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In an especially preferred embodiment, the wound dressing according to the invention
comprises a cellulose ether, a gellan gum and alpha-1-antichymotrypsin (ACT). Such
compositions are characterized by excellent release characteristics for ACT and
exceptional storage stability regarding ACT when stored in dry form.

Background of the invention.

The present invention can be used for delivery of active ingredients, especially alpha-l-
antichymotrypsin, into wounds. The growing number of patients with diabetes mellitus,
venous insufficiency and other chronic diseases and injuries have resulted in an increased.
incidence of chronic non-healing soft-tissue wounds of the skin: Apart from causing great
costs to the public health system, chronic wounds give raise to a very painful, distressing
condition of the patients and may even lead to amputation, Therefore, adequate treatment
and promotion of dermal wound healing is necessary.



they swell or in exchange with solutions that are incorporated into the
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Drug solutions with low viscosity evaporate fast and therefore have to be applied very
often. Although solutions are easy to apply the persistent contact with the wound surface is
not good because a solution does not adhere to the site of action on the wound surface.
Moreover, growth factors, enzymes, and some inhibitors which promote wound healing in
the first inflammatory phase are proteins and therefore quite’ unstable and sensitive
molecules. When stored in aqueous media at room temperature many proteins do not
remain stable, they may aggregate and lose activity rapidly. EGF in an aqueous
formulation, for example, lost 40% of its activity within two weeks (Clanan, D.P. et al.
Potency and stability of C-terminal truncated human epidermal growth factor, Gut 47, 622-
627 (2000)). To achieve longer storage stabilities protein solutions have to be stored under
defined conditions at deep temperatures (-20°C or 4-8°C). Therefore, these agueous
products have technical, economical and handling drawbacks. E.g. the solution Burokinin,
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are described in the prior art for a variety of purposes, They may for example be used to
clean wounds, to promote healing of the wound or to prevent infection. In certain
circumstances, the gel may include an active ingredient which is administered to the
patient by topical application of the gel. One example of a commercially available wound
gel is Intrasite® produced by Smith & Nephew Ltd. This gel contains hydrated
carboxymethyl cellulose-Na as a main ingredient and is packaged and applied to wounds
in gel form as a primary treatment in order to debride the wound.

Gels have the further advantage of having a high water content, easy application to a
wound, and easy removal from the wound after application by washing. The gel may also
assist in preventing the wound from drying out, thereby promoting the healing process.
Since gels are mobile they offer the advantage of intimate contact with the often itregular .
surface of a wound, something that is often not achieved with a more rigid or liquid
wound dressing. The advantage of good contact is, however, tempered by the conflicting



needs of making the gel sufficiently nobile that it can be applied to the
wound but not so nobile that it runs but of the wound under the influence of
gravity. Gels currently in use suffer fromthe disadvantage that they can
run out of MAIHBITAY. However, other problens of existi ngP€HEPHWASOWSHduCt S
have to be faced as, for exarrpl t he 9absence of exact and reproduci bl e

dosage. Msedhofmelgiagdhe gelisubhicientiemobile that kegn haerpligd torthe avonad betnot se amount
of the afi‘g*)h?éjthlay ARt MRS boudd ufifler' the HHfuenss'bf & %ﬁ §1 ¥ uABkt cfiﬂdlse

r epr oduc Anater ative p tenperatyre s age of wet ug fornms is
t he stabﬁ“f%&ﬁp%th?f 8 V%"Eﬁ%'?é‘?‘i/&%ﬁ%%" Moducts It is a

w despread nethod in pharmaceutical technology to enbed sensitive substances

Thus, 't nREWREtofiel BsbianE P FisHES 1Pl SHEEE BAvedp Fe HETOrLJE SHIMS oot i vo

i ngredi ermepahsdnm f Stuet candr ycppodmbﬂbsddsagee All hpdroghlgdont thed mbrkepdike or

or ef o abl §eARR A deed W7 Bl Sb s AR SBRAGT dieclRl health BRI Aok ou
by vari ousufﬁmbﬂtbﬁsxact:ambmpmﬂujnbthg and warmair drying are preferred drying

procedures for the present invention. Particularly preferred is

freeze-drying. Drying nethods using organic solvents are |ess preferred due

to the uAweaiteemhtivattordecp itompersture atsirage efc wiet/ drugnfprmgi isrthe stabilizatiomafiac

sol vent s eRdh éﬁrﬂ t hat
at | east a?‘gmwg hlgthi?onapﬂf gg(?ﬁic{gquﬁ%\\g%%gﬂ too%p'g ctlg%agg&sts

dry stor a@eh@ql@mm @mbeélmﬁvgéu &8 dike ipsotoins in ywam«prahoymmmms taqueous

sol ution eﬁsgfu AABioHS Pates) TIRR! Acke M b lfﬁewopqﬁ-ydé&émﬁ&em%fml all'y
when appl 1 ed topi ca t.o a wound’ _ Pref erred&lry ‘%&trage systens for

bydr ogel sStarager §tatig 3& iye dagisdisnt Pr‘&‘}?éscfﬁleﬁ%/ % haye do,0e ghwdraigd i m
t ake up vgifte %Pcuhrmgdﬁ@t | @N forswBhhd dealiy &Y dpplicatibRr4n ﬁxmd%ylfi'b@lﬂﬁ liké

desi rabl e, actjve ingredient product would have a dry, storage stable
f orm and P’Fﬁg"ﬂ n%é'dFﬁﬁ?f 2 RFCEH Y- hydr ogel before use. Such storage stable
forms need not to be stored at very | ow t enper atures and thus all ow al so

d A t at h d be st db
Che. pat i ofl BOAPHRE PTOCRIER 38R S ABTALR Py Yeriow BpBoge. Fores Ry iag et WAPRAToCcur
when t ferrel alrgihg gedcedures fi reslest tiimoPdnﬂ:uldr e isb
usgPuI rteg haveaj:qgfym rggg gqxr use s?gmalpa m??)d ct ¢9 lypwﬁir e
defi nedcom S%ﬁdlg? D etégc# 3?%‘5 %ggggtsofveewso eSpr c@sﬂ}en or der

to achi evanﬂemtcdmdeﬂohm of Inbileactive, ingredients Ivdtlbergamyraehtentmlamlrﬁna mbleinst he

patient tgrBgiduaP8d156ht tMleftAARBE pldifact BarRACAE HB0R ddald drlar PrA DA

adding to production costs.

A dry storage system can either be hydrated before use with a suitable aqueous solution
and/or during use in contact with aqueous body fluids, especially when applied topically
to a wound. Preferred dry storage systems for hydrogels are films and xerogels, especially
xerogels. The xerogel or film take up water upon hydration, swell and eventually form a
hydrogel.

A desirable, optimal active ingredient product would have a dry, storage stable form and
could be hydrated to a hydrogel before use. Such storage stable forms need not to be stored
at very low temperatures and thus allow also easy and cheap transportation. Moreover,
such products mdy also be stored by the patient himself without complications. Thereby,
high costs which occur when treatment has to be effected at hospitals are avoided. It would
be useful to have a dry, ready to use, single dose product covering a deﬁnedicontact area,
which can also be cut reproducibly into pieces in order to achieve defined doses.
Moreover, it would be a great advantage if the patient to be treated could adapt the
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describes bioabsorbable solid materials including films and sponges.

Cellulose derivatives have been used to formulate therapeutic proteins or polypeptides for
topical use. See, e.g. EP 267,015, EP 308,238, and EP 312 208, which disclose
formulations of a polypeptide growth factor having mitogenic activity, such as TGF beta,
in a polysaccharide such as methylcellulose. EP 261,599 discloses human topical
applications such as TGF beta. EP 193,917 discloses a slow release composition of a
carbohydrate polymer such as cellulose and a protein such as growth factor. GB 2,160,528
describes a formulation of a bioactive protein and a polysaccharide. US 4,609,640
describes a therapeutic agent and a polymer selected from polysaccharides, cellulose,
starches, dextroses. DE4328329 claims a freeze dried biomatrix conmsisting of natural
polysaccharides and modified polysaccharides. GB 2357765 describes an alginate foam
crosslinked by di- and bivalent cations, '
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So, fragnments of PLGA 1i.e. ‘
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Non cross-linkable materials like non-ionic cellulose ethers suffer from the rheological
disadvantage that they can run out of the wound and so lose close contact with the wound
surface. Materials that are covalently cross-linked are always endangered of having
unwanted effects caused by residual contents of cross-linking agents antagonising wound
healing. Di--and bivalent cations used e.g. for crosélinking alginate also can have
antagonising effects on the wound healing process. Moreover, solutions of these cations in
the needed high concentrations are not used in clinical practice. This complicates the
possibility that the cross-linking is carried out by the applicant when it seems appropriate
for the individual wound condmon Additionally, alginates are not suitable for steam
sterilization.

Biodegradable polymers like PLGA, collagen, gelatine, and others in some cases are
known to interact with labile drugs due to their fragmentation. So, fragments of PLGA, i.e.
lactic acid and glycolic acid, can change pH and the osmotic pressure within the matrix to
awkward proportions. The manufacture of matrices consisting of polymers unsuitable for



| actic acid and glycolic acid, can change pH and the osnotic pressure within
the matrix to awkward proportions. The manufacture of matrices consisting of
pol ymers unsuitable for WD 2006/ 037606 PCT/ EP20051010674 7 steam
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parti al iﬁﬁgﬁﬁ&}h@&. of the ingredient, especially if it is a protein.

The present invention relates a wound dressing composition comprising a cellulose
ether and a gellan gum.

In a preferred embodiment the cellulose ether is hydroxyethyl cellulose (HEC).

As it can be taken from the examples, a wound dressing composition made out of gellan
gum and HEC is especially advantageous since it is very soft and comfortable. The use of
HEC is advantageous over e.g. the use of carboxymethyl cellulose (CMC), since CMC
matrices generally are harder in texture due to higher density, more brittle and show
reduced swelling in comparison to HEC. Furthermore, CMC is usually applied in the form
of sodium CMC. However, the ionic groups of sodium CMC ‘may interact with active,
therapeutic ingredients, which may result in a destabilization or at least partial inactivation
of the ingredient, especially if it is a protein,

In another preferred embodiment the gellan gum is a deacetylated gellan gum.



In anot her preferred enbodi nent the gellan gumis a deacetyl ated gellan gum
WO 2006/ 037606 PCT/ EP2005/ 010674 8 In an even nore preferred enbodi nent, the
gellan gumis avail able under the trade nane Kelcogel F. In an especially
preferred WIS t he conposition conprises hydroxyetHGT/EPWESNQYse ( HEC)
and deacetylated gellan gum In a prefdéred enbodi ment, the cellul ose ether
and the gellan gumare honogeneously m xed. In a preferred enbodi nent the

CONPOSi t 1Py ie§edh ﬁn&keépﬁe?érﬁad BiRbbiientngl the gelarggelis avafladlendentte padef er red
enbodi nent, kggc V\Dhl,E heal i ng conposition is a hydrogel. In another

enbodi neR¥R€ 9%ftif ogel is obtained by hydration of a dry storage form of
the gel, in particular by hydration of a xerogel or film The conposition

may contain, if desired, .one ar re additi i pi S i ars,

sugar al gbl‘?&'l £ yacRISfﬁ"sefa mbﬁgmé%]i%d 1¢ a%%@fﬁ@%nggﬂégﬁyﬁ%igﬁgygl ycol s.
I n a pretetilest (FHEGmiddeatetylatsel getlan gumnt s conpri se at | east one non-ionic
surface active conponent preferably selected from Pol oxanmer(r) 188, Tween 80

and Tween 20. In a preferred enbodi ment, the excipients cor‘r?ri se at | east one
buf fer a@ent, prefeefedr aimhjodisientt glief colinlobospthar eandd the i gellam gumr ereer r ed

enbodi ne k s conprise at |east one am no acid, preferably
argini ne%}nr?tggﬁ%orq}é?%ﬁe “enbodi nent, the excipients conprise at |east one

pol yet hyl ene glycol, preferably selected from PEG 400 suitable as _ '
pl asti zi 8¢ R?éfgxrg’cﬁﬁngmﬂmeﬁ‘ltﬁe%hﬂmﬁﬁoﬂﬁiﬁd_rj‘rﬁtlﬁ'ﬁa‘%&)ardcﬂla&llymfér@gdl sefiparbodi ment,

the exciprents conprise at |east "one polyvinyl pyrrolidone, Tpreferably
Kol lidon 17PF, which is suitable as strengthener or pore forner or
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hydroxyet#kal{/t} cellulose is in a suitable WO 2006/ 037606 PCT/ EP2005/ 010674 9

vehi cl e, such as a solvent, in an even nore preferred enbodi nent the sol vent
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hydrogel s far e Ber AL AARE aBfts, nfibkiThntt Yoty S5995n o preferred
embodiment, the excipients comprise at least one non-ionic surface active component
preferably selected from Poloxamer® 188, Tween 80 and Tween 20.

In a preferred embodiment, the excipients comprise at least one buffer agent,
preferably selected from phosphate and Tris.

In a preferred embodiment, the excipients comprise at least one amino acid, preferably
arginine.

In a preferred embodiment, the excipients comprise at least one polyethylene lecol,
preferably selected from PEG 400 suitable as plastiziser and PEG 2000 suitable as pore
former.

In a preferred embodiment, the excipients comprise at least one polyvinyl pyrrolidone,
preferably Kollidon 17PF, which is suitable as strengthener or pore former or stabilizer,
The wound dressing compositions according to the present invention preferably are a
homogeneous mixture of gellan gum and hydroxyethyl cellulose.

In a preferred embodiment, the wound dressing composition comprising the
homogeneous mixture of gellan gum and hydroxyethyl cellulose is in a suitable



I n another preferred enbodi ment, the wound dressing conposition conprising
the honpbgeneous m xture of gellan gum and hydroxyethyl cellulose is dry. In
an even nore referred enbodi nent the dry conposition is a filmor a sponge
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"Deacetyl ated Gellan Gunf according to the present invention is to be

understood as gellan_Gum obt ai nabl e by partial or conplete deacetylation of
nati ve GePtogesses far producing gellan gum are well-known in the art, e.g., in US 4,326,052, US

4,326,053, US 4,377,636, US 4,385,126, and US 4,503,084 Particularly preferred is
deacylated gellan gum, which is for example described in US 4,326,052, Gellan gum is a
microbial polysaccharide derived from Pseudomonas elodea. It conmsists of a
tetrasaccharide unit, 0-D-glucose, 0-D-glucuronic acid, J-D-glucose and O-L-~rthamnose,
(— 3)-b-D-Glcp-(1— 4)-b-D-GlcpA-(1— 4)-b-D-Glcp-(1— 4)a-L-Rhap-(1— ). Gellan is
produced with two acyl substituents present on the 3-linked glucose, namely, L-glyceryl,
positioned at O(2) and an acetyl substituent at O(6). The native polysaccharide is partially
esterified; the 1,3-D-Glc residue can be linked to L~glycerate at C-2 and/or to acetate at C-
6, and there is 1 mol of glycerate per repeating unit and 0.5 mol of acetate per repeating
unit. Acyl substituents affect the rheology of gels, and deacylation of native gellan results
in a change from sofi, elastic, thermoreversible gels to harder, more brittle gels. Gellan
gum has been suggested for use in wound healing as solution/gel in US 6,596,704 and
fibers in EP 0454373 as well as in WO 95/05204. Gellan gum has the CAS No. 71010-52-
1. Well known Gellan gum products are available under the tradenames Gelrite® and
Kelcogel®.




Preferably, the deacetylated CGellan Gum contains |ess than 10% nore
preferably less than 25% in particular |less than 50% nost preferably |ess
than 75% of the acetyl groups present in native Gellan Gum Native Cell an
Gum can bavQRe§I0dA6 by aerobic fernmentation using Sphi n6FHFIWVSOGALa.
Deacyl ated Gellan gumis readily solubli in water and i s characterized by

hi gh viscosity at |ow concentration. The gum al so has a hi gh rheol ogi cal
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are comrercially available with a range- of defined and controll abl e
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very low content of each gelling agent is needed for forming gels with high viscosities. As
a result of the low concentrations of both HEC and gellan gum needed for the manufacture
of a hydrogel of the invention, the pore sizes of freeze dried hydrogels of the invention (i.e.
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means there is no rheologic yield point and it is therefore free-flow ng
under the influence of gravity. The free-flow ng HEC gels wi thout gellan gum
will flow out of the wound site and so |lose contact with the wound ground

resul ti ng WA 280/83360f t heir ther apeut,idg effects. Mor eoRGT/ERIERYUHPEH ot ed
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makes the. m xture exceptionally suitable for its use as wound heal i ng
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salt contents incorporated into the matrix for other purposes, e.g.

production of raw materials, pH adjustnent, buffering, etc., provide only a
very | oM Mapeoven uleaestylatedl gellani gum @m thephbasndecoft HEQ! bayythel disadvastageethatoit to a
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wound flwid: the release from the wound dressing can only take place by diffusion of the
active substances at the interface between hydrogel wound dressing and wound fluid, For
accurate, controlled, and reproducible release of drugs, especially in case of highly potent
substances at low doses, e.g. proteins, a close contact between wound dressing and the

wound is a prerequisite.

-

The mixture of a HEC and a gellan gum has all the advantages of the single components
alone and overcomes disadvantages of the single components, which makes the mixture
exceptionally suitable for its use as wound healing composition. First, the rheology of the
wound healing composition comprising a mixture of a gellan gum and HEC in the gel state
can be adjusted as needed offering a broad range of advantageous wound dressing
compositions:

Hydration of a xero gel/film comprising gellan gum and HEC, and optionally at least one
therapeutic wound healing agent with water:



point and start to creep and to deformto the given shape of the wound site.
Split up of the films/xerogels conprising Gellan gumand EEC, and optionally
at | east eutlc wound heal ing agent to fill extrenel dee wounds:
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non-immobilized part(s) of the gel into the wound and serve as a clot. So the wound is
completely filled without gaps, but the gel is still immobile and will stay in the wound
accurately as long as desired. '

Preferably, the weight ratio of HEC to gellan gum is in the range from 1:5 to 50:1,
preferably from 1:1 to 10:1 in the wound dressing compositions of the invention.

Preferably, the hydroxyethyl cellulose and gellan gum together make up at least 25% by
weight of the material on a dry weight basis, more preferably at least 30% by weight of the
material on a dry weight basis, even more preferably at least 40% by weight of the material
on a dry weight basis, particularly at least 50% by weight of the material on a dry weight
basis. In wet hydrogels the content of gelling agent mixture; i.e the sum of HEC and gellan
gum is preferably between 1% and 10 %, preferably between 2 and 4%.



flexi ble, such as PEG 400, glycerol, or propylenglycol. In another enbodi nent
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conprising HEC and Gell an gum wherein the conposition further conprises one
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a wound _
sterile wound dressing composition -of the invention, packaged in a microorganism-

impermeable container. Such packages may usually represent single or multi unit dosage
forms of the present compositions. These packages can be easily used by the patient
himself, especially if the package of the invention contains a wound dressing composition
in dry from, especially in form of a xerogel, sponge of film. Such packages are especially
preferred embodiments of the invention,

In another embodiment of the present invention the wound dressing compositions are
located on an inert support, preferably selected from adhesive strip, adhesive wrap,
bandage, gauze bandage or compress system. Thus, the present invention also relates to
wound dressing systems comprising an inert support and a wound dressing composition of
the invention. Such wound dressing systems can also be packaged in a microorganism-
impermeable container or foil and thus represent wound dressing packages with high
patient compliance. ' |



dressing conposition according to the present invention conprising HEC and
Gellan gum wherein the conposition farther conprises one or nore active
ingredients for use as a nedicanment. Also, the invention relates to the use
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or film Dry, wound ﬂ'ses%ﬂ ng conppositions tﬁf t he present éInvent lon can
al ternat i W%nt. o, the invention relates to the use of a wound dressing composition
according to the present invention comprising HEC and Gellan gum for the preparation of
a medicament for the treatment and/or prevention of ophthalmologic, nasal diseases,

wounds and skin disorders.

Thus the present invention also relates to a wound dressing composition of the present
invention, wherein the composition further comprises one or more active ingredients which
are active in the treatment and/or prevention of ophthalmologic, nas;al diseases or skin
disorders, e.g. selected from psoriasis, dermatoses, eczema, urticaria, lupus erythematosus,
vitiligo, pigmentation disorders, wrinkling, aged skin, ichthyosés,' hyperkeratoses, contact
dermatitis, hand eczema or atopic dermatitis.

Such active ingredients comprise steroids, like hydrocortisone and betamethasone,
Calcineurin inhibitors like tacrolimus, Pimecrolimus and Cyclosporin A, clobetasol,
vitamin A derivatives like retinoic acid and esters and amides thereof, Tazarotene, vitamin
D derivatives like calcitriol and calcipotriol, to enumerate a few. Furthermore, the



reconstituted with water or other adequate solutions before application. This
I S necessary especially when conpositions are to be applied to dry skin
surfaces or if specific, especially rheologic, characteristics of the
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Dry wound dressing compositions of the present invention can altematively be
reconstituted with water or other adequate solutions before application. This is necessary
especially when compositions are to be applied to dry skin surfaces or if specific,
especially rheologic, characteristics of the rehydrated hydrogel are needed. Thus,
depending on the viscosity to be achieved, the hydration medium can be selected as
needed.

In one embodiment the present invention relates to a method for treating wounds
comprising the steps of:

1) Providing a dry wound dressing composition comprising a mixture of hydroxyethyl
' cellulose 'and gellan gum, and where necessary, one or more active ingredients, in an
amount that the mixture will form a topical gel upon hydration of the mixture;
2)  hydration of the mixture in a sufficient amount of water or liquid with low electrolyte
content to form a free-flowing gel;
3) applying a therapeutically effective amount of the gel topically to a wound
4)  optionally covering the wound, for example with a plaster, compress or bandage.



4) optionally covering the wound for exanple with a plaster, conpress or
bandage. As described above, the wound dressing conpositions conprising a
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As described above, the wound dressing compositions comprising a gellan gum and HEC,
especially in form of a hydrogel, are per se beneficial for wound healing. However, active
substances beneficial for wound healing, in the following called wound healing therapeutic
substances, may be added in order to further iraprove the beneficial effect of the |
compositions on the wound healing process.

Surprisingly, it has been found that the HEC/gellan gum wound dressing compositions of
the invention have also an excellent ability to stabilize and deliver proteins in a controlled
way, in particular when the protein is a protease inhibitor, most particularly when the
protease inhibitor is alpha-1-antichymotrypsin. It was found that the wound dressing
compositions of the present invention are suitable for stabilizing ACT in a storage form
allowing easy storage, and which release ACT at a controlled rate (see example 7).’



In a preferred enbodi nrent the wound heal ing therapeutic substance is a
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and the refer o the concentration in the wet, hydrogel state of the wound dressing compositions of

the invention.

In a preferred embodiment the wound healing therapeutic substance is a protein. In 2 more
preferred embodiment, the wound healing therapeutic substance is a protease inhibitor
belonging to the Serpin family. Preferred serpins are ACT, alpha-l-antitrypsin,
antithrombin II, alpha-2-antiplasmin, C1 Inhibitor (C1INH), pancreatic trypsin inhibitor,
plasminogen activator inhibitor-1 (PAI-1), Plasminogen activator inhibitor type-2 (PAI-2),
Héparin Cofactor II, active protein C inhibitor, PN-1, Maspin, SERPINB12, Protease
inhibitor 14, SERPINB3 and -4, SERPINBI. In an even more preferred embodiment, the
protease is selected from ACT and alpha-l-antitrypsin. In the most preferred embodiment
of the invention the wound‘haaling therapeutic substance is ACT.

In another preferred embodiment, a wound healing composition in a wet, hydrogel state
comprising a gellan gum, HEC and a wound healing therapeutic substance, particularly
ACT, contains the wound healing therapeutic substance in a concentration of about ACT is

betweenv 10 pg/ml and 10 mg/m! in the wet, hydrogel state, preferably between 100 pg/mi
and 10 mg/ml.
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HEC and gellan gum as dry powders are levigated in a mortar and thereby mixed. The
mixture is dispersed in a suitable solvent, preferably an aqueous solution and is
homogenised by stirring, The dispersion: is then autoclaved, whereby sterility and the
gelling notably of the gellan gum component, which is temperature dependent, is achieved
at the same time. The preparation is poured at a temperature between 70°C to 90°C into a
suitable dish or may get cast out with a scraper on a suitable base. Solvent is removed from
the dispersion to leave a solid material comprising a homogeneous mixture of HEC and

gellan gum.,

The optional, additional components in the materials according to the present invention are
preferably included in the dispersion prior to autoclavation. For materials that do not
tolerate this procedure and/or for temperature-sensitive substances like proteins,
comprising proteinogenic protease inhibitors, in particular alpha-1-antichymotrypsin, an
additional workiﬁg step may be added:
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Especially, in a preferred embodiment, the use of the invention further comprises the use of
an active ingredient. All embodiments discussed above with respect to the active
ingredients of the wound dressing composition of the invention also apply to the use of the
invention.

"Xerogel" according to the present invention is to be understood as porous, sponge-like
matrix obtainable from a hydrogel e.g. by freeze-drying comprising at least one gelating
substance wherein the matrix has the potential to swell and form hydrogels when in contact
with aqueous solutions.

"Film" according to the present invention is to be understood as polymer-based foil of flat-
shaped form of uniform thickness and consistency obtainable from a hydrogel by d:ying,
e.g. evaporative drying or by casting from organic solutions. The matrix has the potential
to swell and form hydrogels when in contact with aqueous solutions.
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m o 7 an%&é@g | & thzeral{an aﬁum uN:elrﬁoH][ a8 %gs%@]ﬂsde&ﬁmsfl%’éafdﬁdlﬂb?c?ﬂcms,

i oni ne extensi e introduced_in,o o faci ate
expr essi b&ﬁHWBFn‘?Sd'G?Vgl EPP%HEHW %&peﬂ@?{sa rred wounds aperding pt i des
acc]?r di ngottﬁe Meﬂfmﬁiﬁ@é)h%él@hmhd Woﬁl&nﬁx&u el smmly Mallﬁadﬂgtﬂbﬁ nf)i"ﬂll ttfer a][ € q
preferre 0 i des accor, e inve |on articul ar eferre
is the usséalggrdjrpﬁéﬁ?%‘ ’Aéqpeﬁlﬂﬁ}' gﬁb&g"eél?qe&cwwfﬁ‘st Jiearopathis “E@%@gérdl ng
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be understood as neaning variants of the ACT polypeptides, which can be used
i n accor deipka-biantichymotrypein'it oo ACH a@bcording atut shep pseseat inyentibraisetol bhi bi t or
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pol ypept i phrtcular at least approx. 80%, especially at least approx. 90%, more preferred at least
95%, even more preferred at least 98% sequence identity to human wildtype alpha-1-
antichymotrypsin and having at least 1%, more preférably at least 10%, even more
preferably at least 50% inhibitory activity versus Cathepsin G compared to mature
wildtype alpha-1-antichymotrypsin isolated from human blood serum. The inhibitory
action can be determined by assays well known in the art. Such assays are, for example,
described in Heidtmann et al., 1990, Clin Chem 36: 2077-2081 and in Example 7. An ACT
protein according to the present invention may be isolated from a mammalian organism,
preferably from human serum or may be produced recombinantly, for example by use of
viral, bacterial, fungal or mammalian expression systems. Such ACT may be glycosylated,
partially glycosylated or unglycosylated. In a preferred embodiment, ACT is mature
human wildtype ACT. In another embodiment, the ACT lacks all or part of the N-terminal
signal sequence, more particularly lacks the signal sequence.

"Sequence identity" is understood as degree of identity (% identity) of two seﬁuences, that
in the case of polypeptides can be determined by means of, for example, BlastP 2.0.1 and



according to SEQID No. 1 to 5 possess at | east approximately 70% in
particul ar at |east approx. 80% especially at |east approx. 90% nore
preferred at | east 95% even nore preferred at Ieast 98%5 uence identity
with one GVOtZWéIGQ'éQQJences SEQ I D No. 1 SEQID No.: 3, @ﬁ%ﬁﬁﬂﬁiﬂl‘!@h, or SEQ

ID No, 5.a haveth epsin G ctjivity - Iar to
e S Bt (e SehiTeiG aae B ek B B %@tﬁé

descri bedet diffEndIBIl@SUM 1s$mtA1mhu1rﬂmab1 191975( Nueleiv alcfds Res., t25: 3389&!402} $1i ood as
activity

whi ch east. 1% .oref at | egst 109 n referably
at | east DEBPH Ofl?é{gtt BYAC 889& ﬁ’gﬁ “(/hat M’P%éﬁ‘ rrﬁ%go '?de
2006/ 037 @@scriped/ ﬁﬂﬁﬁﬂﬁl@iﬂmmgm pleptide sequahcwﬁtubant@t!ﬁ;‘ databaSp@hmeﬁhe des can
al so be f C ) on
i oh, - whEBs8 ot e RTR ACT gt ERbedR soRRERE SARF AR pepiafis B t"é. il ar
pr ot ease SBQ\IIDrlT‘Pmrl activity. For exanple, the f| rst amino acid, i.
net hi oni ne, can be mssing in a polypeptide w thout there being any
significant change:in the function of the poI ypeptide, Al so, as nentioned

above forTfSngugqum a taﬁure mmam AQT; pelypeptidenisgnensai wishous wignal aeptide i 0 an
ACT pol [ be
p y%ﬁﬁ%l\l- / er nus 0 200 34 drek iR B SBIOE]B% @R&ghﬁ ﬂcta@mﬂm@? TRY

added to t amatureAi de wthot the belng any
si gni fi c3AAULKE R Enpher, B wwﬂwtw Potyrertides shigwmdp SEQ P2y ni nal

and]{ or Iber@ rsyft Hotlflafire ?IGT 9<f>1ypéwdest)hmietmﬂétgoy dledvage bﬂﬂﬁ%l@hl ﬁama@ﬁctt f60

prefera of g articul ar of ‘a S y O

appr ox. ]Py %%Wﬁ%(%‘l Hé“ol?ﬂ ér&‘élpgttl |1Wc‘f°mﬂab[5? g‘&"ﬁéﬁ Ph’@eﬁﬂ‘ﬁf %&Pﬁﬁ?bl t or

speci f It C'SBQ’-‘%?‘“ rmmﬁ55mtpowpbyndegrmdtsd rdinhgdo SEQcmeNaredna\sEQm mhighle y

respective y e. Particular ef er en el etions

Wi oh ot (@8 e Bl YPiomhibant Bobissivn 3 yebl sp R b bt Ry &S of o

ACT pol yngnemﬂgal Mehionhinewfsilosied Wy tthaltseqnenﬁeT omtta/mmdamta\poﬂmaepﬁ&es | ast 4

am no aci ds j ept:i he. s ence o ture ACT

0! ypept | SRR PR, B Ne R SHIID By, M SR RREMEN ) Ty B

5, 367, 064)lethidiipe ekhbipn pristle maydbe irodGiedoni prieptto deaciliiate e.:tpressmn and/or

character 10f the signal peptide of an ACT

pol ypept |%%ﬁ%£ccorggﬁgt @Jf&é%@p@‘k%? 1 is mssing, especially ACT

pol ypeptides according to SEQ ID No. 2 and SEQ ID No. 3. ACT pol ypepti des

havi ng a Iyq)ﬂj

pol ypepti 1 @g@g? %%"tot }E)%P,nvent on N%egg‘g?:?%‘mﬂak@ﬁé’%ﬂq tfﬁgr fare

accor di ngPIP feried %mb'penhénsaccg ltotheinvention; Bamsiculery peefenre mrthensestfovxs t he

results %at%i‘@md’lepglypepudes lacking the signal peptide according to SEQ ID No. 2 to 3 and
functional variants thereof, especially functional variants according to SEQ ID No 4o 5.

