian, snd) apthedags ohits

HUGGeW O h rYSeeieR @hpFe¥idibdBdo#0#® physiological pH range of the

subcutaneous tissue, as a stable hexamer assobiation. Insuiin giargine is injected once
a day and is notabie in comparison with other long-active insulins for its flat serum
profile and the associated reduction in the risk of night hypoglycemias (Schubert-
Zsilavecz et al., 2:125-130 (2001)). In contrast to preparations described to date, the

15 specific preparation of insulin glargine that leads to the prolonged duration of action is
characterized by a clear solution with an acidic pH. Specifically at acidic pH, however,
insulins exhibit reduced stability and an increased tendency toward aggregation under
thermal and physico-mechanical load, which may be manifested in the form of haze
and precipitation (particle formation) (Brange et al., J. Ph. Sci 86:517-525 (1997)).

20
it has been found that such insulin analogs lead to 'thé described desired basal
time/activity profile, when the insulin analogs are characterized by the features that
+ the B chain end is composed of an amidated basic amino acid residue such as lysine
or arginine amide, i.e., in the amidated basic amino acid residue at the B chain end,

25 the carboxyi group of the terminal amino acid is in its amidated form, and
» the N-terminal amino acid residue of the insulin A chain is a lysine or arginine
residue, and
+ the amino acid position A8 is occupied by a histidine residue, and
» the amino acid position A21 is cccupied by a glycine residue, and

30 - there are two replacements of neutral amino acids by acidic amino acids, two
additions of negatively charged amino acid residues, or one such replacement and one
such addition, in each of positions A5, A15, A18, B-1, B0, B1, B2, B3, and B4.



T P 829 B30 831 B32(SEQ ID NO: 2) B-chain 1030 where AOis Lys or Arg; 15 A5is Asp, Gin or Glu;
- M5 is Asp, Glu or Gin; 20 A18 is Asp, Glu or Asn; B-1 is Asp, Glu or an amino group; BOis Asp, Glu or
a chemical bond; 25 B1lis Asp, Glu or Phe; B2is Asp, Glu or Val; 30 B3is Asp, Glu or Asn; B4is Asp,

Glu or Gin; B29 is Lys or a chemical bond; 35 B30 is Thr or a chemical bond;
WO 2011/003822 _ PCT/EP2010/059436
5

Common to all aqueous formulations of insulins, insulin analogs, and insulin
derivatives is that the stated proteins are not entirely stable chemically, but instead, as
a function of the time, storage temperature, and movement to which the formulation is
3 subject, and many more, there are a range of molecular processes that may occur,
affecting the insulins, insulin analogs and insulin derivatives, that are deleterious fo the
quality of the formulation. One substance which impairs the chemical stability of
insulins, insulin analogs, and insulin derivatives is oxygen, whose contact with the
formulations in question is unavoidable, owing to its presence in the air - particularly in
10 the case of formulations in packs for multiple administration. It is assumed that, among

other things, it is the oxidative potential of oxygen that brings about the impairments in
chemical stability.

It has now been found that, surprisingly, the addition of the amino acid methionine to
15 formulations of insulins, insulin analogs, and insulin derivatives leads to an improved
stability on the part of these proteins.

The invention accordingly provides an aqueous, pharmaceutical formulation
comprising an insulin, insulin analog or insulin derivative, or a pharmacologically
20 tolerable salt thereof, and methionine.

The invention further provides a pharmaceutical formulation as described above, the
insulin being selected from a group containing human insulin, porcine insulin, and
bovine insulin.

25

The invention further provides a pharmaceutical formulation as described above, the
insulin analog being selected from the group containing Gly(A21), Arg(B31), Arg(B32)
human insulin, Lys(B3), Glu(B29) human insulin, Asp(B28) human insulin, Lys(B28)

Pro(B29) human insulin, Des(B30) human insulin and an insulin analog of the formula |

30

.-
1 5 10] 15 20
A0 GIVEACCHSICSLYAIS L EAIS Y C G

[ (SEQ ID NO: 1) N A-chain



WO 2011/003822PCT/EP2010/059436 7 B31 is Arg, Lys or a chemical bond; B32 is Arg-amide,

- Lys-amide or an amino group, 5 where two amino acid residues of the group containing A5, A15, A18,
B-1, BO, B1, B2, B3, and B4, simultaneously and independently of one another, are Asp or Glu, in
particular in which the insulin analog is selected from a group containin (AO) His (A8), Glu (A5),
Asp (A489)281) (¥3824 g (B31), Arg (B32) - NH2 human 10 insulin, Argz’((A ﬁ?ﬁ@'{ﬁté@5@4@QA5) Asp
(A18), Gly (A21), Arg (B31), Lys (B32) - NH2 hufan insulin, Arg (AO), His (A8), Glu (A15), Asp (A18),
Gly (A21), Arg (B31), Arg (832) NH2 human insulin, 15 Arg (AO), His (A8), Glu (A15), Asp (A18), Gly
(A21), Arg (B31), Lys (832) 2 human insulin, Arg (AO), His (A8), &lu(A5), Glu (A15), Gly (A21),
Arg (B31), Arg (B32) - NH2 human.nsulin, Arg (AO), His (A8), Glu (Aé) Glu (Al15), Gly (A21), Arg
(B31), Lys (832) NH2 human 20 in I|n Arg (AO), His(A8), Glu (A5)SGly (A21), Asp (B3), Arg (B31),

Arg{(B32) lin,_Arg (AQ), His(A8), Glu (A5), Gly (A21), Asp (B3), Arg (B31), Lys (B32
-|r\(I]J 2‘% %nﬁ azn§| ?é‘lfn r]%é(% %LP()A%!?J (élv]%A‘é%S NS}(é;?)JEEA?g)%ﬁfFA@)(Bgz)( :

NH2 human msulln Arg (AO), HIS (A8), GIu 15), Gly (A2 Asp (B3), i\rg (B31), Lys (B32) NH2
humas insWifly B30 B31 B32 (SEQ ID NO:
B-chain
10 30
where

A0 isLysorArg;
15
A5 s Asp, Gln or Gly;
A15 is Asp, Glu or Gin;
20 A18 is Asp, Glu 6r Asn;
B-1 is Asp, Glu or an amino group;
BO  is Asp, Glu or a chemical bond;
25
B1 is Asp, Giu or Phe;
B2 s Asp, Glu or Val;
30 B3 is Asp, Gluor Asn;
B4  is Asp, Gluor Gin;
B29 s Lys or a chemical bond;

35
B30 is Thr or a chemical bond;



Arg (AO), His (A8), Asp (A18), Gly (A21), Asp (B3), Arg (B31), Arg (B32) NH2 human 30 insulin, Arg
- (AO), His (A8), Asp (A18), Gly (A21), Asp (B3), Arg (B31)Lys (B32) - NH2 human insulin, WO
2011/003822PCT/EP2010/059436 8 Arg (AO), His(A8), Gly (A21), Asp (B3), Glu (B4), Arg (B31), Arg
(B32) - NH2 human:-insulin, Arg (AO), His (A8), Gly (A21), Asp (B3), Glu (B4), Arg (B31), Lys (B32) -
NH2 humOREATHO83832(A0), His (A8), Glu (A5), Gly (A21), Glu (B4), Ar® CTHEP20] GER8943H?2
human insulin, Arg (AO), His (A8), Glu (A5), Gly (A21), Glu (B4), Arg (B31), Lys (B32) - NH2 human
insulin, Arg (AO), His (A8), Glu (A15), Gly (A21), Glu (B4), Arg (B31), Arg (B32) - NH2 human 10
insulin, Arg (AO), His (A8), Glu (A15), Gly (A21), Glu (B4), Arg (B31), Lys (B32) - NH2 human insulin,
Arg (AO) gidis (A8)ARSA(ATH s GletARd): @HH(BA') Arg (B31), Arg (B32) - NH2 human insulin, 15 Arg
(AO), His (A8), Asp'?i &Gly (A21), Glu (B4), Arg (B31), Lys (B32) - NH2 human insulin, Arg (AO),
His (A8), Glu (A5), Gly (A21), Glu (BO), Arg (B31), Arg (B32) - NH2 human insulin,  Arg (AO), His
(A8), GlugAb), Gly, A(,@Z&M@éu L?Qén%%@?é'r) de¥ish 63 EJ\IHZ human 20 insulin, Arg (AO), His (A8),
Glu (A15), Gly (A21), Glu (BO), Arg (B31), Arg (B32) - ‘human insulin, Arg (AO), His (A8), Glu
(A15), @Iy (A21), Glu (BO), Arg (B31), Lys (B32) - NH2 human insulin, 25 Arg (AO), His (A8), Asp

(A18), Gly/ffd s AARRY -R18 (Etdeh s B3gro i iRemand RYlIk15, A18, B-1, BO, B1, B2,
B3, and B4, simultaneously and independently of one another, are Asp or Glu, in
particular in which the insulin analog is selected from a group containing:

Arg (A0), His (A8), Glu (A5), Asp (A18), Gly (A21), Arg (B31), Arg (B32) — NH, human

10 insulin,
Arg (A0), His (A8), Glu (AB), Asp (A18), Gly (A21), Arg (B31), Lys (B32) —~ NH, human
insulin,
Arg (AQ), His (A8), Glu (A15), Asp (A18), Gly (A21), Arg (B31), Arg (B32) — NH; human
insulin,
15 Arg (A0), His (A8), Glu (A15), Asp (A18), Gly (A21), Arg (B31), Lys (B32) — NH, human
insulin,
Arg (A0}, His (A8), Glu(A5), Giu (A15), Gly (A21)}, Arg (B31), Arg (B32) — NH, human
insulin,
Arg (AQ), His (A8), Glu (A5), Glu (A15), Gly (A21), Arg (B31), Lys (B32) — NH, human
20 insulin,
Arg (A0), His(A8), Giu (A5), Gly (A21), Asp (B3), Arg (B31), Arg (B32) — NHz human
insulin,
Arg (AD), His(A8), Glu (A5), Gly (A21), Asp (B3), Arg (B31), Lys (B32) — NH> human
insulin,
25 Arg (AD), His (A8), Glu (A15), Gly (A21), Asp (B3), Arg (B31), Arg (B32) — NH, human
insulin,
Arg (A0), His (A8), Glu (A15), Gly (A21), Asp (B3), Arg (B31), Lys (B32) — NH; human
insulin,
Arg (A0Q), His (A8), Asp (A18), Gly (A21), Asp (B3), Arg (B31), Arg (B32) — NH, human
30 insulin,

Arg (A0), His (A8), Asp (A18), Gly (A21), Asp (B3), Arg (B31), Lys (B32) — NH, human
insulin,



Arg (AO), His (A8),"Asp (A18), Gly (A21), Glu (BO), Arg (B31), Lys (B32) - NH2 human insulin,  Arg

- (AO), His (A8), Glu (A5), Gly (A21), Asp (B1), Arg (B31), Arg (B32) - NH2 human 30 insulin; Arg (AO),

His (A8), Glu (A5), Gly (A21), Asp (B1), Arg (B31), Lys (B32) - NH2 human insulin, Arg (AO), His (A8),
Glu (M5), Gly (A21), Asp (B1), Arg (B31), Arg(B32)- NH2 human insulin, Arg (AO), His (A8), Glu (A15),

 Gly (A Zii {@Q%?Z\?g (631), Lys (632)- NH2 human insulin, 5 Arg (ABG HERZ8104259438), Gly

(A21), Asp (B1), Arg (B31), Arg (B32)- NH2 hum@n insulin, Arg (AO), His (A8), Asp (A18), Gly (A21),

