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phar maceupiccad/1besgg! ati on conprising a pol ypeptide sel ec@@ﬁamﬁ g oup
conprising insulin, an insulin nmetabolite, an insulin anal og, g in

derivative or conbinations thereof; a surfactant or conbinations of two or
10 nore surfactants; optionally a preservative or conbi nations of two or
more preservatives; and optionally an isotonicizing agent, buffers or
further excipients or i conbinations thereof, the pharnaceutical

for mul at iﬁ&kcﬁ?ﬁbr’i‘g a pHin the acidic range. These fornulations can be

enpl oyed for e treatnment of diabetes, and are particularly suitable for
preparations in which a high stability to thermal and/or 15
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20  Worldwide, approximately 120 million people suffer from diabetes mellitus. Among
these, approximately 12 million are type | diabetics, for whom the substitution of the
lacking endocrine insulin secretion is the only currently possible therapy. The
affected persons are dependent lifelong on insulin injections, as arule a number of
times daily. In contrast to type | diabetes, there is not basically a deficiency of insulin

:25 in type li diabetes, but in a farge number of cases, especially in the advanced stage,
treatment with inéulin, optionally in combination with an oral antidiabetic, is regarded
as the most favorable form of therapy:.

In the healthy person, the release of insulin by the pancreas is strictly coupled to the
concentration of the blood glucose. Elevated blood giucose levels, such as occur

30  after meals, are rapidly compensated by a corresponding increase in insufin
secretion. In the fasting state, the plasma insulin level falls to a basal value which is
adequate to guarantee a continuous supply of insulinQSénSitive 'organs and tissue. - -
with glucose and to keep hepatic glucose production low in the night. The
re_placement of the endogenous insulin secretion by exogenous, mostly




2 subcut aneous administration of insulin as a rule does not approxi mtely
achieve the quality of the physiological regulation of 18Recabsoe0§| ucose
descri bed above. Oten, deviations of the blood glucose upward or downward
occur, which in their severest fornms can be life-threatening. In addition,
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- Insuiin is a polypeptide of 51 amino acids, which are divided into 2 amino acid
chains: the A chain having 21 amino acids and the B chain having 30 amino acids.
The chains are connected to one another by means of 2 disulfide bridges. Insufin
25 -preparations have been employed for diabetes therapy for many years. Not only
. naturally occurring insulins are used here, but recently also insulin derivatives and
anélogs. |

Insulin analogs are analogs of naturally cccurring insuling, namely human insulin or '
30 - animal insulins, which differ by substitution of at least one naturally occurring amino

acid residue with other amino acids and/or addition/removal of at least one amino

acid residue from the corresponding, otherwise identical, naturally occu.rring insulin.

The amino acids can in this case also be those which do not occur naturally.




15 Decenber 2006 3 Insulin derivatives are derivatives of naturally
occurring insulin or an insulin anal og which are obtai feBetpbehtiffcal

rodi fication. The chem cal nodificationgan consist, for exanple, in the
addition of one or nore specific chem cal groups to one or nore am no
acids. As a rule, insulin derivatives and insulin anal ogs have a sonewhat 5

nodi fi ed lasyliroderivatives aede detivativeseof niatsally beclminglihsuldngd omshfy bﬁﬂo@n
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nodi fications, in which asparagine in B3 and at | east one further am no
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action) can be influenced. By conbination of various insulin preparations,
very 30 different profiles of action can be obtained and bl ood sugar val ues
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with a prolonged duration o
- . positions A5, A15, A18 or A21 are modified.

As a rule, insulin derivatives and insulin analdgs have a somewhat modified action.
compared with human insulin,
20 |
In WO 92/00321, insulin analogs are described in which at least one amino acid of
) the positions B1-B6 is replaced by lysine or arginine. According to WO 92/00321,
{ -~ insulins of this type have a prolonged action. The insulin analogs described in
| EP-A 0 368 187 also have a delayed action.
25 | |
The insulin preparations of naturally occurring insulins on the market for insulin
substitution differ in the origin of the insulin (e.g. bovine, porcine, human insulin), and
| also the composition, whereby the profile of action (onset of action and duration of
action) can be influenced. By combination of various insulin preparations, very
30  different profiles of action can be obtained and blood sugar values which are as
physiological as possible can be established. Recombihant DNA technology today
makes possible the preparation of such modified insuliné. These include insulin
glargine (Gly(A21)-Arg(B31)-Arg(B32)-human insulin) with a prolonged duration of
action. Insulin glarg_ine is injected as an acidic, clear solution and precipitates on




action. Insulin glargine is injected as an acidic, clear solution and

preci pitates on 15 December 2006 4 account of its sol ut'P8R§IPEHEPi es in

"~ the physiol ogi cal pH range of the subcug?neous ti ssue as a stabl e hexaner
associate. Insulin glargine is injected once daily and is distinguished
conpared with other long-acting insulins by its flat serumprofile and the
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siliconized.insulin syringes and 20 accel erate the process. WO 01/43762
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pol ypeptide and glycerol, in which the stabilization of the preparation is
to be achieved by purifying off destabilizing constituents of the glycerol.
25 WD 00/ 23098 describes insulin preparations stabilized using pol ysorbate

20 or  péhesomenessdo faggregationneaTy additibnElly theaproprote Wy IlaRepitlic gegadddoe -
t he stabi bh‘i‘at I an |{1 n_ﬁcbdl c, sol ug on agai nst aﬁgr egation nuclei. .
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droplets can function as additiona! hydrophobic aggregation nuciei in the taking of

the daily insulin dose by means of customary, siliconized insulin syringes and

20 accelerate the process.