The term "functional variants" is to be understood as meaning variants of the ACT
polypeptides, which can be used in accordance with the invention, which variants possess
protease inhibitor specificity with regard to cathepsin G which is similar to that of the
mature wildtype ACT polypeptide. For example, functional variants of ACT polypeptides
according to SEQ ID No. 1 to § possess.at least approximately 70%, in particular at least
approx. 80%, especially at least approx. 90%, more preferred at least 95%, even more
preferred at least 98% sequence identity with one of the sequences SEQ ID No. 1, SEQ ID
No.: 3, SEQ ID No.: 4, or SEQ ID No, 5 and have the Cathepsin G protease inhibitory
activity similar to that of the mature wildtype ACT polypeptide which can be determined
as described in Example 7.

"Similar inhibitory activity" is to be understood as activity which is at least 1%, preferably
at least 10%, even moze preferably at least 50% of the activity of a mature human wildtype
ACT polypeptide.



Figure 2 shows a xerogel pad after freeze drying w thout annealing step
Picture 3 shows a xerogel pad after freeze drying with annealing step Figure
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signal peptide of an ACT polypeptide according to SEQ ID No. 1 is missing, especially

ACT polypeptides according to SEQ ID No. 2 and SEQ ID No. 3. ACT polypeptides

having an additional N-terminal Methionine are also preferred ACT polypeptides

according to the invention, especially ACT polypeptides according to SEQ ID No. 4 and

SEQ ID No. 5.
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Figure Legend:

Figure 1 shows the results of example 7.

Figure 2 shows a xerogel pad after freeze drying without annealing step
Picture 3 shows a xerogel pad after freeze drying with annealing step
Figure 4

Fig. 2-1 Amino acid sequence of human ACT with numbering,

Fig. 2-2 native gellan gum.

Fig. 2-3 deacetylated gellan gum.

SUBSTITUTE SHEET (RULE 26)



Fig. 3-8 Recovered relative activities of ACT after 5 F/T cycles in varying
pot assi um phosphate buffer contents pH 7.2 neasured by activity assay.
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rel ati ve pit#iswitly 9G% AMkDaaghzegate) 8% 46kDriF0.9%- 20kBaciiagments) lansodigpdhbSat i on
in ACT saJx ' [ b . cycl es
measur ed%gfg/}l g?% \??W%{g'ﬁ%%@ﬁﬁ?g q%?% ?gé,g?%&?ogﬁéf%%ﬁgaﬂéfiﬁ gg of ACT
. HP- Q Gotlb@i¥lg 1008Dalageregnies lane 60 pHi 126, withsb7%1 160kDa mggregate: fanePZ:(i - CD
concentrq{l&g&.dependent stability of ACT in 10mM pot assi um phosphate buffer
pH 7.2 after 15 FIT cycles measured by SDS-PAGE: Concentration is given in
nol ecul arcontel withet degragetiondpvisugisedin Fig. 3-4.1196 aggregate; lane 2: 1:5, 8.5%

aggregate; lane 3: 1:10, 5.8% aggregate; |lane 4: 1:50, 3.2% aggregate; |ane
5: 1:100,_1.5% aqggregate; lane_6: untreated control;: |ane 7: marker. Fig.
ﬁ%‘ﬁ & E/E?ffer pH

3-16 Recdiigrad PRI Hihy erofils, pf PG im PRSI, Phesphat, T sifist

7.2 Wit hoydiek i guiH ntfagen aflé 29%C,heé htabiBbdY )mamg@éd.r (below) a 9 days
st or age atyg40C ﬁ‘gasureggﬁby activi tI§ assay. I?:i g. -17y§DS- PAGE gel on
i nfluence of amino acids on stability of ACT in 50nM potassi um phosphate

buf f er pHig. 24HEDSPAGE pelufor valadtivarsf f{eezealthas, streJepehdeare stabilityef KCHinne 9. 6%
dimer L. Gl IR ol PGt R TR YRR ane 3

lane 1 F/T stressed sample with 9.8% 100kDa aggregate; lane 2 unstressed control sample

without fragment and aggregate formation; lane 3 marker.

Fig. 3-5 Recovered relative activities of ACT after 9 days at 40°C storage in 25mM
phosphate buffer and varying citrate contents (0) and after 5 ¥/T cycles in SmM phosphate
buffer and varying citrate contents { A) measured by activity assay.

Fig. 3-6 Recovered relative activity of ACT in S0mM potassium phosphate buffer pH 7.2
with different salt additives before (above) and after (below) a 6 days storage at 40°C
measured by activity assay.

Fig. 3-7 Response surface calculated from recovered relative activities of ACT in samples
with potassium phosphate buffer pH 7.2 and salt (KCl) contents according to a simplex-
lattice design after temperature treatment — 40°C for 9 days.

Fig. 3-8 Recovered relative activities of ACT after 5 F/T cycles in varying potassium
phosphate buffer contents pH 7.2 measured by activity assay.
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SUBSTI TUTE SHEET (RULE 26) WD 20061037606 PCTI EP2005/ 010674 25 phenyl al ani ne
4. 5%dinmer, 3.6%fragnment; lane 4. |lysine 6.7% fragnent; |ane 5: cysteine

21. 6% dinmer; lane 6: glycine 1.4%diner; lane 7: alanine 3.6%dieter; |ane 8:
mar ker. FwWp2@6886Recovered rel ative activity of ACT in BOWBPENSSHMEH ¢ buffer
pH 7.2 with different arginine contentd after a 9 days storage at 40C

measur ed Hiy. 36t Recovwerad salgtivéiagtividy b3 AREToire degkndehdt of ehe cdonvéritpation ofCT i n

50mM pot assi um.pho t uf f e 7.2 . W th preseryatiyves fore and after a
o dnys s BPAYRME R AT e foctortVt budieo DnbeBials BUI fee PR TR
mar ket  pr460Q cieasured by dctivityt asshyg [3: PoloxarnkytiiiB8,<): dyeen? B A: SolutoPHSHS. t t ed
evens; |egend and rheol ogical data fromfitted function paraneters In k, n,
and R2 from power law (Equ. 3-2) are listed in table 3-4. Fig. 3-21 Ln k

val ues ofFigadti0xRacaverdd celative ecitvityoof WGTLdn oispendence ofathe xgaacenttation adfl ul ose
100. 000 ( hy Ll sce ) nid€ ) e of the

shractaitel iR ﬂtﬁ*\é&hﬁ%& JﬁaNxHMngt?%skm € ouf igﬂ V) hﬁgﬁgﬁ’@g?zg%?es

gel ling agent content. neasture ter Hadd at jpon.
Conpar i sdneaskred by |aghvigassges| abavel oR0helgw: Rdpxam@asd88el fl ow curves;
measurenent in anplitude sweep with controll ed shear deformation and a

constant _fre ncy w=10_1/s of, 1.0% gel.l m in 0.9% sodi u hlgride with
st or age rﬁ;gd-ﬂﬁﬁ@cquﬂl{elqtggécmpﬁé m(%%n% PS%SIWW%‘FF‘S&%P?{ 72 yield
poi nt rYS\ﬁ?MQ'su%:@% y agaitives hgfore ¢s8dve) asd afted (Kb~ )Vat d daysRepermagegs G
(0), loss nodu Ws . 1&,5 , loss factor tan Slnt Fig. 3-23 Flow curves in
anpl i t udSMEARIER byracyv gg’-‘ﬁ%‘r oxyethyl cellulose / 1.0%gellan gum in 50mMV
pot assi um phosphate buffer pH 7.2 with storage nodulus G (0), |oss nodul us

vater vi tHE SUEReBhvar B Rty 8t ACTim S0 Bl phoBpRRE DG a8t 72 ) "
S, ,,tt . tlgcycodeatriReadditivesd 294 lbafory Gbavd)iand taften(beu®V) a H dBgndibrage atsHI°Gm

phosphat e .7 d 0. 1% Pol oxaner(r) 188 wth various polyners at
0.5% contnelg#&fgﬁ'itbg%‘zﬁasasy " storage at 40C neasured by activity assay;

pol yners are HEC 10. 000, CMC Na 10. 000, HPC 100.000, HPMC 15.000, gellan gum
LT100, P 1o/ ; V0P : 10 dere i lvity
of ACT |>1ﬁ%0m [?\E%.SSI urngl%s%ﬁg{tgggéﬁ ei(ra d@e@%@gﬁ%@%ﬁg{o@&gﬁe@?@ ) 188
with varigfCheamgples i HimYl posassivn phaspbate bufferpH 7 2eafier 4 FAL cysles measured] i qui d

ni trogen mpaRtvtedsday. activity assay; control is fornulated in buffer;
pol yners are HEC 107 000, CMC Na 10. 000, HPC 100. 000, HPMC 15.000, gellan gum
LT100, PVP 17, PEG 2000, PVA 100.000. SUBSTI TUTE SHEET (RULE 26) WD

2006/ 037616, BAW ER2EG&GEA 1RAMIHe activity of ACT in dependence of HP-B-cyclodextrin
concentration in ACT samples in 10mM potassium phosphate buffer pH 7.2 after 15 F/T
cycles measured by activity assay; data points correspond to molecular ratios of ACT : HP-
-CD being 1:0, 1:1, 1:5, 1:10, 1:20, 1:50, 1:100.

Fig. 3-15 HP-B-CD concentration dependent stability of ACT in 10mM potassium
phosphate buffer pH 7.2 after 15 F/T cycles measured by SDS-PAGE:

Concentration is given in molecular ratio ACT : HP-B-CD; lane 1: 1:1, 11% aggregate;
lane 2: 1:5, 8.5% aggregate; lane 3: 1:10, 5.8% aggregate; lane 4: 1:50, 3.2% aggregate;
lane 5: 1:100, 1.5% aggregate; lane 6: untreated control; lane 7: marker,

Fig. 3-16 Recovered relative activity of ACT in 50mM potassium phosphate buffer pH 7.2
with different amino acids before (above) and after (below) a 9 days storage at 40°C
measured by activity assay.

Fig. 3-17 SDS-PAGE gel on influence of amino acids on stability of ACT in 50mM

potassium phosphate buffer pH 7.2 after thermal treatment (9 days, 40°C): lane 1:
methionine 9.6% dimer, 1.2% fragment; lane 2: arginine only monomer; lane 3:
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26 Fig. 3-26 Static mxer with nounting device between two syringes; gel nass
I s punped back and forth 10 tinmes for honogenisation. Fig. 3-27 Recovered
relative activities of a hydrogel fornulation consisting of 60Ag/m  ACT,
10MM ar gi WOW2006/037606 Tweet 80, 0.05% PVP 17, 2.5% hydr oxyBFWPZQ‘)g/PWé%se in a
50mM pot assi um phosphate buffer pH 7.22& 6 C (0) and 40C () in linear scale
rr:egsur efl ﬂmynﬂelfhh]bt%%sﬁmyr, 3% .ﬁ'at'gtr%&t;l?a;mﬂl:elwﬁde 6619 fragment; tliw §:i @stefile a

ydr oge oL prul at | opsi.stin 0,s0/nid . Al OnmM. ar gidiin 0.1%
Tween(r) Qféoéﬂlé’%%/%gl%ygﬁﬁ% lp%m%bwgﬁﬂwe%%%%ﬁﬂ&e& | ul ose in
a 50mM pot assi um phosphate buffer at 6C (I]) and 40C () in logarithmc
concent r &}, 0 C | Jy . i F Pﬁ@&t ' i ns in
t he one?ﬁg?'dgdlﬁl %g%?’ }éfie %ﬁzzahg%gégbgg%gré ';incl eg y ??@Patg%'{e@rﬁﬁi mgr% g%/f\r,

neasur ed differgat arginine contentpafterp§ days siorageabdeiemennired by activityiagsayi es of a
hydrogel fornul ation consisting of 60p.g/m ACT, 10nmM arginine, 0.1%

Pol oxamer)é_r) 188, 1. 50@%&: yvi nyl, p%grol I done 17, 1.0% PEG _ 400, 1.0Q% gell an
gum 2. 0%yl 3 Rpeeveped elativg agduty at ACToRvOpY potassinmphosphate bufferntl 82 at 6C
neasur ed xbwlgﬁhmames »efory and Skeilal 9/@ay8 Gloragelal 40 9C MedsGftd byt dotivity asay.e; fitted
| ogarithm c Tunction and 95% confi dence intervals are shown; 10% 1 oss |ine
mar ks the |ower specification limt. Fig. 3-30 Velocity constants k in
Loga{! t hnli‘ig.I &Dot@g?;?mgoﬂmmt_ produéts iﬁetlea&ﬁ 'wn@eai inpdc?ﬂ:le-lﬁg?ﬂthfrﬂ ptoedvitht A

uncti on; ope o netion. i - interce i.s _equ oin
from ¢ neiti ent eedit A Bico Pical o8 Hiom eftgd Tancion rShetel 1nig . ghe Rer i 1
hydr ogel firanpoivat lasn@Equk32ptredistef indshla$-4of rel ative activity in
formulations listed in Tab. 3-8 during FIT treatnment in' liquid nitrogen,;

formulation 1 (), formulation 2 (0), forrmulation 3 (D), fornulation 4 (0),
buf fer cdrigr 3t21 (@) k wilyes 8f 3artogPmictiyt roelulase ¢odirmbIDHOPAr Xy dytxoixyetbyl ul ose

100. 000 I ' e ; | K 1%
Pol oxamﬁﬁgﬁé?@-PP%Z#%%W SRR} Sclibectln O (&) gEM hdtal of the
at - 14. 8C, getling agegt comtepd nreasod pitenritemm sterilisatipng peak at -0.9 C. Fig. 3-33
Xer ogel pads consisting of hydroxyethyl cellul ose 100. 000 nade from 2. 5%
hydr ogel s_by conventiqQnal freeze drying process wthout annealing; left: top,
right: bofigofr22sOsmprrrigreotigetian g eebwayd Wslrospmhyssadidosecasl €0 05130674
f27 Fi g 53@&@@:&@.@% RaphitndeNsidepi Wathobortiie® sl MefdrRiatioh 088 40nSfafr made
rome. ?requency ®=10 1/s of 1.0% gellan gum in 0.9% sodium chloride with storage modulus G’
(©), loss modulus G*’ (@), loss factor tan Sgepen, yield point TYgenen; 2.5% hydroxyethyl
cellulose 100.000 with storage modulus G’ (), loss modulus G*’ (W), loss factor tan dypc

Fig. 3-23 Flow curves in amplitude sweep of 2.0% hydroxyethyl cellulose / 1.0% gellan
gum; in 50mM potassium phosphate buffer pH 7.2 with storage modulus G’ (0), loss
modulus G** (@), loss factor tan Sphosphate butfers Yield point TY phosphete butfers I Water with
storage modulus G’ ({1), loss modulus G*’ (M), loss factor tan Swater .

Fig. 3-24 Recovered relative activity of ACT in 50mM potassium phosphate buffer pH 7.2
and 0.1% Poloxamer® 188 with various polymers at 0.5% content after a 9 days storage at
40°C measured by activity assay; polymers are HEC 10.000, CMC Na 10.000, HPC
100.000, HPMC 15.000, gellan gum LT100, PVP 17, PEG 2000, PVA 100.000.

Fig. 3-25 Recovered relative activity of ACT in 10mM potassium phosphate buffer pH 7.2
and 0.1% Poloxamer® 188 with various polymers at 0.5% content after 15 freeze/thaw
cycles in liguid nitrogen measured by activity assay; control is formulated in buffer;
polymers are HEC 10.000, CMC Na 10.000, HPC 100.000, HFMC 15.000, gellan gum
LT100, PVP 17, PEG 2000, PVA 100.000.
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hydrogel s by the freeze drying process with annealing step during freezing;
left: top, right: bottom Fig. 3-35 Tenperature/pressure - tinme diagram of
freeze dryi n% (Process with annealing step during freezi n%iT --- plate

t enper at ur'8O2006/0378084yct tenperature, --- cabin pressur e POIEP200503%674_ [ qy
patterns of xerogels consisting of hyd?‘soxyet hyl cellul ose 100. 000 nade from
2.5% hydrogel s wi thout (above) and with (bel ow) annealing step during

| yophi | i | 206\ V, I ' : ~aAxXkS, QL tLer i on.
F o3 3T o SEe 6l aus o (i 88be GerkioBi Wio sPlinge’ b/ mARTR it 00
are made bigkoand farthriOrtanes foy hewegedsstipncel | ul ose qualities in different
concentrations but conparable viscosity in the hydrated state. Fig. 3-38

Force di agra f texture analysis, of xerogels nade_ form 5% hydrgxyet hyl
cel | ul os@'?&@oné’? Respugyed relative, aghaticse %é‘ygl?wlof‘)@é'\lf’é‘ﬁp WWG?@PE/ ease to

geg: ln_ni NCT,] 1mr@gi]9ﬂ:e90ﬂa§ ll‘aereea“’gsd,]gxm wg ﬂﬂ‘%.i%ﬂiyﬁidﬂ%ﬂ@ﬂ@élm‘g%ﬁelﬁl g. 3-39
wel | i ng hehavi our, of xeroge m hydr ogel s ini.ng 2.5%

hydr oxyeéﬁmﬁc@%ﬁ%gﬁﬁﬁg@o%@cﬁéai‘f@ﬁg péd@h%‘f‘ggﬂtﬁ (&) % E’é"r?& spples HCL
buf fer (‘jeaswedbentiivityagay.3-40 Swel | i ng behavi our of xerogels made from
hydrogel s contai ning 2.5% hydroxyethyl cellul ose 100.000 and vari ous

Tween(r) 80 (+) and Pol oxaner(r) 188 (0) contents. Fig. 3-41 Swelling
behavi ouFigf3-28 Regevaedaclative activitiel afye hydogal formutegion. Gifsistiyg 0669pt/mil

cel lul os 0. angd. i pel yvienyd, p | i 7 I yl ene

gl ycol Z%%g (@%oﬁ%@ﬁﬁé’. ‘bg?/&?y\é% Sd\/?él ?fub%% l?gﬁg'\% up%?ﬁé(bglfog% )sf'ér’yﬂde from

hydr ogel hydwoxiyethpil cejluboss ds 2 H)udM potessinmh phesphetednifiet 606GD(E,) asl 4AC(®)dssi um
hosphat ; : Al a0 Q1.0 f;m%ﬁ%r s‘]ﬁ% - QRYA vi nyl

Byr rgl [ dg%%&ll&ﬁ)?{cl éeyfﬂt?;n%hfhgggyv?%'g*t?%m ag@;[rﬂlé’ pad i sr%oa |gn% whenﬂgg [ ny

cont act \eng4sidggt legarithide fseden asaredigied by ginst-ordesatime lpwil maaayred by activalye f or

2-3 m nutagss‘gbef ore flow ng starts. SUBSTI TUTE SHEET (RULE 26) WD 2006/ 037606

PCT/ EP2005/ 010674 28 Fig. 3-43 Hydroxyethyl cellulose / gellan gum xerogel
pad produced froma hydrogel containing a 2%/ 1% m xture of hydroxyet hyl

Feconst Likon Joavetelelafit SURYies oE b girogel f?*?‘%‘?‘ﬁ°r“2ﬁ“§‘$¥‘?%‘8f@9g”ﬁ{ ho
wat er; ittt PWM%W%&@@I}%S@&W%%&S&EJ é’rp‘ﬁmﬂmm {%PB?II ] iﬂ%P t oni ¢
sodi um chiooy 1085 Seellah i giita, 2.0% hydroxyethyl cellulose in a 50mM potassium phosphate
buffer at 6°C measured by activity assay; relative activity is in logarithmic scale; fitted
logarithmic function and 95% confidence intervals are shown; 10% loss line marks the
lower specification limit.

Fig. 3-30 Velocity constants k in logarithmic plot against temperature in reciprocal plot
with fitted function; slope of the function is equal to -EA/R, intercept is equal to In A from
the Arrhenius equation (Equ. 3-10)

Fig. 3-31 F/T stability of ACT in hydrogel formulations; kinetics of decay of relative
activity in formulations listed in Tab. 3-8 during F/T treatment in liquid nitrogen;
formulation 1 (W), formulation 2 (0), formulation 3 (), formulation 4 (O), buffer control
().

Fig. 3-32 DSC thermogram of 2.5% hydroxyethyl cellulose 100.000 gel swollen in 10mM
phosphate buffer pH7.2, 10mM arginine, 0.1% Poloxamer® 188; freezing curve (below)
indicates a crystallisation at —14.8°C, melting curve (above) shows a melting peak at —-0.9 °C.

Fig. 3-33 Xerogel pads consisting of hydroxyethyl cellulose 100.000 made from 2.5%
hydrogels by conventional freeze drying process without annealing; left: top, right: bottom
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Fig. 3-44 Relative activity of ACT in 2.5% hydroxyethyl cellul ose 100. 000
xerogels with 10nM buffers after reconstitution wth 40nv pot assi um
phosphat e 7.2 neasured by activity assay. Fig. 3-45 Relative
activity 0‘98&@%2&3& 5% hydr oxypr opyl methyl cel | ul ose xerpﬂé‘i%zogﬁ’qlﬂﬁulomvl
pot assi um phosphate buffer pH 7.2 after“reconstitution with 40nM potassi um
phosphate buffer pH 7.2 nmeasured by activity assay; control w thout

additioncﬁl Ss‘lBK'IQ&o %&&é' &ﬁlts%ﬁe gﬁt,aﬁﬁ ;gééTm?ér]y }M@O@%a)ﬂgeﬁ'om 25%

respectlv xef ogel s Wlt

bot assi UMYRR Eﬂ&t@e FP Ay DEPIPORSTIE almz ST0p SASREEACES RED 4Tk 1P G g
agent (alyeuem. and additi onal 0. 0075% hydr oxypropyl - o-cycl odext r| n Spl ke
(bel ow) after reconstitution with 40nM potassi um phosphate buffer neasured
by activity assay; gellants are 2.5% hydroxypropyl nethyl -, hydroxypropyl -

mjrzc}xyemm 3-G&I']]‘mnh}rwﬂ:uf;a&eﬂ®fb — ginhd dmgmnbfiﬁ;edzmﬂmng]ptowas b%tlt}oamwliﬁgo. 000
% 2% % % i nat
19420 I 40 ik o DOy 858 AbAAL, OO0 R0 1

xerogel formulation consisting of 60g/mM  ACT, 10nmM arg| nine, 0.1%

Pol o arre n a
10rrMXpot as |) u#@%—r&pﬁ?{@rﬁ%@{% glg)% ﬁ@ﬁsj&ﬁ}%@ égﬁyﬁ?y%ﬂr%l %’lélbm ?g)%ol%gglrg%e%alr
scal e nmedsumed. 5% hydrogels y wathouly . (*ﬂFQ‘@) andigwithc (hadow) amsicaling estect duwringi es of
a xero eI 1Ll ] p&% @Arginine, 0.1%

Pol oxa?rer{ I?‘rm 83%’0(9%%%%0%%%‘3%(88“9{6 )g%gl %rrlﬁgg)e/et ?ﬂs I ulgose 100. 0000| n a
10mM pot assi um phosphate buffer at 25C () and 40C (0) | n logarithmc

concent r%:@avwemgt btk drbpdle It érO0AfMtE ExpobitB &b iy fd&itek aROmbde SY¥ANS 1N
t he onesdedloa?rl cal e as redl%&g@g first-order tine la

measur ed dtfersat by, (’9‘3’3@[@1 affﬁ“]PFeg q“SL' cgreemgERtions py} r?ﬂF‘.QHﬂgiFs after
a 3 nont Rggodkiey A0Be AldrAtedGtateasur ed by SDS- PAGE: SUBSTI TUTE SHEET (RULE 26)
WD 2006/ 037606 PCTI EP2005/ 010674 29 lane 1: formulation (1) with 9.4% 100kDa
aggregate; lane 2: formulation (2) with 4.7% 100kDa aggregate; |ane 3:

formul at igip. 838 Roich dlagriiml 6 kddduraooiabgist 6f xbmgelsllmadef Goron 1584 ihgdrok$ethyl t h

For mil ot 1 GIM08 G0 respesl fmieton 1 ad ot Hendhy S5 p rieqep 87 BFgoing 11°

0. 7% 100kbegeatral argast ave defommation amak testoring emsrgyl Wi t hout degradation is
visualised in Fig. 3-4.

Fig. 3-39 Swelling behaviour of xerogels made from hydrogels containing 2.5%
hydroxyethyl cellulose 100.000 and various phosphate buffer (¢) and TrisHCI buffer ({J)
contents,

Fig. 3-40 Swelling behaviour of xerogels made from hydrogels containing 2.5%
hydroxyethyl cellulose 100.000 and various Tween® 80 (¢) and Poloxamer® 188 (O
contents. '

" Fig. 3-4]1 Swelling behaviour of xerogels made from hydrogels containing 2.5%
hydroxyethyl cellulose 100.000 and various polyvinyl pyrrolidone 17 (¢) and
polyethylene glycol 2.000 (13) contents.

Fig. 3-42 Swelling behaviour of xerogels made from hydrogels containing 2.5%
hydroxyethyl cellulose 100.000, 10 mM potassium phosphate buffer pH 7.2, 10 mM
arginine, 0.1% Tween® 80, 0.05% polyvinyl pyrrolidone 17; left: dry pad, 2™ from left:
pad is soaking when put in contact with water, 3™ from left and right: soaked pad stays in
shape for 2-3 minutes before flowing starts.
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Fig. 3-50 Filns made from 2. 5% hydroxyet hyl cellul ose 100. 000 hydrogels;
left: 2R glass vial with dried filmon the bottoman | ower side walls;
center: wet filmbeing cast out with scraper; right: self s ortive film
after rerrdV‘an’“ﬁWé?PPbl ate. Fig. 3-51 Swel ling of film mat PFE‘@%"pgﬂi@éﬂﬁf"f om

hydr ogel s contai ni ng 2.5% hydroxyet hyl 28cel 'ul ose 100. 000, 2.5% hydr oxypr opyl

cel | ul oserig.0B-40 (ydrax pthyly ckilmigser/ogsllaneginy | xeragel Ipadqnedﬂd&ﬂ.ﬁ)ﬁlﬁ,a Bydrugel

St o OIS 22Yo LRl MBS of fty BRI Sofyined £ SRR NN eufith sOIEgS
car boxy nenhyhtest éﬁﬁ:hdltSIOP’@dlebeQT@l cemymt@@m,scmlntﬂ;qmnargel poid|d imig afterh
addi tion g §on9@%n%ﬂ§%takq¢gnﬁamﬂ il y% gﬁh'y'rﬁﬁﬁﬁh %%texture iy ogel s

(right bar - Meadurement o strengt anal yser
(left); flé?t@@ﬂdP@P@rFé’@ndﬁsgbﬁ% of tension experiments with rupture at 11.8 N

(right). Fig. 3-53 Measurenent of elastic nodul us with texture anal yser
(left); faorce- ance .djagr f peneiratio rlrren th ryptyre at
61.5 N (rF lgin%-)‘*g Eﬁaﬁl"%‘%ﬁ“hegg@i@ g-égr}q gbégo B’&S? i@i{)&ﬁ%ﬁ)s 8 Jfithengt h
val ues ofuﬁmpbeﬁefen iﬂfer%%ﬂ(sht@@éﬂ’%ﬁy|mg?b‘t@§§mﬂoﬁhodﬁhﬁﬁoﬁmhjﬁﬁ 9@l I ul ose
100. 000 and o VI nYWXFrC)l I done 17 contents vary according to a

si npl ex-I%FQS Bhcentrations refer to the hydrated state before
drying. Fig. 3- 55 Response surface cal culated fromtensile strength val ues of

hyar oyer g >AaraiBtibY e L oote Bty BRIt ol ¥R VT, .

desi gn; cHm¥npotassivon sphogpleate tbufieh ohydr afted recgnsfrtetithmfvdtle 4ﬂmM rp@tasﬁu@ 3-56

Response t t!vﬁ ; th
2.25% sé ?Rﬁﬁ&c@:—l grsléea%% bgﬁ%é sﬁgéﬁ %ene g ycoI g’ﬁ% ?’yvi nyl
pyrrol i doemalpleﬁ WI&om&ntastwholuiﬂonmg mﬁpeah‘éﬁl}'rpl ex-lattice de5| gn
concentrations refer to the hydrated state before drying. SUBSTI TUTE SHEET

(RULE 26) WD 2006/ 037606, PCT/ EP2005/ 010674 30 Fig. 3-57 Response surface
cal cul at ebigf o Relalive activiiyefi AGHT Waxesegels withn! GmMspetassium phoeahate buffer) ul ose

100. 000; @@W?%éﬂ“ée@ @bS%OPEGO@OW‘Qnd) élliﬂg'%)g tp%ébBGé)' M@d&ﬁonawmqs%s vary
accor di n a Si ex-lattice desi ; centrations refer to the hydrated
state befBiE nq/@ﬁ dextring spike ERCOPSHPEOR Y 40mbh Rotassiop:

modul i ofp t@fbuffelt hleaSla'E&/Ob a&mgraebawygeneﬁtst 5%, hﬁ@bygmpw@aﬁygl ycol

i ot ox- f‘%xc{r Bibronals gNEreicEO selbiosns! 0D B @ik AphRtedh Rnflose

100.000 1%/2% mixture, 3.0% carboxymethyl cellulose sodium 10.000, 5.0% alginate
sodium; * sample not measured.

Fig, 3-47 Recovered relative activities of a xerogel formulation consisting of 60pug/ml
ACT, 10mM arginine, 0.1% Poloxamer® 188, 0.05% PEG 2000, 2.5% hydroxyethyl
cellulose 100.000 in a 10mM potassium phosphate buffer pH 7.2 at 25°C (@) and 40°C
({J) in linear scale measured by activity assay.

Fig. 3-48 Recovered relative activities of a xerogel formulation consisting of 60pg/ml
ACT, 10mM arginine, 0.1% Poloxamer® 188, 0.05% PEG 2000, 2.5% hydroxyethyl
cellulose 100.000 in a 10mM potassium phosphate buffer at 25°C (#) and 40°C () in
logarithmic concentration scale with fitted logarithmic functions resulting in evens in the
one-sided logarithmic scale as predicted by first-order time law; measured by activity
assay.