Asp (B1), Arg (B31), Lys (B32)- NH2 human insulin, Arg (AO), His (A8), Gly (A21), Glu (BO), Asp
(61), A@@%&b,'ﬁlﬁgﬁcé}éfygfym1W@@hr@é}ﬁ&%g&iﬁiﬁm,@a@{@;xkﬂhmum), Asp (B1),
Arg (Baddikys (B32) - NH2 human insulin, Arg (AO), His (A8), Asp (A18), Gly (A21), Asp (B3), Arg
(B30), Arg (631)- NH2 human insulin, 15 Ar \%gl), His (A8), Asp (A18), Gly (A21), Asp (B3), Arg
(BSO)ﬂf?s(%é)élkiﬂﬂﬁ@h%(ﬁﬁéﬂrliﬁswgﬂ iGHHuAE Bl deksel BR2Imdsbtvartarmulation as

descripgiahove, the insulin analog being selected from a group containing an insulin analog of the

formula 20 Il_ 15110 A-1 AQO AIIVEASCCHSI 25 30 B-1 BO 81V B3 B4 HL C
5 Arg (AD), His (A8), Glu (A5), Gly (A21), Glu (B4), Arg (B31), Arg (B32) —~ NH, human

insulin,
Arg (AQ), His (A8), Glu (A5), Gly (A21), Glu (B4), Arg (B31), Lys (B32) - NH, human
insulin,
Arg (A0), His (A8), Glu (A15), Gly (A21), Glu (B4), Arg (B31), Arg (B32) — NH, human
10 insulin,
Arg (AD), His (A8), Glu (A15), Gly (A21), Glu (B4), Arg (B31), Lys (B32) — NH, human
insulin,
Arg (AD), His (A8), Asp (A18), Gly (A21), Glu (B4), Arg (B31), Arg (B32) — NH, human
insulin,
15 Arg (AQ), His (AB), Asp (A18), Gly (A21), Glu (B4), Arg (B31), Lys (B32) — NH; human
insulin,
Arg (A0), His (A8), Glu (A5), Gly (A21), Glu (B0), Arg (B31), Arg (B32) ~ NH, human
insulin,
Arg (A0), His (A8), Glu (A5), Gly (A21), Giu (B0), Arg (B31), Lys (B32) — NH, human
20 insulin,
Arg (A0), His (A8), Glu (A15), Gly (A21), Glu (B0), Arg (B31), Arg (B32) — NH, human
insulin,
Arg (A0}, His (A8), Glu (A15), Gly (A21), Glu (B0), Arg (B31), Lys (B32) — NH, human
insulin,
25 Arg (A0), His (A8), Asp (A18), Gly (A21), Glu (BO0), Arg (B31), Arg (B32) —~ NH» human
nsulin,
Arg (AD), His (A8), Asp (A18), Gly (A21), Glu (BO), Arg (B31), Lys (B32) — NH; human
insulin,
Arg (AQ), His (A8), Glu (A5), Gly (A21), Asp (B1), Arg (B31), Arg (B32) — NH, human
30 insulin,
Arg (A0), His (A8), Glu (A5), Gly (A21), Asp (B1), Arg (B31), Lys (B32) — NH, human
insulin,



15 T P 829 B30 831 B32 3530 where (SEQ. ID NO: 4)B-chain A-1lis Lys, Arg or an amino group; WO
- 2011/003822PCT/EP2010/059436 10 AOis Lys, Arg or a chemical bond; Alis Arg or Gly; 5 ASis Asp,
Glu or Gin; A15 is Asp, Glu or Gin; 10 AI8 is Asp, Glu or Asn; A21 is Ala, Ser Thr or Gly; B-1 is Asp,
Glu or an amlno

r
WO 2071/003822 | PCT/EP2010/059436
9 )

Arg (A0), His (A8), Glu (A15), Gly (A21), Asp (B1), Arg (B31), Arg(B32) — NHz human

insulin,
Arg (AQ), His (A8), Glu (A15), Gly (A21), Asp (B1), Arg (B31), Lys (B32) — NH, human
insulin, |
S Arg (A0), His (A8), Asp (A18), Gly (A21), Asp (B1), Arg (B31), Arg (B32) — NH, human

insufin,
Arg (AD), His (A8), Asp (A18), Gly (A21), Asp (B1), Arg (B31), Lys (B32) — NH, human
insulin,
Arg (A0), His (A8), Gly (A21), Glu (B0), Asp (B1), Arg (B31), Arg (B32) — NH, human

10 insulin,
Arg (AQ), His (A8), Gly (A21), Glu (B0), Asp (81 ), Arg (B31), Lys (B32) — NH; human
insulin, _
Arg (A0), His (A8), Asp (A18), Gly (A21), Asp (B3), Arg (B30), Arg (B31) — NH, human
insulin,

15 Arg (A0), His (A8), Asp (A18), Gly (A21), Asp (B3), Arg (B30), Lys (B31) — NH, human
insulin.

The invention further provides a pharmaceutical formulation as described above, the

insulin analog being selected from a group containing an insulin analog of the formula

20 1
S [S]
1 5 1 10 | 15 20
A-1 A0 A1 TVEAS CCHS ICSLYAIS L E A18 v ¢ aA21
25 A-chain
| (SEQ. ID NO: 3) 1
i S
S s/
30 | |
B-1 B0 BLYVB3 B4 HLCGEGSHLVEALYLVCGERG GTFTPFY
1 5 10 15 20 25
5 T P B2S% B30 B31l B3z {SEQ. ID NO: 4} B-chain
30
where

A-1  is Lys, Arg or an amino group;



15 BOis Asp, Glu or a chemical bond; Blis Asp, Glu, Phe or a chemical bond; 20 B3is Asp, Glu or

- Asn; B4is Asp, Glu or Gin; B29 is Arg, Lys or an amino acid selected from the group containing the
amino acids 25 Phe, Ala, Thr, Ser, Val, Leu, Glu or Asp, or a chemical bond; B30 is Thr or a chemical
bond; B31 is Arg, Lys or a chemical bond; 30 B32 is Arg-amide or Lys-amide, WO

2011)6@@@2‘!5(8?) 10/059436 11 B-1, BO, B1, B2, B3 and B4, simB&H&RRN i@tbRtpendently
of one another, is Asp or Glu, in particular in whih the insulin analog is selected from a group
containing: Arg (A-1), Arg (AO), Glu (A5), His (A8), Gly (A21), Arg (B30)- NH2 human insulin, 5 Arg
(A-1), Arg (AO), Glu (A5), His (A8), Gly (A21), Lys (B30)- NH2 human insulin, Arg (A-1), Arg (AO), Glu
(A15)Alis (AL A2 aAIRERRA) bbIE human insulin, Arg (A-1), Arg (AO), Glu (A15), His (A8),
Gly (A21), Lys (B30) - NH2 human insulin, Arg (A-1), Arg (AO), Asp (A18), His (A8), Gly (A21), Arg
(B30) - NH2 human insulin, Arg (A-1), Arg (AO), Asp (A18), His (A8), Gly (A21), Arg (B30) - NH2
humag{nsulig, 61:@134@;1), Arg (AO), His (A8), Gly (A21), Glu (BO), Arg (B30) - NH2 human insulin,
Arg (A-1), Arg (AO), His (A8), Gly (A21), Glu (BO), Lys (B30) - NH2 human insulin, Arg (A-1), Arg
(AC%, His (A8), Gly (A21), Asp (B3), Arg (B30)- NH2 human insulin, Arg (A-1), Arg (AO), His (A8), Gly
(A21)plsp (msby@qggp)@wz human insulin, Arg (A-1), Arg (AO), His (A8), Gly (A21), Glu (B4),
Arg (B30)- NH2 human insulin, 15 Arg (A-1), Arg (AO), His (A8), Gly (A21), Glu (B4), Lys (B30)- NH2
human insulin, Arg (AO), His (A8), Gly (A21), Arg (B31), Arg (B32) - NH2 human insulin, Arg (AO), His
(A8), ﬁ%(A?slhﬁ,gdﬁp@@M,s (B32) - NH2 human insulin, Arg (AO), Glu (A5), His (A8), Gly (A21),
Arg (B31), Arg (B32) - NH2 human insulin, Arg (AO), Glu (A5), His (A8), Gly (A21), Arg (B31), Lys
(B32) - NH2 human insulin,

10 A18 is Asp, Glu or Asn;

A21 is Ala, Ser, Thr or Gly;

B-1 is Asp, Glu or an amino group;
15 |

BO  is Asp, Glu or a chemical bond;

B1 is Asp, Glu, Phe or a chemical bond;
20 B3  is Asp, Gluor Asn;

B4 s Asp, Gluor Gin;

B2G is Arg, Lys or an amino acid selected from the group containing the amino acids
25 Phe, Ala, Thr, Ser, Val, Leu, Glu or Asp, or a chemical bond;

B30 is Thr or a chemical bond;

B31 is Arg, Lys or a chemical bond;

30 B32 is Arg-amide or Lys-amide,

where not more than one amino acid residue from the group containing A5, A15, A18,



20 Arg (AO), Asp (M8), His (A8), Gly (A21), Arg-(B31), Arg (B32) - NH2 human insulin, Arg (AO), Asp
- (Al18), His (A8), Gly (A21), Arg (B31), Lys (B32)- NH2 human insulin, Arg (AO), Glu (A15), His (A8),
Gly (A21), Arg (B31), Arg (B32) - NH2 human insulin, Arg (AO), Glu (A15), His (A8), Gly (A21), Arg
(B31), Lys (B32) - NH2 human insulin, Arg (AO), His (A8), Gly (A21), Asp (B3), Arg (B31), Arg (B32) -
NH2 hum¥HGhalii/Ga3823 (AO), His (A8), Gly (A21), Asp (B3), Arg (B31), BETHERI0 NHIE8486:n
insulin, Arg (AO), His (A8), Gly (A21), Glu (B4), Arg 1831), Arg (B32) - NH2 human insulin, Arg (AO),
His (A8), Gly (A21), Glu (B4), Arg (B31), Lys (B32)- NH2 human insulin, Arg (AO), His (A8), Gly (A21),
Glu (BO), ey BB B ARZ (B3oanm B4 eimulianeolisywagdAmie pesdasily@lqne anaihe (BO A grg

(B31), Ly - bgnry: IR ARSI IS.(A8)..Gl ).-.NH2 human
insulin, A%{r??(%)j)ﬂls (AES), G?)r/{ (\ﬁ@%ﬁ ﬁ%@qéﬁ%aﬁﬁmggﬁ%éﬁﬁa rg %%@1":;8 Pgntﬁ'(%r,]%s (A8),
Gly (A21), Arg (B30) - NH2 human insulin, WO 2011/003822PCT/EP2010/059436 12 Arg (A-1), Arg

(AO), Hi Gy ( insyl ), His.(A8). Gly (A21), A
(B30)- NHD &(ésgﬁlﬁggli?#bifg (Ag”}?mai‘??%?&g’ﬁ%@?ﬁ@ﬁé@&%@h@%ﬁ%ﬁnwnn, s
(A8), G (10AANy A3 (A0 & (B ERH). i (Adin S71¥rH{AAM), 3-h 6380 ntisH fintinearpiosides a

; (i ; o gaaribniomipiqibe et
ot N o A o e B et ey, oo
B29-N-myNEddf-lintde (rél)li@lBi&Wbéﬁiﬁi(&ﬁ)h@ha%&%bIWS@&}mWEWWBMWBZQ human
insulin, 10 it 20 sy -N-PRAISLOVA T

el B8 R R e G e B AT R
human indMigh{AB49- RENAithe AsEyIAV Hiutisn{ABNSIBEBY hurAsa (BS@)n; NH2 human insulin,

B29-N inSHin, - |
amar e A A o MR o

comprising@d61 b 88 GBS £A8). Gvi6A20)n{ghn{BR  bysdEBdaliveNhdamarinsadd mg/ml of

an isotonialy RAer), ARELIONINA B 0 PTAS, Rs laveyign s PRaMAERARTALTIASEULoa

formulation as described above, comprising a preservative s om a éroup containing phenol,
m-cresol, Arg (A-1), Arg (AD), His (A8), Gly (A21), Asp (B3), Lys (B30) — NH, human insulin,
Arg (A-1), Arg (AO), His (A8), Giy (A21), Glu (B4), Arg (B30) — NH, human insulin,
15 Arg (A-1), Arg (AQ), His (A8), Gly (A21), Glu (B4), Lys (B30) — NH, human insulin,
Arg (A0), His (A8), Gly (A21), Arg (B31), Arg (B32) — NH, human insulin,
Arg (A0), His (A8), Gly (A21), Arg (B31), Lys (B32) — NH; human insulin,
Arg (A0), Glu (A5), His (A8), Gly (A21), Arg (B31), Arg (B32) — NH, human insulin,
Arg (AQ), Glu (A5), His (A8), Gly (A21), Arg (B31), Lys (B32) — NH, human insulin,
20 Arg (AD), Asp (A18), His (A8), Gly (A21), Arg (B31), Arg (B32) — NH, human insulin,
Arg (A0), Asp (A18), His (A8), Gly (A21), Arg (B31), Lys (B32) — NH, human insulin,
Arg (A0), Glu (A15), His (AB), Gly (A21), Arg (B31), Arg (B32) — NH, human insulin,
Arg (A0), Glu (A15), His (AB), Gly (A21), Arg (B31), Lys (B32) — NH, human insulin,
Arg (A0), His (A8), Gly (A21), Asp (B3), Arg (B31), Arg (B32) ~ NH, human insulin,
25 Arg (A0), His (A8), Gly (A21), Asp (B3), Arg (B31), Lys (B32) — NH, human insulin,
Arg (A0), His (A8), Gly (A21), Glu (B4), Arg (B31), Arg (B32) — NH, human insulin,
Arg (A0), His (A8), Gly (A21), Glu (B4), Arg (B31), Lys (B32) — NH, human insulin,
Arg (AQ), His (A8), Gly (A21), Glu (B0), Arg (B31 ), Arg (B32) — NH, human insulin,
Arg (A0), His (A8), Gly (A21), Glu (BO), Arg (B31), Lys (B32) — NHz human insulin,
30 Arg (A0), His (A8), Gly (A21), Arg (B30) — NH» human insulin,
Arg (AQ), His (A8), Gly (A21), Lys (B30) — NH, human insuliin,
Arg (A-1), Arg (AO), His (A8), Gly (A21), Arg (B30) — NH, human insulin,



25 chlorocresol, benzyl alcohol, and parabens. The invention further provides. a pharmaceutical
formulation as described above, comprising an isotonicity agent selected from a group containing
mannitol, sorbitol, lactose, dextrose, trehalose, sodium chloride, and glycerol. 30 The invention further
provides a pharmaceutical formulation as described above, having a pH in the range of pH 2.5 -4.5,
prefer¥fiy #013/603822 more preferably in the region of pH 3.75. WO 28R HFEAIRER01
0/059436 13 The invention further provides a phi#maceutical formulation as described above, the
insulin, insulin analog and/or insulin derivative being present in a concentration of 240 - 3000 nmol/ml.