WO 01/43762 describes aqueous, parenteral pharmaceutical preparations
comprising a polypeptide and glycerol, in which the stabilization of the preparation is
to be achieved by purifying off destabilizing constituents of the glycerol.

© 25 WO 00/23098 describes insulin preparatiéns stabilized using polysorbate 20 or

poloxamer 188 for pulmonary administration, but does not describe the stabilization
in an acidic solution against aggregation nuclei.

International patent application PCT/EP02/02625 (unpublished) describes zinc-free
30  and low-zinc insulin preparations having stability improved by the addition of
) surfactants at room and body temperature and mechanical stress, but does not
- describe the stabilization of acidic insulin preparations against hydrophobic
aggregation nuclei.




aggregation nuclei. 15 Decenber 2006 5 Accordingly, disclosed herein are
preparations for acid-soluble insulins containing surfaePegemeerdffibch are
di stingui shed by a high long-termstability to stress due to tenperature
or physi conechani cal stressing and tol&rate a high stress with hydrophobic
aggregation nuclei. It has now surprisingly been found that the addition of
‘surfactants can greatly increase the stability of acidic insulin
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whi ch carhydeophebit @gfegatminermc&iu a, nonionic surfactants. In particular,
pharmaceutically customary surfactants are preferred, such as, for exanple:
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gl ycerol, sorbitol and the |i (Span(r), Tween(r), iIn partlcu r Tween(r)
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surfacta ceut C on in a
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par ti cul authei for sbesrid yoriths Ander idmPatatdre sliégspr eparation can additional 'y
contain preservatives (e.g. phenol, cresol, parabens), isotonicizing -

agent s (erhgphﬁﬁﬁacélﬂtoal P%ﬁarhabns LRS- 6§66hh?6| l bFagPAq?i%o-s%%' um

chl oride, glycerol) fer substances, alrs and al so

further ﬂ@k}limblclff mfslﬂsmtmw instrfin anetalsolite,ran imsakc analgroheEn prsafient

i ndi vi du é\yh alternatively as mxtures. dycerol, dextrose, |actose,
sor bi t ol YERFEnni tol are custonaril y present in the pharmaceutical
preparation in a concentration of 100 -250 mMM NaCl in a concentration of
up to 150 nM Buffer substances, such as, for exanple, phosphate, acetate,

citrate, T@ﬁ gurfactantsgvhich aginylee usedareT Riter glia,montordvisocfagtamysirinpaatisur, - 1, 3-
B B el DT SRR 8 el an oresams  nrer
alia, sapdrialtind fatty acid esters and ethers of polyhydric alcohols such as of glycerol,
sorbitol and the like (Span®, Tween®, in particular Tween® 20 and Tween® 80, Myii®,
Brij®), Cremophor® or poloxamers. The surfactants are present in the pharmaceutical
~ composition in a concentration of 5 - 200 pg/ml, preferably of 5 — 120 pg/m! and
-particularly preferably of 20 — 75 ug/mi.

The preparation can additionally contain preservatives (e.g. phenol, cresol,
parabens), isotonicizing agents (e.g. mannitol, sorbitol, lactose, dextrose, trehalose,
sodium chloride, glycerol), buffer substances, salts, acids and alkalis and also further
excipients. These substances can in each case be present individually or
- alternatively as mixtures. .
Glycerol, dextrose, lactose, sorbitol and mannitol are customarily present in the
- pharmaceutical preparation in a concentration of 100 — 250 mM, NaClina
) concentration of up to 150 mM. Buffer substances, such as, for example, phosphate,
B .acetate, citrate, arginine, glycyiglycine or TRIS (i.e. -2—amino—2«hydroxymethyl—1 3-
. propanediol) buffer and corresponding salts, are present in a concentration of 5 — |
250 mM preferably 10 - 100 mM. Further excrplents can be, inter alia, salts or
| argmme




argi nine. 15 Decenber 2006 6 Accordingly, an aspect of the present

i nvention provides a pharmaceutical formulation conpri & Bepembg(R0q)
‘Arg(B31), Arg(B32}human insulin; a polysorbate; optionally a preservative
or conbi nations of two or nore preservatives; and optionally an

i sotonicizing agent, buffers or further excipients or conbinations thereof,
the pharmaceutical fornulation being clear solution which has a pHin
the acidic range. Disclosed herein is a pharnmaceutical fornulation
conprising a polypeptide selected froma group conprising insulin, an
insulin analog, an insulin derivative, an active insulin netabolite or

curactants, rdmg'ym et PenfHIIONass Ahafnatdifcalloffision |
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formulation being a clear solution
1 - 6. 8) isgipRicigingisiopnh Huffarsorfurthed exmpremmrdanmmrdng thsrebetbly 3.5 - 4.5.