Fig. 3-49 Stability of ACT in formulations after a 3 months storage at 25 °C measured by
SDS-PAGE:
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state before drying. Fig. 3-59 Response surface calculated fromtensile
strength values of filmsanples with variable hydroxyethyl cellul ose 100.000
and gellan gum F contents according to a sinplex- lattice design; filns al so
cont ai n 2WB206087684 hyl ene gl ycol 400 and 2. 25% pol yvi ny PCTHBP0SOIThe 17;
concentrations refer to the hydrated st®te before drying. Fig. 3-60 Response

ﬁu (r]I face galec! falfnlmllafm@ m)ewﬁhgg A% kD Erdg uiennmrmlieﬁnmmtlbn mrwmlﬁ%
roxye ce ul o an m.F.Co S accor
S|yrrpl ei ﬁQ%‘W%e TR gnan?l:? o “g%&é‘or@al &? E@@{?‘é %I (PEG)

400 and Zor2tdstpml (4)i with 1.3%r 100kId0 nggicBMe) 72% wmsﬂﬂﬂ% |I@kBar aﬁérothen t he
hydr at ed g b r IV f

wi th 5nmM pgﬁltaegtg'f Egrrﬁg ﬁofgfxlﬁlﬁl?@o ‘ba’?"é”rtﬁ 3% 3%b$b Eg%gﬁtje i%@éﬁéﬁﬁ {]d)gel l'ing
agent af wgth §. %ol@@k%@@gg@gaw lahe Zammkput assi um phosphate buffer neasured by
activity cﬁﬁ g%gﬁ opyl met hyl - hydr oxypr opyl -

hydr oxyet hy ce%ltggé O?O%grﬁg%{é %u% hydr oxyet hyI cel lul ose 100. 000
1% 2% m xture, 3.0% carboxynet hyl ceI I ul ose sodi um 10. 000, 5.0% al gi nate

sodi um Igigl.3- %ﬁamﬁqﬁmée&ﬁﬂzrs%wyew é’élﬁﬂ&é mboﬁéﬂay lsrﬁ&k by @dsi Vity
assay of a fil formul ati qn con5| Opg/ m (H%:m ne. 0.1%

trn
Tweeno 80’“@“@/@ lpyon the %121"5?“ %ﬂiﬁbwﬁbﬁlm si um
phosphat gcfapér, ﬁ'ghﬁ%l?ﬁ@(ptmvdﬁlﬁ:%ri&néval/ﬁ@ﬁvﬁ)la&nd 40C( 0, k 7.43. 10 4 1/ day)

in Iogarlthmc concentration scale wth fitted logarithm c functions
resulting in evens in the one-sided |logarithm c scale as predi cted by
first-ordgg 3-50Swelling 6f fim Infiicst mhde fioyn hydrégels conthiming 12 504 hidr

R TR P 109 00 of 08 PP Fi%e@p Sét X‘O
]glgﬁ re}ﬁlt gsllcellwlnme P0G. O(DOnr?I %llgdr((:@):r@hhdﬁﬂ?@é_ﬂﬁﬁi;&)ﬁ ODOagmbﬁD% batb?cﬁnethylh 0. 0%
100kDa aggfrhéléa% S\Md'f'ﬂn R% E%?E& ﬁ{ e(gqthdua{*oﬁfelﬁ.n% at ?%érlllﬁps @? squ\% %ized in
F|t gdl 254 cafhogymﬂ'ﬂhsﬂm ﬁ)lﬂa@l basic thydrmbe(pentadwmwwﬂu;g wﬂhgcddglgﬁgffr() rrie"tg: ﬁ?ns gt
Z | ayer t &gﬂmess ol%&gﬁlgw ﬁéﬁ]ﬁé%égﬁeol?g%mdgé&@gﬁ%t j;nd top) provided with

a ripple plate supporting the nenbrane is filled with acceptor nmediumand is

connect edr§ 0315 MBRLIrERERC S fMRIIE s(tﬂ:ﬂ Sﬂﬁwnﬂexm&féﬁﬂl‘i}@érsgl@ﬂ)? ffRaighRd by a
cel lul ose_ acetate fjlter rrenbra 0.4 pore st ze; th
iagram of fension experiments Wl rupture at 11. N (right),

Fig, 3-53 Measurement of elastic modulus with texture analyser (left); force-distance
diagram of penetration experiments with rupture at 61.5 N (right).

Fig. 3-54 Response surface calculated from tensile strength values of samples with 2.25%
polyethylene glycol 400; hydroxyethyl cellulose 100.000 and polyvinyl pyrrolidone 17
contents vary according to a simplex-lattice design; concentrations refer to the hydrated
state before drying,

Fig. 3-55 Response surface calculated from tensile strength values of samples with 2.25%
polyvinyl pyrrolidone 17; polyethylene glycol 400 and hydroxyethyl cellulose 100.000
contents vary according to a simplex-lattice design; concentrations refer to the hydrated
state before drying.

Fig. 3-56 Response surface calculated from tensile strength values of samples with 2.25%
hydroxyethyl cellulose 100.000; polyethylene glycol 400 and polyvinyl pyrrolidone 17
contents vary according to a simplex-lattice design; concentrations refer to the hydrated
state before drying.

SUBSTITUTE SHEET (RULE 26)



systemis seal ed by a pol yurethane rubber o-ring. Fig. 3-65 Mdified Loth
chanber for rel ease studies equipped as static nodel with two syringes
provi ding the acceptor solution. Fig. 3-66 Rel ease di agram of Fl uorescein Na
(A, F1TCV&%?Q6£9P|7GB§kDa (0), FITC Dextran 70kDa (0), reShdtRmUE%%" rom
hydrogel s cont ai ni ng 2. 5% hydr oxyet hyl el lulose 100.000 in water; release
mediumi s a 10n1\/| pot assi um phosphate buffer pH 7.2, 0.1% Pol oxarrer(r) 188.

Fig. 3-6% eamceFéa&ﬂaé& '\aaéu% nSldaRe ?Asaﬂlpléé?wﬁh%bs%

¥ -cl)-[:c):e D$X2hr M@%@eﬁub& 55@59&@@31%%16% rsfmb 5'95 o apal Q%gylzgslﬁzolsi(we 17

hydr oxy etdaytentseldry! 286rdif0t08 Qirplexdiifice déd@iRoAcEMrafidns RerSOURE Sydamdd of
tinme; rels%%;ﬁggedg?um s a 10nM pot assi um phospﬁate buffer pH 7.2 0.1%

Pol oxarmer €-3-68 Visualisation of nplecule sizes in conparison to
menbrane pore size; FITC Dextran nol ecul e sizes are stokes dianeters - 6.6nm

f | 9k | 12, f Q d 0;
gi ven as B0t deioopst Heiive, enoyded o B il SR S0 Bsth o, °
di agr am gfolyrhigd- Paxdlidome 70k ol yetinyledey ghycaje40Q And diydwayethg] celRdo. BE).000F i | m

g?bmsl:gp 01iet]-'Pons coﬁ? %eaggﬁﬁ}e%(?%uoxye?%yIcgnc%%‘ﬁose ef%ﬁgtggﬁﬁgalﬁt t he

square r(ﬂmtebgfor@dlrmgrel ease nediumis a 10mM phosphate buffer pH 7.2, 0.1%
Pol oxamer (r)188. Fig. 3-70 Linearised rel ease diagramof ACT froma Xerogel
formulation in the dynamc nodel; rel ease rofiles are given as active ACT

gai ned byFigc 8159 Respapsmgurfage cgc@béedlﬁor@ porrlgs i mpm)wﬂm
2006/ 037 E%?&BQ red by
ELI SA (, 6‘s;ﬁlope- 2.8 %@l&ﬁﬁés;e @gr@g?ﬁﬁgﬁﬂ dr gleﬁleggnt al ns 011

10mM pot al8tice rAesiems Silas cal mswa?m fr"ozpo ol #00 ans 13@6%9 1‘) 188,
and 2. 5%wafdhdeaé WYJCdﬁeéﬂtkHti@ﬁ@re?&Qo(ﬂ% d?at%&tﬁ{e befdr@'d?jﬁﬁ% nediumis a 10mM
phosphat e "buf f er pH wi th 0.1% Pol oxarrer (r)188. Fig 71 Decrease of

relative activity of a 609/ m ACT solution (10nmM potassi um phosphate buffer
pH 7.2, OFigY3 0l ns@imge( surfak8 &hlcdlatddnfomt élasticigoduli 6flﬁhﬂ@mpte9 rmﬂilffﬂialﬁe (0)

dd d i L
3772 Res EESRRR s G087 ob. B0, s e I, dontits apiviis 3 Pt Hies
pot assi undesigno Sfiinat alsd cofitein PR5% Bolyethilefie @ydabl(BEGDrEtOOra)ndlBBS%Jpo]lygmgk posur e

2,4 0% B e PRTBSERNS h TBIABAREEL e o O 257

Fig. 3-61 Relative activity of ACT in films with S5SmM potassium phosphate buffer, 0.1%
Tween® 80, 1.5% PEG 400 and gelling agent after reconstitution with 45mM potassium
phosphate buffer measured by activity assay; gellants are 2.5% hydroxypropylmethyl-,
hydroxypropyl-, hydroxyethyl cellulose 100.000, gellan gum/hydroxyethyl cellulose
100.000 1%/2% mixture, 3.0% carboxymethyl cellulose sodium 10.000, 5.0% alginate
sodium,

Fig. 3-62 Recovered relative activities of ACT measured by activity assay of a film
formulation consisting of 60pg/m! ACT, 10mM arginine, 0.1% Tween® 80, 2.0% PVP 17,
2.0% PEG 400, 2.5% HEC 100.000 in 2 SmM potassium phosphate buffer at 25°C(#,
k=1.30-10-4 1/day) and 40°C(L], k=7.43-10-4 1/day) in logarithmic concentration scale
with fitted logarithmic functions resulting in evens in the one-sided logarithmic scale as
predicted by first-order time law.

Fig. 3-63 Stability of ACT in formulations after a 3 months storage at 25 °C measured by
SDS-PAGE:
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l eft: control before exposure; centre: exposure for 18 hours, right: exposure
for 75 hours. Fig. 3-73 Residual total content of a 60g/m ACT solution

formulated in a 50mMM potassi um phosphate buffer pH 7.2 with 0.1%
Pol oxaner (WO 2088306 i ng exposure to tubing material, chZCTEPRS09674]
menbrane material, and glass, respectivély, neasured by ELISA;, left: control

ﬁef ore Exml;fo?nuladnn (E) wﬁhm&gg&g?te Egt_rb&fbplune;z fdslhmﬂhtlioﬂzp@ﬁﬂf@?%(ﬂomﬁ )
ours. Fig. 3-7 e L agr-am rama. xer.,oge rnul ati i n,the
tatic it dpEy MG LA Wl o bkl R ot Hie d BrrilonPLefihyi
assay (0)0.26d00iddahggegate,dmefhmarkmeasured by ELI SA (4); underlying hydrogel
contai ns te buffer pH 7.2, 10nM argi ni ne,
0.1 %Polcgggérler%WT%Q&%%&WHQF%EWS% hydr oxyet hyl cel |l ul ose

100 000 in water - xerogel forrmulation (1) of Tab. 3-18; release nediumis a

QrM potfggss-'sm MB@E?&H%&hbéhfa}r%Ter dé-oF ik gla% Eioka QPs"nicﬁés %ﬁfdofdrg 3-75

Llnearls Telease dia roma xero Ol’m.l tion In

nodel ; reqhéﬁtber (dathpnd &0\’&) kegps\iefpmalofdonor mediom a3 fayer ﬂl}cl@@sq of 4n;ma&@ay (o
?elzgpgggs n erl aﬁﬁkr ttaﬁ&% tgﬁﬁw%ta ﬁﬁﬁég\lﬁés %;E/Imotg(meﬂ%lggpﬁate
: [ [ |
buf f er pHilledowith apReptay mﬁ aftsin 19APeER Q?Fe"{he)mfé@m (ot 13?10&&)“1 2. 5%
hydr Oxyetdminbsxelawh@amtécﬁsy @.Q{éllunoee mmé ﬁite%ﬂfeﬁﬂ)ﬁnefﬁfﬂmmhﬁpotéjsizeoﬁlﬁab
3-18; rel ease., rre%wg e%ng sium phosphate buffer p Wt h
0. 190l oxHEM? ngBoygx P§’é’§ rel ease diagram of ACT from a
xerogel fornulation in the static nodel; release profiles are given as
active ACIL g Vi ) Q, s =6.5 9 n t,al ACT
cont ent %ﬁsgrégﬁ\%@%éc@&h (c%mg?r %’X r%! egse %?&B 5@3‘”7@%‘%?@6‘? %?bc’% gwgg'ltf"?UTE
SHEET (RLﬂyEans)pr&‘ﬁdﬁ@(l’ﬁé@&%ﬁﬁsﬂﬁﬁbrEPZOOS/010674 33 hydrogel contains 60g/m
ACT, 10mM pot assi um phosphate buffer pH 7.2, 10nM arginine, 0.1% Tween(r)

80, 0.05% PVP 17, and 2.5% hydroxyethyl cellulose 100.000 in water -
f or nul at i B (5£6)6 Relshsea dingrani ofiFluorescaioriVe féh h SETTGDexoap HkBa o). BFTGH 7. 2

th 0.19 %ﬁﬁﬁ% f
\z,im xer ogel/Dgor mulati o ((‘j)f ?}é%?ﬁctﬁeﬂr ﬁ%ﬂﬁ%%%ﬁ@&éﬁ‘tn%ﬂﬁ g?"z‘?”‘?b |uv€5§rasr o
active ACPOPONBvEGTE selepss mpdiygs isya (0mM p@ﬁ%ﬂm@hosmv&o buffer B 7? A6 ACT
content negGkinR® pys ELI SA (4, slope 10.2, R2-0.99); underlying hydrogel

contains 60g/ m ACT, 10mM potassi um phosphate buf f er pH 7.2, 10mM argi ni ne,
0. 1% Pol oxarer (r) 188, 0.05% PEG 2000, and 2.5% hydroxyet hyI cel | ul ose

100. 000 i FigWaiegr R elbsvenaih@rah0Bf ERiorestéth 9% €ATRIbpEEBY 4, R2E0IYRY, NITESBE N
phosphat e, BW 1€, slope=12.3, R2=0.99), FITCDextran 70kDa (O, slope=7.2, R2=0.99),
respectively, from hydrogels containing 2.5% hydroxyethyl cellulose 100.000 in water
drawn against the square root of time; release medium is a 10mM potassium phosphate

buffer pH 7.2, 0.1% Poloxamer® 188,

Fig. 3-68 Visualisation of molecule sizes in comparison to membrane pore size; FITC-
Dextran molecule sizes are stokes diameters - 6.6nm for 19kDa derivative, 12.0nm for
70kDa derivative200; membrane pore size is given as 450nm, and ACT diameter is
estimated as 5.4nm.

Fig. 3-69 Release diagram of FITC-Dextran 70kDa from hydrogel (A, slope=7.2,
R2=0.99), film (0, slope=10.0, R2=0.98), xerogel ([J, slope=6.9, R2=0.99), Tespectively,
from compositions containing 2.5% hydroxyethyl cellulose 100.000 against the square root
of time; release medium is a 10mM phosphate buffer pH 7.2, 0.1% Poloxamer® 188.

Fig. 3-70 Linearised release diagram of ACT from a xerogel formulation in the dynamic
model; release profiles are given as active ACT gained by activity assay ([J, slope=10.8,
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pH 7.2 with 0. 1%0l oxaner(r)188. Fig. 3-78 Linearised rel ease diagram of ACT
froma xerogel formulation in the static nodel; release profiles are given
as active ACT gained by activity assay (0, slope=7.0, Rz2=0. 99() d total ACT
content nMIABWETHE ELI SA (4, slope 8.5, R2-0.99); under PGIEE? Of{(}{%@gel
contains 60g/m ACT, 10nM pot assi um phd$phate buffer pH 7.2, 10mM ar gi ni ne,
0. 1% Pol ®¢=098) rand18atal (AOBYeditent] Tocasied hiyylr BLESA i, shiplealhs,e R’%80.98)0, and

pot asor unfoERER i dlet Fonlfihe Konelsl RKTo0RY bl BERGHIE AR b 7,100

Li near i sdfmM laegisined. h%r%wmeﬁ SSJMhS%érydgmbreﬁlm}cmlﬂumscdﬁmOﬂOtuhwatgr,at | c

ol ope-7. SereaRgnlifiays E30AM B IR WRsRFbi A2 At o0, PRReE AR 1Y, C22°Y 4D
R2=0.98); underlying hydrogel cont ai ns 60gg/mM ACT, 10mM pot assi um phosphat e

buffer p 711 r 8420 MBM"—
hydr oxye?h%l ?gé”ﬁg(}\%aésg (%10{)&&3’8/8 ‘iioé% gﬁ%%&g‘u%&ggl&f \E\)/at er %ota?mﬁn@ | ation

(5): rel @%@ wifer pE 2. H@Pﬁﬁ? ginythe acesptor surplyst(R)o. 1%
Pol Oxarre%a)daﬁﬁ%ﬁ&mgmg&h&qghmmum sheﬂue@ﬁm@s@gmar(mqf ACT from a xer ogel

formulation in e static nodel; release profiles are given as active ACT
gained by activity assay (”, slope=6.1, R2=0.99) and total ACT content

gga/s lrjn red My, £O2 %_f_{dﬁal &dtivftg of.8560 A:‘CI]?])' solutiete forytiufey 1oen3v| iy d50gM ;@tyasoiajnr}s

.Nn . 1%
Polgoxarre%[#"f]t?g‘l% fge‘dgg &/%({"?‘7&52%@ lgu eby@? ‘iﬁ'ﬂé‘ﬁhWDE‘E? It?)I GM‘T‘TE%O in
V\B.Ht <7ar . dhamipeqt mg}tennl gxfe)nbramd mmﬁglmdd giass, :src@edmrﬁy , d¢aased oy mﬁoﬂpbﬂggl ggf? 1; 8 g
PCT/ Epzodggo?é‘%%ggg‘lf g&%g&ﬁé cptfsxpariiE Ky 1ot B %@?%%%@ AR 2 o
fo_rrruljat)l on in Ithe static nodel; release profiles are gjven as active ACT
Peecorod U PRSI L gl SR Sl ol
60pg/ m  AGTASSHMD h@tg buffer,pd<hh adth 4% Bologamer. 188 £XGPTI &0 tuhInEYs

5’813"688‘9”.‘1%*“*82%’3@9’3%*@;‘7’5“33’(&3@? L e”ﬂ”&eg.aﬁsm?%ﬁ%‘%%%%‘%fsﬁf” o

phosphat £k, deft: ;ﬂqntrolzbefqupesqe,%qnmo@a@ﬁ@ae 9r Iglpurs;iright: mgsw ﬁ@aﬁ sed
rel ease digygg am of ACT froma filmfornulation in the static nodel; release
profiles are given as active ACT gained by activity assay (~, sl ope:6, 6,
R2=0.99) and total ACT content neasured by ELISA (4, slope 6.8, R2-0.98);

under | yi neighy.du aséase diagram of ACT from a xerogel formulation in the static model; release
profiles are given as active ACT gained by activity assay ([1) and total ACT content
measured by ELISA (#); underlying hydrogel contains 60pg/ml ACT, 10mM potassium
phosphate buffer pH 7.2, 10mM arginine, 0.1% Poloxamer® 188, 0.05% PVP 17, and 2.5%
hydroxyethyl cellulose 100.000 in water — xerogel formulation (1) of Tab. 3-18; release
medium is a 10mM potassium phosphate buffer pH 7.2 with 0.1% Poloxamer® 188.

Fig. 3-75 Linearised release diagram of ACT from a xerogel formulation in the static
model; release profiles are given as active ACT gained by activity assay ([J, slope=6.6,
R?=0.98) and total ACT content measured by ELISA (4, slope 7.8, R?~0.99); underlying
hydrogel contains 60pg/mt ACT, 10mM potassium phosphate buffer pH 7.2, 10mM
arginine, 0.1% Poloxamer® 188, 0.05% PVP 17, and 2.5% hydroxyethyl cellulose 160.000
in water ~ xerogel formulation (1) of Tab. 3-18; release medium is a 10mM potassium
phosphate buffer pH 7.2 with 0.1% Poloxamer® 188.

Fig. 3-76 Linearised release diagram of ACT from a xerogel formulation in the static

model; release profiles are given as active ACT gained by activity assay ([J, slope=6.5,
R?=0.99) and total ACT content measured by ELISA (#, slope 7.8, R>=0.98); underlying
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contains 60g/m ACT, 5mM pot assi um phosphate buffer pH 7.2, 10nM argi ni ne,
0.1% Tween(r) 80, 2.0% PVP 17, 2.0% PEG 400, and 2.5% hydroxyet hyl cellul ose
100. 000 i formulation (2); release mediumis a 10nM pot assi um
phosphater\gﬁ’%@%g’ﬁw? 2 with 0.1 % Po)oxaner(r) 188. Fi FCHERISIYIBEA | sed
rel ease di agram of ACT from a filmforTulation in the static nodel; release

prof i | eshydregeli containg G0jg/mb AT, HRmNe potassine phosphatestuffer(pH 2Rog8mdo,
R2=0. 99) 5 t@i%‘ T&%@%@teoswqun&z s@hpot asg 2]%2&1&6300% 98);

under | yi Ae ydrogel ~ cont ai hs 60g/ te huffer pH

7.2, 10nWIa?Fg1 farmelation 1(59; m&awm }S &é@mlémwﬁw nhosg@é)@@al epHob2 2. 0%

hydroxyewilml() PrlBglbaeeer&0&g000, and 1.0% gellan gum LT100 in water -
formulation (3); release mediumis a | OrM pot assi um phosphate buffer pH 7.2

with 0.1% Pol oxanmer(r) 188. Fig. 3-84 Linearised rel ease diagram of ACT from
afilm fGEFnH -7 i1Ghedrized t€leadeadingramD O£ IACT rfne askerpgelf fokaslation mltherstaae active

eastr edngy ks potlRORE b/ aspes B T saited y#van R S ns 60

E g{ 21)( aﬁeCR =({8) amlm@g;ﬂﬂ‘ bmt7 sythmadasuted biydELISA (D,ZSIO;SBOHT;& eR gDrﬂle;emglerllyﬁgse

100. 000, hgéfbg%llg?ﬁ}gﬁlg ‘?#r%/‘b’} A(I;F gd%bgfg’&aggflnggf{f@x% Bf(ﬁi%t e?gasemrrhgdl umis
a 10mv pat@mne,uml%)rﬁndqmtma bl 88§ é)rOﬁBH PEG 2G00h add M%ohpdmmthyl) adliloski g.

S e -1 980 006 th bl AYEnAAGAR) SeicACTE A 2 olIoh{N R A Il biiferS! 2t ¢

ease i'esareg garne y ‘acti vity assay (",
sI ope =5. pHMmﬂgB)%Eoidxmmral S&CT content measured by ELISA (4, slope 7.2,
R2=0. 98) ; underl ying hydrogel contains 60g/m ACT, 10mM Tris hydrochl ori de
buf fer pH 7 10mM argl nine, 0.1% PoI oxaner(r) 188, 2.0% PVP 17, 2.0% PEG

400, and 2g53%78\ gpleaseodiagragy of ASST doan 2tz Irfgrmulgfionn thejstatisg) wo
2006/ 037%%e?%1e§?@ 148 Tivends AdtiveRAECT gairfedBLAGTVIL Thsédy) (O SIbpesRO rTEdI um

Fol | ow ngCE éﬁﬁ@tﬁﬁﬁé@[‘c%%ﬁﬁ%éﬁhﬁw Ak s@@aési/g 5@%@55.%@ wgo ™
(F:%gh Ihgr bemggbg ef e@}iﬁﬁgﬂg(?wg/mﬂ eXCEd 161 dict@sinm 0 he phatep beffen pHi rﬁ\zerlt()gm \gﬁg 1) 32
Exanpl es 2 &YBE; ('ﬁ @ ﬁ%g n(g?g P &\?%E‘Z?e@ﬂ{o% F@gﬁcgﬁuﬁqse r‘g@oﬁg scri bed
further, 10% \gauamgumelxmqml ie. witaranfokrulbtiofl’ (4)p f¢ledse amediim iea A0mM potasghinsi ng
HEC, gel lpﬁgsp%%@ it '}A)‘ﬁrlb With 6 i% Poloxamer® 188,

Fig. 3-79 Linearised release diagram of ACT from a xerogel formulation in the static
model; release profiles are given as active ACT gained by activity assay ({J, slope=7.2,
R?=0.98) and total ACT content measured by ELISA (¢, slope 7.4, R*=0.98); underlying
hydrogel contains 60pg/ml ACT, 10mM potassium phosphate buffer pH 7.2, 10mM
arginine, 0.1% Poloxamer® 188, 0.05% PVP 17, 2.0% hydroxyethyl cellulose 100.000, and
1.0% gellan gum F in water - formulation (5); release medium is a 10mM potassinm
phosphate buffer pH 7.2 with 0.1% Poloxamer® 188,

Fig. 3-80 Linearised release diagram of ACT from a xerogel formulation in the static
model; release profiles are given as active ACT gained by activity assay ({J, slope=6.1,
R?*=0.99) and total ACT content measured by ELISA (4, slope 9.5, R?=0.99); underlying
hydrogel contains 60pug/m! ACT, 10mM Tris hydrochloride buffer pH 7.2, 10mM arginine,
0.1% Poloxamer® 188, 0.05% PVP 17, and 2.5% hydroxyethyl cellulose 100.000 in water
— formulation (6); release medium is a 10mM potassium phosphate buffer pH 7.2 with
0.1% Poloxamer® 188.
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(1) 2g Hydroxyethyl cellulose (Natrosol (r) 250 HHX, purchased from Dow

Chem cals) and Ig gellan gum (Kel cogel F, purchased from Kel ko) as dry
powders are levigated in a nortar and so intinmately m xed. (2) The m xed
powder is W%’d’@?’gﬂﬁo“i n 97g of demineralised water with a PEHER200&P106Nxer at
high stirring speed. The dispersion is3tirred several minutes until it
appears Hig§khamarised(®)eadd diagemn s6AICT framsa fibn fotndakiominothe siatis imodehot t | es

e carri daeBmnpioit & Een bl pille R@*E@ézz%“%ywﬁﬁfﬁﬁaijé%%“ e R e

gel i ng reantidbtal AGT Qdﬂéengemdaaweglh}’\ slogeshBcR%FQ98), @nﬁ@‘lﬁnmbﬁdfaeﬂendent)

hi t
bour eq at-ogefs dONG/RPHET, ot podsgtBf Bhosphe buffer BRCY o, ROIRM ARARGRELAT L 0N
4 mm  UndRoloxamss e 18% 260%i O 1718 0eBEG 4905 andel. §% hxdmmg%ﬁelﬂl#l@ﬁerﬂémémo
cyl i ndri i @é}ap@nwahoﬂm)f 616358 YA BER (#4905 B Tholibeslbifer pDY 2Vt er

IS renove rom ¢t dis er&gl on by drying at 25 under "a flow of warm (400
mtrogen‘@’é}s #eYolpxanasrd 18- drying a uniformdry filmis left in the dish
whi ch consi sts of honpbgeneously m xed HEC and gel |l an gum SUBSTI TUTE SHEET

hydr at | orFibes-F1 ASeeRaaRLIE e (ASFOROL Arel fPBY &A1 ARERHFTHE h8 SHISHNSLL aesi um
phosphat aeleuie Rofiled afe ivel aPativea €T gb&&d(@%ﬁmsaassawm Wﬁpw@wmny)

erii st w@@@f?@a&%ﬁ%\%ﬁ&fﬁa@@bmﬁﬁﬂﬁ ¢ RereSb by BERgeC one

| - ant i chysontainspéyug/ink AR sSwhMepbtassibio p hosphhtathutﬁfer ipH 24ail OroM Ia.tgmmcL @.K¥%ough a
0, 22 t lnb T t
B ccest VR AR 2 AR 121 200G PR o A0 %k BRI pelhubye 000 £ 12 1
in the viwatemndoingulayaty X)eteledse imediem ACT l&u%dapqtaasgm@hgmhew hitffmpéb7@6) to a

filling h@itﬁ’htl"/of’o <iHe PN g8 2R vial the necessary ampunt is 0.4ml. The
m xture is a]lovve to swell for at l|east 24 hours to again forma

honbgeneous hydrogel . By this formof drug |oading al nbost no shear stress

(whi ch i spg 9r85t1.h1£@£ns&?féleds@ dPiﬁi:ﬁ'de@Pﬁ@&d E%lm'fénﬁﬁllﬂhbﬁ&ﬂﬁ stdiR Hbdkl
subst ance. e vial wth aghteag(ﬁ'l' I nside 1S, now p into a fzreeze dryer

at 20C. mteasq Bropies|are given 3si Mtbmﬂtw&waﬁw %?ng’ﬁé’ﬁrﬂﬁ)g%anpl e
9: The drahdnael ATT @oﬂt@ﬁf%@é&ﬁfédsbﬁEDM teCslope d.9, RE=0Beamnided)ing hgdgtl es are

very  sul table for praner hapdling. by both RN S 390 1BShTORREhe b 1ol S
Poloxamer 188, 2.0% PVP 17, 2.0% PEG 400, 2.0% hydroxyethyl cellulose 100.000, and
1.0% gellan gum LT100 in water — formulation (3); release medium is a 10mM potassium
phosphate buffer pH 7.2 with 0.1% Poloxamer® 188.

Fig. 3-84 Linearised release diagram of ACT from a film formulation in the static model;
release profiles are given as active ACT gained by activity assay ([J, slope=5.1, R?*=0.98)
and total ACT content measured by ELISA (¥, slope 5.5, R?=0.99); underlying hydrogel
contains 60pg/ml ACT, SmM potassium phosphate buffer pH 7.2, 10mM arginine, 0.1%
Poloxamer® 188, 2.0% PVP 17, 2.0% PEG 400, 2.0% hydroxyethyl cellulose 100.000, and
1.0% gellan gum F in water — formulation (4); release medium is a 10mM potassium
phosphate buffer pH 7.2 with 0.1% Poloxamer® 188.