5 The/ M RIFhEAD NI éAR) plahir i tlitled (BeRuathHokumasripetlimhove, comprising glycerol
ata cq_(]@em 'Ei%‘ 1 Qi [ Wb Irt Ylfiﬁ? : maceutical formulation as
described abtgve, CIPOI cg)m %g(rggw{g:%grgg?é%ncentrziioﬁﬂg? Q%mg/rm\.%ﬁér'invention further provides

a phafviadéicAratiliaklis(AS il ithel deye (BaMpridiy usasonstdisoncentration of 1 to 3
mg/m'H@?]‘%%@@(@QW'_A@(ﬁﬁsf‘%?rBtl@EQ?th_ﬂi-BrRMiﬂ%% gligmaceutical formulation as -
n

described above, comprising zinc at a concentration of 0.01 or 0.03 or 0.08 mg/ml. The invention
furtier provides a pharmaceutical formulation as described above, further comprising a glucagon-like

Peptident (flEHkidH RARSAREISSHRHNRTBEERRbAdRhRISHIN =5 YUY Qi PLBBRNAI9Y OF

derivative thereof, preferably exendin-4. The invention further provides a pharmaceutical formulation

as dedBABHQ %6\@“{& ARG SelerianFomdienainup isassrioing a9 b-grytstoshties(f30)
o UMD i an
analogrﬁ@ﬁeﬁéﬂfh‘@aiﬁ]é@lg@mmsgl@u Bé8rhbmytptad ? ep 2 Bluxsadiinaylingg),
10 B28-N-palmitoyl-Lys®***Pro®®® human insulin, B30-N-myristoyl-Thr®?°Lys®® human
insulin, B30-N-palmitoyl- Thr®**Lys®*® human insulin, B29-N-(N-palmitoyl-Y-glutamyl)-
des(B39) human insulin, B29-N-(N-lithocholyl-Y-glutamyl)-des(B30) human insulin,
B29-N-(w-carboxyheptadecanoyl)-des(B30) human insulin, and B29-N-(w-carboxy-
heptadecanoyl) human insulin.
15
The invention further provides a pharmaceutical formulation as described above,
comprising
0.001 to 0.2 mg/mi of zinc,
0.1 to 5.0 mg/ml of a preservative, and
20 5.0 to 100 mg/ml of an isotonicity agent, and

having a pH of 5 or less.

The invention further provides a pharmaceutical formulation as described above,
comprising a preservative selected from a group containing phenol, m-cresol,
25 chlorocresol, benzyl alcohol, and parabens.

The invention further provides a pharmaceutical formulation as described above,
comprising an isotonicity agent selected from a group containing mannitol, sorbitol,
lactose, dextrose, trehalose, sodium chioride, and glycerol.

30 The invention further provides a pharmaceutical formulation as described above,
having a pH in the range of pH 2.5 — 4.5, preferably pH 3.0 — 4.0, more preferably in
the region of pH 3.75.



30 desPro36 [IsoAsp28]exendin-4 (1-39), desPro36 [Met(0)14, Asp29exendin-4 (1-39), desPro36
© [Met( 0)14, IsoAsp28lexendin-4 (1-39), WO 2011/003822PCT/EP2010/059436 14 desPro36
[Trp(02)25, Asp28]exendin-2 (1-39), desPro36 [Trp(02)25, IsoAsp28]exendin-2 (1-39), , desPro36 -
[Met(0)14Tr (02526, Asp28Jexendin-4 (1-39) and desPro36 [Met(0)141rp(02)25, IsoAsp28lexendin-4
(1-39), 5 ¥4 R Eé)'tjically tolerable salt thereof. The invention furtherfirdvidR3G1B¥RPREER utical
formulation as described above in which the peptidé‘ %ysG-NHZ is attached to the C-termini of the
analogs of exendin-4. 10 The invention further provides a pharmaceutical formulation as described
above, in which an analog of exendin-4 is selected from the group containing H-(Lys)6- des Pro36

[Asp28jemidliivébtiaN Fiamérikdides AptRasffiaToiRiam R RS BetBaY DdRetieys)6- des
Pro36, Prom, Prom [Asp28]exendin-4(1-39) -NH2, 15 H-Asn-(Glu)6 des Pro36, Prom, Prom

[Asp28)easiiR-ApeLais) aRaleg aag ordRsutirorerivalive Reine Reseaatinaicanreniaton b,
240 — 3000 nmol/ml.

The invention further provides a pharmaceutical formulation as described above,
comprising glycerol at a concentration of 20 to 30 mg/ml.

The invention further provides a pharmaceutical formulation as described above,
10 comprising glycerol at a concentration of 25 mg/ml.

The invention further provides a pharmaceutical formulation as described above,
comprising m-cresol at a concentration of 1 to 3 mg/ml, preferably 2 mg/ml.

15 The invention further provides a pharmaceutical formulation as described above,
comprising zinc at a concentration of 0.01 or 0.03 or 0.08 mg/ml.

The invention further provides a pharmaceutical formulation as described above,
further comprising a glucagon-like peptide-1 (GLP1) or an analog or derivative thereof,
20 or exendin-3 and/or -4 or an analog or derivative thereof, preferably exendin-4.

The invention further provides a pharmaceutical formulation as described above, in
which an analog of exendin-4 is selected from a group containing
H-desPro®*-exendin-4-Lysg-NH;,

25 H-des(Pro®>*)-exendin-4-Lys,-NH, and
H-des(Pro®-*")-exendin-4-Lyss-NH,,
or a pharmacologically tolerable salt thereof, or in which an analog of exendin-4 is
selected from the group containing
desPro® [Asp®®lexendin-4 (1-39),

30 desPro® [isoAsp®®lexendin-4 (1-39),
desPro®® [Met(0)", Asp?®Jexendin-4 (1-39),
desPro® [Met(0)", isoAsp®®lexendin-4 (1-39),



H-(Lys)6- des Prom, Prom, Prom [Asp28]exendin-4(1-39)-(Lys)6-NH2, H-Asn-(Glu)s- des Pro36,

- Prom, Prom [Asp28]exendin-4(1-39)-(Lys)6-NH2, H-(Lys)6- des Pro36 [Trp(02)25,
Asp28Jexendin-4(1-39)-Lys6-NH2> 20 H- des Aspm Pro36, Prom, Prom [Trp(02)25]exendin-4(1-39)
-NH2, H-(Lys)6- des Pro36, Prom, Prom [Trp(02)25, Asp28]exendin-4(1-39) -NH2, H-Asn-(Giu)s- des
PromMS Al 1 biRP3824:(02)25, Asp28]exendin-4(1-39) -NH2, des Pro3&® GTHRP 3HNOG9ED) 25,
Asp28}exendin-4(1-39)-(Lys)6-NH2, H-(Lys)6- dés Pro36, Prom, Prom [Trp(02)25,

Asp28lexendin-4(1-39):(L ys)§:NH2, 25 H-Asn-(Glu)6- des Pro36, Pro37, Prom [Trp(02)25,

Asp28rSin hRa(Se)-(LOSK-Ierendint3 £Je39ks Pro36 [Met(0)14,

Asp2giarmadt i (S9PLYs6 AN e sisdiien (1 1dohspm Pro 36, Prom, Prom exendin-4(1-39) -NH2,
H-(Lys)6- deg Pro36, Bro 37, Prom [Mgt(0)14, Asp28]exendin-4(1-39) -NH2, H-Asn-(Glu)5- des Pro36,

Pronf 458 [I\/[Mﬁﬁ@i Kﬂﬁ@ex&ﬁﬂn%@@ﬁﬁﬂk% 868 Pro36, Prom, Prom [Met(0)14,

Asp28ieraadirdcken)4 ; A Pro36.4ypm, Prom [Met(0)14,
AsgﬁS]exendmA(lg%)-%@!\ﬁ; H-A@sﬁgﬁggé&@s@ ?o:rjng,i%row, Prom [Met(0)14, Asp21
ex

15
AR narB)acgogisali,tolrrabie selbtereob CT/EP201 0/059436 15 H-(Lys)6- des Pro36
[Met(0)14, Trp(02)25, Asp28lexendin-4(1-39)-Lys6-NH2, des Aspm Pro36, Pro37, Prom [Met(0)14,
Trp(02)21exendin-4(1-39) -NH2, H-(Lys)6- des Pro36, Pro37, Prom [Met(0)14, Trp(02)26,
Asp29BRdAMRNHUPN SR OMdes A Rilaynarautirsb By intiopr smdRRatibad ahepedn

exendiRidt i betide bARSNHOM dttad (O EMEK I hhi BRI )8 ai0gs of exendin-4.
Asp28}exendin-4(1-39)-(Lye)6-NH2, H-(Lys)6- des Pro36, Pro37, Prom [Met(0)14, Trp(02)26,
Asp28Jexendin-4(1-39)-(Lys)6- NH2, H-Asn-(Glu)6- des Prom, Pro37, Prom [Met(0)14, Trp(02)26,

Asp2BhexavdiidhlidPrelpRidds'a prapmachaiepsolnditaiyi e ablesplidhaigs, The invention

further provides a pharmaceutical formulation as described above, further comprising Arg34,ys_26

(Ns(y R A B0RIAG.ixendigm) jestatested somithgigreep soatsiRiRgacologically tolerable salt
therepi(ll§s)s- des Pro® [Asp®lexendin-4(1-39)-Lyss-NH;

des Asp?®Pro’®, Pro¥, Pro®® exendin-4(1-39) -NHs,
H-(Lys)s- des Pro®, Pro®, Pro® [Asp®jexendin-4(1-39) -NH;,

15 H-Asn-(Glu)s des Pro®®, Pro®, Pro® [Asp®lexendin-4(1-39) -NH,,
des Pro®, Pro®, Pro® [Asp®®lexendin-4(1-39)(Lys)s-NH;,
H-(Lys)e- des Pro®, Pro®, Pro® [Asp®lexendin-4(1-39)-(Lys)s-NHs,
H-Asn-(Glu)s- des Pro®, Pro®, Pro® [Asp®jexendin-4(1-39)-(Lys)s-NHy,
H-(Lys)e- des Pro® [Trp(02)%°, Asp?®lexendin-4(1-39)-Lyse-NH,,

20 H- des Asp®® Pro®, Pro¥, Pro® [Trp(0,)**lexendin-4(1-39) -NH;,
H-(Lys)s- des Pro®, Pro®, Pro®® [Trp(02)%°, Asp®®lexendin-4(1-39) -NH,,
H-Asn-(Glu)s- des Pro®, Pro®¥, Pro® [Trp(0,)%, Asp®lexendin-4(1-39) -NHs,
des Pro®, Pro®, Pro® {Trp(0.)%, Asp?®lexendin-4(1-39)-(Lys)e-NH,,
H-(Lys)s- des Pro®, Pro®, Pro®® [Trp(0,)%, Asp®lexendin-4(1-39)-(Lys)e-NHo,

25 H-Asn-(Glu)s- des Pro®, Pro¥, Pro® [Trp(0,)%, Asp®lexendin-4(1-39)-(Lys)s-NHs,
H-(Lys)e- des Pro® [Met(0)', Asp®lexendin-4(1-39)-Lyss-NHs,
des Met(O)™ Asp® Pro *¢, Pro™, Pro®® exendin-4(1-39) -NH,,
H-(Lys)s- des Pro®, Pro %7, Pro™ [Met(0)", Asp?®lexendin-4(1-39) -NH,,
H-Asn-(Glu)s- des Pro®, Pro®, Pro® [Met(0)"*, Asp?®] exendin-4(1-39) -NHs,

30 des Pro®, Pro®, Pro® [Met(0)", Asp®®lexendin-4(1-39)-(Lys)s-NH,
H-(Lys)e- des Pro®, Pro”, Pro® [Met(0)"*, Asp®*lexendin-4(1-39)-Lyse-NHs,
H-Asn-(Glu)s des Pro™, Pro®, Pro® [Met(0)", Asp®®] exendin-4(1-39)-(Lys)s-NHa,



The invention further provides a pharmaceutical formulation as described above, comprising