Such a p t.i on preferred where the surfactant is
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of pol yhydric al cohols such as of glycerol and sorbitol, polyols; the
partial and fatty acid esters and ethers of glycerol and sorbitol bei ng

sel ect ed Hi$pRed harein s 2 shpratawjcalfemiuiationteeprisinga Myrj (r), Brij(r),
Cr h b | ected f th | |
ol yoo <. Pebieselie sBRetS! edte ot sﬁ%nﬁagg r-r%ﬂmogn SRsulincanaeg.an st

deevi |
Dot abena s CE e o AR ol SRS R S s ahpr 1 1 ng
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sel ecte ML S r substances, acids, alkalis; t
insulin ta‘(' ﬁFQ?"BgPﬁégJS%{g"fc‘)‘b&Seé"B&wﬁp @’r%fﬁo&ﬂﬁ‘dﬂnﬁ agerdy Wﬂi@'l%ubstances :
Ar g( B31) aRd/et ﬁﬁﬂier@ﬁ@ibdt@%#'cbmbiﬁéﬁfr@%ereﬁ' qﬁ@ﬁ%@gﬁ%ﬂ%@ﬂcﬁl ﬁg Wi aﬁﬂ Lys 1328

Pro 829 human insulin, B28 hunman i nSu

proline: bemg@dearosﬂlm W&mfbmaw“bstmelﬂc&ﬁb kang‘éngH Hys6. 82 efé@blyﬁj‘;HA' a
sl i n: S Baap e SebO TR Holeln 3> adeor) - hurmn 1 nsul in or
des(B30) - human insulin; 15 Decenber 2006
Such a pharmaceutical formulation is preferred where the surfactant is selected from
a group comprising partial and fatty acid esters and ethers of polyhydric alcohols
such as of glycerol and sorbitol, polyols; the partial and fatty acid esters and ethers
of glycerol and sorbitol being selected from a group compn‘sing Span®, Tween®,
Myij®, Brij®, Cremophor®; the polyols being selected from the group polypropylene
glycols, polyethylene glycols, poloxamers, Pluronics, Tetronics; the preservative
being selected from a group comprising phenol, cresol, parabens; the isotonicizing
agent being selected from a group comprising mannitol, sorbitol, sodium chloride,
glycerol; the excipients being selected from a g.roup c‘bmprising buffer substances, -
acids, alkalis; the insulin analog being selected from a group compriéing Gly(A21)-
Arg(B31)- Arg(B32)-human insulin; Lys(B3)- Glu(B29)- human insulin; Lys®2Pro82
human insulin, B28 Asp-human insulin, human insulin in which proline in position
B28 has been substituted by Asp, Lys, Léu Val or Ala and where in position B29 Lys
. can be substututed by Pro; AlaB26-human insulin; des(828-B30)—human insulin;
des(BZ?)-human insulin or des(830)-human msulm




6a the insulin derivative being selected froma group co si ng
B29- N- nyri stoyl - des(B30) human insulin, BZ9-N—paInitoyﬂgg%§FBgﬁ¥0%unan
insulin, B29-N-nyristoyl human insulin, B29-N-palmtoyl hunan insulin,
B28- N- nyri stoyl LysB28ProB29 human nsulln B28- N-pal m toyl -L ysB28ProB29
human insulin, BSO-N—nyristoyI-ThrBZSEysBSO human i nsulin,

B30- N- pal mi toyl - Thr829Lys830 human insulin, B29-N (N pal mtoyl -

gl ut anyl ) - des(B30) hunman insulin, BZQ-N—(N—IithochonI-Y-gIutanyl)-des(BSO)
human i nsulin, B29-N (w carboxyhept adecanoyl)-des(B30) human insulin and
B29- N- (w car boxyhept adecanoyl ) human insulin. 15 Decenber 2006 7 Further
di scl osed is a pharmaceutical formulation such as descri bed above, in which
the insulin, the insulin analog, the active insulin nmetabolite and/or the

i nsul i ntlfd@i‘nswam dedivative i %@tedtéu fro jol /',
preferably in a concentr atﬁlgon of ﬁp@gﬂﬂ%{ﬁ%,ﬁ? E‘(;ﬁqﬁr\!s@@or r gsponds
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above, whi ch. gl.ycer ol and/or ?B@ F present ‘in & concentration-of
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whi ch cgétaln er addi tives such as, for exanple, salts which delay

the rel Ra&ECHPO; ?ﬂecawnmt@a%fnsyueh del ayed-rel ease insulins with
f-ormul ations described above are included therein. A nmethod for the
production of such pharmaceutical fornulations is also disclosed.

Li kewi se, the use of such formulations for the treatnment of diabetes
mellitus is disclosed. The use or the addition of surfactants as -
stabilizer during the process for the production of insulin, insulin
anal ogs or insulin derivatives or their preparations are disclosed.




The application is described belowwth the aid of sonme exanples, which are
in no way intended to act restrictively. 15 Decenber 208Becegbpfpl es:

The foll ow ng exanples are intended to illustrate the concept of the
invention in greater detail, without acting restrictively. 5 Conparison
investigations: Different preparations cofitaining the insulin anal og
insulin glargine (dy(A21), Arg(B31), Arg(B32)-human insulin) are prepared.
To this end, insulin glargine is suspended in one part of water for

i njection, ¢iusmet éﬁ@éio@éd I?,"é pﬁ’arrnai‘:euﬁdﬁ?fd%hi%ﬁoﬁ%ﬂéﬁ b&'d@@érﬂaeﬂ%%o@é%%ﬂﬁw pH
i's adjustedto4 +/- 0.2 using 10 hydrochloric acid /NaOH and the m xture

i s made up the inseli, ithexinsvlin amalog, the acieriosulinmaetabalite fandfes the lns@lredejivateve n