Fig. 3-85 Linearised release diagram of ACT from a film formulation in the static mode};
release profiles are given as active ACT gained by activity assay (C], slope=5.7, R*=0.98)
and total ACT content measured by ELISA (4, slope 7.2, R*=0.98); underlying hydrogel
contains 60pg/ml ACT, 10mM Tris hydrochloride buffer pH 7.2, 10mM arginine, 0.1%
Poloxamer® 188, 2.0% PVP 17, 2.0% PEG 400, and 2.5% hydroxyethyl cellulose 100.000
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to forma hydrogel when put in contact with an aqueous solution. Once
rehydrated, the gel very soft and feels confortable when put onto a wound.
It also provides intimte contact with the wound ground e proper
rel ease of"Q HWOAYHPE, e i ngredi ent |oad., .Exant ple 2: Pr eBQ?’&??@#"g"Pwer ogel s
conpri sing HEC, ﬁ%6| | an gum and ACT in gﬁeets of 2 nmm height The pre}z))arati on
of the xdnagdsr - lermpletior (oralense madium isve 1mdE pefassiura phosphaty buffer pH 68 of
the xer oggiknh 6 fovp@beanidr®iRgt ep ACT containing solution of step (6) of exanple
| is poured onto the placebo filmin the dish to a height of 4 nrmand is
swol len for at least 24 h. The hydrated gel is heated to 40C to achi eve good
flowability and is filled into a scraper. The gel nowils cast out on a

I b t d t fi ith. a,.hej ght of . St i i ed
out T ko TedBuBkre foRet e pbt Baed «§ S e spdPe & B imyonihn Rdero 418 o
can be cutpretdno prefercasembodimiehts dfahe prestitcinveariohaghioly coulihbes ussdrp | fufthers

producti o [ Qcess JTE SHEET (RULE 26) WO 2006/ 037606

PCT/ EonﬁﬁiMp%ﬁgﬁ;ﬁ%@aﬁﬂggﬁ%Py%n of films conprising HEC gell an
gum and ACT in vials The preparation of the filmfollows the same procedure
as the preparation of the xerogel fromstep (1) to (5). (6) Then for ACT

| oading sinply by hydration a first solution without the protein containing
a 5 mM pot assi um phosphat e buffer, OExamplkesPol oxaner 188; 1,0% PEG 400, and
1,5% of Kollidon 17PF is made and gets sterilized by autoclavation. Under
aseptic condjtions the al Eha-l -antichynptrypsin is dissolved and the sol ution

Us agai roperificesrebpdimenss gh the present inyamtion tvallnoay be desaribed (fxthers By wayeofuhol e

sol ution.g lefThe filmils cut in pieces that exactly cover the bottom of
glass vials. "The filmis placed iln the vial and is hydrated with the ACT
containing solution to a filling height of 4 nrm The mxture is allowed to

swel | f orEsgimg]€ 8sPrepatatisiiio SxedrOodlDedthysrisilOHBAL %Rm%ghlﬂid)ﬁ@ﬁ‘ iﬁﬁ'ﬁlﬁl- By this

form of drug Toading al nbst no shear stress Ichis acritical part in

protein handling is applied to the drug substance. (8) Water is renoved from

the di Speofwi @y Hydekyéthyl @lluRiE (Nattedol® J500HMHDY, putshased( #6k1) Dowt Clegidtalgas. The
[

obt ai ned Imi,s ve soft d elasti bu rQyi s the necessary to t ness
oot oed | haraud g golidn B acaltopdl & Suirdhaddf B RatfGoas d1F pOREBRIEE JvisBiots
wi t hin about ifA% monartaed so infimstclyahixdd.at ed t he gel on the wound is very soft
and confortable. It al so provides

(2) The mixed powder is dispersed in 97g of demineralised water with a propeller mixer
at high stirring speed. The dispersion is stirred several minutes until it appears
homogeneous.

(3) The semisolid mass is filled into infusion bottles and which is then sealed. In an
autoclave a standard sterilisation program is carried out (121°C, 15 minutes, 2 bar).
With this step sterility and the gelling notably of the gellan gum component (which is
temperature dependent) is achieved at the same time.

(4) Under sterile conditions the preparation is poured at a temperature between 70°C to
90°C into a petri dish to a height of 4 mm. Under these conditions the mass is freely
flowing and forms a cylindrical shape with uniform surface and thickness in the dish.

(5) Water is removed from the dispersion by drying at 25°C under a flow of warm

(40°C) nitrogen gas. At the end of drying a uniform dry film is left in the dish which
consists of homogeneously mixed HEC and gellan gum.
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intimate contact with the wound ground to ensure the proper rel ease of the
active ingredient |oad. Exanple 4. Preparation of filnms conprising nEC,

gel | an gumnw @&;l; | n sheets The preparation of the filmfoll ows the sane
procedure as it p‘rSdeﬁpar ation of the xerpgel from step (1FCHEP085030674cxanpl e
1. (6) For ACT |oading sinply by hydratqﬁon a first solution wthout the
protei n @nt EonARY' madifigsimplytbydgidmationh o fipst abtion wWithout e protoin demkainiager

188, 0, 1, 0% PE : o} 4 TP2F i e enid i zed by
aut ocl avati OE. Rbﬁ%@r aE%mtufH cﬁ{%sg’fr}fﬁilét F%%%?{q’lfe‘ %I Bﬁ?oﬁé"g%cﬂsy%@%sﬁn@’i S

di ssol ved andugdwigshafent ifg)ﬂﬂﬂa@)’)agdi $h03%0 afdkellidon A7V GRASF AG2Lypdwigshafer, o

provi de ster e s Rl i& Qohdti

2006/ 037606 ggfléﬁggg / 10%&;?}&@%%&18% %%“t%%igﬁf%% ng uf ut | ong@sthg\boured
onto the pl adPba-lrantichymotmypsiniis diseofved gad dhe solytion 1%#8%(&?@%\?@@%% or at
least 24 h. (8) ykhenitye padvedt Sility forltBavddielselddr. t 0 achi eve good flowability
and is filled into a scraper. The gel nowis cast out on a glass base to
produce a wet filmwith a height of 2 mm (9) Water is renoved fromthe

di tSIO_er si M B?‘h_d fﬂdiéﬂ_ﬂ; ait iﬁﬁii@eu nhigtrexactly Qﬂ\ve?ftha\?bﬁbm(dm@hssn?i?rsolg‘ﬁél ﬁlmSifs TPﬁ
matri x i s obtain n sheets. an u 0.pi eces, sui e for further
packagi ng. ?ﬁ\cg‘?érf hﬁ\“ wsgﬁggggﬁ]gﬂﬁﬁﬁ%@gig@tﬁggrﬁgp@og:o Iﬂ@p@gﬂ Pon of
:—IEE/ Cel | an gfittingeheighd of W'r?mhdnta 2R tviialethe mgeeastirg mrnoﬁlne?]@(&m@,e’l‘h?e mi:etun:rieﬁuced

[ in 2 ' 4. T r ;
or oper 11 oo t AR Bhprel i1 Wleale 22 AR skt toin'a Homol oot Ashel. BOTUT °™
Exanpl e 6: Pfepandtdrog loadinE@iGest! mm sheam stiebsriwhichhis g criticalvpari imgpedeiant The
films a prodg&_ﬁlzﬁidggﬁaﬂﬁﬁegw@é%@g{mwthout the steps (4) to (7). The

product has op an exanple 4. It can for exanple be used
as a wound dressing. Exanple 7: Release of ACT from wound dressing

cConposi tigns TaeNal Hhiftd thBGe] lidets namgdlegqﬁg&aoﬁnﬁle&%t BR300, Ghe

stability In_order to determne the su ACT- cont ai ni ng wound

dr essi ng conpyephilissten & carsigdout folloying the pregraptin example $iere carried out in
vitro. Model chanbers described in LothJH & Holl a-Benninger, A (Studies on
the drug rel ease fromointnents. Part 1. Devel oigsgent of .an in vitro rel ease

model . Phar na2€ by fad das 3hnmaqgereons appearancsiand ids meshapigal PIANGTHES 888 VT ¢ hat
way that the sgiitlé feropéhadfdling®by Both phlicits aue per¥Bn@ldit s%elly Withil miiaktesi N

shape to form a hydrogel when put in contact with an aqueous solution. Once rehydrated,
the gel very soft and feels comfortable when put onto a wound. It also provides
intimate contact with the wound ground to ensure the proper release of the active
ingredient load.

Example 2: Preparation of xerogels comprising HEC, gellan gum and ACT in sheets of 2
mm height

The preparation of the xerogel in sheets follows the same procedure as the preparation of
the xerogel in vials from step ACT containing solution of step (6) of example 1 is poured

onto the placebo film in the dish to a height of 4 mm and is swollen for at least 24 h,

The hydrated gel is heated to 40°C to achieve good flowability and is filled into a scraper.
The gel now ils cast out on a glass base to produce a wet film with a height of 2 mm.

Step (9) is carried out like step (8) above in example 1.

The matrix is obtained in sheets and can be cut into pieces suitable for further packaging.
This simplifies production processes.
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with a diameter of 2 cm The dividi ng nenbrane between donor and acceptor is
a cellulose acetate filter nenbrane of 0.45 um pore size. Therefore, it does
not si mul i ological barrier |like skin, but it

chanbers gi?q%g3%§éand thereby mm cksa., the sSituation ?ﬁgﬁﬁ\?\‘ggﬁﬂk?‘ﬁat al so
| acks of a skin barrier. The pore size 1's chosen in a way that the nenbrane
provides a barrier for the large gelling agent nolecules, but does not

remar k@'Bﬁc%ﬁé 3&%%&&’@1 @ﬁﬁﬂé&!o:ﬂg{ﬁri@ﬁzgm!, ﬁEh&%%%ﬁ%&(%’T%ﬁa&ts of 10 nM
pot assi um /010674 39
phosphate buffer pH 7,2. The reconstitution of the dried forns is done with
phosphat eFhelyrépapdtizh sﬁihermn'( Fifows the sane procedurd ek ahérprepatdtien AL thekérogélt y, an

activity S on Cat hepsin G binding was perforned. 96-well plates
wer e coat&“%gﬁgg}% nd subsequently with Cathepsin G After washi ng, ACT

probes were added and incubated for 30 mn at 37C. After washing with PBS- T

ncubat ed0) or 4 S G i7aibe gitel Bl SRR s HEC ool Mgty e BRARCT

goat anti r abhiaining)&SanM potdssiaraphosphatechusier,H), il afdfclokaner J@Bp X VU BEBGwas

iies wth pRQOTRLSYOGH Rl 1788 Ailhgaf seld Sprifift BEaOMbnon BRUES I ee
sol uti on was ap?]ﬁwaiimmi@oﬂl@l ﬂghft bmmmﬁlactsuﬂléwlgﬁdpm dlaw solutipyy rils) |

added to the &Pk After 10
m nutes the r ctﬁﬁgn was&g@oppgg %@“%ﬁ@?ﬁ%ﬁ%%?n%ﬁ%%%&&ag% wel | .

| medi ately after stopping the reaction the absorption at 490 run was
determhne(d) lf’ﬂeeﬁmm%tamwl&&s tHue efdctl caowmeﬂfermtdnpaf@tasa Ruld. athal filACE anount
in each sanp e press ure per.cen e in
conpari son WH?‘Fmgrihg‘?ﬁ &i’inﬂﬁﬂ Z’é’g“gqﬁ W&S‘ tﬁq'haée? g f“r‘i’ﬂﬁq tpa m ned
g days a}‘lter Héig?xlttofofl n%ihfTﬂémﬁﬂ?MMal@dv;/edgﬂﬁJsWﬂD%mmég&strmnm toHBfn@rae 10
rying all g ormul at.i ans cont.ai 0 n|ne
M phosphat e HHHIESREOUS T @W‘aﬁ gh‘ﬁ#o 02@ aﬁﬂéﬁ&@g& % HEC
and |1 % gel | aphighiis 4 ¢ritidadpiein proteirchandinyg isedpplied td the dni ﬁﬂistahcd:ydr oxyet hyl
cellulose without gellan gum (Figure 1). HEC is hydroxyethyl cellul ose
(Natrosol (r) 250 HHXpharm Dow Chem cals), two different types of Gellan gum
wer e test@: Wetecdgeem&(mcb froie theoilispegsian  byednyigy bt 28%C Gotléraa flawmof avesm
Kel cogel LT1 (% %e%?% as an acetylated Cellan gum It was observed that
orag

especially dr rinms of honmpbgeneous m xtures of deacetylated gellan
gum and NEC result in wound dressing conpositions which excellently stabilize

and el eapg, dMelindd ik 19RRH it WA claBiRPRR I RbVides e MBS alroBtHRsE Foi Bod?Nd

deacet yl at ed
handling qualities. It swells when hydrated to form a clear gel within about 45 minutes,
Once rehydrated the gel on the wound is very soft and comfortable. It also provides
intimate contact with the wound ground to ensure the proper release of the active

ingredient load.

Example 4: Preparation of films comprising HEC. gellan gum and ACT in sheets

The preparation of the film follows the same procedure as the preparation of the xerogel
from step (1) to (5) in example 1.

(6) For ACT loading simply by hydration a first solution without the protein containing a
5 mM potassivm phosphate buffer, 0,1% of Poloxamer 188,0, 1,0% PEG 400, and
1,5% of Kollidon 17PF is prepared and sterilized by autoclavation. Under aseptic
conditions the alpha-l-antichymotrypsin is dissolved and the solution is again filtered
through a 0.22 pm unit to provide sterility for the whole solution.
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Gel l an gum provi de both excellent stabilization and rel ease of ACT. Moreover,
the Theol ogi cal characterisitics of the wound dressing conpositions are
excellent. Thus, the conpositions of the invention conprisi ACT are

especi al | yYWQAPEMBT686 ¢ or use in wound healing. Exanple 9PGH r‘Fé’g%"’Od? 67# ng of
hvdrogel s to form xerogel s SUBSTI TUTE 8HEET ( RULE 26) WD 2006/ 037606

PCTI EP200®) 0 1Ti67A4CT 40nfhiring selatien ds pmmgl oyterthe planebiosfimin theddishuto 4 height
Chrlst(r) Lab faf rogram is as follows: Start 20 C 1000
a4 h e Bl KT ke 1R 08T LS 28 T O e 2. Sh - 2e
1000nbar 2 h -40 C 1000 nbar 1,5 h -40 C 1000 nbar 0,5 h -25 C 0,5 nbar

h -
oo a® guﬁ:mg@ g I hﬁ%ﬁn@ 89% @abicy? ghod tosfiR) o SIS iflo 30C

anneal i n ain
heats up to -SEtapsk (&g gzi BV, is ¢asHOt0R a glasspassdpdradiced Wt ﬁsima‘sﬂba wﬁ $er 5 h
before primarymgf.yi ng are essential for the honbgeneous appearance of the
xerogel pad (Figure 2 versus Figure 3). This is very inportant for patient
and nedi cal personnel conpliance. Exanple 10 SUBSTI TUTE SHEET (RULE 26) WO
2006/ 0376@% PWhier? 06hd@H0fdrh théldispeddibse by alrpingrat 280 agdsler . flowWf avaral S
2.1.1 am Anti ﬁ*ﬁf ﬁx sln (ACT) al -antichynmotrypsin (ACT) is a human protein
proteinase in IBFoE 8455 j sol ated from human pl asma and is purchased from
Cal bi ochem Darnstadt, Germany as |yophilisate

The matrix is obtained in sheets and can be cut into pieces suitable for further packaging.

This simplifies production processes.

Example 5: Preparation of HEC/Gellan gum xerogels without active ingredient

The xerogels are produced like in example 2 but without the steps (4) to (7). The product
has the same properties than example 2. It can for example be used as a wound dressing.

Example 6: Preparation of HEC/Gellan gum films without active ingredient

The films a produced like in example 4 but without the steps (4) to (7). The product has the
same properties than example 4. It can for example be used as a wound dressing.

Example 7: Release of ACT from wound dressing compositions comprising HEC, gellan
gum and ACT and determination of stability

In order to determine the suitability of ACT-containing wound dressing compositions of
the invention, release tests were carried out in vitro. Model chambers described in LothJH.
& Holla-Benninger, A. (Studies on the drug release from ointments. Part 1. Development
of an in vitro release model. Pharmazeutische Industrie 40, 256-261 (1978)) were modified
in that way that the donor chamber has only 1.25 ml volume and is cylindrical in shape
with a diameter of 2 cm. The dividing membrane between donor and acceptor is a cellulose
acetate filter membrane of 0.45 um pore size. Therefore, it does not simulate a
physiological barrier like skin, but it separates the chambers sterically and thereby mimicks
the sSituation in a wound that also lacks of a skin barrier. The pore size is chosen in a way
that the membrane provides a barrier for the large gelling agent molecules, but does not
remarkably influence the diffusion of ACT. The acceptor consists of 10 mM potassium
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(from 1881 sol ution consisting of 1ng ACT, 150mM NaC, 20mM Tris, pH 7.4) to
be stored at- 20C ACT has a nol ecul ar wei ght of 68kDa and consists of 423
am no aci ds (c); Moreover, it is heavily gl ycosyl ted w bg’ 40 neutral
sugar resMfl ’33750%cetyl gl ucosam ne residues, and 14 aE TEE hi ¢ acid
resi dues per nolecule adding up to abou¥ 25% sugar content of the total

mol ecul arphmphgtttbufﬁer]pl-ﬁ 762 CThs! reqomstitutibncotothie alried fBubs isadone @ithl phogplatepl i er
Sodi um c%@j{? é]li’é)@%%ﬁl um chl oride, p.a. Merck KGaA, Darnstadt, Gernany
Magnesi um chl or 1 yl enedi amine tetra acetate, Sodium sul phat e, Ammoni um
chloride, Tetranethyl amoni um chloride, Potassium brom de, Phosphoric acid,

Pot assi urn:mf@'érqzsid&eerﬁsﬁe/ﬁﬁm@reacﬁ e aaﬂm@%s bdded -onZQ%eﬁﬁL@bm ing_ rany

Hei del b , Pol 188 Ph. BASF, Lud fen,

Sol ut ol ( IJAHESTISTREA. STk B WergicouRa i BEA o Fyosesheniise B atispein Goo4

U'VEV Cé KGaxfter s diCT %%rekﬂalgég%haiﬁuﬁut@é%r 3] Ggﬁxh %f‘SW(%@XﬂerR@é sBinigor |0U9h
ce rc r r co

Eur . 2%04"1%%?55 %:L{E“e%&r ﬁE‘vag &ﬁfﬁ%& Bps rthe 2’6@% ‘Wa KGaA,

Dar ms][ aghnc@afeﬂefoy 30 ?mmbal C}tﬂ°CPWfEes twdbmtng lthié@&ﬁnk esDﬁithrﬁ’wlh T, blm J@gyat anti

a-cycl ode dextr.i es er aus

ot oxy prdbt 14 by BB ited il bESmaloR o WA 8 S8R ek can

Dar nst adtincuBatedefoy 30Ghit ak 37AT.a0he svellPveany vedshed theree HmesBuith PRIT buffeck K&A,

Da t adt | Ph.

Bt | 2005 GFEERE QP 1 2 pRiniviBer Y ity BHon IEh RO HEORHLBAS B

Taut ki r c reauf@tuneenprotdest (Sigme), dded to Be grrdls afid dndubated e roae temaperatufianol  Ph.

Bur. 20045800 A rER 16 WithEHRS the fSBETBH Was st by -Adaing R0 ikl s 382504 per

well. Immediately after stopping the reaction the absorption at 490 nm was determined.

The percentage of the bioactive fraction of the total ACT amount in each sample was
determined and expressed in Figure 1 as percentage in comparison with untreated samples
of ACT. The release maximum is determined 5 days after start of diffusion when an
equilibrium is reached.

Before drying all gel formulations contain 0.1% Poloxamer 188®, 10 mM arginine, 10
mM phosphate buffer. The HEC/Gellan gum (Kelcogel) mixtures contain 2% HEC and 1%
gellan gum in the wet state. HEC gels contain 2,5% of hydroxyethyl cellulose without
gellan gum (Figure 1). HEC is hydroxyethyl cellulose (Natrosol® 250 HHXpharm, Dow
Chemicals), two different types of Gellan gum were tested: Kelcogel F® (Kelco) as a
deacetylated Gellan Gum, and Kelcogel LT100® (Kelco), as an acetylated Gellan gum.

It was observed that especially dry storage forms of homogeneous mixtures of deacetylated
gellan gum and HEC result in wound dressing compositions which excellently stabilize
and release ACT after manufacture. Especially xerogels comprising HEC and deacetylated
Gellan gum provide both excellent stabilization and release of ACT. Moreover, the
rheological characterisitics of the wound dressing compositions are excellent. Thus, the
compositions of the invention comprising ACT are especially suitable for use in wound
healing.

Example 9: Freeze drying of hydrogels fo form xerogels
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WO 2006/ 037606 PCT/ EP20051010674 42 2.1.3 Polyners Al polyners were
purchased as Ph. Eur. 2004 grade where avail able. Else, pharma grade was
ordered. 2.1.3.1 Cellul ose ethers Pol yner Brand name Suppl ] roxyet hyl

cel | ul ose YBEI% ¢ r asol (r) 250 HHX Aqual on, Dussel dor #d@ﬁ%ﬂ%}&"x

Hydr oxyet hyl cellul ose 30. 000 Tyl ose(r) 30.000 d ariant, Wesbaden, GCermany
Hy dr oxy et The frepzt drpiog epdratioo caisriedsait in) a EhiSt@0Ddb Bakerfreaze dryet cBieaptogramCGer many
Hydroxyetiﬁy% fdiflsul ose 4.000 Tyl ose(r) H 4.000 O ariant, Wesbaden, Germany
Hydr oxyet'hyl “cel l'ul ose 1.000 Tyl ose(r) H 1.000 C ariant, W esbaden, Germany
Hydr oxyet hyl cellul ose 300 Tyl ose H 300 C ariant, Wesbaden, Gernany

Car boxynet hyl cel |l ul ose Ngag0. 000 Jyd@pur@oenar 000 G ariant, W esbaden,
Germany Car boxynet hyl cellul ose Ng 10.000 Bl anose(r) 711F Aqual on,

Dussel dorf, Germany ~Car bdkymet hyrlx &k | ull@98miar1. 000 Tyl opur(r) C 1.000
Clariant, Wesbaden, Cernpgy Car bpxsaret hygoogsarul ose Na crossli nked

AcDi Sol (r) FMC, Newark, A Met hyl i | ul %Sééif 000 Tyl ose(r) IMH 1. 000
Clariant, Wesbaden, Cer y Hydro rop& ul ose 100. 000 Kl ucel (r) HF
Aqual on, Dusseldorf, Gernpsw Hydroexs@rophdooeabyy! cel | ul ose 100. 000

Met hocel (r) K100M Col orco Kent , dr pr.opyl met hyl cel |l ul ose 15. 000

Met hocel (r) Ki15M Col or con?hKent, (ﬁ%(;’yl@ibér@ﬁl an guns Cellan gumis
produced by Pseudononas el,6diea. | t40 % an H@0ambar pol ysacchari de consisting

of a repeating linear tet acchara uni | atter is a sugar sequence of
p- D-gl ucose, 1- D-glucur oéf?? aci d,%(ijl} g ’?J(I:n-c");gg, and a-L-rhamose. Native

gel lan gum - Kel cogel (r) 24h00 - -2%°Qart0.§mbaetyl ated at the C6-atom of the
first glucose unit. Moreoyer, thergses a at the same gl ucose unit
(Fig. 2-2). The acetyl at e%‘r(félm ymsrgsf%r m(ggqltcﬁgﬁld very elastic gels because
the acetyl groups disturbS&nd ther@P¥e r@&BQkmbahe internol ecul ar forces. The
deacetyl at ed pol ysacchari gieg - Kel gggel (rg ofn mphor m harder but nore brittle
gels (Fig. 2-3). Both gellan types formthernoreversible gels. Therefore,

gel manufacture is described as cooling of a warmgellan solution. In our

case f h: S%&bﬁflnigl?{, Wfo@ﬁ@%ubmaﬁ HRAGANSAISHg dtbyp Bak againt@ds I@th_ogk;um: rmtéf_eg.tsl igs are
aral l e ou ell ces. or on, Noreoy , catlon | Ke SsOodl,

Bot assi urﬁ@rtgﬁi?ﬁ FBqus%fO@g%?b igfieg égbb%’reo?m?‘?ﬁy ﬁ&ssga?a?ﬁr gum
pol yner s. therhofifigehdoustappediahdecsfStha xerdgehpadl (Rip@re e e@busOBigaid 8). Thicisagiy ons

bet ween monoYal PR pebal S hiocl Shredilef SbgiRadDd @ 27 POXYI g oup 132

Example 10
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SUBSTI TUTE SHEET (RULE 26) WD 2006/ 037606 PCT/ EP2005/ 010674 43 double helix

- K+ - water - K+- double helix Bivalent cations formdirect conplexes with
two car bo @2;06 2.1.3.3 O her polyners Polyner brand name Supplier
Pol yet hyl e 8% ‘{/? (PEG dariant, Wesbaden, Germany 4RO/ER050106/300,

20. 000 Al gi nate Na Prot anall‘iar 11 F120 FMC, Newark, USA Xanthan gum

Xant hurald r) Naterdalsand Met Denmark Gellan gum F Kel cogel (r) F CP

Kel co, Lille, Denmark GCellan gum LT 100 Kel cogel (r) LT100 CP Kel co, Lille,
Denmark GCel atine A Sigma, Taufl drehen, Germany Pol yacryl ate Carbopol (r) 940
BF Goodrich, Ceveland, USA Eudragit(r) Eudragit(r) L100 Rohm Darnstadt,

Ger many ;,Ppl ymmé}agyrrol I done 17 Kol lidon(r)17PF BASF, Ludw gshafen, Gernmany
Pol yvi nyl pyrroli dl one 90 Kol lidon(r) 90 BASF, Ludw gshafen, Gernany
Pol yvi nyl al cohol 100.000 Sigma, Taufldnchen, Germany Lut roI (r) F127 BASF,

Ludw gshafep Mﬂwﬂﬁ?ﬁﬂ' ETPHEET (RULE 26) WO 2006/ 037606
PCT/ EP2005/010674 4 I\/bt‘Khog‘? 2.2.1 Characterisation of ACT 2.2.1.1 ACT

activity assay In order to determ ne the ACT activity, an activity assay
based on o@ahti o“trﬁsiiﬂ (wcmg it 2 huymeanf proteinl . nﬁamamutﬁimwreat:isl malatedcﬁdsml ex is

f or med |nG’ Ant 1 ho 2 1 kedto
hor ser adﬁ:@’ﬂJ 8%"&132 Pﬁ#‘@gﬁﬁngoé@dhg’?g%?’agﬁgn% é g’é‘é@f ?%q?lm §a%uel |
pl at es ar(ﬁonnh&&d swluti@nBﬁAsmhng ofi hegoA€T; 1 §0mM NaCht 20mM Bris fHCAl4)ito beem
Dar mstadtS W After washing, ACT sanples are added and incubated for
30m n at ‘°§ ter three tines washing with PBS-T (phosphate buffered
saline with 0.05% Tween(r)) buffer, a rabbit anti human ACT anti body (DAKO

G ostrup, oGP RN K mébicitldGRight of 68kDa and consists of 423 amino acids (Fig. 2-1).
Moreover, it is heavily glycosylated with 40 neutral sugar residues, 35 acetylglucosamine
residues, and 14 acetylneuraminic acid residues per molecule adding up to about 25%

sugar content of the total molecular weight.

2.1.2 Excipients and chemicals

Substance Quality Sapplier

Sodium chloride, Potassium chloride,  p.a. Merck KGaA, Darmstadt, Germany
Magnesium chloride, Ethylenediamine

tetra acetate, Sodium sulphate,

Ammonium chloride,

Tetramethylammonium chloride,

Potassium bromide, Phosphoric acid,

Potassium hydroxide

Polysorbate (Tween®) 20 Ph. Eur. 2004  Serva, Heidelberg, Germany
Poloxamer® 188 Ph. Eur, 2004  BASF, Ludwigshafen, Germany
Solutol® HS15 Purest BASF, Ludwigshafen, Germany
Sucrose Ph. Eur. 2004  Merck KGaA, Darmstadt, Germany
Trehalose Purest British sugar, Peterborough, UK
Glycerol Ph. Eur. 2004  Merck KGaA, Darmstadt, Germany
Propylenglycol Ph. Bur, 2004  Merck KGaA, Darmstadt, Germany
Mannitol Ph. Eur, 2004  Merck KGaA, Darmstadt, Germany
Sorbitol Purest Merck KGaA, Darmstadt, Germany
a~cyclodextrin, B-cyclodextrin, Purest Wacker, Burghausen, Germany
Hydroxypropyl-p-cyclodextrin; y-

cyclodextrin

Urea Ph. Eur. 2004 Merck KGaA, Darmstadt, Germany
Glyine, Alanine, Phenylalanine, Ph. Eur, 2004  Merck KGaA, Darmstadt, Germany
Arginine, Methionine, Lysine, Cysteine

Benzylalcohol Ph. Eur. 2004  Sigma, Taufkirchen, Germany
Chlorokresol Ph. Bur. 2004  Sigma, Taufkirchen, Germany
Parabene Purest * Sigma, Taufkirchen, Germany
Phenol Ph. Eur. 2004  Sigma, Taufkirchen, Germany
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to the wells and is incubated for 30mn at 37C. After washing three tines
with PBS-T buffer, a goat anti rabbit 1gG antibody conjugated with

hor ser adi | dase (DAKO, G ostrup, Denmark) is added and is again

i ncubat eds\gg’%%ﬁh&% at 37C. The wells are again washed RGWEROYHAG4y t h
PBS-T buffer. Subsequently, OPD (1, 2-D i nobenzene,  Si gma, Tdufkirchen,

Ger many) substrate solution is prepared according to the manufacturer's

pr ot ocol ﬁagqlt.%gen per oxi de (Sigma, Taufkirchen, Gernany), added to the
wel I's an |ncub t roomtenperature in the dark. After 10 m nutes the
reaction is stopped by adding 100l 0.5M sul phuric acid per well. Imediately
after st 'Bgnieﬁeweffe e h4'PhaBEOD &whéRavailhble, HRESH de 2.1.2
ACT ELI S%HFE order toqﬁﬁheargm %ﬂ !tlhe AC?MC%E?ent an ELISA is pﬁeﬁrnt?g(rgrn%d
During teaso8E%d-on a conplex is formed: Anti bodyI/ACT/ Ant i body2 The

anti body2 is linked to horseradi sh peroxi dase catal ysing the detectable

col our pl ates are coated with rabbit anti human ACT
antlbody%a%iko%e@‘@&\l\@ﬁ” Denmar k) over night at 6C. After washing and

bl ocki ng wi th PBS-T/ BSA, ACT sanples SUBSTI TUTE SHEET ( RULE 26) WO

2006/ 037 gR@ymileT/ EP2005/ 010674 45 argpapdipfife and i gapfigired for 120mn at 37C.
After three tinmes washing with PBS-T/BSA, a anti human ACT anti body

conj ugat gyl Qélﬁﬂése(ib@bodoeWX' dag&oddPt DOMHH . AQRAIGE Disseldaft; GBaMhy | S added
to the el ny licBiidke 30006¢d for 12QMHeeP Bb0.860= @t@ﬁﬁ’ﬂ%&%&hﬁé@lﬁmy
(1, 2-Di arg Zeﬁnr&a}m&u%bwte sol utrytuaeﬂﬁwoapar%aﬁewl @e&nh@y

D

manuf act ukgy I | gma, Ta ) Ger @erhngﬁ_' wel |'s
and i neu%&%‘éﬂé‘é y}c ﬁtﬁ&@4td0§ gdar %Eéé ﬁ%lggg topped
by addi n(_:v‘(_,flg)&‘JIU ety per vveII By gdely %}193% eactlon
e obs oSl lnah a:;g oo, S mf;&fé; rotein
el ect ropt}? 2 NO N go(pon(él

M ni ceII aﬂ?& eth &ig@é %ﬂ@k@ A g l pH 6 8
Tris- buff lcgl aF 1?0 an 8 VB fpﬁ st en Q%mw
subseque il A re-cast Cel

q& wel |'s G
1.0 mnfr ? ¥6’ 086 %8? e o PSR
perfornme H}g WB% ne/ SDS runni ng
buf f er. Xdé‘?xyE?B Pi’le oNesSi ni Ql‘t{?ctn Col | oi dal

blue stain kit), the gels were dried using a DryEaseR GeI Dryi ng System
(I'nvitrogen).