- methionine in a concentration range of up to 10 mg/ml, preferably up to 3 mg/ml. 20 The invention
further provides a process for preparing a formulation as described above, which comprises (a)
introducing the components into an aqueous solution and (b) adjusting the pH. 25 The invention
further pr(\%/ of a formulation as described above for treating Bfab&E2AEMARI4E
invention provides a medicament for treating diabetd$mellitus, composed of a formulation as
described above. 30 The specification,is descrligt?fgd bel%w with reference to a number of examples,

which areéb¥itlsndes RBraaMafksuTéniPoffeAsmarueRdin-4(B39)-Lyse-NHz,
2011/003322RX=hE RZGF0ORFLI6,4B 'ﬁﬂ&t{@ﬂg{}%(@gﬁ}éﬁﬂeﬂw%@%{ﬁdwg effect of new insulin

analogs of formula | in rats £ig. 2:blood,sugar redpycing effecitsof neyy Insulin ana ogs of formula | in
dogs 5 Fi§H-YowdlesZioreditng Bfect &@@?OSWFP&@@% Fif SR’ 2rendpedtitd oNhizpoglycemic

effect of W{20R(BIIRIHEIOPR: B1q0d Sugapredueine prealpPMusaliveingylisgnalpgs of formula Il in
rats Fig. 6: blood sugar reducing effect of insulin glgbrgmé in rats 10 Examples: %e examples below
are inteRdeests Y%sta:é'@ thEndMstdPihe HRERudn,; ArAoIeRRMG- 46 383ttty bifst. 15 Example

L: Studeson ) digBaIsiog i SPIuFIMENTS) MrPaR0 MRt A deRrnR Gy ReSjandard

conditions The solution is prepared by introducing about 25% of 0.1 M HCI and adding 0:2% of
Polysorb 0 stock solution. In succession, SAR161271 and the zinc chloride stock

H-Asn-(Glu)s- des Pro®, Pro™, Pro®® [Met(O)", Trp(02)%, Asp®®] exendin-4(1-39)-
(Lys)e-NHa,

10 or a pharmacologically tolerable salt thereof.

‘The invention further provides a pharmaceutical formulation as described above,
further comprising Arg>, Lys®® (N*(y-glutamyl(N°-hexadecanoyl))) GLP-1 (7-37)
[liraglutide] or a pharmacologically tolerable salt thereof.

15
The invention further provides a pharmaceutical formulation as described above,

comprising methionine in a concentration range of up to 10 mg/mil, preferably up to
3 mg/mil.

20 The invention further provides a process for preparing a formulation as described
above, which comprises
(a) introducing the components into an agueous solution and
(b) adjusting the pH.

25 The invention further provides for the use of a formulation as described above for
treating diabetes mellitus.

The invention provides a medicament for treating diabetes mellitus, composed of a
formulation as described above.

30
The specification is described below with reference to a number of examples, which
are not intended to have any restrictive effect whatsoever.



20 solution are added and stirred. Adding 1 M HCI at a pH of pH 2 dissolves SARI 61271. The solution
- is stirred and then 1 M NaOH is added to adjust the pH to pH 4.0. Injection-grade water is used to
make up to 90% of the batch size. Added to this solution in succession with stirring are glycerol 85%
and m-cresol. Injection-grade water is used to make up to the desired final weight. The solution is

filtere 21485 BABRattachment on a syringe. The batch was divided RS HRRRO 1HGEIAR6 (as
reference), gassed with nitrogen and gassed witTnGoxygen (as a positive control). Gassing took place
by blanketing with the gas in question. Untreated Amount of 5AR161271 301 M + 5C: 3.67 mg/ml 1 M
+25C: 3.46 mg/ml 1 M + 37C: 3.41 mg/ml WO 2011/003822PCT/EP2010/059436 17 Impurities 1 M +
5C: 304y IoMigued$: 3.6% 1 M + 37C: 5.6% 5 High molecular mass proteins 1 M + 5C: 0.2% 1 M +
25C: 0.3% 1 M + 37C:1.4% 10 Nitrogen treated Amount of SAR161271 1 M + 5C: 3.73 mg/ml 1 M +
25C: 560 hbiend wwaasredusing |afewingeln analogs of formula | in rats

Fig. 2: blood sugar reducing effect of new insulin analogs of formula | in dogs
5 Fig. 3: blood sugar reducing effect of YKL205 in dogs
Fig. 4: zinc dependence of hypoglycemic effect of YKL205 in dogs
Fig. 5: blood sugar reducing effect of inventive insulin analogs of formula it in rats
Fig. 6: blood sugar reducing effect of insulin glargine in rats

10 Examples:

The examples below are intended to illustrate the concept of the invention, without
having any restricting effect.

15 Example 1: Studies on the dispensing of the solution using nitrogen, oxygen, and
dispensing under standard conditions

The solution is prepared by introducing about 25% of 0.1 M HCI and adding 0.2% of
Polysorbate 20 stock solution. In succession, SAR161271 and the zinc chloride stock
20 solution are added and stirred. Adding 1 M HCI at a pH of pH 2 dissolves SAR161271.
The solution is stirred and then 1 M NaOH is added to adjust the pH to pH 4.0.
Injection-grade water is used to make up to 90% of the batch size. Added to this
solution in succession with stirring are glycerol 85% and m-cresol. Injection-grade
water is used to make up to the desired final weight. The solution is filtered using a
25 filter attachment on a syringe. The batch was divided into three: ungassed (as
reference), gassed with nitrogen and gassed with oxygen (as a positive control).
Gassing took place by blanketing with the gas in question.
Untreated
Amount of SAR161271
30 1M +5°C: 3.67 mg/ml
1M+ 25°C: 3.46 mg/ml
1M+ 37°C: 3.41 mg/ml



1M+5C:3.1% 1 M+ 25C: 3.5% 1 M + 37C: 5.2% High molecular mass proteins 201 M + 5C: 0.2% 1
- M+ 25C: 0.3% 1 M + 37C:1.2% Oxygen treated Amount of SARI 61 271 251 M + 5C: 3.54 mg/ml 1 M
+ 25C: 3.34 mg/ml 1 M + 37C: 3.26 mg/ml Impurities 1 M + 5C: 3.2% 301 M + 25C: 3.9% 1 M + 37C:
7.2% High molecular mass proteins WO 2011/003822PCT/EP2010/059436 18 1 M + 5C: 0.2%
WO 2011/003822 PCT/EP2010/059436
17

Impurities

1M+5°C: 3.0%

1M +25°C: 3.6%

1M+ 37°C: 5.6%
5 High molecular mass proteins

1M+5°C: 0.2%

1M+ 25°C: 0.3%

1M+ 37°C:1.4%

10 Nitrogen treated
Amount of SAR161271
1M+ 5°C: 3.73 mg/mi
1 M+ 25°C: 3.50 mg/mi
1 M +37°C: 3.35 mg/ml
15 Impurities
TM+5°C: 3.1%
1M +25°C: 3.5%
1M+37°C: 5.2%
High molecular mass proteins
20 1M +5°C: 0.2%
1M +25°C: 0.3%
1M+37°C:1.2%
Oxygen treated
Amount of SAR161271
25 . 1M+ 5°C: 3.54 mg/ml
1M+ 25°C; 3.34 mg/ml
1M + 37°C: 3.26 mg/m|
Impurities
TM+5°C: 3.2%
30 1M+ 25°C: 3.9%
1M+ 37°C: 7.2%
High molecular mass proteins



1M+ 25C:0.5% 1M + 37C:2.9% In the case of dispensing using nitrogen, there was no distinct

- reduction in impurities 5 after 1 month as compared with the untreated sample. In the case of
dispensing using oxygen, slightly higher impurities and high molecular mass proteins were apparent.
On the basis of these results, dispensing under standard conditions was selected. 10 Example 2:
Study §Re®lPRRB22 different antioxidants The solution was prepared4sTHEEAHEIGEM3nple 1. In
addition, between the addition of glycerol 85% ah@ m-cresol, the antioxidants - methionine or
glutathione or ascorbic acid - were added to the formulation in order to reduce the level of oxidative 15
by-product. The formulations coﬁt%’?‘néugﬂ%?%utathione (0.183 mg/ml) or ascorbic acid (0.105
mg/ml) showed a distinct discoloja{jon pites.jgsts3 months of storage. The formulation containing
methionine (0.089 mg/ml) showed no discoloration at all and was stable after 1 month of storage at
5C. Amount of SARI 61271 201 MM £87%43.8%/ml 1 M + 25C: 3.43 mg/ml 1 M + 37C: 3.53 mg/ml

Impurifietd e3R8 HeB¥h3ml MsindTfitrcudl thite WEns IR nalarI1an MasSRiateins 1 M +
5C:0.2% 1 M + 25C: 0.3% 301 M + 37C: 1.1%
5 after 1 month as compared with the untreated sample. In the case of dispensing using
oxygen, slightly higher impurities and high molecular mass proteins were apparent. On

the basis of these resuits, dispensing under standard conditions was selected.

10 Example 2: Study of stability with 3 different antioxidants

The solution was prepared as described in example 1. In addition, between the
addition of glycerol 85% and m-cresol, the antioxidants - methionine or glutathione or’
ascorbic acid - were added to the formulation in order to reduce the level of oxidative
15 by-product. The formulations containing either glutathione (0.183 mg/mi) or ascorbic
acid (0.105 mg/ml) showed a distinct discoloration after just 3 months of storage. The
formulation containing methionine (0.089 mg/mi) showed no discoloration at all and
was stable after 1 month of storage at 5°C.
Amount of SAR161271
20 1M+ 5°C: 3.43 mg/ml
1M+ 25°C: 3.43 mg/ml
1M+ 37°C: 3.53 mg/ml
Impurities
1M +5°C: 2.9%
25 1M+ 25°C: 3.4%
1M+ 37°C: 5.7%
High molecular mass proteins
1M+ 5°C: 0.2%
1M +25°C:0.3%
30 1M+37°C:1.1%

Example 3: Formulation of amidated insulin derivatives



Example 3: Formulation of amidated insulin derivatives WO 2011/003822PCT/EP2010/059436 19

- Examples 3 to 7 serve only for the determination of the biological, pharmacological, and .
physicochemical properties of insulin analogs of formula I, involving first the provision of formulathns
thereof (example 3) and then the conduct of corresponding 5 tests (examples 4 to 7). A solution with
the comp¥RHEOAADPASRZ ed as follows: the insulin analog of the inventionREEER2ONDFIERS
target concentration of 240 5 pM in 1 mM hydrochld® acid with 80 pg/ml zinc (as zinc chloride). The
compositions used as dissolution medium were as follows: 10 a) 1 mM hydrochloric acid b) 1 mM .
hydrochloric acid, 5 pgiml zinc (added as zinc chloride or hydrochloric acid) ¢) 1 mM hydrochloric acid,

10 pg/ml # [ lor [ ' 4 rochloric acid, .15 pg/ml zinc
e o S M s
[ A0S PP acigs Zngcl ehloride or
ey dypR okl ips{adoed as e ords ar tygrochioric
acid) For this purpose, an amount of tﬁ%ﬂeze- rl%%ly%atena igher by around E%Stﬁar) ¥ amount
needecPoffiie (faampland ivnibediaohdightvwitiithee cargeouorsenaativerztadaasticitavesghies out.