100 uni ¢ sf 9 PRoRetdR BrchrEE AR o8 % D0B riunueferdly M alPesfiRn 87 246
speci fi ¢ anp@ODO efno¥nd l(mhie%tirmﬁpohds aggtiokintatelylty aastiedntrdtivh ofol. 41t Bemsg/ndr e
filled into 10 &Q%Iass vessels (vials) and fitted with crinp caps. These

vessel s 15 & &0n ¥ to sinulated in use or physi conechani cal stress

condi t i ons in Qamchghé@ﬁrféﬁéﬁt s P?—é})%n\’ﬁsé%rﬁeﬁpﬁt@?f)f &d 2b6"p§ éﬂgél%gea’é‘gg%f 5-

turned-up lids and stor Investigation peri ys at +
25 C and coﬂQﬂcplgI/HdandqmrttchlarrIy(ﬂrefwathde2&)«:}'5jpg/ml of light. To simulate
taking by the patient, once daily 20 about 5 IU of the solutions are

wi t hdrawn using a customary insulin syringe and discarded. At the

begi nni ng angt fikfePdistbSed R pHEMARS!daMormbaE6E Sidad ﬁeﬁﬁéﬁéo@bov@“ﬁw twce

in order to to sinulate taking at the weekend. Before each w t hdrawal
vi sual asseyéighnglyesdrot argd/gomannitel is praskot mawc@ntrahom Qf 10+ 250 ehdl/and/or

particle t carri e out. 25 2 Sh es The vessels are
Prhced 1n o V08 B Eby Breseit i ponderyAtion SRRESERM,, ory ehaker havi ng
an i ncubator and thernpbstat and shaken at 25C with 90 novenents/ mn

parallel to _the horizontal novenent for a period of time of 10 days. After
defined ti nmS§ll further digeiesed isya Rharmacetticahlorsuiaivn suchsagimeationeteabayg, BO neans

of - I abor alyfish 4 BirdbitaRBIAETELEH i BEBRE AR IOk 5 26hGhAR! dazi ne

Further disclosed is a phamaceutical insulin formulation which contains further additives
-such as, for example, salts which delay the release of insulin. Mixtures of such

delayed-release insulins with formulations described above are included therein.

A method for the production of such pharmaceutical formulations is also disclosed.
Likewise, the use of such formulations for the treatment of diabetes mellitus is
disclosed. '

The use or the addition of surfactants as stabilizer during the process for the
production of insulin, insulin analogs or insulin derivatives or their preparations are

disclosed.

The application is described below With the aid of some examples, which are in no
way intended to act restrictively.




nephel onetric units (formaldazine nephelonetric unit = FNU). The turbidity
value corresponds to the intensity of the scattered radfRetaspen00fhe |i ght
L ncident on suspended particles in thegsanple. 15 Decenber 2006 9 Exanple
1. Stabilization of the in use period o? insulin glargine using polysorbate
20 (Tween(r) 20) a) The solution is sterile-filtered through a combination
of 0.2 pEx@ntpl@s;:1 pmfilters. 5 It is then poured into 10 m injection
vials and seal ed using crinp caps having an inserted sealing disk. b) A
coppari son solution is prepared identically, but first a suitable anount of

i oot i ontné et eRERbRs A8 WBRHBEIC URtraletinR RRESHESH P ¥atondpe | oo

of time. giéhtéPds@ipmethoub aetdresti@tivalye then subjected to an in use test.
The resulgts are shown in the table bgleow. Storage for 3 nonths at 5C

Nunmbe? of vials with particle formation after ITeslt _ sarrFI e _7 daysolglgays
: j N, ' 0,10 ] rgi.ne +. 0.
o/ of ConfpdRon BRKddRiBn S Sfen GrBpfrasions sehiFining s BisiRanad 0 0 o o
pol ysor biriselid gldrgie! (@y(@m').@l;?@ﬁ),Q\rg@%mdﬁwa@fnsﬂliﬁ)é’r re?ﬁfféb‘?qfot{ﬁise 20
30 ny/ of 0 0 0 15

I nsulin glargine + 0.03C . tpol ?/sorb.a_te. !
end, insulin glargine is suspended in one part of wa er for injection, dissolved at pH

' 34, the other constituents are added, the pH is adjusted to 4.0 +/- 0.2 using
10  hydrochloric acid /NaOH and the mixture is made up to the final volume. The
concentration of insulin glargine in each of the experiments described below is
( “ 3.6378 mg/ml (corresponds to 100 units/ml). A second preparation is produced
identically, but a specific amount of a surfactant is additionally added. The solutions
are filled into 10 mi glass vessels (vials} and fitted with crimp caps. These vessels

15 are now exposed to simulated in use or physicomechanical stress conditions:

1. In use test: The vessels are sorted into boxes with turned-up lids and stored
during the investigation period of 28 days at + 25° C and controlled room
humidity with exclusion of light. To simulate taking by the patient, once daily

20 about 5 [U of the solutions are withdrawn using a customary insulin syringe and
discarded. At the beginning and end of the working week this procedure is carried
_ out twice in order to to simulate taking at the weekend. Before each withdrawal,
' | visual assessment of the solution in the vesseis for turbidity and/or particlé
- formation is carried out. |
25

- 2. Shaking test: The vessels are placed in é box with a turned-up fid lying on a
laboratory shaker having an incubator and thermostat and shaken at 25°C with
90 movements/min parallel to the horizont'al movement for a period of time of
. 10 days. After defined times, the turbic’i.ity value of the samples is determined by
30 heans of a laboratory turbidity photometer (nephelometer) in formaldazine

nephelometric units (formaldazine nephelometric unit = FNU). The turbidity value
corresponds to the intensity of the scattered radiation of the light incident on
suspended particles in the sample.