2.1.3.2 Gellan gum

Gellan gum is produced by Pseudomonas elodea. It is an anionic polysaccharide consisting
of a repeating linear tetrasaccharide unit. The latter is a sugar sequence of $-D-glucose, 8-
D-glucuronic acid, -D-glucose, and o-L-thamnose, Native gellan gum - Kelcogel® LT100
— is partly acetylated at the Cg-atom of the first glucose unit. Moreover, there is a glyceryl
at the same glucose unit (Fig. 2-2). The acetylated polymers form soft and very elastic gels
becanse the acetyl groups disturb and therefore reduce the intermolecular forces. The
deacetylated polysaccharides — Kelcogel® F — form harder but more brittle gels (Fig. 2-3).
Both gellan types form thermoreversible gels. Therefore, gel manufacture is described as
cooling of a warm gellan solution. In our case this step is replaced by steam sterilisation.

Gellan gum molecules are parallel double helices. For gelation, moreover, cations like
sodium, potassium or calcium are used for their support of interlinking gellan gum
polymers. In detail, the helices are linked via electrostatic interactions between monovalent

cations, water molecules and a carboxyl group'*%:
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2.2.2 Manufacture of matrices 2.2.2.1 Wet filmmanufacture wth the scraper
For the casting of vvet films a scraper is used (Erichsen, Elner, Germany,
Model 360, 032619#5 is 6cmw de and provided wi th defined f our &a}ﬁs of
500m 1000%P 248837506 and 2000m hei ght, {gespectl vely. Afté'lCTth?&?ﬂsﬂlé

scraper with approx., 10 m of gel the pparatus is drawn over a gl ass
surface (doublshelini-ddonwgteas& pdeplledaliby f | oat - t echni que) with a slow
constant speed. 2.2.2.2 Freeze-drying Lyophilisation is operated in a two
chanber freeze-dryer cl2G (Christ, Osterode,. Gernmany). Primary packagi ng

mat eri al Biyalepycatigas fam ‘HFCCBP%@S@WEQ’Q@IB‘P@W&“PF di shes, ~whereas ACT

| oaded matrices are produced in 2R glass vials, glass type | with Teflon

coat ed chl orobutyl rubber stoppers. SUBSTI TUTE SHEET (RULE 26) WD 2006/ 037606
PCT/ EP2005/ 010674 46 2.2.2.3 Wrmair dryi ng For manufacture of polyner
films thean3ramewher golymers eported earlier' 65 is used (Barkey GrbH & Co, KG
Leopol dsh6he, Germany) (Fig. 2-4). Drying is performed with dry and tenpered
nitrogen ga nj ected t hrough zzl.es into heat als. Al tenperatures
are set tg);'@l‘f Ni trogen flow rofaRdiname o i adeB ib‘?’essure of 0.5 bar.
2230haract satlon ITB.tI’ICES 2231\/500 F\:V%{%cg éI’IC
measur enen "Fﬁég?@é i th pseudopl asti ¢ beh FRETINTEHEEBY on a
rotating ,|2H ter DV-H+ (5 ookfie d M ddl_ebor.o SA) . Conpl ex

r heol ogy i #eMeured with a i Lggaar Physi ka,
Ostfil dernXaEEfé‘l’a ). Ther ef or ex‘“&h‘E‘%néu( 50rrm | n <& Brlet dille. Penpmsko: o 50- 1)

i s used atGeHlangueF|| ation qgélﬁ?ﬂflcﬁ 10 1/s. @KQCQ%PMEI tests The
nechani calggiﬁlb&‘?f'@'?ég of the maKPlPQEE 1180 eval uatcg’dK%léq, ifleDegayarkir e Anal yser
model  TAGHaPed (Stable M crosystens, Godal ni ng Siga, Ta SEIHANL est

nmet hod - Felyaewlesr ession tests é I's a cyl iFR@eedsch,(eislandUSA 5° | n

di anet er iBydwgitd. The conpressi B @tr& f0is set tliﬁhmmmgm cr osshead
speed i s Rolyvinyl pyrrolidensilie testKﬁH}d@deFThe t estBAYH, dndwigehafen; Gersaryr i ng t he

tensile stPobngyhpyoiolifiened® consi Kokidon® 90 BASF, Ludwigshafen, Germany
Polyvinyl alcohol 100.000 Sigma, Taufkirchen, Germany
Lutrol® F127 BASF, Ludwigshafen, Germany
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of two mechanic grips and the test procedure is based on the ASTM D822-75
nmet hod. The extension speed is 1Inmmn. Filmspecinens which break directly
at the gri | scarded. Puncture test nethod - Filnms_are punctured by a
drivi ng ba%%ﬁ@%sggdc?f 0.5" in diameter.  Fixation of the g‘b@@?ﬁ@ﬂ“ﬁ”@"pr ovi ded
by a filmholder. The dry rectangul ar M m speci nens are positioned between
two nountd.hg Methedsand are fixed with four screws. The plates SUBSTI TUTE
SHEET (RULE 26) WD 2006/ 037606 PCT/ EP2005/ 010674 47 contain a hole of 22mm
in the centre. The ball probe is driven downwards through the nounted film
at a croskhdadChgrastersptipnf AGT The cal cul ati on of the nominal puncture
strength and the elongation at rupture is conparable to the tensile test

nmet hod. However the el ongation is based on the displacenent of the radius
i nstead of -ﬂ#ef#%@f%‘.’")’ﬂs 3.3 In vitro Rel ease tests Rel ease tests are
performed in vitro by using a nodified Loth chanber134. The chanber body
consists of Plexiglas(r ciat.ed mater.ial is,an,l P chapnel ..nose punp
(1 ormt ec, 1 g tePotae fe 5T S A ssea 1480 ool CapiRg &

acet at e npurforiaed Duringeths ref2tidb mcoBalexas fanmedGot t i ngen, Germany), and 2nil
syringes (HSW Tuttlingen, Germany). 2.2.3.4 Karl Fischer Titration Residual
noi sture is determned via coulorinetric Karl Fischer titration with
gener at i ngathepsén GAICTAmitody 1dAstitody2l v t o keep the reaction ongoi ng.
Therefore, a coulorinetric Karl Fischer titrator with a head space oven is
used (Anal ytik Jena AG Jena, Germany). Sealed sanples are heated to 80C in
t he oven rpébodyrar isrhinked é«hdmsem%sh/apr@m@w optelysing dhe detegtabler eelgut nt o

t he coul Ofiexéfﬁﬁlfi c cell filled with Hydranal (r) Coul omat AG (Ri edel -de Haen)
via a neeg e system 2.2.3.5 Differential scanning cal orinetry (DSC)
Measurenents (DSC 204, Netzsch, Selb, Germany) are perforned using 5ng to

1900 1 ToRlSIsts 3 Sspsqctb s ot cinintc i Slipsn O (Uit 11
(WAXS) D sy Gy AT ¥ aapss ACeatles i oy asshisgybeied &5, 0in 30
Anhr ensbur g7eCCeAfignihre timdspeashing with PBSPE(phssphiate(Kiiitdded Jalive witkn0@5eNgt h
0 1oL kg R s i A BB A 8Bl 2508, G DAl i 00 '
to the wells and is incubated for 30min at 37°C. After washing three times with PBS-T
buffer, a goat anti rabbit IgG antibody conjugated with horseradish peroxidase (DAKO,
Glostrup, Denmark) is added and is again incubated for 30 min at 37°C. The wells are
again washed three times with PBS-T buffer, Subsequently, OPD (1,2-Diaminobenzene,
Sigma, Taufkirchen, Germany) substrate solution is prepared according to the
manufacturer’s protocol with hydrogen peroxide (Sigma, Taufkirchen, Germany), added to
the wells and incubated at room temperature in the dark. After 10 minutes the reaction is
stopped by adding 100pl 0.5M sulphuric acid per well. Immediately after stopping the
reaction the absorption at 490 nm is determined.

2.2.1.2 ACTELISA

In order to determine the ACT content, an ELISA is performed. During the reaction a
complex is formed: Antibodyl/ACT/Antibody2

The antibody?2 is linked to horseradish peroxidase catalysing the detectable colour reaction.

96-well plates are coated with rabbit anti human ACT antibody (DAKO, Glostrup,
Denmark) over night at 6°C. After washing and blocking with PBS-T/BSA, ACT samples
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WD 20061037606 PCT/ EP2005/ 010674 48 3 Results and Discussion The

devel opnent of ACT for topical delivery into wound sites is mainly diverted
into stabilisation studies on ACT and the devel opnent of the (plac
carrier sy¥Qa9p§/0376%¢er eby, the application fornms of sol uPFSWméW@F%&bI
xerogel, and &dl ynmer filmare run thro‘l?gh. During all these stages on the
one hand aré\eddedpadtiscuifatadnfor d20mineat\3 70€ hA fibethreeatimbs/ washisg wﬁht}'&'tﬂ-[[‘IBSAf or

protein [ t
vest | oot S5, hARER A afbddyCodisRY vith holBhndll o Biftndl (Blomms,.
| at er the(}¢rmaéz)s@ added prtheawells aneis ingwbated (for HR0min) at 2éf’€e8ulaseme§dm,s@1’5n of
anal vt oo ik BBl hiveeat| St AT Lionilg o> el Sapliafin) 2
treat nentprﬁwa°kﬁgég'§%é¥ﬂqaﬂ§‘g¥%ﬁe’@m Fﬂﬁ‘ eana dsat|2§ @l’%@f{i’ssed A
L h:j rd SFCddrl@nAftaUUlrﬂﬁ&te%hﬁe&ﬁfcﬁ@ﬁh? fs@p b rhdmhgl vmmnlo 515161}15 érit‘waﬂ naned
ydr oge ver e sui or apgpl I cation on
wounds aﬁ(’i‘“f‘?‘ié"i‘t yaﬁf?eFFﬁ%?p’Pg G Loptqnd eg\ ‘ﬁ/ artgéégﬁ’c Qf ourth section
di scusses polymer filnms as alternative to xerogels wt h “sinilar aspects.
Furt her, %9?5%‘1? e of ACI. fromthe preparations is summarised in a fifth
A

section. (:'34”'?55’?95 for the characterisation of ACT during
formul ati on devel oprment Thi s sect i on describes evaluations for the

character o] o] i que
node of al%:rt%?e%ﬂn %ltés)%“?g&aag ap er 1?&adr1] tﬁ@ﬂ : Q{ﬂ%ﬁ% p?iéfa é?a}d\l/ltgéagg |
active stelearopbencsis e(SDAS-BAGﬁ) amderanan-redueing cpedlapnw vsing mnnXiGelb 1 Mimicceliner gy,

ACT | t di
Srer gy e, ovel SaENSipd YR SBIAN e SR it Y T Ve
aggr egat eePnINIEE 2 h§p§n‘§ﬂt2éfg YsEin| fon3e min at %° ﬂ@ﬁ%?@@ﬂﬂﬁ@@ﬁﬁ intg Beloop

movenent . wé AE@ERtN’&Je% 10% 'B34-2Fi PRyt (R1 B9 mAPESH InGh ehy) Grdi&ﬁ{g%ﬁ
i nhi bltoe%?ac i vit

aggregat e format,ion of ACT. Furt
desi r abl taeré%)aélewczp@w@ Vs perfprned dn a, eqngtaat cupent; 1&93@%@ m%ua.ang
behavi ourTgé-g emns Bﬁﬂ&emﬁw stdirfig SHihoéRInYassie Hue btaiMingORie ERNbvex | on of

/rA\gu: '? i ngé?'r%ﬁz?ahg gélpr %§°l etﬁ’gre?gﬂﬁcﬂié%}ntaggglwsa{mﬁ amu%ﬁfﬁeﬂ‘

met hods f @ivitrbgede tasks due to inappropriate detection limts and m ni nmal
sanpl e vol umes 135. SUBSTI TUTE SHEET (RULE 26) WD 2006/ 037606
PCT/ EP2005/ 010674

2.2.2 Manufacture of matrices
22.2.1 Wet film manufacture with the scraper

For the casting of wet films a scraper is used (Erichsen, Hemer, Germany, Model 360,
03216). It is 6cm wide and provided with defined four gaps of 500pm, 1000pm , 1500pum,
and 2000um height, respectively. After loading the scraper with approx. 10 mi of gel the
apparatus is drawn over a glass surface (retail window glass prepared by float-technique)
with a slow constant speed.

2.2.2.2 Freeze-drying
Lyophilisation is operated in a two chamber freeze-dryer €12G (Christ, Osterode,
Germany). Primary packaging material for production of placebo xerogels are petri dishes,

whereas ACT loaded matrices are produced in 2R glass vials, glass type I with Teflon®
coated chlorobutyl rubber stoppers.
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49 These net hods include separation nmethods with UV-detection, i.e. reversed
phase |iquid chromatography, size exclusion chronmatography, capillary

el ectrophoresis, and asymmetric flow field-flow fractionation. Further,
several amiP 9050037606 et hods describing protein struct ur e PCIFPROCSOIG6SY, o
transforminfrared spectroscopy, circul dichroism and differenti al

scanni ng ZAR3r iWerm girabpingot abl e to generate sensible signals for ACT in the
required concentration. So is the case with turbidity and particulate nmatter
detection. Thus, the imunochen cal nethods outlined in chapter 2 are used
for rout ifes raeugkotyrs of nedwaersBlmy thermarm air gryes Ferqrtadcsalierands pesde@arkeyt ect i on
limts. HomBMeL Col KE: T coBolasktsheGfnanky) (g ex-apr and standard deviation
conpared to e.g. established chromat ograplg"li c methods. The activity assay
based on a cat hepsin G ACT/ anti body sandwi ch and a |inked colour reaction is

used to dBiyeighisngerfoimedtwith idipiahtttempered titrdgers ges ifebted thkdupdr nozzies ifdol SA i's

used for determ.nation of total A duryng rel.e experinents.

Nor eover ICAtedr RIS hILESTRRRTRUEES 7 HEELD Eks SMTORTH Ao arE it 1 QUi aiespure

guant i t atgf\es B&t ecti on of aggregati on and fragnentation in sel ected sanples.
Hereby, it has to be kept in mnd that SDS-PAGE is suitable for aggregates
formed by coval ent bindi ng but non-coval ently bound aggregates may be

undi scovered. 3.2 Stabilisation of ACT in solution As a first step in

formul ati on devel opnent, short-termstability studies on ACT in aqueous
solution are reﬁ)orted; Therefore, the aimof that series of experinents is to
i dentify BbuBf Charagterisption ofimatrices st abilising additives, and other suitable
techni cal ingredients. Hereby, both thermal stress and freeze/thaw (F/ T)
stress conditions are investigated. The outcone is used as an approach to
further fdedh Kiscametevel opnent, but if appropriate the fornulations at this
stage al so can be used as early fornulation for e.g. aninmal experinents or

toxi cology. testing itself. Sanples are pre ed j.n aliquots of 0.1pl wth
601i g/ m W@ﬁﬁ?é‘i‘ﬁ“‘i‘#ﬁ%ﬁe‘?ﬁ%‘% %g’ltgé’ﬁ&%&i’gﬂg‘t‘ Pg‘&’é‘?}nﬁq Fadugled 88@ i n an
air bat_h falfadag @nm;vi@bmgtemﬁgm# (myblﬁdummwboﬁg@s&p@g%@?mwbym
respectively. Readou e i Vi SS - or, SO
sanpl es. @9%%‘3'3%(18& é)l(cs)]ﬁ ’gfﬂ? c‘?ﬂvﬁ p s‘,’ls‘é‘ﬁ'&‘:‘%ﬁq &y@pﬁ&yﬁigsog &3 SETREYan
st abi | i t yTHérefore 4 Sone (80mnp dnvedidmetet, ofl angle;c OBt 5011) hiet disedl haet @hoseitlation

stabilityd3 nd hem cal stability of protein drugs by its well known
gener al i%?ciqﬁg??&%fgﬁl ‘hemi cal reactions. SUBSTI TUTE SHEET ( RULE 26) WD
2006/ 037606 PCT/ EP2005/ 010674 50

2.2.3.2 Mechanical tests

The mechanical properties of the matrices are evaluated using a Texture Analyser model
TA.Xtplus (Stable Microsystems, Godalming, UK).

Compression test method - For compression tests on xerogels a cylindrical probe of 0.5” in
diameter is used. The compression strain is set to 50% deformation, crosshead speed is
lmm/min,

Tensile test method - The test apparatus for measuring the tensile strength of films consists
of two mechanic grips and the test procedure is based on the ASTM D822-75 method. The
extension speed is lmm/min. Film specimens which break directly at the grips are
discarded.

Puncture test method — Films are punctured by a driving ball probe of 0.5” in diameter.

Fixation of the specimen is provided by a film holder. The dry rectangular film specimens
are positioned between two mounting plates and are fixed with four screws. The plates
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El ectrol ytes including buffer salts can affect a protein solution by indirect
mechani sns |i ke changing the solvent properties or a non-specific

el ectrostatic shielding effect. Besides, very specific ion bindin henonena
bet ween sa¥P20%M3768¢ ot ei n are known137. These effects CSFTQP%“@P‘%BFI i se,
behave inert and destabilise the prot eifl in solution, respectively,

dependi ngootairt &dotedf A2mm &y theatentra. The bl prabens | daivieo rdowvwazrds, thrpughhthec ont ent
of salts J P44 i I . h ophobi c
't or act PR ol o BN BHAPYY ihiild Tk ollc 9 nolofa? ppilele?

seri es13siremgh aml thaelPngptionaat Jupyee iseorpereble topthe tepsilg despwasthod. Hawayenan bi nd
to chargegk ﬂ@ﬁ%&ﬁbﬁﬁé;bé&b& Bh the dispIRER Rt Bf 1HB'r&diid Dstehdbf RYerdhBO catal yse

oxi dative reactions or bind catalysers, e.g. by chelation, which can result
in both stabilisation and destabilisation, respectively. 3.2.1.1 Effect of

pH on ACBD,28I3ulti 9BrsRAekse thsts FOr the investigation of the effect of pHon its
stability ACT is fornmulated,in buffer sol ytd nt ai ni ng of assi um
phosphat dkelease tosts fre nerfofroed ip Wr%{ong&??‘&gsq E‘Hﬂlﬁr‘?@mi‘:&‘@mﬁg‘ pr ﬁg%ﬁ?ﬁ% known
lpH shi ft uaaymmogplelxmsﬁmmh inpddaheteialflis an @C ISwBMhdserpulng) (Ismﬁtﬁé,ng in
ater experiLyents, 40' 4 £l r at ' ea a i ept on
an el evaﬁgart@?%%%% E%%@%%%&?&ﬁ.ﬁoﬁ%gg@ﬁ Bg%tgéﬂ%@@%%ﬂtgscar ried
out by dc45um (Sartsias,yGéttidgdDScRASE), dids2mlsyuingss (IS WeTuttlinged, Getmany).y aft er
stressing show a strong dependency of ACT activity on the pH of the

solution. In the acidic region up to a pH value of 5.5 alnmost no activity
can be nekdddeKarbhischérckigratienactivity between 50 to 60 % recovered around

t he neut gl Wy i 4 . b Gl . .
el oct r opHoFuAPkHistBE 3 RArRRINSAE cBlofbady Raf Platit fitsafod yic Benerating
sanpl es tthe iodine gleswelyhiemlbystodkespstherragtign angaingy Thereforg, a zoulosimslyie Katlnai n

fraction micr@pitratbr #AR a HERAASPERE FRA% ANed FABMHHK FGTRG, @éha?%ﬁﬁ esdaad at
about 100kDa_to 120k%wgeogr,e5ﬁntl ng 9. 7% of "total content, and fwo fragnent

bands wi tSAmplesreheat ¢ oxer pharpher. ko sasuvement the YePSORGSLWVASY Scul ar

vei ght . Stafispatted’ nd® MR cadlodmeiric 8618 Filled With Hydrarlal® Creldmal AG (Rieaglide pHs,
sol ely the aggregate band can be seen. Taking

| ane 3 tq.6 f'Fixgeiedg-z’

resul ts t M2 SHSBD- concl uded that in acidic pHs fragnentation as wel |
as aggregation leads to inactivation of ACT. In the neutral and basic

regi ons Ll r tion,i s responsi for loss of activity. SUBSTI TUTE
SHEET (R@EQ%)D%Q??}%@mygw%ﬁg@éﬁg%l%m 51 But, one may recognise
that al t idegsurgments (IRSC 1204, Netasdh, Selty Gesmamy)carerperformed nsmeg dmgdod Omighef mai n
fracti on gf ACTARing 'dolt! cGBBHE W RRBRBLUER don Y6l & SRR ESSEsC & S

m ght be
100°C.

2,.2,.3.6 X-ray diffraction

Wide-angle X-ray scattering (WAXS) was performed by an X-ray Diffractometer XRD
3000TT, (Seifert, Ahrensburg, Germany) equipped with a copper anode (40kV, 30mA,
wavelength 0.154178 nm). Experiments were conducted at a scan rate of 2 theta=0.05° in
a 5° to 40° range.
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due to the fact that SDS-PAGE is solely sensitive to aggregates with

coval ently bound nononers because non-coval ent aggregates are dissociated by
the preparation with SDS. The latter thus are al so detected as nononers.
Granted t Né 200693768f ns i nactive, non- coval ent aggregat eSCEEPRHE0IN0TSt part
the given results could be explained. Aid, this is very likely due to the
nmode of 3ct Resudfs Aad Discussiond i n chapter 1. Anot her explanation instead
could be the formati on of nmononeric inactive forms of ACT during stressing by
refolding to the inactive state of mninmum energy which unfortunately can not
be Rat heThealerelopaentuef AET ter mpw deliscery imtoywowsl sipesols| maply divertedints. 1) .

Th t b

Che" der e SpRfiRkft Sfhdlcs ByoRCTOAT Re? defblopryif, BEthe RplaBitit) (UBic: RyflendCF o

i nact i ve Th@Fbynibe rappbaatml @msi of rsemtm,t hdeOgel,awagelbemdw golymss filmgretryn 50%

For exaciyy gﬁ%?ﬁﬂﬁ?tdllc’cﬂe&fst eoﬂtﬂreocme'uzu @opdﬂeﬁeﬁveg%ﬂmﬁ Rarfféget i cs
e ove

study is erio twel ve days | narrower pPH spettru

Act i vi t yits hEHE H@Er@&sﬁﬁot@lﬁcétéblaﬁ?@nb RS it sﬁmiﬁb&&’ farn&toupd | trea{ment, qare

| ogari t higvesghteE AL oR&hé bihkbLHarddotht ASpdchSf ASTWidbilisatibh afidl e thoddleaki ng t he
achtyémrate cggqlthe rate is alnost constant between pH 7.0 and 7.4

i ndi cat e URTPEACIEF-ues for the slope of the fitted function. But, at pH
7.6 a higher rate is detected by a | arger negative sl ope (Tab. 3-1). As a

et esent? A5 naRELAL Heaion of BELARAL Polt e, diiliSe R LALTIEL B 3 ope

of | oari tdesdribed tat wefirfPsectio) Secamily, the QlE@eloﬁ‘m&nt szpaﬁtlﬂllﬂgzydrﬂgek for 4vbv@d0. 996

{ogari ¢ ety dpd B sbilof BF 0 il B0 o bdlsdifioBll Rinb¥Beddh’ 3y

50mM pot asﬂlmaﬂmmpgeitfenwfohé:y la!bpluhsailonmf tha;zsmed hvdlgeclat Mogeogenagsinr ed by
tivit t
per f or mudt Stbjifl B Reidlls o spflitaitn b wiils t@@@ RGP Bty B SERBee et 5

ni trogen remdrcthhV\Thﬁg fourtly sestion cdiprusses pdymen lms s alternagive dp vetegels withver ed
acti Vi ty s Ysemﬁ@ﬁme%em@fmwmtﬁ@ RlalE & isREmnfarRedifa finh and a
t ot al Ioss in the acidic’region (Fig. 3-3). aln geI el ectrophoresi s

i ndi cat eSeRioB: er fornation duri ng the F/ T st reSS| ng (Fig. 3-4). SUBSTI TUTE
SHEET (RULE 26) WD 2006/ 037606 PCTI EP2005/ 010674 52 As a matter of fact, the
working pH for further studies is determned at pH 7.2. It is |located

3.1 Analytical tools for the characterisation of ACT during formulation
development

This section describes evaluations for the characterisation of ACT during formulation
development.

Due to its unique mode of action described in chapter 1 and the fact that its native and
active state represents only a state with a relative minimum of free energy, ACT is likely to
be prone to deactivation by refolding to the non-active energy minimum state and
dimerisation or formation of higher order aggregates by entanglement of the loops of two
ACT molecules during loop movement.

Analytical tools therefore have to be chosen to mainly detect inhibitory activity and
aggregate formation of ACT. Furthermore, it is desirable to characterise the tertiary
structure especially the folding behaviour of ACT during experiments, Unfortunately, the
low concentration of ACT in measurable samples (1pg/ml to 60pg/ml) and low sample
amounts resulting from high drug prices lead to unsuitability of many standard methods for

these tasks due to inappropriate detection limits and minimal sample volumes' >,
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in the centre of an area of | ow decrease rate for both stress types. That is
why not only the stabilising effect of the solution is maxi m sed but due to

the plateau al so the best possible robustness against snall accidental
changes of VBEPWROBHOR the systemis cr eaé?ed. 3.2.1. 2 Ef f eCCTHPIHNUM 4 speci es
on ACT solution stability As a consequefice of the foregoing section, a choice

of buffers with a maxi num capacity around the neutral point is tested at the
pH Il evel pf 7.2.. The content of buffer fq e FT-, stress is wered fo 10nmM
st ena oftes oo ingSts fferdion Betplspdh Ulieuonrte Bresel s Had
stress ashvehdtography)r s$ibe [lekdlusion e schrorratbgraphy, hecaplitusyp hadextlophdresis, admio

Tri sHCG 0 a Chtr - xt ur how_conpar apl ecavered rel ative
et viti aaouibety PRAZREEH QL Heilto Pl s AR Pl BEOES By,
3-2). As motebssthictureharh asyfouderstransformaiafratetespactraseesy, toirculae dicheoistay ahd

et ity Fopoafl scainipy oMl SR RN BRPE e (b UonihsRehiinl SpERrACH Y (e

68.55. 1 zsmmomimhiane%iStthat:@ead@/tgrhidiy)saMazémgatemﬂw feteetiomat e F/ T/ 5
cycles 42.57.2 10 TrisHO FIT/5 cycles 41.07.1 10/ 10mM phosphate/citrate

F/' T/5 cycles 46.14.5 Tab.  3-2 Recovered relative activities of ACT after
t enper at uFsafg imppwQchemicy sethods quilineddpshapise @ a5e used forsoptine deteetion

measur ed e of iy high Spycifidite anth RWeEEdRéctioh N#ifs. MoWewes thege teilidaghold
I nvest i gat.ed coni(]:&{ ni conce tion of the cog) nents.

t f t
Homce. P HiSh enbbr SRates Aexiation caRpERY f o SRRSO ShroBHat EAER S BIeaP Brrount s
;Jf cit t Fa’:’ﬂzd aﬁiﬁtszitasgay Ba%drkfreatdaﬂkb?ﬁﬁmcmmh 5 Es@n&ﬂwd Zaaﬂe% lialdaﬁdoloﬁp[ F{ T
reat nen £ conte S are oOWer e Oy o al.e cltrate.
Roea o getcipnis Hsel 19 dRlePe LTy Bnbiha A O sl ho P e fA & ¢
di f f er enamssd forldetermématioharf tothEA CTemnteht anmgsteteass experioentsoivioresvies asSHE+ | ow,
5to 10 Pt T SHEE 26). W0D..200 0
nort er200e G EoEBHPC I bImas b el B dopl for “MantBiel Wbl 6
choi ce f caggregatipm o fragwmeniationie seledted samaplest Herehyrdt hasdto bedkephinemingethat
hosphat f o 2 i . ' t
phospha esﬂ?s'-PfAftf.E RS sﬁlt%?]lgtsfgf gggf%a? ﬁhﬁé@%&%&%ﬁie}lgg:%dgﬁc bhb?xgg-}ggaﬁ@y system

and t he equi nol ar phos I m Xture“can a onsi
advant agebasind gggregates naybesdwdiseenaredy furt her devel opnent. Al buffer systens
are approved

3.2 Stabilisation of ACT in solution

-

As a first step in formulation development, short-term stability studies on ACT in aqueous
solution are reported. Therefore, the aim of that series of experiments is to identify buffer
and pH conditions, stabilising additives, and other suitable technical ingredients. Hereby,
both thermal stress and freeze/thaw (F/T) stress conditions are investigated. The outcome
is used as an approach to further formulation development, but if appropriate the
formulations at this stage also can be used as early formulation for e.g. animal experiments
or toxicology testing itself.

Samples are prepared in aliquots of 0.1ml with 60ug/mt ACT content in eppendorf caps
and are stressed either at 40°C in an air bath or by freeze/thawing in liquid nitrogen and
room temperature, respectively. Readout is done by activity assay and SDS-PAGE for
some samples.