Thereafte, existing c frati e ' . s of,analytical HPLC ggt e_solytion
s then T A B B o e R e et S o
achieve thie 1argéthysroshicrioacid ndtie 86apg/ thierjrtd (esszieadihkigdad 3.5 0.1. Following final
analysis by HPLC to ensure the target concentration of 240 5 pM, the completed solution was
transferred, 25 using a syringe having a 0.2 pm filter attachment, into a sterile vial which was closed

with a seﬁfbm@mmeiﬁmdmasdislseIsﬁoumdiumngmm#rﬁgllofmhe insulin derivatives of the
mventm,a(tepﬁerﬁ‘mq@[]pogﬁﬁgﬁgg%& of the formulations, in relation, for example, to addition of isotonic

agents, préservatives or er substances. 30 Example 4: Evaluation of the blood sugar-reducing
action of few mddiirydrablgsimasics, 5\(Q/p01Are02ekREGE FiR2 GHBRRIS6B@ rochioric acid)
c} 1 mM hydrochloric acid, 10 pg/mi zinc (added as zinc chloride or hydrochioric acid)
d) 1 mM hydrochloric acid, 15 pg/ml zinc (added as zinc chloride or hydrochloric acid)
e) 1 mM hydrochloric acid, 30 pg/mi zinc (added as zinc chloride or hydrochloric acid) -
15 ) 1 mM hydrochioric acid, 80 ug/ml zinc (added as zinc chioride or hydrochloric acid)

g) 1 mM hydrochloric acid, 120 pg/ml zinc (added as zinc chioride or hydrochiloric acid)

For this purpose, an amount of the freeze-dried material higher by around 30% than
the amount needed on the basis of the molecular weight and the target concentration
20 was first weighed out. Thereafter the existing concentration was determined by means
of analytical HPLC and the solution was then made up with 5 mM hydrochioric acid
with 80 ug/mi zinc to the volume needed in order to achieve the target concentration. If
necessary, the pH was readjusted to 3.5 + 0.1. Following final analysis by HPLC to
ensure the target concentration of 240 + 5 uM, the completed solution was transferred,
25 us:ng a syri'rige- haviﬂg‘é 0.2 um filter éﬁachment, into a sterile vial which was closed
with a septum and a crimped cap. For the short-term, single tésting of theinsulin
derivatives of the invention, there was no optimization of the formulations, in relation,

for example, to addition of isotonic ag_énts, preservatives or buffer substances.
30 Example 4: Evaluation of the blood sugar-reducing action of new insulin analt;gs in rats

The biood sugar-lowering effect of selected new insulin analogs is tested in healthy



male normoglycemic Wistar rats. Male rats receive a subcutaneous injection of a dose of 9 nmol/kg of
- an insulin analog. Immediately before the injection of the insulin analog and at regular intervals for up
to eight hours after injection, blood samples are taken from the animals, and their blood sugar content
determined. The experiment shows 5 clearly (cf. fig. 1) that the insulin anal_g&of the invention leads to

a signhEhAtly HR8R%4R onset of action and to a longer, uniform durationR$ BeeBROEXARBH3S:

Evaluation of the blood sugar-reducing action ofRew insulin analogs in dogs 10 The blood
sugar-lowering effect of selected new insulin analogs is tested in healthy male normoglycemic

beag I@@lmﬁ%@ﬁm%mm§t§r§%ﬂéﬂ§d@§ RREQINA BfsiBedi2neaumiripcgen ahadors analog.
Immegfaieinbeiey dfam NEatiPaRiY IRtHiRNSIP B aRrAtHe AHBEIBIe bralsd MdtmtedAtsgignt hours

after injection, blood samples 15 are taken from the animals, and their blood sugar content

deter@iitkat Fask @k iRtarial Bigwsteisight keuns aieriniertians bircshsaspirsrerdiakamn that is
used fpaastie amieriicamy RIRgIRd @ RERkr iarion YR 1ead $ha BIBERALRIMRfaction.

Example 6: Evaluation of the blood sugar-reducing action in dogs with twofold-20 increased dose The

bloddLeaAY-(Shdignd Lihat the danulin anainaeiie nvapensieasiadamisiamfiganterebamissty cemic

beaglghsMaeAAIBIRENERS Y ASHDCHAGRAIIIRSHOR SbAdose of 6 nmol/kg and 12 nmol/kg of an
insulin analog. Immediately before the 25 injection of the insulin analog and at regular intervals for up

to forty-eight hours after injection, blood samples are taken from the animals, and their blood sugar

conte BielRipI IR THateHPr IRE M SHO WS UPAL (S o e henaslinRaAag fhe invention

that is used has a dose-dependent effect, but that, despite the twofold-increased dose, the effect
profiléj%gﬁat, i.e., there is no pronounced low point (nadir) 30 observed. From this it may be inferred
thagthe insulins of the invention, in comparison to known retarded insulins, lead to significantly fewer
hypoglycemic events. WO 2011/003822PCT/EP2010/059436 21 Example 7: Evaluation of the blood
sugarrea ARy sHgariPwssRg piferielaniesiaRawHBRYIB aneiagsis teraddndiealiBlexperiments

were pRieHHGERRFRIHISSHIEX MRS ANntdFeceivBVSIBE RIRelis MeRtiRGly he time/activity

curve of the insulin analog of the invention can be influenced through the amount of zinc ions in the

formufidfsholinmRlkgrAt an sin-abaleg inawmediatelc hefarsyhedniertipm ohthe breatifon is
obserypgiolzag af feslianGrreRSR RRUEHR ISHOLRATEIRIBIAY R iRRIGR NV RFs8Ss AYiBiadigher zinc

content, a flat onset of action is observed and the insulin effect persists for much 10 longer than 24

holRs2 i R ARG GaiRal Hranfitasidoiood isusan ravies tsalepnisasol he sxpertagtor the
deterrgioaiio BlehHE(BIofROioRtHAaR@ aeslnBigRAalog of the invention that is used leads to a

significantly retarded onset of action and to a ionger, uniform duration of action.

Example 6: Evaluation of the blood sugar-reducing action in dogs with twofold-
20 increased dose |

The blood sugar-lowering effect of selected new insulin analogs is tested in healthy
male normoglycemic beagles. Male animals receive a subcutaneous injection of a
dose of 6 nmol/kg and 12 nmol/kg of an insulin analog. Immediately before the

25 injection of the insulin analog and at regular intervals for up to forty-eight hours after
injection, blood samples are taken from the-animals, and their blood sugar content
determined. The experiment shows clearly (cf. fig. 3) that the insulin analog of the
invention that is used has a dose-dependent effect, but that, despite the twofoid-
increased dose, the effect profile is flat, i.e., there is no pronounced low point (nadir)

30 observed. From this it may be inferred that the insulins of the invention, in comparison

to known retarded insulins, lead to significantly fewer hypogiycemic events.



15 and physicochemical properties of insulin analogs of formula Il, involving first the provision of

- formulations thereof (example 8) and then the conduct of corresponding tests (examples 9 and 10).
The insulin analog of the invention was dissolved with a target concentration of 240 5 pMin 1 mM
hydrochloric acid with 80 pg/ml zinc (as zinc chloride). For this purpose, an amount of the freeze-dried
material H§Re2®12808822hd 30% than the amount needed on the basis of RETHERAMIE/0684B6and
the target concentration was first weighed out. Ther@after the existing concentration was determined
by means of analytical HPLC and the solution was then made up with 5 mM hydrochloric acid with 80
pg/ml zinE¥@meledlukahwdisaditbedelons siigeveatucing eftent demtogsowithf differssdry, the pH was

readjuSteeéﬂéﬁtrgtfbrg%%'&%?&g%wéﬂﬂﬁ by HPLC to ensure the target concentration of 240 5

pM, the completed solution was transferred, using a syringe having a 0.2 pm filter attachment, into a
sterile vial which was closed with a septum and a crimped cap. For the short-term, single testing of the

insulin deftvati ' i : kmizadi f ions, in relatign, for
eample. o A B e e ARy R e

_2011/053%&@&}99!2@3@505%3@@3%@%@%% affategféhertpdentiorinsaribanalogs
s tested stk RAIG A MASUABING Y IA! fale NAIB FIRSERE A aHARUAaRoyS njection of a
n ana efore t Ioh 0

dose of 9 nmol/kg of an insulin analog. Immediately e injec the insulin"analog 5 and at
regular inGSRERNIERR ©f Migutinoi Sugtepiwertibat Blcapidanpid ohestakels beethedaiaels, and

their bloog Sdqa RBRIR aH HRrladi SRRIIERL SR IWhGIFRT AR [ 1AL g isulin analog
of the invention leads to a significantly retarded onset of action and to a [onder, uniform dufation of
action. 1(ceRtanple fiat enselafiesiiantis ohasvadanddhecinguictiefiest persistsulor amatbgs in dogs
The bigpdspigariamesPadgifget of selected new insulin analogs is tested in healthy male
normoglycemic beagles. Male animals receive a subcutaneous injection of a 15 dose of 6 nmol/kg of

an insulin analog. Immediately before the injection of the insulin analog and at regular intervals for up

to forty-eig%m@@fpedrm&%%,M(&%@ﬁé@lﬁgmﬁ &aéfmﬂ%l% the animals, and their blood sugar

content determined. The experiment shows clearly that the insulin analog of the invention leads to a
significantly retarded, flat onset of action and to a longer, uniform duration of action. 20 WO

SRR e Mok ] R
and mEIhdfinehysicochemical properties of insulin analogs of formula Il, involving first the
provision of formulations thereof (example 8) and then the conduct of corresponding
tests (examples 9 and 10). The insulin analog of the invention was dissolved with a
target concentration of 240 + 5 uM in 1 mM hydrochloric acid with 80 pg/ml zinc (as
zinc chloride). For this purpose, an amount of the freeze-dried material higher by
20 around 30% than the amount needed on the basis of the molecular weight and the
target concentration was first weighed out. Thereafter the existing concentration was
determined by means of analytical HPLC and the solution was then made up with
5 mM hydrochloric acid with 80 pg/ml zinc to the volume needed in order to achieve
the target concentration. If necessary, the pH was readjusted to 3.5 + 0.1. Following
25 final analysis by HPLC to ensure the target concentration of 240 + 5 uM, the compieted
solution was transferred, using a syringe having a 0.2 um filter attachment, into a
sterile vial which was closed with a séptum and a crimped cap. For the short-term,
singie testing of the insulin derivatives of the invention, there was no optimization of
the formulations, in relation, for example, to addition of isotonic agents, preservatives
30 or buffer substances. |

Example 9: Evaluation of the blood sugar-reducing action of new insulin analogs in rais



5 2. The pharmaceutical formulation as claimed in claim 1, the insulin being selected from a group

- containing human insulin, porcine insulin, and bovine insulin. 3. The pharmaceutical formulation as
claimed in claim 1, the insulin analog being 10 selected from the group containing Gly(A21), Arg(B31),
Arg(B32) human insulin, Lys(B3), Glu(B29) human insulin, Asp(B28) human insulin, Lys(B28)

Pro(BYSY RO A08R84%. Des(B30) human insulin and an insulin analog BEWERRRMA059436
151511011520 AOG | VEASCCHSICSLYA15LEA48YCG (SEQ ID NO: 1)\A-chain S | 20SS Il B-1 BO
B1 B2 B3 BAHLCGSHLVEALYLVCGERGFFY 1510152025 25 T P B29 B30 B31 B32 B-chain 30
where 30

The blood sugar-lowering effect of selected new insulin analogs is tested in healthy
male normoglycemic Wistar rats. Male rats receive a subcutaneous injection of a dose
of @ nmoi/kg of an insulin analog. Immediately before the injection of the insuiin analog

5 and at regular intervals for up to eight hours after injection, blood samples are taken
from the animals, and their blood sugar content determined. The experiment shows
clearly (cf. fig. 5) that the insulin analog of the invention leads to a significantly retarded
onset of action and to a longer, uniform duration of action.

10 Example 10: Evaluation of the blood sugar-reducing action of new insulin analogs in
dogs

The blood sugar-lowering effect of selected new insulin analogs is tested in healthy
male normoglycemic beagles. Male animals receive a subcutaneous injection of a

15 dose of 6 nmol/kg of an insulin analog. Immediately before the injection of the insulin
analog and at regular intervals for up to forty-eight hours after injection, blood samples
are taken from the animals, and their blood sugar content determined. The experiment
shows clearly that the insulin analog of the invention leads to a significantly retarded,

flat onset of action and to a longer, uniform duration of action.
20



AOQis Lys or Arg; ASis Asp, GIn or Glu; 35 A15 is Asp, Glu or GIn; Al 8 is Asp, Glu or Asn; WO

- 2011/003822PCT/EP2010/059436 24 B-1 is Asp, Glu or an amino group; BOis Asp, Glu or a chemical
bond; 5 Blis Asp, Glu or Phe; B2is Asp, Glu or Val; 10 B3is Asp, Glu or Asn; B4is Asp, Glu or GIn;
B29 is Lys or a chemical bond; 15 B30 is Thr or a chemical bond; B31 is Arg, Lys or a chemical bond;
20 B32 isMR2MHE0BI2Amide or an amino group, where two amino acid RGTIER26M 5843
containing A5, A15, A18, B-1, BO, B1, B2, B3, and B3, simultaneously and independently of one
another, are Asp or Glu.

What is claimed is:

1. An agueous pharmaceutical formulation comprising an insulin, insulin analog or

insulin derivative, or a pharmacologically tolerable salt thereof, and methionine.

2. The pharmaceutical formulation as claimed in claim 1, the insulin being selected

from a group containing human insulin, porcine insulin, and bovine insulin.