St orage for 6 nonths at 5C Nunber of vials with particle formation after
Test sanple 7 days 14 days 21 days 28 days Insulin gl afgPaempen?f0§o 10
Lnsulin glargine + 0.010 ng/m of 0 O 091_ pol ysorbate 20 Insulin glargine

+0.015 ng/m of 0 0 O O pofysorbate 20™- -- ----- - ------- - -- -----"-
15 Decenber 2006 10 Insulin glargine + 0.020 ng/mM of 0 0 O 1 polysorbate

20 | nsul igka@hgsie di: nStabifiz4dh drahElin %e%eﬁoﬁ &in%fﬂ?lgf]&ig%%sft% @élg%cﬁﬂstef or 3

nont hs at 25C Nunber of vials with particle fornat ter sample 7

da_s 14 days 21 dag (Twegay0)Insulin glargine 9 10 10 10 Insulin glargine
+ 0.010 ng/m of 2 2 2 2 polysorbate 20 Insulin glargine + 0.015 ng/m of

0 0O01. polysorbate 20 Insulin glargine + 0.020 ng/mM of 0 0 O O

pol ysor bah ehéGolution is sterile-filtered through a combination of 0.2 um und 0.1 pm filters.
S  ltis then poured into 10 ml injection vials and sealed using crimp caps having an
inserted sealing disk.
b) A comparison solution is prepared identically, but first a suitable amount of
surfactant (10 — 30 ppm of polysorbate 20) is suspended in water for injection.
The samples are stored at +5°C, 25°C und 37°C for a fixed period of time.
10 10 samples in each case are then subjected to an in use test. The results are shown
in the table below. ’

Storage for 3 months at 5°C

Number of vials with particle formation after

Test sample 7 days 14 days | 21 days 28 days
Insulin glargine 7 10 10 10
Insulin glargine
+ 0.010 mg/mi of 0 0 0 0

. | polysorbate 20 .
Insulin glargine
+ (0.015 mg/ml of 0 0 0 0
polysorbate 20
insulin glargine
+ 0.020 mg/ml of 0 0 0 1
polysorbate 20

1Insulin glargine '
+ 0.030 mg/ml of 0 0 0 0
polysorbate 20

15
Storage for 6 months at 5°C

Number of vials with particle formaﬁon after

Test sample 7 days 14 days | 21 days 28 days
tnsulin glargi
nsulin glargine 1 10 10 10
Insulin glargine :
+ 0.010 mg/ml of 0 0 0o 1
polysorbate 20 '

[ Insulin glargine

+0.015 mg/mi of : 0 0 0 0
polysorbate 20 .




Insulin glargine + 0.030 ng/m of 0 0 0 O polysorbate 20 5 Stora%e for 6
mont hs at 25C Number of vials with particle formation aflf@ecempesf08anple 7

days 14 days 21 days 28 days Insulin gg?rglne 10 10 10 10 Insulin
glargine +0.010 ng/mM of 0 0 O 1 polysofbate 20 Insulin glargine +.0.015
mg/mM of 0 01 0 polysorbate 20 Insulin glargine + 0.029 ng/n1 of 0000O

pol ysortm@ha(g fd 1n glargijne +0 . Q30 ng/m[of ~0 0 0 50r0 te 20 15

Decenber ;. Lprage forf 1 r‘@nth at SJC N rrberO of |aI s ,W barticle

for rratchQ bﬂ{a,teg&t sanpl e |7 days 14 da s 21|days” 28 days nsul | n

glargin' HrstHH-A—g-argh-re+—0-01+0--agl—of 03 pol ysor bat e

20 Insul "ggéﬂ +0 015ng/|m 06 00O 00 pol ysor1bate 20 :
polysorbate 20

Storage for 3 months at 25°C

o~

Number of vials with particle formation after
Test sample 7 days 14 days | 21 days 28 days
Insulin glargine 9 10 10 10
Insulin glargine
+ 0.010 mg/ml of 2 2 2 2
polysorbate 20
Insulin glargine ,
+ 0.015 mg/ml of 0 0 0o - 1
polysorbate 20
Insulin glargine B
+ 0.020 mg/ml of 0 0 0 0
polysorbate 20
Insufin glargine
+ 0.030 mg/ml of 0 0 0 o
polysorbate 20

5  Storage for 6 months at 25°C

, Number of vials with particle formation after
Test sample 7 days 14 days | 21 days 28 days
Insulin glargine 10 10 10 10
Insulin giargine
+0.010 mg/ml of 0 0 0 1
polysorbate 20
Insulin glargine ‘
+ 0.015 mg/ml of 0 0 1 0
polysorbate 20 : -
Insulin glargine
+ 0.020 mg/ml of 0 0 0 0
polysorbate 20
Insulin glargine
+ 0.030 mg/mi of 0 0 0 0
polysorbate 20 '




Insulin glargine + 0.020 nmg/mM of 0 O O O polysorbate 20 Insulin glargine
+ 0.030 ng/m of 0 0 0 0O of sorbate 20 Storage for 3 nihPheemberZPE 5
Nunber of vials with particle formationqpafter Test sanple 7 days 14 days
21 days 28-days Insulin glargine 5 9 1?) 10 Insulin glargine + 0.010 ng/m
of 1111 polysorbate ,20 Insulin glargine +0.015my/mM of 0 0 O O

pol ysor batt@mag®fdrrisnbmth agBaIQi ne + 0.020 ng/m of 0 0 0 O pol ysorbate 20
Insulin glargine + 0.030 ng/mof 0 0 0 O polysorbate 20 Storage for 6
nmont hs at 37C Nunber of vials with particle formation after Test sanple 7