3.2.1 Effects of pH, buffers, and electrolytes on ACT solution stability

136

The pH is a very po.werful tool to control both the physical stability"™ and the chemical

stability of protein drugs by its well known general influence on chemical reactions.
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by FDA for injection up to a content of 1% at |east which represents
solutions of 70mMto 80mM 3.2.1.3 Effect of salts on ACT solution stability
For the use as osnotic agent during formulation and for general use, e.g
during dr WP 200688%8hce nanufacturing, a variety of saltsPCI/EPYSEH6TH
tenperature stress tests. Sanples are Yuffered in 50nM pot assi um phosphat e
buffer pH 7.2 and salts are added resulting in concentrations of 100mV
except |0mM for nmagnesi um chl oride and EDTA sodium Qther than before,

st r essi ndtlegtrodytes inghding opffes salds/eanraffect & protgin solution by indirest machasismstlikenone of

the sarrplcﬁan%ﬁﬁgm §ow@ﬂt0¢]mﬁaﬁe%rqfn@ﬁéﬂewﬁcyewé&o%faﬁ%téhfei %ﬁﬁfgp&s%ﬁs to the

din )
untreated materjal, and therefore all of them can be used . Besi des,
gener al | yers$necificdop hinding Bh%@%hﬁappmﬁvﬂm\ﬁpﬁ Rretaia a5e kngw ‘Eumnpmeﬁfects

di fferencgs 4158 Wedilise0 'HRhave0 MerOlafid Chilabilie the! prbRih tit sh#dh, ireiREAGy,0n Or
¥ anspor CEPFGHRE o1 ghe et fiaith T MRy BRnulbfor MPmP v, Riccrntell o SR ER: 1y on
ACT sol uteffest piotdin Istabjlitideditectly vy loptrophilic phhgdrbphebid httactiomndepehdiag ént ot al
"mvest1 b SRt the HeaRnyivBt B iopsHissas yErBr e s S Recuong - 1
sol ut i on aripolyA@iEnhions can bindrideshatgedpesitiony withinrths prodeih andleciile |bue xagralsoent al
design is t . bt l,e actog i ] (e]e) t he
pot assi U R sHa VB TRetbR o bEATOsAsels” 6 by Relh HIER e lsblith Bhth -
maxi mum cftal trv ppcoespectively.he concentration of potassium

bilisativg anchdestabhlgati ivel

chloride as osnotic agent, hereby being OnMthe | ow val ue and 100nM t he hi gh

value. Wth these two factors a sinplex-lattice design of P order degree,
i .e. on fhad-1 |Bffeqtef pHordCd sobutiar ssebiliie Statistica 6.1 software. For
interpretation a 2nd degree multiple regression is carried out resulting in

a correspondj ng response rfagce fyunction (Fig. 3-7).. SUBSTI TUTE SHEET ( RULE
26) WO 20081 emtl%émperé%ﬁfﬁfbegﬁw%ﬁa @é.)fels W&Pteédﬁpﬁg RIFi g.
3-7 edgetd@ﬁiﬁgmdctzantmzéhmmgt %omﬁd iﬁbﬁe[stmﬁﬁ' phéspasfet i :I?hbyPH_SI_iS a@aﬁeﬂ awitH rpétﬂséi??

m ni mum t.0 .abo 0 sphat e..cangentration. [To hi r re er

cont ent s HIFRAG ¢ Jrevent &Bﬁﬁﬁ'@@moﬁ}]ﬁ?]aﬁ f"i'lleé'\%’len?: fpéﬂ‘é‘geghos%ﬁlhé%éfegﬂ t here
i's  det ergystend dhﬁhgﬁeaziﬁéﬁlﬂﬁeﬁekgem&téwﬁ‘oﬁmmg.teﬂbﬁaaldflﬁhdli_emﬁmh sKﬂp}eﬁs
osnoti c agent, works counterpro Nl st, cases w t.h ver ow

but rer o dn ka8 Sy ek DR BERO 3 NS A BRsElbedntyble 7 cdfBhd o0l
obt ai ned tyyacéinity pssayand SBSeRAGEat i on of KCI which is around 50nM For .t hese

sanples osnolarity is measured as 154nmosnmkg. In conclusion, the favourable

range of osnol ari tfy i s supposed to be between 150rmsn1811<18 o
The results of recovered activity afier stressing show a strong dependency of ACT activity

on the pH of the solution. In the acidic region up to a pH value of 5.5 almost no activity
can be measured. But there is activity between 50 to 60 % recovered around the neutral
point peaking between pH 7.0 and 7.6 (Fig. 3-1).

Gel electrophoresis also detects pH dependent degradation. In acidic buffer samples the
fragment bands are striking. Lane 2 of Fig. 3-2 show the main fraction of 85% at the
monomer band at around 60kDa, an aggregate band at about 100kDa to 120kDa
representing 9.7% of total content, and two fragment bands with 4.7% of total content each
at approx. 40kDa and 20kDa molecular weight. Similar fragmentation is seen in lane 1. In
neutral and basic pHs, lane 3 to 6 of Fig, 3-2, solely the aggregate band can be seen.

Taking results together it can be concluded that in acidic pHs fragmentation as well as

aggregation leads to inactivation of ACT. In the neutral and basic regions mainly
aggregation is responsible for loss of activity.

SUBSTITUTE SHEET (RULE 26)



to 200nobsm kg. Unl ess, except for the case of |ow buffer contents the
addition of an osnotic agent is not necessary and recommended. Recovered
activity values in this chart for technical reasons exceed the val ues from
fornmer eXeR2eed3t686 This arises fromthe reference to aPGITERISHI0GHNE r ol
sanple with a | ower neasured activi ty SIFor FIT-studies on the buffer and

| ectrol t
further ot Gn o#e"@?‘hﬁ'%?laf 51?*@?%& il W%‘Z‘?ﬂétt@fm@ﬂ%?gé%%am
per f or rrednalnrﬁﬂﬁw@ dgtected msyn@m,m ingel slectrppharesis.cBhie arightaie on a

clear MRl ¥y thé fadt CadY! se&mcqu o8y Séhsttivedto a’ggeegateEhﬁrtﬁfce{zﬂenﬂ b&ﬁﬂt rast
to tenperature %?’tudl es a Io r buffer con e used

€ IS Sunmary
of the efRRAMECT}PCHSE BOR-LRYA elgmgggqgg@g,am @F&C“’éﬁi & Begasatipn é‘flﬁlb$ $
Durlt ngt t hﬂ%eemﬁerAthmer&f ag;bl ddu&e&egtm?mnmﬁ f@ﬂan&wlahmcangomilseﬁgétﬁ)e lh@n— o
contents of .an abi i ution ar e n al opti ma
pHs, buf f@?ﬂgﬁteﬂcﬂgé%g Fléerﬁ’égﬂ?liﬁ‘i%gl"e%mgi gl b sitblaltio Add, sl aery””
buf f er/ sdmelycdud*.)rtmaha oneleaofeaationl ofACT déseribed tin chﬂp‘teit énparotien regplihatess a

gﬂ 2:? ;m Qﬂ%spﬁtﬂﬁ athafigh o rﬁé&t'&%‘ﬁ?cﬁ%@@g @%&%32 I%nd Jor FIT

t enper at ueblding ¢s the inhetiverstate wf iminiraumns @netgyomhicl rmnﬁnmm'glyz em\/mptlbnsﬁurthe:e

bgf/fele:)p(’rirent t u gﬁiﬁﬁ&g@&g}@{l nat |p?/%b§%?£k§et er plr—lﬁe'lg a d{ ?j%uffe

syst ens. fsu@éﬂqnﬂuaeﬁ@m@ kesie pHis bevanse theslatedraigneunt oE mmgathf@mn 5
3.2.2 EfTRpL$s Bj}tﬁtfél%} ‘ﬂ%rﬁm%gctﬁ?éCA@Ted?ﬁoﬁm?Ealéﬁzteaoﬁbﬁl'&ﬁvﬁ}rﬁ%g'ﬂe&é n this

section proteln stabl | sers are screened I n the same manner as
buf f er / el DU Y 1t 0%.syst ems.  Besi des, substances able to stabilise during
dryi ng processes and substances for other technical purposes are tested in

this settin Th baS|sfor he re O | 0 60A m .ACT in
a 50nM poRIceXAgh g & B pEL PR Botpirn pol 2 drant, 78 s Rinebly sadeid
Ireduced bddnkeedvet (ar]ieﬂbﬂ oi‘ftwbﬁtti\lﬂayfsq?fet hmcﬁwaqm/spémmxmeuivltyeﬂieﬂe dddieases g
iterature, arlo | tr re,an
mode of - weriie BsChRR kRS ThuL (TpERu: GV barf BE BUER to el R

subst anceis sﬂep/aendmaﬂmg thppbtmabloes oate. (Spethe rateisalsnostednstant betwicen pHiA.0 and t o

stabilis 4§9d1@£9d5 Y a!rX/alue rforathgs FPSH 'cﬁ@ntﬁ]lﬁ b"@éﬁf Istatus
15 oh oRPRERAG Rlbbn R, of 291 g?ﬁ

of the su stances | o accou

testing oﬁatesurdmeﬁnb!é a l@tggarnsgatptﬂ slope (Taby S+ Dd st 2 msﬂt ﬂmwmnbmmﬂ mand
pr eser vat feyaaran{ro biiRE ifadiaiied op 7S RpRséithgdhé Berfire GHlaPlafeRis bf Qhstant

low decrease rate.
pH | slope of logarithmic curve R?
7.0 -38.7 0.979
7.2 -42.6 0.994
7.4 -44.9 0.996
7.6 -55.5 0.993

Tab. 3-1 Slope and correlation coefficient of the fitted logarithmic first order kinetics
equation on pH stability kinetics of ACT in 50mM potassium phosphate buffer after a 12
days storage at 40 °C measured by activity assay;

A similar sefting as for the temperature stress study is performed for the F/T tests
consisting of 5 cycles of freezing in liquid nitrogen and thawing at room temperature. The
resulting curve of recovered activity like above shows values of around 60% between pH
7.2 and 7.6 and a total loss in the acidic region (Fig. 3-3). Again, gel electrophoresis
indicates dimer formation during the F/T stressing (Fig. 3-4).
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(3.3.2.1). 3.2.2.1 Surfactants for (lie stabilisation of ACTin solution
Besides their ability to reduce surface tension in liquids surfactants are
known to bind at hydrophobic surfacesl42, gas-liquid interfacesl43 and at
t he prot eiWOA¥W603Pe i tsel f nostly at hydr ophobi ¢ ar eas PEIEPIHI5(083634 ¢
mechani sns of protein protection by surfactants based on a conpetitive
situation for adsorption on denaturing interfaces between protein and
surfactant are discussedl145,  Further, a nmechanismrel ati ngﬁt 0 a direct

bi ndi ng d¥s & mattersoffacfs therworkingmkd qrrfamrrswdmlﬁdate@mad Bt B 2. dbisdecntady
concentr gh m&fcrewrah%eéaadmowwcreas@wﬂﬁ both $thas §emt Mh?ﬂbt oly ftﬁae

sol ution has.been, rep 6. But surf ts I abl.e to rev

cheni cal s@&i%?ﬂ% 0? W%@&m@eﬁ%&h&e 0 alatea Ao e hfgtmswe

avoi ded heb@tisess afaifidiemall abéitlertyl dhangdsd pHPwiikindhe Systét is crédted.0 unpol ar
groups and therefore denature protelns 148. For that reason only a choice of

non-ionic surfactants is investigated in this study. Tween(r) 80,
Pol oxamer (r) 188, and Solutol (r) HS15 are added to the standard phosphate

815 caucheld S RUE nefles o ACT bOMBOT RO oot oa™ Concentrat i ons. For

that reason, Solutol(r) HSI 5 appears to be conpletely inconpatible with

h
SUBST! TUTE: SUbBRaUEOr iR ULAREoa T oFRRRRSAM0 iyl iGhad ("
Tween(r) aremdathe neutnglanoingie tantqdrattthnepﬂrl@veé iof 73 dhensertenteof Wffer dorf et/ Tel v
| mprove | ss%"s"i&h red Yo 1t§kﬁMin‘§téla@6f ﬁﬁﬂfﬁtﬁé‘f ﬁiﬁ’eﬂ%‘a{bh%aﬁlp ceeds 0.1%

(Fig. 3- e correspondl ng F -stress experinments the effect is even
nore convi nci ng One may notice that the control is close to zero when the

Treoncr) T b bt g@éﬁ?@h"ﬁﬁﬁaﬁﬁ‘ 1685 nlt 10 (RO PRI el D
o) sEne i hokabmeitale mOtRESheR GampataslS Bro Ve agRvitEs a1 0. 106
3(3 gi g. 3- Jtﬁérezrf]o“ie c$mmble stitﬁhs&sheﬁm&utreﬁaﬁdsa(fn‘h% o). M@Sﬂt,)t?é&&y@ﬁ&dmd Beeen(r)

rove | e | Cl ur e rature an even nore
in E/T starsé’%g'ﬂ? ?ﬂ%%}anc%:dgﬁ hﬁ??’%&%{)ﬁ’ I'\r'ggﬁon’mended

representing a conprom se between stabilising effl CI ency and physi ol ogi cal

t ol erance. The |regul at %Ei’ferj:%?“?ﬂscgi fﬂrﬁség&dﬁiﬂﬁ aci a9 s+gal i sfactory.

Pol oxamer (r) 188—-s—app+ro- 23va B H—RLH- 6% f or
i ntravenous i njlecti ons&nﬂﬁomﬁor sub,uﬂ%ﬁ&ﬂwﬂ j ect 7d&2HUY, wher eas

Tween(r) 80 is apprpv%h&ﬁﬁy FDATD %Waa%m potepgy, 97 0. Z)o for

i ntral esi onal i

25/25mM phosphate/citrate 40°C/9 days 80.2+6.8
10mM phosphate F/T/5 cycles 42.5%7.2
10mM TrisHCI FIT/5 cycles 41.0x7.1
10/10mM phosphate/citrate F/T/5 cycles 46.1%4.5

Tab. 3-2 Recovered relative activities of ACT after temperature and freeze/thaw stress in
dependence of the buffer system measured by activity assay;

The phosphate/citrate mixture is further investigated concerning the relation of
concentration of the components. Hence, for temperature stress to a 25mM phosphate
buffer increasing amounts of citrate resulting in concentrations from 10mM to 50mM are
added. For F/T treatment the contents are lowered to SmM phosphate and 2mM to 20mM
citrate.

Results after temperature stressing at that point do not show remarkable differences.
However, for the freeze/thaw stress an optimum arises for low, 5 to 10md, citrate contents
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for intravenous injectionl49. Solutol (r) HS 15 destabilises ACT and is
therefore unsuitable for further studies. 3.2.2.2 Sugars and polyols for the
stabilisation of ACT in solution Sugars and the rel ated gPou of polyols are
very of t enWPOee/38e6as non-specific protein stabilisers. %ﬁ‘f 18W4a
concentration of at |east 5%their st abﬁ? | sation mechanismis interpreted as
a prefere a X $hO, "BReR he and
pol yol s cgingahs SQBISF inhél%uFt?SEEem cglﬂf3 egra é;?}égn dé&cg éecxgﬁg‘%n ef ea(i:?s in a
simlar Wfés pol yval ent ions. However, because of the well known Maillard
reaction between am no groups and reduci ng sugars only non-reduci ng sugars

are consi deredln.. For he us soI utlon a N pr ect of
t he use iﬂ I'é’lnm&ntﬁf ﬁbosgﬁaé?)&uﬁér 5‘3&@ 1s gﬂiﬁ%‘\f Pbut the
freeze- dr YHs§Cl systethi ﬁdythef ecﬁmgalnas hawgﬁuratalmﬁhnb ScanSal&oebe ednsiderethiif

section. s based Cl s n, standard sphate
but f ers pRTVADES PEACSSHb R Pnﬂa&@ffﬁaeaﬁfvefmm? oAl R SRR ARProBAe o 5o
sugar andbp&Dyofor imjestpmctp toed yonterdbiof é%¥satrigast whithrrep@ietOOlathonsDfFawdM tdespi t e
t he wel | Efmf stabilising effects of sugars, the preservation of ACT
activity by TtThese additives is quite disappointing. Al sanples wthout
stressing are in conparable SUBSTI TUTE SHEET (RULE 26) WD 2006/ 037606

PCT/ EP2005/ 010674 57 range with the control w thout excipient. Thus, the
tested substances are conpatible with the assay. Therefore, the huge | osses
of acti vi 8y-Ialir Effgckafisalis ondGE solatipmstabilitoven to be due to a destabilising
effect on ACT. Only the sugar al cohol sanples containing mannitol and

sorbitol are_.in conparabl e range wt contr sarrpl e in he tr ssi ng
and t hus Eahthepaseces,esmalc ey Cﬁ%ﬁ’é‘gtt{]’“}"&a?% a&‘ér PR 8pRATRl VRS 181 nts

égat a not sis3ante Fﬁﬁﬁﬁc@s&?g{l@vﬁgdwbﬂ%n@ss e5edn tehipd ﬂtﬁe%ueg teéts, | wuré\CT
nsequen nly, ni tol ,and,sor no s il
pot enti al LE-é?T @é“ S(Qgﬁg PRiRSSiR phosphate ﬁ%@ﬁg ?rﬁ{ea#%% 'rﬁh{lgé?ml cal
r easonsl. Abientritivhs r@ [TTE: 431 yexcqital(!lﬁMOfort ﬂnegﬁesﬁmbsthmmdes?ncb EDTIA sbdiatmory.
Manni t o a FDA t 13% for intravenous
I njecti onbzl?'f’a%%é‘qﬁgg/’ef SPRg g?@gig‘ﬁﬁﬂl n‘}%&%ﬁ’%ﬁ%ﬂ BP¥% ol s approved
al so by FDA to a maxi mum pot ency of 45%for [ nt ral esi onal injection and 30%
for intr a on
of ACT i 1” S31A1Fr Sk BbfEpE B st shorgs #piefen R b dbfvief bl B el O
si X, seveto ﬂm]dn@q:agm negtenial sand therefore all of them can be used with ACT. Bemdes,
generally, all tested salts are compatible thh the assay, but the differences between some
controls could be related to assay interaction or in the case of sodium containing samples
to pH changes during freezing for transportation (Fig. 3-6).

3.2.1.4 Effect of buffer content and osmolarity on ACT solution stability

Next, the optimal phosphate buffer content and total osmolarity for an ACT stabilising
solution is to be determined.

In order to investigate the influence of these two closely related factors of the solution on
ACT activity under temperature stress a factorial experimental design is created. The first
relevant factor is the concentration of the potassium phosphate buffer system. It is varied
from a minimum of SmM to a maximum of 100mM. The other factor is the concentration
of potassium chloride as osmotic agent, hereby being 0OmM the low value and 100mM the
high vatue, With these two factors a simplex-lattice design of 3" order degree, i.e. on four
levels, is calculated by the Statistica 6.1 software. For interpretation a 2™ degree multiple
regression is carried out resulting in a corresponding response surface function (Fig. 3-7).
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nol ecul ar nunbers. Stressing 1s done at days.
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bei ng  congplgrlenid HorleBeadaind réiunddgased sampl es of (3. EP-P.. and
-(-CD are SUBSTI TUTE SHEET (RULE 26) WD 20061037606 PCT/ EP20051010674 58
conparable wth the stressed control sanple (Fig. 3-12 below). Solely in the

a- cycl odredoiérsd aetivityecalaes'if thik |¢E§l|t Yoriteshnivabrea e \ext el the Wu'ei ﬁomeoﬁms ured.

Therefore proves.to destabilise A S th 1 atives are
ror e or | 1SORIRFRIFY TR ciiseS S5 185 rotespnese 1 by SRR Epiel enat P & (P r g
The non- deedsafedlacivitg cycl odextrins are further tested in F/T st_udl es. The
testing is conducted in 0.1m ACT solution 60g/m in 10nM phosphate buffer
at a stress level of 15 F/T cycles with 2% cyclodextrin. In this test,

j i - cycl odortF/rstudies ondbe buffeniahg eldafrolyte contbmiosolelyithe dwififer concentrationkisb| e

stab|I|5| f f this
stress sitha Wﬁi i Sithel paRRR SPNenolEE LIRS of (BE Yind] 1Tkl e
i nvest i gaperfogm c’dﬂﬁt F@PV@ﬁdd@%ﬁMeﬁU@elﬁa@bm eeoncehizationga clear
concentr e6mM 00 f %ﬁlﬁéf
nmol ar i tya%?)gﬂmﬁfgﬂdext [l % %90%50 %lejsﬁitereeg‘?%dq? r?e%lﬁaeﬁ)sfgrre T setting.
Thi s showsu &?Pli‘)ﬁ@?b ?rr@ﬂﬁﬁ%ﬂfé@thedﬁequ to a nearly conplete recovery for
HP- (1-CD detected for the maxi mumconcentration (Fig. 3-14). Therefore, a
stabilising interaction of HP-P-CD with ACT can be postul ated, but an
estimation of coordination nunbers is not possible. Rather,

3.2.1.5 Summary of the effects of pH, buffer, and electrolytes on ACT solution stability

During the experiments of this section buffer systems and electrolyte contents of an ACT
stabilising solution are investigated. In detail, optimal pHs, buffer species, buffer contents,
compatible salts and suitable buffer/salt combinations are evaluated.

In fact, for temperature stress a potassium phosphate buffer concentration of 50mM at a pH
of 7.2 and for F/T stress & 10mM phosphate buffer at same pH is to be recommended. For
temperature stress, alternatively, a solution containing 20mM phosphate buffer and S0mM
potassium chloride is suitable. Despite, for further development the pure buffer alternatives
are determined as standard buffer systems.
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On the corghlatorty status of theubstanestiatakemintaacooantaci ds  net hi oni ne and cystei ne
drop out as well as phenylalanine (Fig. 3-16 below). Fromthis experinent
readout by SDS-PAGE is conducted. In the presence of nethionine,

Irorgtem”oﬁ: fra]mhm(ﬁ%llcwviﬂg Iiyﬁliealing‘ mn?:stmsﬁng ofsurfictantyysipas, folyohy eydodextrirs. 01\‘Nt h
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correl ate@.3Rih activity assay results, it can be concluded that arginine,

gl ycine, and al anine perform best in both analytical techniques.

Unfortunatelzyl,:J during F/ T experinments the tested am no acids did not show any
-lef

stabi | i si #d-2Rf Surfeciusifor thetstahildsasion of ACT in solution

Besides their ability to reduce surface tenston in liquids surfactants are known to bind at
hydrophobic surfaces'*, gas-liquid interfaces**® and at the protein molecule itself mostly at
hydrophobic areas***, Therefore, mechanisms of protein protection by surfactants based on
a competitive situation for adsorption on denaturing interfaces between protein and
surfactant are discussed'*’. Further, a mechanism relating to a direct binding of the
surfactant to the protein, marked by a higher necessary concentration of surfactant that
depends on the protein content in the solution has been reported'*. But surfactants are also
able to prevent chemical degradation in some cases '¥’. Ionic surfactants are usually
avoided because of their ability to bind to polar as well as to unpolar groups and therefore
denature proteins ™. For that reason only a choice of non-ionic surfactants is investigated
in this study.

Tween® 80, Poloxamer® 188, and Solutol® HS15 are added to the standard phosphate
buffer to a maximum content of 0.2%.

In the temperature stress Solutol® HS15 causes a severe decay in ACT activity in all tested
concentrations. For that reason, Solutol® HS15 appears to be completely incompatible with
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ina formulation for ACT. 3.2.3 Summary of ACT solution stability studies In
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st abi | i si panhpokshitd al on ACT. stabiliser liquid solution frozen solution
buf f er 50nMM pot ass%'um phosphate pH 7.2

3.2.2.2 Sugars and polyols for the stabilisation of ACT in solution

Sugars and the related groups of polyols are very often reported as non-specific protein
stabilisers. Applied in a concentration of at least 5% their stabilisation mechanism is
interpreted as a preferential exclusion phenomenon’**!, Though, in some cases sugars
and polyols can as well inhibit chemical degradation by complexation effects in a similar
way as polyvalent ions. However, because of the well known Maillard reaction between
42, For the use
as stabilisers in solution and in prospect of the use in later manufacturing steps, e.g. as
bulking agents in freeze-drying, a variety of sugars and sugar alcohols is tested in this

section.

amino groups and reducing sugars only non-reducing sugars are considere

Samples based on 0.1 ml 60ug/ml ACT solutions in standard phosphate buffers pH 7.2 are
loaded with excipient to a resulting concentration of 5% sugar and polyol, respectively.
Stressing is done at 40°C for 9 days.

Despite the well known stabilising effects of sugars, the preservation of ACT activity by
these additives is quite disappointing. All samples without stressing are in comparable
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into wounds In this chapter the manufacture of hydrogels as ACT | oaded
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requi r emepdbelisdig ¥fROoIA€TSI ngs. And, in a second step stabilisation studies
of ACT in dependence of the polyner and in the total sem-solid fornul ation

are conducted. 3.3.1 Devel opnent as delivery system for wound healing From
t he greatCotsedquenily,0onty aanmiod ahd catbityl thedugh dnvingohy stabiisify potentistctande i s

assenbl ed cor i ese b el . . i I ' in
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for gel |5 agprovathalsodty FBA taus maximumepatensy ofohelos inralesionsd injeefiongndng
(bio-) dﬁgﬁﬁgqf, hd Hidtish'® bi ng activity on protein stability 157. The
resul ti ng chol ceﬁ%np?ﬂme hi&trll Table 3-5. Following, in the course of the
devel opnment of the hydrogel as wound dressing nateri al

3.2.2.3 Cyclodextrins for the stabilisation of ACT in solution

Cyclodextrins are cyclic oligosaccharides consisting of six, seven, and eight glucose
monomers, respectively. Nomenclature corresponds to the molecule size rising from 0-CD
to B-CD to y-CD. In the ring the polar hydroxyl groups are located on the outside, whereas
the etherlike oxygen atoms in the inside form a nonpolar cavity. The exterior allows
cyclodextrins to dissolve in water while the cavity forms inclusion complexes with
hydrophobic molecules, e.g. the hydrophobic residues in proteins. Depending on the
number of glucose units the cavity grows from a- to B- to y-CD. So, the size relation of
cavity and including molecule also influences complex - characteristics. This way of
complexation can affect the protein in two ways. On the one hand, it can stabilise the
unfolded state of proteins by intercalating the hydrophobic residues in proteins. On the
other hand, by intercalating these hydrophobic residues it can prevent proteins from

aggregation153'154.

In the stability study, a-, -, Hydroxypropyl-p-, and y-cyclodextrin are tested. As above,
samples based on 0.1ml 60pg/ml ACT solutions in standard phosphate buffers pH 7.2 are
loaded with cyclodextrin to a resulting concentration of 2% which means a major excess of
cyclodextrin based on molecular numbers. Stressing is done at 40°C for 9 days.

Again, all unstressed samples are in comparable range (Fig. 3-12 above) indicating all
additives being compatible with the assay. The stressed samples of f3-, HP-B-, and 4-CD are
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evaluated. Sterility in general can be produced by several well known
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are pseudopl astic, experinents are conducted in a Brookfield rotating
cyl i nder Prioarcthisedperinfeatal setup,rgdditioakilyresmfout by SDSIBAGER wperatddeltrihdiogesans ar e
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thinning 100kDa bands. Most remarkable, like in the other read outs, the amount of lost

activity in the activity assay and the detected aggregates by SDS-PAGE are not in the same

magnitude.

Therefore, HP-B-CD can be used as stabiliser mainly for F/T stabilisation. Concentration is
tested suitable between 0.015% and 2%. But, HP-8-CD is approved by FDA for
intravenous injection to a maximum potency of 0.4%'%,

3.2.2.4 Amino acids for the stabilisation of ACT in solution

As sugars and sugaralcohols amino acids are supposed to be able to stabilise proteins by
preferential exclusion. Moreover, in special cases some amino acids inhibit chemical
degradation, e.g. methionine may work as antioxidant and so reduce oxidative degradation
of the protein. For these purposes, a selection of amino acids already used in protein

stabilisation are investigated'’,
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shear rate x is drawn against the shear stress a which results in the typical
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Decoder msBaples giycing al®iigg agipinep aod dysinvaliow hadlyeny damage to AGBagivity 0. 999

S 1 6 Tab.
S i g O Y Bt i, i
(conS| st anethioningang icysteine dron ou as ayeihas phenylalarige (Figadd 6bstavd: at i on

coefficient R2 from power Iaw (Equ 3- 2); The resulting even of the

rheogra is parallel to a j ndi cati simlar behavi or
ey o aEram B PR T B SISRACH: ordused dnghe BFRE of ARAERBre. ¢ he
|ﬁgarlth mﬁylhlaﬁmeormdsmgmy ehtnglerﬁmchu(td r‘snblleﬁam%ﬁamseﬂsewed With « of
characteris ar r .for esc i ng osity in this c t 0
et - odBEHOnTR, BRGRMARES, cgagmec SO B SRR Ut apSpSiadh 17 B 2oy

The produst detedtedh(Figogh@?).I n k val ues are gels of high viscosity that are
difficult to handle for further preparations (Tab. 3-4). Thus, the viscosity
of the hydrogels to be devel oped are adjusted to the | ower Ink values of 7.0

to 7.5. FalthqughtSDSPAGE ageinsuly odughly corfelatas sethcactivity edssayrtesultss itpeaadeer ed
al ways i NehbdhdtPthat arginine, glycine, and alanine perform best in both analytical techniques.

Unfortunately, during F/T experiments the tested amino acids did not show any stabilising
effect (data not shown).

For its proven stabilisation on ACT and its known stabilisation qualities during protein
drying arginine was chosen to be examined in further concentration studies'®. This series
was studied in the same seiting as described above. The results curve shows a clear
optimum at 10mM (Fig. 3-18), because the measured ACT activity after thermal treatment
is at its maximum at that point.