3. The pharmaceutical formulation as claimed in claim 1, the insulin analog being
10 selected from the group containing Gly(A21), Arg(B31), Arg(B32) human insulin,
Lys(B3), Glu(B29) human insulin, Asp(B28) human insulin, Lys(B28) Pro(B29) human
insulin, Des(B30) human insulin and an insulin analog of the formula |
) S
15 1 5 :
A0 G I VEA5C

10 . 15 : 20
CSLYAIS L EAI8 Y C G

C I
| SEQ ID NO: 1)
S

20 \s

B-1 B0 B1 B2 B3 B4 HLCGSHLVEALYLVCGERGTFTFY
1 5 10 15 20 25

H S
{ A-chain

e N — 1

25 T P B29 B30 B31 B32 {SEQ ID NO: 2)
B-chain
30

where
30
A0  isLlysorArg;
A5 is Asp, GIn or Glu;

35 A15 is Asp, Glu or Gin;

A18 is Asp, Glu or Asn;



25 4. The pharmaceutical formulation as claimed in claim 3, in which the insulin analog is- selected

- from the group containing: Arg (AO), His (A8), Glu (A5), Asp (A18), Gly (A21), Arg (B31), Arg (B32) -
NH2 human insulin, Arg (AO), His (A8), Glu (A5), Asp (A18), Gly (A21), Arg (B31), Lys (B32) - NH2
human 30 insulin, Arg (AO), His (A8), Glu (A15), Asp (A18), Gly (A21), Arg (B31), Arg (B32) - NH2
humaN¥Rs&/ 1 AAR3812 1/003822PCT/EP2010/059436 25 Arg (AO), HiP@EIEBRD (A1B59486 (A18),
Gly (A21), Arg (631), Lys (632)- NH2 human insdin, Arg (AO), His (A8), Glu(A5), Glu (A15), Gly (A21),
Arg (B31), Arg (632)- NH2 human insulin, 5 Arg (AO), His (A8), Glu (A5), Glu (A15), Gly (A21), Arg
(631), Lys (B32) - NH2 human insulin, Arg (AO), His(A8), Glu (A5), Gly (A21), Asp (63), Arg (631), Arg

(632)-gNH2 gyl : IS(A8), Glu (A5), Gly (A21), Asp (63), Arg (B31), Lys (B32)-
NH2 h%uxanhlgéniﬁghlﬁaﬁgﬂga&%@ﬁaig(}gg , Glu (A15) Gly (A21), Asp (63), Arg (631), Arg (632)- NH2
human insulin, Arg (AO), His (A8), Glu (A15), Gly (A21), Asp (B3), Arg (B31), Lys (632)- NH2 human

insulingd5 Ax i A nGlY (A21), Asp (B3), Arg (631), Arg (B32) - NH2 human
insuli?%rg (Eg)&%)lggﬁhsﬁi& GI?/GZ’AZD, Asp (63), Arg (631), Lys (B32) - NH2 human insulin,

ArgQAO), His(A8), Gly (A21), Asp (63), Glu (64), Arg (B31), Arg (B32) - NH2 human 20 insulin, Arg
(AO), His (A%’@M,(éﬁ%rmg%)’ Glu (B4), Arg (631), Lys (632)- NH2 human insulin,

B2 is Asp, Glu or Val;
10 B3  is Asp, Glu or Asn;
B4 s Asp, Gluor Gin;

B29 is Lys or a chemical bond;
15
B30 is Thror a chemical bond;

B31 s Arg, Lys or a chemical bond:
20 B32 is Arg-amide, Lys-amide or an amino group,

where two amino acid residues of the group containing A5, A15, A18, B-1, B0, B1, B2,
B3, and B4, simultaneously and independently of one another, are Asp or Glu.

25 4. The pharmaceutical formulation as claimed in claim 3, in which the insulin analog is
selected from the group containing: )
Arg (AO), His (A8), Glu (A5), Asp (A18), Gly (A21), Arg (B31), Arg (B32) — NH, human
insulin,
Arg (A0), His (A8), Glu (A5), Asp (A18), Gly (A21), Arg (B31), Lys (B32) — NH; human
30 insulin,
Arg (AD), His (A8), Giu (A15), Asp (A18), Gly (A21), Arg (B31), Arg (B32) — NH, human
insulin,



Arg (AO), His (A8), Glu (A5), Gly (A21), Glu (B4), Arg (B31), Arg (B32)- NH2 human insulin, 25 Arg

+ (AO), His (A8), Glu (A5), Gly (A21), Giu (64), Arg (B31), Lys (B32) - NH2 human insulin, Arg (AO), His
(A8), Glu (A15), Gly (A21), Glu (64), Arg (631), Arg (632)- NH2 human insulin,  Arg (AO), His (A8),
Glu (A15), Gly (A21), Glu (B4), Arg (B31), Lys (B32)- NH2 human 30 insulin, Arg (AO), His (A8), Asp
(A18), Gy (KA ?@E&%&%, Arg (631), Arg (632)- NH2 human insulin, WO PCT/EP2010/059436
2011/003822PCT/EP2010/059436 26 Arg (AO), His?A8), Asp (A18), Gly (A21), Glu (84), Arg (831),
Lys (B32) - NH2 human insulin, Arg (AO), His (A8), Glu (A5), Gly (A21), Glu (BO), Arg (B31), Arg
(B32) - NASHAMAISAR). Sl AAD) AR (ABS)CRIV AR GIVNBLBE Blb YB B3Rty (NEbhuyas32) -
NH2 humgggimsulin, Arg (AO), His (A8), Glu (A15), Gly (A21), Glu (BO), Arg (B31), Arg (B32) - NH2
human insulin, Arg (AO), His (A8), Glu (Al15), Gly (A21), Glu (BO), Arg (B31), Lys (832) - NH2
human 10%?95%9),/&%@9 ); ﬁlg(@g&‘),ﬁwm ) @Ry Ase(BSA), Arg (B3D) ANHBRaMaNH2
human ingydinidArg (AO), His (A8), Asp (A18), Gly (A21), Glu (BO), Arg (B31), Lys (B32) - NH2 human
insulin, 15 Arg (AQ), His (A8), Glu (A5), Gly (A21), Asp (B1), Arg (B31), Arg (B32) - NH2 human
insulin,%r‘ér@gé?,) A8 ,)(ﬁ]L{% ,)dﬁ)l{ 1§)A§6¥(é‘1§?)«@@ 31DyeUBEF2)NnH 2 sERER S Ulin,
Arg (AO),iktisl(A8), Glu (A15), Gly (A21), Asp (81), Arg (B31), Arg(B32) - NH2 human 20 insulin, Arg
(AO), His’&A8), Glu (A15) )G<'¥1 (A215)), Asp ((Bl), Arg (831%, Lys (8322)- NH2 human insulin,

rg (A0), His(A8 u (A5), Giy (A21), Asp (B3), Arg (B31), Arg (B32) — NH, human
insulin,
Arg (AQ), His(A8), Glu (A5), Gly (A21), Asp (B3), Arg (B31), Lys (B32) — NH, human
10 insulin,
Arg (A0), His (A8), Glu (A15), Gly (A21), Asp (B3), Arg (B31), Arg (B32) — NH, human
insulin,
Arg (AC), His (A8), Glu (A15), Gly (A21), Asp (B3), Arg (B31), Lys (B32) — NH, human
insulin,
15 Arg (AO), His (A8), Asp (A18), Gly (A21), Asp (B3), Arg (B31), Arg (B32) — NH, human
insulin,
Arg (A0), His (A8), Asp (A18), Gly (A21), Asp (B3), Arg (B31), Lys (B32) — NH, human
insulin,
Arg (AQ), His(A8), Gly (A21), Asp (83)', Glu (B4), Arg (B31), Arg (B32) — NH, human
20 insulin,
Arg (AQ), His (A8), Gly (A21), Asp (B3), Glu (B4), Arg (B31), Lys (B32) ~ NH, human
insulin, _
Arg (A0), His (A8), Glu (A5), Gly (A21), Glu (B4), Arg (B31), Arg (B32) — NH» human
insulin, -
25 Arg (A0), His (A8), Glu (A5), Gly (A21), Glu (B4), Arg (B31), Lys (B32) — NH, human
insulin, :
Arg (AD), His (A8), Glu (A15), Gly (A21), Glu (B4), Arg (B31), Arg (B32) — NH, human
insulin,
Arg (A0), His (A8), Glu (A15), Gly (A21), Glu (B4), Arg (B31), Lys (B32) — NH, human
30 insulin,

Arg (A0), His (A8), Asp (A18), Gly (A21), Glu (B4), Arg (B31), Arg (B32) — NH, human
insulin, :



Arg (AO), His (A8), Asp (A18), Gly (A21), Asp (B1), Arg (B31), Arg (B32) - NH2 human insulin, 25 Arg
- (AO), His (A8), Asp (A18), Gly (A21), Asp (81), Arg (B31), Lys (B32) - NH2 human insulin, Arg (AO),
His (A8), Gly (A21), Glu (BO), Asp (B1), Arg (B31), Arg (B32) - NH2 human insulin,  Arg (AO), His
(A8), Gly (A21), Glu (BO), Asp (B1), Arg (831), Lys (B32) - NH2 human 30 insulin, Arg (AO), His (A8),
Asp (A9 2841 (8338225 (83), Arg (B30), Arg (831)- NH2 human insuliRCWEP2010/059436
2011/003822PCT/EP2010/059436 27 Arg (AO),48is (A8), Asp (A18), Gly (A21), Asp (B3), Arg (B30),
Lys (B31) - NH2 human insulin. 5. The pharmaceutical formulation as claimed in claim 1, the insulin
analof BNl B8y Hism &ﬁé%dﬁhfbﬂf@m@@ Bdhshria E@310glomstiBIBymiNedy NEan 520 10
A-1 AAIMEASCCHSICSLYAL5LEA18YCAZ21 (SEQ. ID NO: 3)1A-chain 15SS ™Y I1 B-1 BO 31V133
34HLCGSHLVEALYLVCGERGFFY 1510152025 20 T P 1329 330 1331 332(SEQ. ID NO: 4)B-chain
30 Arg (AO), His (A8), Glu (A5), Gly (A21), Glu (BO), Arg (B31), Arg (B32) — NH; human

insulin,

5 Arg (AD), His (A8), Glu (A5), Gly (A21), Glu (B0), Arg (B31), Lys (B32) — NH, human
insulin,
Arg (AQ), His (A8), Glu (A15), Gly (A21), Glu (B0), Arg (B31), Arg (B32) — NH, human
insulin,

Arg (AQ), His (A8), Glu (A15), Gly (A21), Giu (B0), Arg (B31), Lys (B32) — NH; human
10 insulin,

Arg (A0), His (A8), Asp (A18), Gly (A21), Glu (BO), Arg (B31), Arg (B32) - NH, human
insulin,
Arg (A0), His (A8), Asp (A18), Gly (A21), Glu (BO), Arg (B31), Lys (B32) — NH, human
insulin, _ o _
15 Arg (AD), His (A8), Glu (A5), Gly (A21), Asp (B1), Arg (B31), Arg (B32) — NH; human
insulin,
Arg (AD), His (A8), Glu (A5), Gly (A21), Asp (B1), Arg (B31), Lys (B32) — NH, human
insulin,
Arg (AD), His (A8), Glu (A15), Gly (A21), Asp (B1), Arg (B31), Arg(B32) — NH, human
20 insulin,
Arg (A0), His (A8), Glu (A15), Gly (A21), Asp (B1), Arg (B31), Lys (B32) — NH, human
insulin, :
Arg (A0), His (A8), Asp (A18), Gly (A21), Asp (B1), Arg (B31), Arg (B32) — NH, human
insulin,
25 Arg (A0Q), His (AB), Asp (A18), Gly (A21), Asp (B1), Arg (B31), Lys (B32) — NH, human

insulin,

Arg (A0), His (A8), Gly (A21), Glu (B0), Asp (B1), Arg (B31), Arg (B32) — NH, human
insulin,

Arg (AD), His (A8), Gly (A21), Glu (BO), Asp (B1), Arg (B31), Lys (B32) — NH, human
30 insulin,

Arg (AD), His (A8), Asp (A18), Gly (A21), Asp (B3), Arg (B30), Arg (B31) — NH, human
insulin,



where 25 A-1 is Lys, Arg or an amino group; AOis Lys, Arg or a chemical bond; Alis Arg or Gly; 30
- ASis Asp, Glu or Gin; Al5 is Asp, Glu or Gin; 35 A18 is Asp, Glu or Asn; A21 is Ala, Ser, Thr or Gly;
WO 2011/003822PCT/EP2010/059436 28 B-1lis Asp, Glu or an amino group; BOis Asp, Glu or a

chemical bond 5 Blis A%EnGlu Phe or a chemical bond; B3is Asp, Glu or Asn; B4is Asp, Glu or Gin;
10 B29 iS4y 204/8038%mino acid selected from th;? group containing thePGTIRPRSAOORO4RR, Thr,

Ser, Val, Leu, Glu or Asp, or a chemical bond,

Arg (AQ), His (A8), Asp (A18), Gly (A21), Asp (B3), Arg (B30), Lys (B31) —~ NH; human
insufin.