Gl

days 14 [days 21 days 28 days | TTNnbBr 8f o Whn Daicte iafniafion GRRE
gl ar gi nqTELEf SHApRg o070 07 dévsy“uﬂﬂadacys‘ 5 ay\éer UC28a§y§ 2
Insulin glargine 0 10 10 10
Insulin glargine
+ 0.010 mg/mi of 0 3 3 5
polysorbate 20
Insulin glargine
+ 0.015 mg/mi of 0 0 0 0
polysorbate 20
Insulin glargine
+ 0.020 mg/ml of 0 0 0 0
: polysorbate 20
(' Insulin glargine
- + 0.030 mg/ml of -0 0 0 0
| polysorbate 20 -

Storage for 3 months at 37°C

5
Number of vials with particle formation after
Test sample 7 days 14 days | 21 days 28 days
Insulin glargine 5 9 1'0 10
Insulin glargine
+0.010 mg/ml of 1 1 j 1 1
polysorbate 20
Insulin glargine
+ (0.015 mg/m! of 0 0 0 0
¢ polysorbate 20 :
' Insulin glargine .
+0.020 mg/ml of 0 0 0 0
| polysorbate 20 I
Insulin glargine
+ 0.030 mg/mi of -0 0 0 0
| polysorbate 20

Storage for 6 months at 37°C

_ Number of vials with particle formation after
Test sample 7 days 14 days | 21days | 28 days

Insuli in :
nsulin glargine 10 10 10 10

Insulin glargine
+0.010 mg/mlof 0 ¢ 0 0
polysorbate 20




Insulin glargine + 0.015 ng/m of 0 O 1 O polysorbate 20 Insulin glargine
+ 0.020 ng/mM of 0 0 0 O of sorbate 20 Insulin glargi né5‘pe€P.”G’302Q?§/m of 1
1 11 polysorbate 20 Wthout addition qE pol ysorbate 20, particle

formati on can occur in the solution even™ after 7 days in use. By addition
of polysorbate 20, the particle formation can be markedly suppressed
during thesuiin gqgﬁgi@@ri od. 5 The stabiT]ziAng actjion of pgrysorbate 20 is

ret ai ned +eg @A 5qAgAkIGrage at ejevaged |enpgrat Jres or g period of |3

nont hs. ﬁoﬂ%rbét@%" the stab|lizing agtion dug to possi|bl e hydrol ysis of

t he pol gt e nthe—actdig—redivm-p—t-he—salut+en—ednnot b erm ned
I n corrpa?'is') ‘gg‘o%af%né e data after storage for j1 nonth. |10 Exanpl e|2:

St abi | i 4t F-HAOSPUMIQEI i n gl ar i neBusi ng poPysorlbat 020 dnder Ghysi ¢o-
‘mechani d@egorkate Ahading a) The soluthon is stlerile-filltered throfigh a

conbi nat|itasulisrglargingm and 0.1l pmfilters. 15 [t is thef poured info 10 m
i nj ecti gt ®D30sngml ofeal ed usj ng d¢ri np cap$ havi ng Aan ijnsertged sealing
di sk. b)| polgsorpats 3®n solution is prepared identically, |[but first &
sui tabl e amount of Surfactant (0.0I0 - 0.030 ng/ mof potrysorpate 20) is
~ suspended in water for injection. 20 The sanples are stored at +50C , 250C

and 370cVYithoul addition gfpolyserbate3Qywarticle formalion gan erouh i Hseselution Been

subj ecte ' - r | tis...ars shown i .abl e ,bel ow, the
i 15Tk SeVP EELSd 1 BlaiiOR Y RIS A, B U et o ogoy T e
St or age frarkédlysoppresse8Quiingtheireusepevibal s> 15 FNU

"5  The stabilizing action of polysorbate 20 is retained even on storage at elevated

( temperatures for a period of 3 months.
 Adecline in the stabilizing action due to possible hydrolysis of the polysorbate in the
acidic medium of the solution cannot be determined in comparison with the data after
storage for 1 month.
10
Example 2:  Stabilization of insulin glargine using polysorbate 20 under physico-
mechanical stress loading

a) The solution is sterile-filtered through a combination of 0.2 pm und 0.1 pm filters.
15 Itis then poured into 10 ml injection vials and sealed using crimp caps having an
inserted sealing disk. _
. b) A comparison solution is prepared identically, but first a suitable amount of
| surfactant (0.010 ~ 0.030 mg/ml of polysorbate 20) is suspended in water for
injection. '
20  The samples are stored at +5°C, 25°C und 37°C for a fixed period of time. 5 samples
in each case are then subjected to a shaking test. The results are shown in the table

‘below, the limit 15 FNU corresponds to turbidities which are discernible in daylight, -

Storage for 1 month at 5°C
25

Number of vials> 15 FNU
Test sample 0 05 |1 2 3 4 {6 |8 10
| days | days | day |days | days | days | days | days | days




Test sanple 0 0:5 1 2 3 4 6 8 10 days days day days days days

days 15

glargine 0 0 O
glargine 0 0 O
glargine 0 0 0 O
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c‘)‘;rjbate 20