Indeed, arginine can be used for stabilisation of ACT at an optimal concentration of
10mM, correspondent to 0.17%. FDA approval is given for up to 88% for intravenous

injection'*?,

3.2.2.5 Preservatives for ACT containing solutions
Finally, a choice of parenterally usable preservatives is tested as excipients in this series. In
the standard phosphate buffer the following substances are tested: 1% benzy! alcohol, 0.1%

4-chloro-m-cresol, and a paraben mixture, i.e. p-hydroxybenzoic acid methyl ester/ p-
hydroxybenzoic acid propyl ester 0.1%/0.04%.
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a concentration series for every gelling agent. \Were possible, steam
sterilisation was carried out before neasurenent. The correspondi ng

r heogr ans r gel are determ ned as above. It has hat In k
Is direct I‘)EIB&P@\@??%POMI to the conceng({ation of nost tﬁﬁ@zé@mﬁﬂ agents
(Fig. 3-21). Fromthat proportion an equation conbining In k and the gell ant
concent r &infarmur(aidy,. these3jubstancesi are chot imtasoperabler witle ghe assap rbecausa reithersthe B

concentrat | ' T 2 7606

ot EP2008 B Gt e Bl b ekl petthty e RitR) SO B
concent r aformativin ghelut their behaviost egaigs| ACT canldemhitaiged. iPueatosthipinterfenénsal at i on
usi ng Equ.:43s e %’rﬁg ' [ | I Wred In k between
7.0 and g’n@aﬁ@jg{r&f glg b%@gggaeﬂ@?% h%egq?fgrf&@/ﬁe%ngfgﬁ .l% agent. That is
the concentration of the gelling agents to be used in the manufacture of the
hydr ogel as wound dressing and drug carrier in follow ng studies (Tab. 3-5).
Pol yner al i :t@y I nt ercggt Sl ope Correl atign Concentration A B coefficient Rz
(pol ymarSJ% ummareofd Gl solugiomstabilitestydiss 0. 986 4. 5 Car boxynet hyl
cellulose 1.000 1.62 0.98 0.993 6.0 sodium Carboxynet hyl cellul ose 10.000
2.24 1.0 . 986 5. 0. .sodi um Carb nethyl ul ose,.30.000.0. 5 .41 .,0. 985
To5 “sodn i eSel HER RyAPdEr arbLbeto of AT SPIGH0R PR The Japid,

i gggdszggﬁﬁaﬁbd patbhy fers 8CI0éeeths 44 HR. dithed ftfiiatiBn Gnd Hhresumablyh ldterddphetl ose
4. .1

0.89 0.975 6,0. H.dro,eth | lul ose 10..Q00 J1.88 0.93 0.978 5.5
i drox. e ORISE SBETORRNOR: OHpiR e Wil solsdiind Sl ] fueienpindd i b
100. 000 4ed® 1.07 0.999 2.5 Hydroxypropyl methyl 15.000 4.14 0.96 0.989 3.5
cel | ul ose Hydroxypropyl net hyl 100.000 4.3 1.28 0.998 2.5 cellul ose Methyl
cellulose 1.000 1.18 0.82 0.999 7.0
A pH of 7.2 turned out to be the best choice for a buffered solution. However, the optimal

range of pH values is very narrow. First of all, low pH levels can harmfully damage,
fragment and inactivate ACT. So, for application on a wound site which can provide an

acidic pH a buffer system is recommended in the delivery device to guarantee suitable pH
for non-liberated protein. Therefore, phosphate, Tris, and phosphate/citrate buffers can be
used. For phosphate the optimal content and relating osmolarity have been examined.
Moreover, from a variety of substances surfactants, cyclodextrins, and amino acids have
proven stabilising potential on ACT. .

stabiliser liquid solution frozen solution
buffer 50mM potassium phosphate pH 7.2
alternative: 20mM potassium phosphate / { 10mM potassium phosphate
50mM potassium chloride pH 7.2 pHT72

alternative: Tris HC1 pH 7.2
alternative: potassium phosphate/citrate pH 7.2

surfactant 0.1% Poloxamer® 188 0.1% Poloxamer® 188
alternative: 0.1% Tween® 80 alternative: 0.1% Tween® 80
cyclodextrin| - possibly: HP-§-CD 0.015-2% HP--CD

amino acid 10mM arginine possibly: arginine

Tab. 3-3 Recipes of stabilising aqueous solutions for 60pug/ml ACT in liquid solution (from
temperature stress study) and in frozen solution (from F/T stress study);

Indeed, depending on the stress type two recipes for stabilising solutions can be formulated

relating to solutions to be kept in liquid state and frozen solutions, respectively (Tab. 3-3).
All ingredients are already approved for parenteral use by FDA.
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Carbo eth | starch sodium5.82 0.20 0.981 8.5 Gellan gum LT100 5.31 1.22
0.992 1.5 Cellan gumF 5.26 1.18 0.985 1.5 Xanthan gum 0.26 5.35 0.978 7.0
Pol yacryl at e Sodi um Car bopol 6.21 1.04 0.975 1.0 940 Po I ol i done
Kol I'i do” o¥O HOEN376% 0. 24 0.998 35 Pol yethyl en gl ycol o%%?vfh%"ﬁg’(y?“ 9 0.998
72 Tab. 3-5 Celling agents regressi on Eararreters and determ ned

concent r a8i ofy (?g By ﬁ,,hg@mmﬁ,ﬁehﬁas SUBSTI TUTE SHEET ( RULE 26)
WO 2006/ 037605 PCT/ EP2005/ 010674 65 3 Viscosity ofgellan-

gum hydr oxyetltyl cellul ose hydrogels S| nce gel s are nobile they offer the
advant agh this c]iliptdi‘ﬁhe neamofastire \of hipdrdogels s rA@'fdoaﬁedaiehWrﬁthdw tfor wioend

d f I
Suf i, ofepe it RLRES, TRARAREIY bl tp SPlmitsA dORBRE Bl sl Richlth bIF O
fl ow out rlmblogidseo mhﬂheucmmemems afiwdund dressimgs.ghuad; iin g secmé ﬂeptstaémhsatmn
di sadvanifges o ﬁme& l R0 4 sic pGRHI aDE if VY T RelALs6iP Rotrullfloh G

pol ymer s, ' es nmj or C nges manufacturing an
appllcatc@nhwkﬁnce the rheol ogy of gellan gum could be a back door out of
this dilema because it is sensitive to nonoval ent cations, i.e. gellan gum

forms non free-flowng but very brittle hydrogels in the presence of e.g.
sodi um add-lpoDgvelopmentps delivery system foxwopddealing he 1 ow curve of such
preparations in conparison to a hydroxyet hyI ceI | ul ose gel (Fig. 3-22). For
this purpose the rotating.c Ilnde Br@pkflel Vi SCO used
till dat&qmth Ehé{eafsml?%%é |H° Bﬁsleﬁ?%ﬂiﬁ%éﬁmﬂﬁ‘i.s used
for thesgcd@y@ihgi&;m@mcntbﬁa det all an arrpl I tude svveep test with constant
oscillation frequency co and cont rol | ed shear deformation is performed. That

means that the angle of deflection cp of the cone and with that the shear
rate y is defined by fThepolyhieodk alithdy iromsedh neediral produets Sorawenundtecatment.

correspondi ng shear_s I
measur enent. The changégﬁégtﬁé%ogﬁsq tl“?e ovg%lﬁm%eﬁlja vseen c&?hlgéag%gaéﬁi'@% in
this experinent foll omr@ﬂdomwﬂmmﬁ&fompphmntm@pcem g change of shear
stress over time foll gys A Woailablé’ %6 Haéﬁ %}m f yeen the
two sinus curves is descﬁgﬁﬁé itsel%%eh}lﬂ'oss gtné?é a%J Ssemd docR o

require exc1p1ents with toxic or protein destabilising potential for

gelling.

e The polymer must not release monomers or oligomers during (bio-)
degradation with disturbing activity on protein stability’".

The resulting choice is listed in Table 3-5.

Following, in the course of the development of the hydrogel as wound dressing material
the parameters concerning sterility and mechanical properties have to be evaluated.

Sterility in general can be produced by several well known techniques, but steam
sterilisation is the most effective and safe method. Therefore, gelling agents and the
hydrogels made thereof that enable autoclavation without remarkable change in properties
are in favour for the choice as formulation ingredient.

The mechanical properties in the first place are described by the rheological behaviour of
the gel. In detail, the viscosity of the gel has to be adjusted to provide proper manufacture
and application, and while on the wound site staying in place and providing intimate
contact to the wound ground essential for effective drug release.
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t hese val ues the storage nodulus G and the |oss nodulus 0" can be cal cul ated
(Equ. 3-4, Equ. 3-5, Equ. 3-6). G = zA cos 8 G = zA sin 8tans = - YA YA
G Equ. 3-4 _Equ. 3-5 Equ. 3-6 Equ. 3-4 & Equ. 3-5 & Equ 3 nodul us
G, loss %95?03@3@’6, and | oss factor t%n 8, with |oss gﬁ fngz@fs}ag%gfitude
shear stress -rA, and shear rate anplitude YA, SUBSTI TUTE SHEET (RULE 26) WO
2006/ 037 &0% 1.2C e ion G Uydroges6 Ther eby, the storage nodulus G describes
the elastic properties of the sanple that is responsible for a reversible
deformation storing the deformation energy within the system The |oss

nmodul us @ vagety ofegelar(@ab.o3-5) He ephlusted coocerming qunssiblestanilisation ahetheds. Syseci nen
being re | Ofty ol & B | @0.:18.04 L on
cner gy £ SRR Btk Plhe! isF 67 cBbokenobEigld R EIAOR of 285 h9GioR By Tf SR

rel ati on silisatior ddheraforee stesdand condidions Like they arpdlesaibed da ity pharmagepoeishese
three val eh‘ﬁﬁseﬁ,r Pe, USERPERANHE SE 12 P€ 4tChdr %Q{nﬁ.ﬂ%ﬁgfe Jgﬁwﬁé@d%f 19fid.he gel

system The relative positions of nodull u | ogarithm pl ot

agai nst shear stress and the value of the loss factor being < 1 indicate

t Pat ht heI F?.rbﬁﬁﬂht Sthé %ﬁllhﬁl@ﬁf&éﬂiﬁiiv% ﬂieau;ﬂdr@ey@ﬂ:b t yPL@athths ca&@ﬂ}?ﬁé?yf eelnlﬁmtsa sdamniw ati gn
0 e elastic char roi een, i 0 roxye e S el an
Che gol | SPeGEREE BT o A Lo RoR RSBl 2o b POROERR S SFor ot RS ¢ e
gel | an cuindedmplétely ssasliednMuopéoret, bhamgd iof ivisgositiesare sghigible. Further[rdanthan
pronounced due,tq,the higher difference en,d.he curve |evels. l.n fact,
the | owerBYdald g%@pogunhﬁ © autpp}ggqc%wgﬁ@&\r’@ aqdgtiqn, 4 ﬁoEﬁv%tho& @I{g?}?%eur of
sol i ds. Nhe heatdreatnhdne ofj tHesapolynetrd obligatove forgebfoemetiath ot her after very abrupt
change in runs of the -curves, describing a break down of the gel structure
at a threshold of shear stress. There, a yield value ry genan can be

cal cul at eBesidrakalginatyygelnare lighefied duringcewo¢laeation, whilp rethyl-ohydroxyprenyle gel
wth av Lo Sid u.}j'@g'lcb oL . e o} :an I 9aY yl
cel | ul osggnl\dsq.é/ﬁ{adrxgg{ee_ i r)ggﬂby egf)ﬂtoﬁé V%I%HHF%&V g?%ngo'aﬁiééelg gﬁggﬁ%yﬂanﬁiﬂgi el d
poi nt destemppiaiige selubidity. al nost free-flowing gel (Fig. 3-22). However, the
brittl eness of gellan gumgets is inappropriate for a wound dressing and so
further npdificgtions are nec&ssary. It has been found that a conbi nation of

the two veiy-2 oYBeesityof hydraggls s gel | an gum and hydroxyethyl cellul ose forms
suitable gels for wound treatnent.

Preparations with low viscosity tend to evaporate fast and cannot provide satisfactory
contact with the wound surface because their tendency to adhere to the wound site is too
low. A very high viscosity, in contrast, complicates the manufacturing processes and a
convenient application. So, a reasonable viscosity range of the gels has to be determined
which is done by comparison with commercially available semisolid products indicated for
wound treatment. Thus, in a first series of experiments a choice of market products is
characterised by viscosity measurement, As all the measured gels are pseudoplastic,
experiments are conducted in a Brookfield rotating cylinder viscometer.

For interpretation of the measurements the rtheograms are considered. In these diagrams the
shear rate % is drawn against the shear stress o which results in the typical curves. For
theses gels the power-law (Ostwald-de Waele) for pseudoplastic materials is used (Equ. 3-
1). The equation is linearised by the logarithm and is written as Equ. 3-2.

oc=k-y" mo=lnk+n-Iny

Equ. 3-1 Equ. 3-2 |
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As al ready nentioned, a higher |oss factor expresses a less brittle and
softer behaviour of the gel. And, the low | oss factor of gellan gum al one
can be increased by partly substitution by hydroxyethyl cellul ose in

i sot oni ¢ YHARWEHOEHPri de containing gels (Tab. 3-6). hydPESTEPRIOSOLE4 ) ose
MJa | oss factor tan 6 0% 1.5%0.12 2.999%0.18 2.25%0.40 2.5%0.79

Paotor LA e e e e e B S ent
i n hydr ogafhssheas stEgssich Bﬁ@?@%"é gé?ﬁlwﬁ%qﬂ e d!eﬁ/ b P‘Pﬁmcﬁﬁoé%m mlﬁ)ﬁc rease
of the | Q3B afdfbAbehadibEmdes of POeRIaeiohntGOR]; 81Xl SmbANEY psebdfPfagiR!dndn gum

the 2.0% hydfoxyethyl. cel.lul osgg: 1.0% gellan gum m xture Is chosen for
further d’@ééi‘??ﬁﬁlé‘ﬁ?g%ﬁg@v}% conveni ent sensory properties, i.e. howit is

felt on skin. Further, it is observed that the, gel systemcontaining the
two gellgnts still proyides fhe sensitivit | RS nqyvak ent..cat i Qns.
Hence, it qg%pgg(i H'B?rgrq\{?t%él’ éﬁe{ F%fﬂ? @CWS%&SQ%%GHCLEW{@?‘H%Y%#&@ Pﬁ\iﬂc&gn-f ree
f1 owi ng Uile liehtisegedqumation (EqalI-2)coow ean be Kted du dhe reshlis disclosipgtthaglopé nt he
sodium c r4 de - | | Qsite ' ”inpkh f : in ACT
st abi | sih’%18 t*égfnl%t?%tgﬁoﬁsm?%% nveé | gé?’gﬁﬁeﬁ%g‘re O?@%M@Fog, g@‘i’g
behavi our3-3, Tahe3-4).0% hydr oxyet hyl cellul ose : 1.0% gel |l an gum systemi s
examned in water and in 50mM pot assi um phosphate buffer pH 7.2,

respectively (Fig. 3_2'37"——‘Exper ITeTTE TS] g ﬁJT ﬁeﬂzhet. nmeter nmethod is as
above. For interpretatia ge-Aghe —posttren—pf—Hodul i is

consi dered. For infl ,e-m-r ge QJ?\L 00294, ium chloride
solution (tan So. 9VO.N&¢M%, | 50mM pot assi um
phosphat e buffer pH|7.2 ({Taros8phosphg = @175] 0998 it is devel oped
for some ACT fornul giDeoodermiBasigpednse

@5DVv) d32 yi 6l9%4pdi nt ty which is
slightly reduced by [ e, RYHd Preyighdied Iug®se ¢por gate@o( iy D. 9% Naci =
169. OPa, TYphoapse =

T ) T elt um (Ty dl,, gum =
195. 2Pa) al one (Fig.[3= ﬁup’ !r ,B'@Gah' (639! T 37Dod
ha i + .

1
~

k
D
D
D

behavi our of
gel l an gum can al so ‘be—actvrated—n—the l—?gﬁ{b c% By--addi-H-en of the usual
phosphate buffer. On the contrary, without salt content the hydroxyethyl

s, To Khart iE8ett BORERAAF Ao, ded hiblfh BibasleBlpl M, Gabdififnc 01\ 12
conveni emokefficient, flow behaviour index n, and correlation coefficient R” from power law (Equ. 3-
2);

HEBOES S
2
IS

The resulting even of the rheograms is parallel to a2 major extend indicating a similar flow
bebavior index n and therefore a similar pseudoplastic flow behaviour. Therefore, the
logarithm of the consistency coefficient k (In k) can be used as characteristic parameter for
describing viscosity in this context. Ln k of most products developed for application on
wounds is between 7.0 and 7.5. The products with higher In k values are gels of high
viscosity that are difficult to handle for further preparations (Tab. 3-4).

Thus, the viscosity of the hydrogels to be developed are adjusted to the lower In k values of
7.0 to 7.5. For that purpose, a set of gels from several gellants is prepared always including
a concentration series for every gelling agent. Where possible, steam sterilisation was
carried out before measurement. The comesponding rtheograms for every gel are
determined as above. It has been found that In k is directly proportional to the
concentration of most tested gelling agents (Fig. 3-21). From that proportion an equation
combining In k and the gellant concentration (Equ. 3-3) is gained from linear regression.

In k = 4+ B - concentration(gelling agent)
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Carboxymethyl starch sodium

5.82
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5.31
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Gellan gum

F

5.26

1.18

0.985

(VA
Hyd pelluloge -
Methyl cellulose
Xanthan gum

0.26

5.35

0.978

Polyacrylate Sodium

Carbopol
940

6.21

1.04

0.975

Polyvinyl pyrrolidone

Kollidon
90F

-1.04

0.24

0.998

35

20000

Polyethylen glycol

-6.2

0.19

0.998

72

Tab. 3-5 Gelling agents, regression parameters, and determined concentration to be used in

wound healing gels;
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cellulose and Lutrol (r) F127 were stopped here because of their mddle-rate
stabilising qualities and their unfavourable nmechanical characteristics in

xer ogel rmation (see sections there). The ot ested pol yners
showed ac::{ggtzg‘kmé%ggrrpatl bility and are__ tested further g'%tf(ﬁtl‘?@%@a"ﬁgﬁ Fi g.
3-24). SUBSTI TUTE SHEET (RULE 26) WO 20%%/ 037606 PCTI EP2005/ 010674 69 W th
the | atte3.1.8e 1akdositp bf\gelRimgaimMpivosyéthl cellidose fydvogels Sanpl es for these
experinments are prepared in the sanme inproved formul ati on as above and are
treated at 40C for 9 days and 15 F/ T cycles, respectively. The control
sanpl e cd@ince geds ae pobijerthey d&tth@fadvmmsamﬁaﬂnémaw eonkiat hwith theesurfamngeof ef t he
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pol yvi nyIV‘\A‘Q&bR‘likloth'gsg??(ﬁlla&e}‘%lgfa(Pg h}sw\?g ]8% ed gfﬁé:é%ﬁ]é% ty tog?lga%%h?ned
(Fig. 3-2¢) suffigiently; mcrtnhs for applicstion bnt neti dscous epeugh T@dﬁ?‘éﬁnﬁ ifaRy ﬂmhmtmft assi um
phosphat 2z § FHbwi none
of the cﬁ%‘gtﬁ]&%@ ‘gﬁ%‘ryg‘%cgﬁfsﬁg“& &fgpﬁgb?ﬁ@ééﬁodﬁg%yﬁ%%@]giﬁblt a ng 15

FI' T cycl eguldrbe overcomye by grasglinking pb polymgess.out cthisy implies | mpjes gh pofrmet hy
cel | ul osgndiRfaciéiioandippRYdtionc el | ul ose, hydroxypropyl met hyl cell ul ose,

al ginate Na, gellan gum gelatine A polyvinyl pyrrolidone, and pol yethyl ene
gl ycol are conpatible w t h the anal ytical tool and are not depleting ACT

aclt ivity Igéhcé emeelsétﬂ ldnlghilh Sdulé b6 a bhbke doegottf iy dﬂbﬁhﬂﬁbd@ﬁuﬁehﬁs
pol ymer s

FDA for IOI’]SI uite conpl e | at
Dol ot hy Bt %810110‘5‘?48‘ (AR e eRUR B U8 o8 JERCRERE bt 3ot biteo:
i nt r amus diydeogelsiih ¢led presenap of @ gasodiunh end pothsshfifisalss.t o 65% dependi ng on PEG
species, and 0.9%respectively. Polyvinyl pyrrolidone and hydroxyethyl
cel lul ose are approved for use in ophthalmc solutions and transder nmal
del i ver y Byisisedescribieddrsoshe ftap purve eif Isutho prepirstionsinr congrison tot 8 pydmikyethyl
hydroxypr |l ose for ophthalmc admnistration. Alginate is
solely ap%%ﬂ\?g%g%lflggrgzﬁ 51deI i veryl49. Al though, especially alginate and
hydr oxyet hyl cellul ose are used in nedical devices for wound healing. So, an

approval mg ¢kt &Sgﬂﬁgf‘ilﬁ'ﬂta@fﬁ ;gﬂﬁ&ér%etﬁ&f upiﬂéﬁ%&{f?éld gﬁé‘or}% tbudat Qfdacs Nt act

by authorities eable I1n s tic manufacture

of ACT | od¥t guifigsgnbgRatherogy oseiialjng eongapla E‘Fﬁoﬂslétqs% fexs thp!ﬁreegeéuaq@% i s
not possidetal, wh fathplideleFrech iR W dondtabt odclllHRion tiRigRendysd aRd |cbﬁﬁ‘elleﬁ%ear

hydr ogel s re not .sui t.abl r steri Il trati.gn b cause_.of their

vi scosi t ? OFfadion is B@%%fﬁﬁ Irﬁ etP?qnﬁég‘? t%t;]arbgle Bfﬁ?’g‘? og s Bf&‘ﬁr?oaﬁ&n‘f]n‘iﬂﬁhogel

carrier ithatn@edebearf it onesl definad elpy ithe nmothbactihei variable parameters are the
corresponding shear stress T and loss angle § that are obtained from measurement.

The change of shear rate over time given by the apparatus in this experiment follows a
sinus curve, whereas the resulting change of shear stress over time follows a shifted sinus
curve. This phase shift between the two sinus curves is described by the loss angle 5. From
these values the storage modulus G’ and the loss modulus G** can be calculated (Equ. 3-4,
Equ. 3-5, Equ. 3-6).

F T rr T .
G =-4.cosd G =-4.sind tand = —
Ya Y 4
Equ. 3-4 Equ. 3-5 - Equ. 3-6

Equ. 3-4 & Equ. 3-5 & Equ. 3-6 Storage modulus G, loss modulus G™*, and loss factor tan
8; with loss angle 8, amplitude shear stress 1, and shear rate amplitude ya;
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Where possible, steamsterilisation is conducted on the internediate
drug-free hydrogel products. The other polyners are dispersed in 70% et hanol
for 15 minutes. After this SUBSTITUTE SHEET (RULE 26) WD 2006/ 037606

PCTI EP200%/®2006/93760670 di si nfection tinme ethanol evapor at BSTVERYOIRWOWs 5 dry
aseptic polyner that gets hydrated with sterile solution to formthe

hydr ogel | btk @S : | L SthiAeRN

per f or HE(?H\/%VI&';% ) ?ﬁ%&ﬁ%@?% %go%?gﬁ‘%eér@é e‘%ﬁ:ﬁ@?ﬁ&uﬁ? Iﬂlgélhiﬁndlgl gt at ei.% There,
a si npl e eAPRRsibledpr areipraible deformalipn slopas frasdeferpatiomgmer sy B PYSIER f or
sanpl e prERAba nddulub@eIE h, méaire! e (RPPMERC bt iRcAls ehavivat bf thd(specibgaded
hydr ogel § anot her ru% Ioadllrjsgjgro edur.e ha(i to be eégll_nﬁ ed. Thu&_ﬁ) ﬁjs first
met hod t REMEOTeERANTIRIG dPh Hreyersible defqrmation, and aqlest of o seey dpt e
sterile fhdtfier Barthéemose)| theiloss fgton Gam Ssdettibesnibseteldtivneofaligesus cabd Ol hitis.
3-26). The steri ltﬁ legceb gel is filled into a first syringe. The m xer unit
i s connePFACEL S CSLSIPRE: and the systemis filled with gel to remove air.
A second syringe containing the concentrated ACT solution is connected

wi t hout o) ' 1 b i orth 10
times fo?ﬁ‘? ’rr%‘?_%t %}%?o%%%nﬁg é@%%ﬁf&%g@evépﬁgﬁﬁé ﬁalolfehg Wg? %g%h ?’teyetr%'e
nurmber ofTheoniagize ipesitions of medsliiin the double loganithnh plot lagainstssheamstressiandrtheThe gel
was split.i.nt [ | GRS I : ' | ection.
T o ned i & e 8% Rk ol 41, licH BatE oSEC ppertitd By AT blrpiReet
drug | oadiehaVipwdi cated by a rel ative standard deviation of 2.7%for the
concentration of fluorescein in the neasured sanples. Mreover, in the used

setting a_ .mnipum of 3nl total amount is_sho t e necessary whereby 1n
is |ost irhisfemingsen of theselager charagiestiegn ig hethrige ﬁa&we@b@i‘ﬂﬁéﬁﬁi gugy

lo ?di tng ?Lﬁe HéHax sORlien i eyditinadhl@idel soliition (Tlg, ACR2)0BAE &AIRE gbllmAcuivide
extent of aqve

r ..85% dur,i.ng t.hat |.oadi ng.procedure. It can_.b copcl d that
not only odigm, £ oélﬂﬁqurdg@l‘e;‘ht‘%hq\ﬁ}’%#)@’gﬁb‘B?rean’BOWF@ds a ﬂfer i n the
stati c mdifferefied/betweemthedmivgievdSn fadtche leserdoss factorinadis avhkeelophesidinghat i s
why t he t hod .of, LLoadi n in a gel base with the use of the static m xer

(3 R fur o e 8

device is ‘ int. So, another nmethod of |oading ACT into a
sterile hydrogel preparation with only mld stress burden has to be

devel oped, lilf'ﬁi | a!ﬂ@[f"‘g. X |
possi bl e%éaggﬁ%rt’ g%%e? ﬁﬁi/%hc%ﬁr}aco : g*#sgiglécsl}gc{et%gr}i ng a%r?%%ﬁ%ﬁrt gicl:iiﬂggrrg? *1%’3 O\?}?}é" a
sterile, awses, deseribingayrbreek down iof thewgel stmcture arhdhreshold ofisheaniiyeser Themslal s i nt o
the drug ORULNRNH ALY lcan MRTEESHRAL YTARYR Sl ller HERAERR otbrisel 3/ Hfd Bud ONOCT
duration’of the 1oafli'hg process. . :
brittle gel with a very distinctive yield point. Compared to gellan gum, hydroxyethyl
cellulose is characterised by both very low pronounced elasticity and vield point describing
a soft almost free-flowing gel (Fig. 3-22).

However, the brittleness of gellan gum gels is inappropriate for a wound dressing and so
further modifications are necessary. It has been found that a combination of the two very
different gellants gellan gum and hydroxyethyl cellulose forms suitable gels for wound
treatment.

As already mentioned, a higher loss factor expresses a less brittle and softer behaviour of
the gel. And, the low loss factor of gellan gum alone can be increased by partly substitution
by hydroxyethyl cellulose in isotonic sodium chloride containing gels (Tab. 3-6).

hydroxyethyl cellulose | gellan gum |loss factor tan §
G % 1.5% 0.12
2.0% 1.0 % 0.18
2.25% 0.75 % 0.40
2.5% 0% 0.79
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SUBSTI TUTE SHEET (RULE 26) WD 2006/ 037606 PCT/ EP20051010674 71 Practically,

a steamsterilised gel is poured into petri dishes or cast out using a
scraper to a defined thickness of 2nm Under aseptic copditi i s wet
filmthenW2W6P¥E% o0 a solid filmunder flowing air. (ﬁﬁt@hﬁ@%ﬂ“&ﬁ the film
I's cut in shape and hydrated in appropr?"ate vases, e.g. petri dishes, glass
vials, or well plates, with sterile filtered ACT solution. Hereby, one |ayer
filmis used for 2mm solution filling height and two | ayers are used for 4mm
filling height each resulting in correspondent gel thickness. The swelling to
honogeneiTap. 3% Ifd;js a‘ddtaelﬂnh afit depéﬂehwuf?yﬂmxywyl mluj/crsed lead agégﬁfgurﬁcbrigvﬂtt y
measurenents. indicate.t oActE Vi ty af, ACT is not reduce uring this
procedurem?lﬁ‘?;irf)ﬁa%?&g%?‘.b °sﬂﬁlé‘f’tgf%¥°8fle’f or the follow ng experinents the
described indirect nethod is used for manufacture of ACT gels. 3.3.2.3

Anal ysi s I . ' f Wl

di ffiycul t‘@fé@gg]é aﬁﬁegﬁgnaﬂ%%cg%gé Z’f oiro)é %%0361%@?‘%&@5%@%% gﬁ?g@%@v&%} ivity
det er mi nat-#%rzeByn gure, the &% dwdsoxaiethylgsillose b0 gallan gumemixture/s chosen fagol ut i on
S neces Siftler dRERBHRN 8oy it@c'oﬂyéﬂ@iﬁr MO BRﬂJeﬂiéa,ei.@Pﬂéw%ﬂisaﬁhf@ns s above
I ndicate._So, to quety the gel formulatign an enzymatic nethod and . a net hod

e
by. si nplRurther itiis obseried Gohheagd Fystemecquinining dhe §W0 tgstlants sillaprovidaethsod | s
to degra 3 i . I | ier & dalBRt ei ng
unabl e tgﬁyrjr%?ﬁtt}c ﬁé&?ﬁgﬁfnﬁﬁ&gﬁ%ﬁﬁ%ﬂg E’r c#%eﬁ?gs% gglﬁ enzyne, it
cel | ul ase?OnFeélt?“'@stggE}s Pﬂ“‘greﬁ W‘%h‘é‘rﬁﬂs@ﬁ“é@ iagTrF&é‘Ferﬂt-ng its influence on ACT
activity in liquid solution. Unfortunately it again has turned out that this
convenient, nmethgd is not suitable fo b use _.no éCT ctivity.coul d be
recover eSMP{ﬁ"?W’:t ﬁ’setsungﬁﬂtb?%‘l# #‘ﬁ 5?@%5@@%?05‘%%8&3@1% %89&?‘?1 @nr}%’ﬁﬂg’ﬂﬁar
i npact of buffer lusedide AOT Afabilising formulativrshis rinvestigated gThedforbuthei thealagichle
specul at h ' of y i i a or the
enzyme | g’%&%‘ﬁgﬁﬁ épﬁjﬁﬁa%ynb‘\gﬁ;’gﬂ%%}@p%e [ &@g &F ﬁ?g Vi %t.e"ﬁ)src "flggéae{élson

that a cheateraindding58udi petassiurn hphgsphaterebuffer pids @it alobpectiveliy Big.aB-23).

degradat i ol YR ' : found that a dilution of 1:8
wth SOWI\/?*bS@%hgg*sa? um p gggﬁg{mééﬁiﬁeﬁﬁxg?&%&j%shés%bﬁ Pol oxaner(r) 188 and a

repeated mld shaking is sufficient to forma liquid with no detectable |oss

on ACT a?Fdr"ihﬁe?brethjg&?,sa%ﬂnt d(l:kﬁ rEilativid g@dgté&{ ot£ %&bgulm &hstdRped. For idheRAiaS Ml at i ons

Al R U T AV ST e el
det ect i onwitRiJonbaCpstasieh phdipahie bulRt §H I700 (lahdfsnd BRES 0.18)lResCId bed
dilution et hofl e usadf Q1 SARLE 8081 Al :0moblde’s yiota 35kt %, Whsdl2! vS! ©
slightly reduced by the hydroxyethyl cellulose surrogate (Ty 9.9% Nac1 = 169.0Pa, Typhosphate
vurer = 168.7P2) compared to gellan gum (Ty gejign gum = 195.2Pa) alone (Fig. 3-23).