5. The pharmaceutical formulation as claimed in claim 1, the insulin analog being
5 selected from the group containing an insulin analog of the formula !l

S S
1 5 ] 10 | 15 20
M0Aa-1 20 A1 I VEASCCHSICSULYAIS L B A1B Y C A21

A-chain
l (SEQ. ID NO: 3) |

. \ -

S

B-1 BO BLVBE3 B4 HLCGSHLVEALYLVCGERGEPFTFY
i 5 ¢ 15 20 25

20T P B29 B30 B31 BR32 (SEQ. ID NO: 4) B-chain
30

where

25 A-1 s Lys, Arg or an amino group;
A0  is Lys, Arg or a chemical bond;
A1 is Arg or Gly;

30
A5  is Asp, Glu or Gin;
A15 is Asp, Glu or Gin;

35 A18 is Asp, Glu or Asn;

A21 is Ala, Ser, Thr or Gly;



B30 is Thr or a chemical bond; 15 B31 is Arg, Lys or a chemical bond; B32 is Arg-amide or Lys-amide,
- 20 where not more than one amino acid residue from the group containing A5, A15, A18, B-1, BO, B1,
B2, B3 and B4, simultaneously and independently of one another, is Asp or Glu. 6. The
pharmaceutical formulation as claimed in claim 5, in which the insulin analog is 25 selected from a
groupWEhERIINGOBREEA-1), Arg (AO), Glu (A5), His (A8), Gly (A21), Arf@-&@PmWQﬁﬁﬁ@insulin,
Arg (A-1), Arg (AO), Glu (A5), His (A8), Gly (A2]'.3)E,s Lys (B30) - NH2 human insulin, Arg (A-1), Arg (AO),
Glu (A15), His (A8), Gly (A21), Arg (B30) - NH2human insulin, Arg (A-1), Arg (AO), Glu (A15), His
(A8), Bry (AJ9 28R sPH10) aNRDIRAEERHMsulin, 30 Arg (A-1), Arg (AO), Asp (A18), His (A8), Gly
(A21), Arg (B30) - NH2 human insulin, Arg (A-1), Arg (AO), Asp (A18), His (A8), Gly (A21), Arg (B30) -
NH2 human insulin, Arg (A-1), Arg (AO), His (A8), Gly (A21), Glu (BO), Arg (B30) - NH2 human
insuliffOwo i8d\SRo ke 95 BEhRPISBLBANSE 436 29 Arg (A-1), Arg (AO), His (A8), Gly (A21), Glu (BO),
Lys (B30)- NH2 human insulin, Arg (A-1), Arg (AO), His (A8), Gly (A21), Asp (B3), Arg (B30) - NH2
human insulin, Arg (A-1), Arg (AO), His (A8), Gly (A21), Asp (B3), Lys (B30) - NH2 human insulin, Arg
a-D . Blg (A'@f‘?ﬂs%&é)?@?ﬂ@fh@ﬂ?@ P&g (B30) - NH2 human insulin, 5 Arg (A-1), Arg (AO),
His (A8), Gly (A21), Giu (B4), Lys (B30)- NH2 human insulin, Arg (AO), His (A8), Gly (A21), Arg (B31),
Arg (B32) - NH2 human insulin, Arg (AO), His (A8), Gly (A21), Arg (B31), Lys (B32)- NH2 human
insuliBArg (RASRE @) ASI (A8), Gly (A21), Arg (B31), Arg (B32) - NH2 human insulin, Arg (AO),
Glu (A5), His (A8), Gly (A21), Arg (B31), Lys (B32) - NH2 human insulin, 10 Arg (AO), Asp (A18), His
(A8), Gly (A21), Arg (B31), Arg (B32) - NH2 human insulin, Arg (AO), Asp (A18), His (A8), Gly (A21),
Arg (5%%), L;'/%%égz 0@ S Gman insulin, Arg (AO), Glu (A15), His (A8), Gly (A21), Arg (B31), Arg
(B38)- NH2 human insulin, Arg (AO), Glu (A15), His (A8), Gly (A21), Arg (B31), Lys (B32) - NH2
human insulin, Arg (AO), His (A8), Gly (A21), Asp (B3), Arg (B31), Arg (B32) - NH2 human insulin, 15
Arg (A8 HISSAH: B BAsD) aRUpqEsid riegied ,@%Q@s&ﬁ%ﬂﬁ?fﬁ?@#ﬂ&@iﬁ@ﬁﬁ!ﬁmﬁgqﬂdﬁ, His (A8),
Gly (A2A, Ala, (B, 868, 1) 0GR ANS D PerBRBHiIssEliBoftl (AO), His (A8), Gly (A21), Glu (B4),
Arg (B31), Lys (B32)- NH2 human insulin, Arg (AO), His (A8), Gly (A21), Glu (BO), Arg (B31), Arg
(B32)- NH2 human insulin, Arg (AO), His (A8), Gly (A21), Glu (BO), Arg (B31), Lys (B32) - NH2 human
insulirg 89 Aig ¥hoorHiskédlcAlvéAdl), Arg (B30) - NH2 human insulin, Arg (AO), His (A8), Gly
(A%%), Lys (B30) - NH2 human insulin,

B31 isArg, Lys or a chemical bond;
- B32 is Arg-amide or Lys-amide,

20 where not more than one amino acid residue from the group containing A5, A15, A18,
B-1, BO, B1, B2, B3 and B4, simultaneously and independently of one another, is Asp
or Glu.

6. The pharmaceutical formulation as claimed in claim 5, in which the insulin analog is
25 selected from a group containing: ,

Arg (A-1), Arg (AD), Glu (A5), His (A8), Gly (A21), Arg (B30) — NH; human insulin,

Arg (A-1), Arg (A0), Glu (A5), His (A8), Gly (A21), Lys (B30) — NHs human insulin,

Arg (A-1), Arg (AD), Glu (A15), His (A8), Gly (A21), Arg (B30) - NH; human insulin,

Arg (A-1), Arg (A0), Glu (A15), His (A8), Gly (A21), Lys (B30) — NH, human insulin,
30 Arg (A-1), Arg (A0), Asp (A18), His (A8), Gly (A21), Arg (B30) — NH2 human insulin,

Arg (A-1), Arg (AD), Asp (A18), His (A8), Gly (A21), Arg (B30) ~ NH, human insulin,

Arg (A-1), Arg (A0), His (A8), Gly (A21), Glu (B0), Arg (B30) - NH; human insulin,



Arg (A-1), Arg (AO), His (A8), Gly (A21), Arg (B30) - NH2 human insulin, Arg (A-1), Arg (AO), His (A8),
- Gly (A21), Lys (B30) - NH2 human insulin, Arg (AO), Arg (Al), His (A8), Gly (A21), Arg (B30) - NH2
human insulin, 25 Arg (AO), Arg (Al), His (A8), Gly (A21), Lys (B30) - NH2 human insulin, His (A8), Gly
(A21), Arg (B31), Arg (B32) - NH2 human insulin. 7. The pharmaceutical formulation as claimed in
claim 1, t ?if‘l/@g@ 8d8ve being selected from the group containing B2PGHMRRA0Y04E9436)
human insulin, B29-N- 30 palmitoyl-des(B30) humaAZnsulin, B29-N-myristoyl human insulin,

629-N-palmitoyl human insulin, B28-N-myristoyl LysB28proB29 human insulin, B28-N-palmitoy!-
LysB28p DA lniva (ﬁ&)nhi,@%&%-@gv@awn%méagysgmmahmgmmmamnawm,

2011/003 E kol T insili .
B2 N (T AR 118 eﬁsésg R ot nan s, o)
human iné{ﬂ!r(ABngQMQ}b KBBa ¥ 4Aa)D) Aer @30) husdBRbalNHakhgman insulin,
B29-N-( N . tical.f i laimed |
e or T e B (e evative,
and 105 B (fobnfyeiAaklisddBicshatd2l) afiHBAlgla p BSOS oMbk umaniagilismaceutical
formulatiotg e/tirmRs (Regney ofs, AigBas | 196 (BIBPINIY, harFaRMRlR selected from a

group contalnlna phenol, m-creésol, 15 chlorocresol, benzyl alcohol, and parabens. 10. The

pharmacéBcd\dr s a08n S \elhdbe MahE BhekinéBSR) o; Nbinpusnandnsidbtonicity agent selected
from a araig GROAIIGABRNNIN A8 (RE1 R RUBRT AHS (BYER- TR G Olvcerol

Arg (AD), Glu (A5), His (A8), Gly (A21), Arg (B31), Lys (B32) — NH, human insulin,

10 Arg (A0), Asp (A18), His (A8), Gly (A21), Arg (B31), Arg (B32) — NH, human insulin,
Arg (A0), Asp (A18), His (A8), Gly (A21), Arg (B31), Lys (B32) — NHz human insulin,
Arg (A0}, Glu (A15), His (A8), Gly (A21), Arg (B31), Arg (B32) — NH; human insulin,
Arg (A0), Glu (A15), His (A8), Gly (A21), Arg (B31), Lys (B32) — NH» human insulin,
Arg (AD), His (A8), Gly (A21), Asp (B3), Arg (B31), Arg (B32) — NH, human insulin,

15 Arg (A0), His (A8), Gly (A21), Asp (B3), Arg {(B31), Lys (B32) — NH, human insulin,
Arg (AQ), His (A8), Gly (A21), Glu (B4), Arg (B31), Arg (B32) — NH. human insulfin,
Arg (A0), His (A8), Gly (A21), Glu (B4), Arg (B31), Lys (B32) — NH, human insulin,
Arg (A0), His (A8), Gly (A21), Glu (BO),. Arg (B31), Arg (B32) — NH; human insulin,
Arg (A0), His (A8), Gly (A21), Glu (B0), Arg (B31), Lys (B32) —~ NH, human insulin,

20 Arg (AQ), His (A8), Gly (A21), Arg (B30) — NH, human insulin,
Arg (AD), His (A8), Gly (A21), Lys (B30) ~ NH; human insulin,
Arg (A-1), Arg (AQ), His (A8B), Gly (A21), Arg (B30) — NH; human insulin,
Arg (A-1), Arg (AD), His (A8), Gly (A21), Lys (B30) — NH» human insulin,
Arg (AQ), Arg (A1), His (A8), Gly (A21), Arg (B30) — NH, human insulin,

25 Arg (AD), Arg (A1), His (AB), Gly (A21), Lys (B30) — NH, human insulin,
His (A8), Gly (A21), Arg (B31), Arg (B32) — NH, human insulin.

7. The pharmaceutical formulation as claimed in claim 1‘, the insulin derivative being
selected from the group containing B29-N-myristoyl-des(B30) human insulin, B29-N-
30 palmitoyl-des(B30) human insulin, BZQ—N«myristoyi 'human insulin, B29-N-paimitoyl
human insulin, B28-N-myristoyl Lys®?®Pre®® human insulin, B28-N-palmitoyl-
Lys®28ProB2® human insulin, B30-N-myristoyl-Thr®2°Lys®° human insulin, B30-N-



11. The pharmaceutical formulation as claimed in any of claims 1 to 10, having a pH in the range of pH
- 2.5-4.5. 12. The pharmaceutical formulation as claimed in any of claims 1 to 11, having a pH in 25
the range of pH 3.0 -4.0, 13. The pharmaceutical formulation as claimed in any of claims 1 to 12,
having a pH in the region of pH 3.75. 30 14. The pharmaceutical formulation as claimed in any of
claimg/‘{tgD 281H0 %, insulin analog and/or insulin derivative being pRSEAERZA BYAESHEtion of
240 - 3000 nmol/ml. WO 2011/003822PCT/EPZ10/059436 31 15. The pharmaceutical formulation as
claimed in one orérlnggggilofé%@ims 1 to 14, comprising glycerol at a concentration of 20 to 30 mg/ml. 5

tic

16. TIRABRLeMad. Yormhkdman RseibinnBaIrbiN-palmitevbivcgianmg)ides(@AP)ising glycerol at
a conegipfad aRsolir BRIl 47 leRC PR EATRSdIR Wsgeypore of claims 1
to 16, comprising rln-creggflQ a@ggﬁf&%ﬁ?ﬁﬁﬁgﬁﬁm 'féfg 18. '?L@%%!‘L\Hr’maceutirga formulation

as claffRERPIYBRRIBARSOYHISHHB A0 LMaB instmERARES N @-concentration of 2 mg/ml.  19.
The pbym@gﬁ@%@%ﬁ%ﬁlmmn one or more of claims 1 to 18, 15 comprising zinc at a

concentration of 0.01 or 0.03 or 0.08 mg/ml. 20. The pharmaceutical formulation as claimed in one or
more of claims 1 to 19, further comprising a glucagon-like peptide-1 (GLP1) or an analog or derivative

theredd, phexshalitaeantiéan i ABtRIPLRIPIRRIY RINALNGF89Er Qs taifie PRpymaceutical

formulation as claimed in claim 20, further comprising exendin-4. ~ 22. The pharmaceutical
formufRIGR™AE ™ imed in claim 20, in which an analog of 25 exendin-4 is selected from a group
conta@_iogwgffﬁém;gggme,4-Ly55-NH2, H-des(Pro36.37)-exendin-4-Lys4-N H2 and

0.1 to 5.0 mg/ml of a preservative, and

10 5.0 to 100 mg/ml of an isotonicity agent, and
having a pH of 5 or less.

9. The pharmaceutical formulation as claimed in one or more of claims 1 to 8,
comprising a preservative selected from a group containing phenol, m-cresol,
15 chlorocresol, benzyl alcohol, and parabens.

10. The pharmaceutical formulation as claimed in any of claims 1 to 9, comprising an
isotonicity agent selected from a group containing mannitol, sorbitol, lactose, dextrose,
trehalose, sodium chioride, and glycerol.