Insulin glargine
+ 0.015 mg/ml

of

polysorbate 20

'| polysorbate

Insulin glargine
+ 0.020 mg/ml

of -
20

Insulin glargine
+ 0.030 mg/ml
of

polysorbate 20

Storage for 1 month at 25°C

Number of vials > 15 FNU

Test sample

days

0.5
days

day

2
days

3
days

4
days

6
days

days

10
days

Insulin glargine

1

11

1

1

Insulin glargine
+ 0.010 mg/ml

of

polysorbate 20

0

0

0

1

Insulin glargine
+ 0.015 mg/mi
of

polysorbate 20

Insulin glargine
+ 0.020 mg/ml
of

‘Ipolysorbate 20

Insulin glargine

1+ 0.030 mg/ml

of
polysorbate 20

Storage for 1 month at 37°C

Number of vials > 15 FNU




of polysorbate 20 Insulin glargine 0 0 0 0 00000 + 0.020 ng/m of.
sorbate 20 Insulin glargine 0 0 0 0. 0 0 0 0 0 + 0.030 "TAgeeAMASF 2006
pol ysorbate 20 5 Storage for | nonth at,l 7C Nunber of vials > 15 FNU 15

December

2006 14 Test sanple 0 0.5 1 2 14 6 18 10 days days day days

days days days days days Insulin glargine 0 002 55555 Insulin

gl ar gi ng

_glarging 000 0 0 0 p 0 of + 0./015
00 0 0 0 0 pdays|days.

gl argi ng

 TesPs@nl® 0 PO O0{o.#H. JID n’i:/!;m 0‘? po[ ySor bgte 36 1T113 J"'n
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+ 0.010 mg/mi
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Insulin glargine | 0 0
+ 0.015 mg/ml
of

polysorbate 20

Insulin glargine |0 0 0 0 0 0 0 0 0
+ 0.020 mg/mi _
of \

olysorbate 20

|+ 0.030 mg/mi

nsulin gtargine {0 0 0 |0 0 0 0 0 0

of
polysorbate 20

10

15

20

Without addition of polysorbate 20, even after 2 days of severe physicomechanical
siress, a visible turbidity can occur in the solution. By addition of polysorbate 20, the
formation of turbidity during physicomechanical stressing can be markedly delayed.
The stabilizing action of polysorbate 20 is retained even on storage at elevated
temperatures.

A decline in the stabilizing action due to possible hydrolysis of the polysorbate in the

.acidic medium of the solution cannot be detected.

Example 3: Comparison of the stabilization of the in use period of insulin glargine
using polysorbate 20 (Tween® 20) und using polysorbate 80 (Tween®
20) . '

Open 10 vials in each case to give 5 mi of insulin glargine injection solution and

a) addition of 0.001 mg/ml of polysorbate 20
b) addition of 0.01 mg/mt of polysorbate 20
c) addition of 0.001 mg/ml of polysorbate 80
d} addition of 0.01 mg/mi of poiysorbate 80

'in the form of a concentrated stock solution.

The samples are then subjected to an in use test.




. p of sorbate 20 Wthout addition of polysorbate 20, even after 2 days of

~ severe physiconechanical stress, a visible turbidity cahPesber 2496t he
solution. By addition of pol ysorbate 20,.the formation of turbidity during
physi conechani cal stressing can be mar k%ﬁl y delayed. 5 The stabilizing
action of polysorbate 20 is retained even on storage at el evated

t enper at qiesresditslard shewh ih Hetablebéloz! Ng action due to possible

hydrol ysis of the polysorbate in the acidic nediumof the solution cannot
be. det ected.—10 - Exanple 3: Conparison of the stabilization of the in use
period df__insulin_glargine using poV¥iglsovittapartle fofmatiof afte0) and] usi ng
pol ysor diest sampiBaeen(r)  20)| Cpalayso vnalcmysn ea¢liagase t28daye m of

i nsul i n |¢hsutigigergirg ection sgl ution arffd IS5 a) [adgiggi ony of TelUT p/ M of
pol ysor Bat®089 nig/maddi ti on of| 0. g ng/fm 3% poll ys@nilat ef 20 pa@desaddj tion of

0. 001 nypalyseibae@psorbate 89 d) addijtion of ).G@t:gr'gl&rr ofcrepirbly sof bat e 80
H DO on M

1%

in the f dOiRqFgmcentTateq—st ock—sgqtutt+ot—P0—HHe—Sappte t+hen
subj ect ¢ ﬁ?e test. {-- --- -H4- ------ -- 15 Defpenber 2006 15 The
results Hl) the tabile b&ow, |Vi al® wi h pdticle fdi9mation after
Test sal 12 14 days 21 days 28jdays |nsulin glakgine Yes, fves, +
0.001 W'*Bﬂlafglnfes partl clles parti¢les of porWese 20 i n¥esasi dgl y
i ncreasiim@-90bawsnl eEcur 1 ngul i nogl at gi ryes+ 0] Qpart / ofeariglss no [no no  p
of sorbapelysarbates80i n gl ar gi fe_Yes, Yes, moreasingly | increasingly
Insulin glargine
+ 0.010 mg/ml of no no no no
polysorbate 80

5  Anaddition of polysorbate 20 or of polysorbate 80 in a concentration .of 0.01 mg/m!

are equally able to stabilize the solution agalnst particle formation during the in use
period.




+ 0.001 ng/mM of no yes particles particles increasi nglg of sorbate 80
i ncreasingly occur occur Insulin glargine #.0.010 ng/ ni'SBecaerdPOho no

pol ysorbate 80 5 An addition of polysorbate 20 or of polysorbate 80 in a
concentration of 0.01 ng/m are equally able to stabilize the solution
agai nst particle formation during the in use period. 15 Decenber 2006 ---
16 clainms: A pharnmaceutical fornul atidi® conprising dy(A21), Arg(B31),
Arg(B32)-human insulin; a polysorbate; optionally a preservative or

conbi nati ons d&irhsyo or nore preservatives; and optionally an isotonicizing
agent, buffers or further excipients or conbinations thereof, the

phar maceuti cal formulation being a clear solution which has a pHin the

aci di ¢ flangeA gharfirecapitios ReaUlERA cdrthBha EAAS Al inclaim1l, the
e R te - T G A2
1to 2, the amc&waata;ve bei ng selected froma group conprising phenol,
cresol, chl eptiers e ; s. 4. The pharnmaceuti cal

£ Al A Qﬂ?%#ﬁééf]ﬁ#amﬁgﬂﬁﬁ?%?@‘{o phgore §6$W€tlﬁ%éndgent

formul ati on ast.cI%Mred e
bei ng sel ect 8BUPIYM D HrHINcEBIRIant noufFam mir futhersaidpients. or dREbiAERons

- dextrose, tridembeole, sodiumchloride, glycerol. 5. The pharnaceuti cal
fornmul ati on HH%@ ks ne of clainms | to 4, the excipients being
selected fr o{?"ﬁ% , ge?oup g@ﬁ%‘&PWH%‘“BU%‘*@?g @@Eﬁﬁféﬁ&é@nsmhiﬁhdas a pbrindkanpl e,
TRI' S, phosphagidic Tehgeat e, acetate, glycylglycine or further substances
such as acids, alkalis, salts.

2. - The phamaceutical formutation as claimed in claim 1, the polysorbate being
selected from a group comprising Tween® 20 and Tween® 80.

3. The pharmaceutical formulation as claimed in one of claims 1to 2, the
preservative being selected from a group comprising phenol, cresol,
chlorocresal, benzyl alcohol, parabens.

4, The pharmaceutical formulation as claimed in one of claims 1 o 3, the
Isotonicizing agent being selected from a group comprising mannitol, sorbitol,
lactose, dextrose, trehalose, sodium chloride, glycerol.

5. . The pharmaceutical formulation as claimed in one of claims 1 to 4, the
excipients heing selected from a group comprising buffer substances such as,
-for example, TRIS, phosphate, citrate, acetate, glycylglycine or further
substances such as acids, alkalis, salts.

6. 'Thc_e pharmaceutical formulation as claimed in one of the preceding claims, in
which the Gly(A21), Arg(B31), Arg(B32)-human insulin is present in a
concentration of 60 — 6000 nmol/ml.

7. The pharmaceutical formulation as claimed in claim 6, the Gly(A21), Arg(B31),

Arg(B32)-human insulin belng present in a concentration of 240 - 3000
nmol/ml. |




6. The pharmaceutical fornulation as clainmed in one of the preceding
clains, in which the Ay(A21), Arg(B31), Arg(B32)-humard®Paemnben?q08 present
in a concentration of 60 - 6000 nnol/m . 7. The pharnaceutical fornulation
as claimed in claim6, the Ay(A21), Arg(B31), Arg(B32)-human insulin

bei ng present in.a concéntration of 240 - 3000 nmol/mM. - -- ---- --- - 15
Decenber 2006 17 8. The pharmaceuticall? ornul ation as clained in one of
the preceding clains, in which the surfactant is present in a
concentration of 5 - 200 pg/m. 9. The pharnaceutical fornulation as
claimedgin ckaim,8, in which the surfactant is present in a concentration
of 5 -120 |-aﬁmPhaImae?HHCﬂﬁam@@gniagamaif:mmma ofhtheprebeding $dimsClai m 9.
in which thewhivH thet eifactast iBTRSSH; if ] -0 20 = 75 pg/n .
11. The pharmaceuti cal foériﬁrrtdlggl?i on téﬂégc gﬁ%ﬁﬁgﬁ# g\hé_g?&}rﬂgg“'of clainms 5 -
10, in which glycerol and/or mannitol is present in a concentration of 100

250 M 9. 12. T phphaaoectes] fsmhulbasmas akd; Al in claimil, in
which NaQl . ig Fg?gém 45’0[%93@&3@”“ #%‘ﬁi;@gdaféc Aﬁlﬁgwcg@e ﬁﬂ‘é?dtant |
phar maceuti cal” tormul ation Qi i1 A0 HMMbt t he preceding clains, in

whi ch a buffer substance is present in a concentration of 5 - 250 nM

10. - :]'he pharmaceutical formulation as claimed in claim 9, in which the surfactant
Is present in a concentration of 20 — 75 ug/mil.

11. Th:_a pharmaceutical formulation as claimed in one or more of claims 5 — 10, in
which glycerol andfor mannitol is present in a concentration of 100 — 250 mM.

12.  The pharmaceutical formulation as claimed in claim 11, in which NaCl is
present in a concentration of up to 150 miM.

13. Thg pharmaceutical formulation as claimed in one of the preceding c¢laims, in
which a buffer substance Is present in a concentration of 5~ 250 mM,