20
11. The pharmaceutical formulation as claimed in any of claims 1 to 10, having a pH in
the range of pH 2.5-4.5.

12. The pharmaceutical formulation as claimed in any of claims 1 to 11, having a pH in
25 the range of pH 3.0 - 4.0,

13. The pharmaceutical formulation as claimed in any of claims 1 to 12, having a pH in
the region of pH 3.75.

30 14. The pharmaceutical formulation as claimed in any of claims 1 to 13, the insulin,

insulin analog and/or insulin derivative being present in a concentration of 240 —
3000 nmol/ml.



H-des(Pro36'37)-exendin-4-Lys5-N H2, or a pharmacologically tolerable salt thereof. 30 32 desPro36

- [Asp28]exendin-4 (1-39), desPro36 [IsoAsp28}exendin-4 (1-39), desProm [Met(0)14, Asp28]exendin-4
(1-39), desPro36 [Met(0)14, IsoAsp28]exendin-4 (1-39), 5 desPro36 Frp(02)26, Asp28]exendin-2
(1-39), desPro36 Frp(02)26, IsoAsp28Jexendin-2 (1-39), desProm [Met(0)14Trp(02)26,
Asp28]exéVeigot i desPro36 [Met(0)14Trp(02)26, IsoAsp28]exenith-I/ER30) /0753436
pharmacologically tolerable salt thereof. 24. The ph§r1naceutical formulation as claimed in claim 23, in
which the peptide LyseNH?2 is attached to the C-termini of the analogs of exendin-4. 15 25. The
pharmaceutical formulation as claimed in claim 20, in which an analog of exendin-4 is selected from

the groupEaNtABIBEArHAYEU-EER RFRA KR BRKPREUR S-S BHA-ARS ASRRRR 036, Pro37,
Prom exendin-4(1-39) -NH2, H(Lys)6- des Pro36, Pro37, Prom [Asp28}exendin-4(1-39) -NH2, 20

H-Asn-(G%@H%%‘W&%}%@? amenTeRlEHsRRE RBP4} 0-89/mH2, des Pro36, Pro37, Prom
[Asp28]exendin-4(1-39)-(Lys)6-NH2, H-(Lys)6- des Pro36, Pro37, Prom
[Asp28]exendin-4(1-39)-(Lys)6-NH2, H-Asn-(Glu)6- des Prom, Pro37, Prom

[Asp26 )Ql@nai'nqmg@ﬁg?g@ﬂﬁpzmu!at:on as claimed in one or more of claims 1 to 15,

comprising glycerol at a concentration of 25 mg/ml.

- 17. The phafmaceutical formulation as claimed in one or more of claims 1 to 186,
comprising m-cresol at a concentration of 1 to 3 mg/mil.
10
18. The pharmaceutical formulation as claimed in one or more of claims 1 to 17,
comprising m-cresol at a concentration of 2 mg/ml.

19. The pharmaceutical formulation as claimed in one or more of claims 1 to 18,
15 comprising zinc at a concentration of 0.01 or 0.03 or 0.08 mg/mil.

20. The pharrhaceuticat formulation as claimed in one or more of claims 1 to 19, further
comprising a glucagon-like peptide-1 (GLP1) or an analog or derivative thereof, or
exendin-3 and/or -4 or an analog or derivative thereof.

20
21. The pharmaceutical formulation as claimed in claim 20, further comprising
exendin-4.

22. The pharmaceutical formulation as claimed in claim 20, in which an analog of
25 exendin-4 is selected from a group containing

H-desPro®-exendin-4-Lysg-NH.,

H-des(Pro®®*")-exendin-4-Lyss-NH, and

H-des(Pro*®*")-exendin-4-Lyss-NH,,

or a pharmacologically folerable salt thereof.
30

23. The pharmaceutical formulation as claimed in claim 20, in which an analog of

exendin-4 is selected from a group containing



25 H4Lys)6- des Pro36 FrrP(02)25, Asp28]exendin-4(1-39)-Lys6-NH2, H- des Aspm Prom, Pro37,

- Prom [Trp(02)26]exendin-4(1-39) -NH2, H(Lys)6- des Pro36, Pro37, Prom [Trp(02)26,
Asp28Jexendin-4(1-39) -NH2, H-Asn-(Glu)6- des Pro36, Pro37, Prom [TrP(02)26,
Asp2%l4e_q>§endin-48-39) -NH2, des Pro36, Pro37, Prom [Trp(02)26, Asp28]exendin-4(1-39)-(Lys)6-N
H2, 30MREY316088832036, Pro37, Prom Frp(02)26, Asp28]exendin-4(RGIYERR) 60XDEB436
H-Asn-(Glu)s- des Pro36, Pro37, Prom [Trp(02)3&, Asp28]exendin-4(1-39)-(Lys)6-NH2, H-(Lys)6- des
Pro36 [Me‘t(Og 4, A$2§)28]exendin-4(1-39)-Ly56-NH2, WO 2011/003822PCT/EP201 0/059436 33 des
Met(0VE$Rrh2BSR) 38%gndin74 Fto3®.exendin-4(1-39) -NH2, H-(Lys)6- des Prom, Pro 37, Pro38

[Met(@gépﬁ,@pzﬂg gzazﬁjé-,{éﬁa’ﬁ){ut%gﬁ-Asn-(Glu)& des Prom, Pro37, Pro38 [Met(0)14, Asp28]

A
exendin-4(1-39) -NH2, des Pr%m, Pro: ,'Pro38 [Met(0)14, Asp28]exendin-4(1-39)-(Lye)6-NH2, 5
H-(LySyssftes et @roaAsprdsgamibing) {1-3%3p28]exendin-4(1-39)-Lys6-NH2, H-Asn-(Glu)5 des
Prom oRep343P Bt(QdAs R AIN-4dy39)-(Lys)6-NH2, H-(Lys)6- des Prom [Met(0)14,
Trp(02)25, Agp g%%ggn-«l-g%%%ﬁwégt%es \sp28 Prom, Pro37, Pro38 [Met(0)14,
Trp ERendiFPPr)39 Aspidenending <16383s Prom, Pray, Pro38 [Met(0)14, Trp(02)25,
Asp28Jexendin-4(1-39) -NH2, H-Asn-(Glu)5- des Prom, Pro37, Pro38 [Met(0)14,28 Li) Asp--]

exendin-4(1-39) -NH2, des Prom, Pro37, Pro38 [Met(0)14, Trp(02)25, Asp28]exend in-4(1
-39)-(99§fét §|§b 'm(@gf)gﬁeﬁi%ﬁ%ﬁmnﬁﬁeﬁ Fra¥B,[Met(0)14, Trp(02)25,

Asp2 i ¢ shoet; . . Pro37, Pro38 [Met(0)14, Trp(02)25,
AP AT 6, MBS ATUEIS: A, Fro%T P38 (014, (02

(Lys -%gHZ, or a2$ logi lerable salt thereof. 26. The
phar UicallMetbiatibrréRdiainssfprciexendinudtibr3a®mprising Arg34, 20 Lys28

(Nﬁy@lgtg%%&%ggwmg%,g@fh{gfggg_ [liraglutide] or a pharmacologically tolerable salt

thereof.

24. The pharmaceutical formulation as claimed in claim 23, in which the peptide Lysg-
NH; is attached to the C-termini of the analogs of exendin-4.

15 25, The pharmaceutical formulation as claimed in claim 20, in which an analog of
exendin-4 is selected from the group containing
H-(Lys)s- des Pro® [Asp®lexendin-4(1-39)-Lyse-NH,
des Asp®®Pro®*, Pro®, Pro® exendin-4(1-39) -NHs,
H-(Lys)e- des Pro®, Pro¥, Pro® [Asp®lexendin-4(1-39) -NHs,
20 H-Asn-(Glu)s des Pro®, Pro®, Pro®® [Asp®lexendin-4(1-39) -NH,,
des Pro®, Pro”, Pro® [Asp®jexendin-4(1-39)-(Lys)s-NHb,
H-(Lys)e- des Pro®, Pro”, Pro® [Asp?Jexendin-4(1-39)-(Lys)s-NH,,
H-Asn-(Glu)s- des Pro®, Pro™, Pro® [Asp?lexendin-4(1-39)-(Lys)s-NH,,

25 H-(Lys)e- des Pro® [Trp(02)%, Asp®®lexendin-4(1-39)-Lyss-NHs,
H- des Asp®® Pro®, Pro®, Pro®® [Trp(02)*lexendin-4(1-39) -NH,,
H-(Lys)s- des Pro*®, Pro®, Pro [Trp(02)%, Asp®®lexendin-4(1-39) -NH,
H-Asn-(Glu)s- des Pro®, Pro¥, Pro® [Trp(02)%, Asp?®lexendin-4(1-39) -NH,,
des Pro®, Pro”, Pro® [Trp(02)%, Asp*®lexendin-4(1-39)-(Lys)s-NHa,

30 H-(Lys)s- des Pro™, Pro®, Pro® [Trp(0,)%, Asp®®lexendin-4(1-39)-(Lys)s-NHs,
H-Asn-(Glu)s- des Pro®, Pro®, Pro®® [Trp(02)%, Asp®®lexendin-4(1-39)-(Lys)s-NH,
H-(Lys)s- des Pro® [Met(0)", Asp®®lexendin-4(1-39)-Lyse-NHs,



27. The pharmaceutical formulation as claimed in one or more of claims 1 to 24, comprising

- methionine in the concentration range of up to 10 mg/ml. 25 28. The pharmaceutical formulation as
claimed in claim 25, comprising methionine in the concentration range of up to 3 mg/ml.  29. A
process for preparing a formulation as claimed in one or more of claims 1 t026, 30 which comprises (a)
introducin EJ@%&M@Q%@%% into an aqueous solution and (b) adjusting the gt TVkB2010/059436
2011/003822PCT/EP2010/059436 34 30. The use 0¥ formulation as claimed in one or more of claims

1 to 26 for treating diabetes mellitys. 5 31. A n’g%dicame_nt for treating diabetes mellitus, composed of a
formulaticteSSMellRed MeBhefiomorBer ol BiFRs Brengin-4(1-38) -NH;,

H-(Lys)e- des Pro®, Pro ¥, Pro®® [Met(0)", Asp®Jexendin-4(1-39) -NH,,
H-Asn-(Glu)s- des Pro®, Pro®, Pro® [Met(0)"¢, Asp?®] exendin-4(1-39) -NHa,
des Pro®, Pro”, Pro®® [Met(0)", Asp?®lexendin-4(1-39)-(Lys)s-NH,,

5 H-(Lys)e- des Pro®, Pro¥, Pro® [Met(0)", Asp®®Jexendin-4(1-39)-Lyss-NH,
H-Asn-(Glu)s des Pro®, Pro™, Pro®® [Met(0)™, Asp?®] exendin-4(1-39)-(Lys)s-NH,,

H-(Lys)e- des Pro®® [Met(0)", Trp(02)%°, Asp®Jexendin-4(1-39)-Lyse-NH,,
des Asp?® Pro®, Pro¥, Pro® [Met(0)", Trp(0,)%°|exendin-4(1-39) -NH,

10 H-{Lys)e- des Pro®®, Pro”, Pro® [Met(0)™, Trp(0,)%°, Asp®lexendin-4(1-39) -NH,,
H-Asn-(Glu)s- des Pro®, Pro¥, Pro® [Met(0)", Asp®®] exendin-4(1-39) -NH,,
des Pro®®, Pro¥, Pro® [Met(0)", Trp(02)%°, Asp?®|exendin-4(1-39)-(Lys)s-NHs,
H-(Lys)e- des Pro®, Pro”, Pro® [Met(0)", Trp(0,)?°, Asp*lexendin-4(1-39)-(Lys)e-
NHz,

15 H-Asn-(Glu)s- des Pro®®, Pro”, Pro® [Met(0)", Trp(02)?°, Asp?®] exendin-4(1-39)-
(Lys)e-NH,

or a pharmacologically tolerable salt thereof.

26. The pharmaceutical formulation as claimed in claim 20, further comprising Arg®
20 Lys®® (N(y-glutamyl(N®-hexadecanoyl))) GLP-1 (7-37) [liraglutide] or a
pharmacologically tolerable salt thereof.

H

27. The pharmaceutical formulation as claimed in one or more of claims 1 to 24,
comprising methionine in the concentration range of up to 10 mg/mi.

28. Thelphanﬂaceuticai formulation as claimed in claim 25, comprising methionine in
the concentration range of up to 3 mg/mi.

29. A process for preparing a formuiation as claimed in one or more of claims 1 t026
30 which comprises -

(a) introducing the components into an aqueous solution and
(b) adjusting the pH. k
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30. The use of a formulation as claimed in one or more of claims 1 to 26 for treating
-diabetes mellitus.

| 5 31. A medicament for treating diabetes mellitus, composed of a formulation as claimed
in one or more of claims 1 to 26.