Therefore, the desired plastic behaviour of gellan gum can also be activated in the mixture
by addition of the usual phosphate buffer. On the contrary, without salt content the
hydroxyethyl cellulose fraction dominates the viscosity of the gel forming a free flowing
mass,

To conclude, the 2.0% hydroxyethyl cellulose : 1.0% gellan gum mixture conveniently
combines the properties of a soft free-flowing gel necessary for manufacture, drug loading,
and provision of wound contact with the mechanic advantages of cross-linked matrices.
Thus, this system provides a very attractive alternative to pseudoplastic hydrogels made
from a single polymer. Unfortunately, gellan gum till date is only approved for ophthalmic
solutions up to 0.6% by FDA!®.
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experiments. SUBSTI TUTE SHEET (RULE 26) WO 2006/ 037606 PCT/ EP2005/010674 72
3.3.2.4 Md termstability of ACT in Jrydrogel fornulations Based on the
results of the stabilisation in liquids a three nonths stability test in

seni - sol i VO GM6O37686 | aunched with a set of formul ations. PEI“'“&?‘%@F?F&‘N ves for
the stabilisers are considered. But, f& capacity reasons solely for the

pol ymer s 33 sel Qighiliey oPAT TR WydroBtforBuldtioagpect of later discussed results
for dry fornms and suitability for steamsterilisation. In fact, only

hydr oxyet hyl cellul ose 100. 000 and m xtures of hydroxyethyl cellulose with

A o) e Qaaty réuf ofahe shablliseo Hudies oATACT o aquoens Salutiohy d Groupnel = -
ar e est e I LI ON Ol U e I ar est e e I e
for mul at i RSEnérs s destobin Similar maer oy Shoe terth Terpperafise. RS B SRk

out | i ned Conseduentipcthesnshotetermi ftudigs atecfolldeed bypmishtermf stabiligytests iarseniii | ns.
S | . | s i Lt [ i d
Shove.” Roldphat R0, B RIPRERRNE RO TS 1RSE RS ThE HbIARS of Sl | 1 1€

Tef | on(r)A€Edoadedr galpds highlighted. ThetpatoomecehtheastatilityostudCis wgssssed o the |
sanple v . :
enper at e RvBudil she b GAALFHyd 8GR o qprticsiq Rt of e form |

!
st or age tfohécgérrpl es are drawn and stored at -80C until .analysis. But, before
anal ysis by activity assay the sanples are prediluted 1:8 to forma liquid

gel dispensable like a liquid for handling reasons according to the
eval uat e@-ﬁﬂtlho@ﬁe%me’Fﬁr@"ﬂ%;éﬂﬁ’d’&l'ﬁ' drated Jormplagigns, e conducted to

estimate reaction kinetics and shelf |ives under storage conditions; 6C
simul ates_storage in.a ctefrigerator, 25C sipul.ates orage agt.r

Cemper at RATRENTS 3 EhEPIL LT EBRTSEPR oF W TG B FEAE Bh  on

t he woundpro@itaaa dof beoodifined iihe szl way. rpetally gpolymenmteractiohrwith protdimni us
calculatig bel ow. ., T S S t €Sl I s ] t hree
benchmar kK8 Ottt st (8 afeditiondt sBROREabSs S8BT, B IGF B,
st or age fchemidadr statchurki 1§, afor r example,c sprfacst aetévityThpreferential t ¢neliuzli®, esteriorat i on
has to exg : | f | 1S the
same. quoshiaangs sl Bif A fink i inouBRER! drl G5kt sfifsing FERR0nS

sui t abi | i with prateinppl i cati on of the hydrogel fornulation into the wound site.

For this purpose, the estimted shelf |ife of the hydrogel at 32C should

exceed one week. SUBST| TUTE SHEET (RU%,E 26) WO 2006/ 037606 PCT/ EP2005/ 010674
73 Polymers are tested not only because of their own protein stabilising potency but also

because of their necessity for gel forming. In fact, the polymers are tested for a non-
destabilising effect in the formulation instead of an active stabilising effect. That is why
the experimental setting is changed conceming sample composition. Test samples, thus,
basically already consist of an improved phosphate buffered (pH 7.2) and surfactant, 0.1%
Poloxamer® 188, containing 60pug/ml ACT solution wherein the polymer is added. The
polymer content is reduced to 0.5% in these experiments to keep the samples in a liquid
state. This is done {o provide the possibility of unchanged liquid handling during sample
preparation and analytics without further stress factors influencing ACT activity.

As before, unstressed material is measured first to detect incompatibilities with the assay
(data not shown). In this set of experiments the polyacrylate polymers, Carbopol® and
BEudragit®, failed due to complete deactivation of ACT even without stressing. Methyl
cellulose and Lutrol® F127 were stopped here because of their middle-rate stabilising
qualities and their unfavourable mechanical characteristics in xerogel and film formation
(see sections there). The other tested polymers showed acceptable compatibility and are
tested further on (listed in Fig, 3-24).
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3.3.2.4.1 Principles of data interpretation Cenerally, results are gained as
a set of curves of residual activity over tine for every formulation and

tenperatu &/%%\f(’ﬁ@ﬁ%@n exanple is shown in Fig. 3-27. Fr Omg?/ﬁ&(ﬁéﬁl{og% val ue

of about tivity declines over the 3 nonths of or ag I'me. For an
estimation of the reaction kinetics of the |loss of ACT activity over tine the
rel ati ve Withtthe/lattyr the Stregsingesxperiihents afociniad owtafahples forahesaopériments b, f or

hi gher reaction qfders . mathenmgtical. nodifications, are: Mo nted on .the
rel'ati ve Mg inght Shte AoVl Rl 3t potye 3RS e B REE TRER v 1 e

| aws: Equls BTey6les,aespectivly.) The aop@pl sanipde cdntdigsno pelgmet. order In c(t) = In
c(O - k1 t Equ. 3-9 2nd order 1 =1 + kZt c(t) c(0) Equ. 3-7 & 3-8 & 3-9
Time laws for reaction kinetics for 1st, 2nd, and 3rd order; c(t) is

rel ative Mostiofithy samples e withis(thy rangerafithe consrels whereawn loss of actiityaees beel oci ty
CONStant Stetdfid. Fot Ranthdd Burh %&g&m@?@ﬂa IsQ6wERvABes SHYelatio8 acViy it ed

over the no jed curves. and next t e equation paraneters the correlation
coef fici e opiaingd(Bignd#8% and used for assessi ng the feasibility of the
fitted reaction order. Fig. 3-28 shows an exanple for the fitting of the

first order ti | aw. shown in this.e le the best fitting r I.ts

gi ven bydlf%rﬂ?%ﬁ&t %‘ﬂe%@rﬁwm Eﬂ{ssga?léwn@gﬁﬁ’ fRoFasim ]?l}qsgfgatgbaﬂ';r éﬁz&t i on

(A Equ. d_3- 8a)ntd (b.-lﬁ Palokamer® lssﬂasl ' saﬁaél tantl Here}[‘,aio@lbioﬁﬂlacciﬂomtﬂ golym:ubmed a

ccordi ng, t o, the. gui ne.l. at aset.s ested on

change- O\fg’rst-aphﬁﬁt,l‘%*ﬁéi@%“%&%fﬁngyﬁgsﬁlgtﬁ'«?’g&l ope of the fitted Iine
exceeding 0.25 for no change-over-tine. And, in the case of no

change- over - t.i -varpabi | i ' d L LM Lsty;cal |ty of
crani 11 tyiqsphllBbEy piBloxylitvt SehBhEC chiBafBRbbil Biibhe e Ty RV OB

95% conf | atlnloee,i hydeoxypropyimethyt e¢lhloses elgifater Nahgellenrguse,. getatinei A polydpyl of t he
| ower cong | . | NgE W%ﬁf

2006/ 037%%@@?%@?&?)#%%@% specﬁl0 | catllleon Pﬁﬂﬁﬁgﬁpﬁ%ggs% ‘ % | oss
of rel atideplefiogiAGT getivityuiteraperatugr@nd §4T siresshe shelf life. An exanple is

seen in Fig. 3-29. Mreover, via the Arrhenius-equation (Equ. 3-10) the

reaction constants are lipked to t erature. | nks=-. EA+l nA
The regulatory status otn the polymers g{!nghe A f%r drug applicationsr}s quite complex.

Gelatine, polyethylene glycol, and carboxymethyl cellulose sodium are approved for
intramuscular injection up to a content of 16%, 3 to 65% depending on PEG species, and
0.9% respectively. Polyvinyl pyrrolidone and hydroxyethyl cellulose are approved for use
in ophthalmic solutions and transdermal delivery systems. Hydroxypropyl cellulose is
approved for topical, hydroxypropylmethyl cellulose for ophthalmic administration.

Alginate is solely approved for oral delivery'®.

'Although, especially alginate and hydroxyethyl cellulose are used in medical devices for
wound healing. So, an approval as drug containing material for parenteral use with blood
contact by authorities should be manageable in spite.

3.3.2.2 Aseptic manufacture of ACT loaded hydrogels
Obviously, final sterilisation of the gel product is not possible with thermal treatment due
to protein instability. And, hydrogels are not suitable for sterile filtration because of their

viscosity. Thus, a separate sterilisation of protein solution and hydrogel carrier is needed
followed by aseptic manufacturing,

Where possible, steam sterilisation is conducted on the intermediate drug-free hydrogel
products. The other polymers are dispersed in 70% ethanol for 15 minutes, After this
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Equ. 3-10 Arrhenius equation; kt is the first order velocity constant, EAis
the activation energy [J/npl], Ris the gas constant [J/(K*m)l)] Tis the

absolute tenperature [K], and A is the collision factor i nserti ng the
known val ¥Q2006{031806nd T for the three terrper ature level & QH’ZW(QH"G& n
cal cul ated from where the missing val ue® of EA and A can be det er m ned. In

detail, I A (F
328) . TH o Saut B e o e e S, EeBe P B MR oy

aq ation can_be i&to cal cu ate
t enper at 0¥ §t ﬁ@ompmfprmbe ¥dreeel yndersaseplic candifonss he cal cul ati ons are
conduct ed for 6C 25C and 32C. Based on that, esti ITB.tI ng cal cul ations of

s SRl s Sa e TREE B B SRS o e
; |O ; St hgr ]gﬂ;ea; lighide dstamN Thérg, a3sififple beizings of dm%I rsegmtonomthopdlﬁrmer esolhutioar 8 best
dat aset s gﬂrﬁ)&g}'xg{? ﬁode- ove % ??reghdr}lig %g?%? ﬁo "Qfa& ;al’sF kddgéi‘rdl ng
to |ICH @aﬂeg&nydmlgclsan()ﬂni' doigd oadimgsprocedusbantp beﬂeueipp@d)nf i dence interval s of

nost datasets are too large to allow a sensible, statistically profound

estimation of shelf |life as descri bed above. Instead, an estimation i s nade
by si npl dhuss asfizstametad the thomogerisationcof aesterile;: previonskyr mege hydrognl with 10%

|05 | evelorto it iR ACTS0libS Bih@ R halif ixer I9bvilided Byl sipfpns,  consequent |y,

first order reaction constants Tor every tenperatu evel “are cal cul ated and
correspondi ng shelf lives are estimated (Tab. 3-7). SUBSTI TUTE SHEET ( RULE

26) WO 208/ Qae i iﬁ@@iﬂé@lﬂ@@ﬁmﬁgﬁhﬂ%ﬂ e. B/ itxeR umit s | ORHEBH Rﬁtﬂ%

reaction cqnstan hosphat e buffer reacti
const ant SW@@}‘{ ey & 5 Blledpidigshin S00vA b A SSEanONTEGE SoRmERE e

1. 05. 10° %ohé@&ﬁted%@%s‘ﬁhﬂm(ls ):ox&tbcteﬂhﬁtﬁm:k thppin @jr Within4heél aystem OTHONMadsVP 17

00/l .8 AP %w&w‘fﬁﬁsgia%s/sw%gmiﬁsﬁt‘?%@%‘rt'éu %15 10 1/ day 50t

phosphat e .buffer reaction constant k (24C) 1.05.10'" 1/day 10nM argi ni ne

B P N

| i fe 32C fapreceiaysodium. The gel was split into 0.5ml portions which were analysed by
fluorimetric detection. It turned out that 10 homogenisation steps are appropriate for
effective drug loading indicated by a relative standard deviation of 2.7% for the
concentration of fluorescein in the measured samples. Moreover, in the used setting a
minimum of 3ml total amount is shown to be necessary whereby 1ml is lost in the
apparatus.

Unfortunately, the following experiments for loading of ACT into gels show that activity
of ACT decreases to a huge extent of over 85% during that loading procedure. It can be
concluded that not only temperature and freeze/thaw stress but also the shear stress in the
static mixer device can damage ACT molecules and so deactivate them. That is why the
method of loading ACT in a gel base with the use of the static mixer device is abandoned
at that point.

So, another method of loading ACT into a sterile hydrogel preparation with only mild
stress burden has to be developed. For the reason that a direct drug loading by mixing is
not possible due to deactivation of ACT by shearing an indirect method via a sterile, dry
gel intermediate is evaluated. Thereby, the polymer swells into the drug solution until
homogeneity avoiding shearing in favour of a longer duration of the loading process.
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(3) 60g/m al-antichynotrpsin reaction constant k (1C) 1.58.10 1/day 50/50nmM
phosphate/citrate buffer reaction constant k (24C) 2.15.10 |I/day 10nmM
arginine reaction constant k 41C 5.29. 10" 31/da 0. 1% Pol 8 shel f
life 6C 6N B2V, 0506 PVP 17 shel f 1jfe 25C 37.0 daysgégﬁ%’%’éﬁ‘oo. 000
shelf life 32C 28.3 days (4) 60pg/ m al’-antichynotrpsin reaction constant k
53 15% ibz?éabﬁcﬂl)gawteaﬁﬁﬁﬁﬁﬁﬁﬁmm%ﬁaw into pétﬁaﬁsf{ﬂei ?r Gﬁﬂ%hﬁﬂimli; &Ka Iécﬁ‘gﬂ toa »
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a,-antic t Lpsi | O 0 9. 0 4 ate
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const ant HerebyCone iyex film isinsedofon Zmposadwtiorefilling hefght ehd itwo (layes &€ usabfor days

0. 05% PVI i li S 9% h | 29. 8
days 1. g%%e@pgg }éél}%l\tnﬁfﬁ‘g% r?%‘%g# rﬁon%spcﬁ%%%%#g%sﬁ ?Iggc%vib%ﬁn%égst ant k
(10) 6. 4%0omOgeneity da finabisedaferod® haves fior Al qolyrmers at & Ce Vit measurpments

6.62. 10" "jndiéieNhat LOFVILH" OF RICTE id SBE tddRBed ﬂﬁ%\ng"r}ﬁskpﬁééa\ﬁe 4datd Cho showay, 0. 1%
Tween(r) _8o %helf life 6? 16.3 days O. g@%P 17 shelft litfe 2_5CPSJ?3.g@days

2. 0% HEc'I%e@. a0 famehe fpllewingoexpegmentsafhe descaibed indireqninethed a9 pg/ M a
- ant i chy ipdnfifehite bEACT @dls.constant k (1C) 1.36.10" 1/day 50nmM phosphate
buffer reaction constant k (24C) 3.50.10'' 1/day |QOrM arginine reaction
constant k 41 C I/day 0.1% Pol oxaner 188 shelf life 6C 63.1 days 1.5% PVP
17 shelf life 25C 24.8 days 1.0% PEG 400 shelf |ife 32C 15.4 days 2.0% HEC
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Analysis of these gels holds similar difficulties as the manufacture. For reliable and
reproducible ACT activity determination by the used assay a liquid sample with the analyte
in solution is necessary. Moreover, only mild shearing should be applied as results above
indicate. So, to liquefy the gel formulation an enzymatic method and a method by.simple
dilution are evaluated.

The idea behind the enzymatic method is to degrade the cellulose backbone of polymers
into shorter fragments being unable to maintain the semi-solid gel structure. The tested
enzyme, cellulase, is tested in a preliminary series conceming its influence on ACT
activity in liquid solution. Unfortunately it again has turned out that this convenient
method is not suitable for ACT because no ACT activity could be recovered form test
samples incubated over 8 hours at 6°C. The molecular impact of cellulase on ACT was not
further investigated, but it can be speculated that the heavy glycosylation of ACT is a point
of attack for the enzyme leading to this unwanted complete loss of activity.

For the reason that a chemical degradation of the polymer is unsuitable a physical
degradation by dilution was investigated. It was found that a dilution of 1:8 with 50mM
potassium phosphate buffer with 0.1 % Poloxamer® 188 and a repeated mild shaking is
sufficient to form a liquid with no detectable loss on ACT activity. Unless, the dilution of
1:8 which results in concentrations of a maximum of 7.5 pg/ml can be coped with by the
activity assay protocols. As before, most other analytical techniques especially with direct
UV detection fail because of a higher detection limits. Indeed, the described dilution
method was used for sample preparation prior to activity analysis for all described
experiments,
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WO 2006/ 037606 PCTI EP2005/ 010674 76 (8) 60pg/m ar-antichynotrpsin reaction
constant k (6C) 9.95.10 1/day 50rM phosphate buffer reaction constant k
(24C) 2.84.101/ da_y 10mM ar gi ni ne reaction constant k 41C 0. 1% PoI oxaner 188
shel f 1ifNQRI0§H&T686 4ays 0. 05% PVP 17 shel f life 25C 37PSTHRWS0M6H, L
100. 000 shelf life 32C 24.2 days 1.0% &el lan. mF (9) 60g/m
ar-antichym)trpsin reaction constant lc (10 2.2 I/day 50nM Tris buffer

(410) o P4 Wlgexs S5y ABACTAIDUrELGTEMATTnS e 'oC 6.3 days 0. 05% PVP
17 shelf I|fe 25C 17. 8 days 2. 5% HEC 100. 000 shelf life 32C 7.7 days (10)

Te s/ Na Bt PEPEFERAERS el SRR bn 3R RNADS gt oyt ki et g
reacti on gebnsst dauncheds wdth? a08et16f Fammidatidhs] ¥lPaltematives fYrL 8 stabilisedsi dre 6C

32 5. 3’ GepRogefISYTet baPility sendonf scify ot BlYGers's adoy U b T 11T
st abi | i t yrespect ofgater discussgd aesubiatfor dryeforms @ndu suitabilitycfge steom enilisation.dnk. at
the experdGeghg tﬁéﬁ%& leééﬂhﬁyse 308, o@étanﬁ%ﬁéméb%tfwdm@%t@t chitGosd @i T ed

tenperature’ I'eve (right colum); | ess data show_varration according to

| CH QAl  Feylated| anéoctﬁ@mgteerft,erwahvwfr@@l@n g — %@tl LA180.ngng Bgeps tested-ed i n
g | ass Vh%&dﬁ&?ﬂ;%@b@lyﬂt&é &re téb?éil_l_tﬁ &Héﬁhﬁﬂx%tfbhhﬁlgﬁ_ﬂns qﬁé@ yaherd ha]p the
ris an rat.el phosp 'S iS ed in s lves o

{or mut TP (SY PECE on B  (SHBSiF R PREppSGin QUGS e Dl Seothesr Grsvribing, B (&)
conpar ed deQelof;ﬂa@ﬂtof'ﬁhﬁ;g&lsrzfndcﬁlmst Pol oxanmer 188 works better than the
Tween(r) 80 alternative. See conparison of fornulation (1) with (2), and (6)

with (7). For the soluble polynmers polyethylene glycol is favourable over
pol yvi nyISampiﬂssobf A@‘Iéltmded fgels atei prepared uhdemadeptic @nndx@ﬁ)xs an duflinedi abdve.at e.

oot od aiRaEbiy TG Ne o IHASHR B8 sld RAGT Tty bl ABbE Siir, 71 )
and (8). Theoemventratinn of MM@S i66pg/oils sanplevolugie wasab# imls Sogreparasiwainplest o
enabl e a hydf,A0elt thde temperature levels, namely 6°C, 25°C, and 40°C. After 1, 4, 8, and 12

weeks storage time samples are drawn and stored at —80°C until analysis. But, before

analysis by activity assay the samples are prediluted 1:8 to form a liquid gel dispensable

like a liquid for handling reasons according to the evaluated method.

Calculations described in detail below are conducted to estimate reaction kinetics and shelf
lives under storage conditions; 6°C simulates storage in a refrigerator, 25°C simulates
storage at room temperature, and 32°C simulates temperature condition during application
on the wound (adapted from'®®). The data on 32°C level is gained from Arrhenius
calculations below.

The assessment of samples is done in pursuance with three benchmarks. First is the
suitability of the hydrogel formulation as future storage form for stocking at room
temperature. Therefore the 25°C estimation has to exceed 18 months above the lower
specification limit. Second is the same question for stocking in the refrigerator. And, third
is the suitability for application of the hydrogel formulation into the wound site. For this
purpose, the estimated shelf life of the hydrogel at 32°C should exceed one week.
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storage format roomtenperature or in the refrigerator. Because, neither at
6C nor at 25C storage tenperature the estimated shelf |ife of any

formul ati the required limt of 18 nonths (55 for all
tested fo F@?ﬁ'gﬁgﬁ stability is above t,he | ower speci f?gg@%g‘}r?s'lpﬁr%h% for
over 7 days at 32C. Al -fornul ations, hénce, fulfil the stability

requi r engri 4o Prineiplesedf datwimtdrpeptioncat i on in wounds. Thus, the gained data
on advantage and di sadvantage of excipients do not display knock-out
criteria for choice of ingredients. Indeed, the spectrum of excipient

candi dat &n&mﬂy;‘ rastlie aredgamedogsrarset of curyes of residval achipsoven fie SbEETery RULE

26) WO 2 &F&&Q 0674 gﬁa’"ﬁl di cate
t hat reac i grtllcs acﬁegéif%oss o?qit |S’ﬁ%ly Ilﬁﬁﬁi | ow a
first or deiue@ﬁamutdﬁ(l%\tbcmw,dea inesraver thea) mpunthsrof Hevagh tigre. ACT | n a vvet
hydrogel is not possible due to i nsuff| cient shelf life. In cont rast al |

formul ati ons cap be a icated jnto e as far as sta IJty of
ACT is c&Wtangaimation Q’é-L? reaﬁ%%]“@Fn‘FS(ﬁ ?ﬁg’ﬁ egé%i @UWMVFEW\’@B e |y
refriger %E@ﬂt)f eéstmé afd @AwWnOadike @ﬂ)ﬁwﬁaeotqdammny,efwemm rrteaaroneaaém

clinical tr mted el f feigr red ezel/ t haw
stabil ity 9-@%}‘3& h?&&%@étiloqsoraﬁ%’a@ oﬂlleﬁtef glﬁt‘?’%na%tmyhém‘?"g °cts of
F/IT st udllmaamansﬂcamﬂmWelmvmﬁmewsyner i ngredients simlar hydrogel
formulations as in the prior section are tested in F/T studies. Sanple
preparation and analysis are perforned as described above. Stressing is done
by repeated freezing i IECq,Lll flyi d n|t len anct't awo(@)a-t— k&@(n t enperat ure.
Sanmpl es contain 60g/ M ACT in 2. 5% roxyet hy cellul ose gels. Oher
ingredients are listed in Tab. 3-8. Results indicate a total recovery of ACT
after 15 F/T cycles for all_excipignt conbinati e_byffer control

W t hout stabilisers act |Eﬂ“t§/‘%| S cég L | y [lg‘sf’@ft em%s(t(&/ Fig. 3- 31).
Therefore, it can be concl uded that all hydrogel fornulations are
cryoprotective on ACT. This is an inportant i)re re ui site for a successful

| yophi li sati on and enabl es frozen ydrogel s tor_th s early

formul ati ons16' 162 buf fBga. 36nt r ol2" orer nul a %@n | A % a ion 2 0
formulation 3 D fornulation 4 0 10 nmM phosp e 16 phosphate 10 mM
phosphate 10 nM phosphate 10 nM phosphate 10 nM arg| nine 10 mM argi nine 10

mM ar gi ni_ ne 0. 1% Pol oxarrer( 1 0. 1% Pol oxaner(r) Weengrg) 80 0,1%
Pol oxaneHq) 318& 38 34 Time laws for reaction kinetics for 1 order; c(t) is

relative activity at time t, c(0) starting relative activity, ki are ve.loclty constants, and t is
time in days;

For these three cases functions are fitted over the modified curves and next to the equation
parameters the correlation coefficient is determined and used for assessing the feasibility of
the fitted reaction order. Fig. 3-28 shows an example for the fitting of the first order time
law.

As shown in this example the best fitting results given by correlation coefficients are
gained for the first order equation (Equ. 3-8), i.e. a logarithmic scale for relative activity
results.

According to the guideline ICH-QA1 the datasets are tested on change-over-time, indicated
by the p-value of the slope of the fitted line exceeding 0.25 for no change-over-time. And,
in the case of no change-over-time variability is tested to confirm statistical conformity of
stability data. Further, for an estimation of the shelf life the 95%-confidence intervals are
calculated for the curves. The intercept of the lower confidence limit with the lower
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0. 05%°VP 17 0. 05%°VP 17 0.059/oPVP 17. 0.05%EGQ2000 Tab. 3-8 Recipes for FIT
studi es containing 60g/m ACT and 2.5% hydroxyet hyl cell ul ose; SUBSTI TUTE
SHEET ( RULE 26 WD 2006/ 037606 PCT/ EP2005/ 010674 78 3.3.3 Sunmary

hydr ogel s Q20603886 very systens for wound heal i ng Duri H’G'ﬁf@?@%‘@’“é?ﬂﬂl es
hydrogel s are devel oped for both the cofcerns of a wound dressing materi al
and the Qﬁ&ﬁ&aﬁﬁn lihge d iry&n%é’é)ld Y4 DbsOof réfative héhvfi‘%'f Jih§iatePie @88 bf flRehaFacebo
hydrogel carriers are eva ted g\nth regard to ability for sterilisation and
Theol ogi bifg- Agy ¢ see short term stabilisation studies on ACT
with suitable pol yrrers are perfor med. Consequent ly, ACT stabilising hydrogel
formul at i ns are cr d cant ai ni.n i.ents bei ng suggest ed shqrt term
st abi | i t Y OTEYFG ¥’§1 B%“H@ "lﬁnﬁa (?é Bﬂg’?&ﬁﬁéﬁfﬂg scogg%tsﬁa%ﬁs‘ligoare
eval uat etemphfratere. t hat, the nanmed fornulations are introduced in md term
stability studies and FIT studies. Results indicate that hydrogels are

sui tabl e application forns for ACT They al so can represent early

formul ati ons contingently |n zen sth i&t hydr ogel s can not be used as
storage formfor a future dr p-r-o‘d Adn ACT due to the imted shelf
lives of such products. 3.4 Dry del ifxerty systens In the |ast section it has
been shown that aqueous carriers are suitable for application of ACT on
wounds and for early fornulations of ACT. In contrast, it has been shown that

aqueous &gpr 3d0sAmhening equationaksi i the dirstoarder velositnt eonstgat, Epnissthe activafionor m i s
to be deyg trg? ﬁmog]hﬁtls%@% sl dofiftnt Wq%d@bgpgrisqaaaﬁs%m sdnfieidifire [} SRVET . When

hydr at ed | cation is to be forned suitable as
wound dr ésthesgllision ﬁ‘étpéam ng ACT in sui tabl e period of tine. For this.task,
devel oprrent starts fromthe gel bases discussed in the hydrogel section. In

ahon. put By FSCHRE B AIdhE 22 T B ERS CBBUARER (Ve Aot el -

comrer ci ghlcplatedufebionhert ﬂlemﬂssmg‘ viloesef By aadiAgan be dytermivgidn i detail, the

o Do R Ged 5 AR5 0otk L AP 5l AL YL 0B kg,

very f astuséd/idraaidulae thebv&bomytomstant afiany ttempératurd lying bétween thedlatd imitsrdahed

I ¢ b
yophi 11 2t D SRS sbe by REHR SCE 35, (OB sl 7Lt fiigsle”
expensi vealgnidtionnef sbelfshm oy thesetsmperaturs ilevelsoare conducted.

3.3.2.4.2 Experimental results and discussion

The kinetics of the curves follow most likely the first order time law (Fig. 3-26) because
correlation coefficients are best for the first order kinetics in most cases (data not shown).

But, all datasets show change-over-time and additionally many are variable according to
ICH-QAL1 guideline (calculations not shown). Thus, confidence intervals of most datasets
are too large to allow a sensible, statistically profound estimation of shelf life as described
above.

Instead, an estimation is made by simple extrapolation of the fitted curve to the intercept
with the 10% loss level as lower specification limit. For all formulations, consequently,
first order reaction constants for every temperature level are calculated and corresponding
shelf lives are estimated (Tab. 3-7).
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jetting techniques are inappropriate for protein drug |load due to the

ext ended shearing of
PCTI EP2005/ 010674 79 the materi al
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which is very likely to cause damage
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honbgeneous ﬁ th G 80 veni ent ﬁ@hfjsg consi ste E;de5|(able for
conpl i ance IIRQ 900 iy £ opsheld life 32°C 45:
©) 60pg/ml o,-antichymotrpsin reaction constant k (1°C)  9.3110° 1/day
50mM phosphate buffer reaction constant k (24°C) 1.44:10? 1/day
10mM arginine reaction constant k (41°C)  6.25:10° 1/day
0.1% Poloxamer® 188 shelf life 6°C 105.7 days
0.05% PVP 17 shelf life 25°C 45.6 days
2.0% HEC 100.000 shelf life 32°C 29.8 days
1.0% gellan gum LT100
(6) 60pg/ml ;-antichymotrpsin reaction constant k (1°C)  6.48'107 1/day
S0mM phosphate buffer reaction constant k (24°C) 6.62'10 1/day
10mM arginine reaction constant k (41°C) 8.41-107 1/day
0.1% Tween® 80 shelf life 6°C 16.3 days
0.05% PVP 17 shelf life 25°C 14.5 days
2.0% HEC 100.000 shelf life 32°C 13.7 days
1.0% gellan gum LT100
™ 60ug/ml q,-antichymotrpsin reaction constant k (1°C)  1.36*107 1/day
50mM phosphate buffer reaction constant k (24°C) 3.50+10% 1/day
10mM arginine reaction constant k (41°C)  1.05'102 1/day
0.1% Poloxamer® 188 shelf life 6°C 63.1 days
1.5% PVP 17 shelf life 25°C 24.8 days
1.0% PEG 400 shelf life 32°C 15.4 days
2.0% HEC 100.000
1.0% gellan gum LT100
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60pg/ml
50mM
10mM
0.1%

o;-antichymotrpsin
Tris/NaCl buffer
arginine
Poloxamer® 188
0.05% PVP 17

2.0% HEC 100.000

reaction constantk (1°C)  2.53-10” 1/day
reaction constant k (24°C) 9.80-10° 1/day
reaction constant k (41°C) 2.08:10° 1/day

shelf life 6°C 41.6 days
shelf life 25°C 10.8 days
shelf life 32°C 8.3 days

1.0% gellan gum F

Tab. 3-7 Formulations of the mid term stability testing with ingredients (left column),
reaction constants k. at the experimental stress levels, and estimated shelf lives at the
required temperature levels (right columny);

Unless data show variation according to ICH-QA1 several conclusions can be made. For
wet state hydrogels stored in glass vials the phosphate buffer has greater stabilising
potential than the Tris and citrate/phosphate systems. This is manifested in shelf lives of
formulation (2) in comparison with (3) and (9), as well as formulation (8) compared to
(10). The surfactant Poloxamer™ 188 works beiter than the Tween® 80 alternative. See
comparison of formulation (1) with (2), and (6) with (7). For the soluble polymers
polyethylene glycol is favourable over polyvinyl pyrrolidone as shelf lives of formulation
(2) and (4) indicate. Moreover, the hydroxyethy! cellulose gelling agent is favourable over
each tested alternatives. This results from comparison of formulation (2) with (5) and (8).
However, no formulation offers enough stabilising potentjal to enable a hydrogel as
storage form at room temperature or in the refrigerator. Because, neither at 6°C nor at 25°C
storage temperature the estimated shelf life of any formulation reaches the required limit of
18 months (550 days). But, for all tested formulations stability is above the lower
specification limit for over 7 days at 32°C. All formulations, hence, fulfil the stability
requirements for topical, local application in wounds. Thus, the gained data on advantage
and disadvantage of excipients do not display knock-out criteria for choice of ingredients.
Indeed, the spectrum of excipient candidates for further development is not narrowed.
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dishes to a filling height of 4 nm These are placed in the drying chanber at

room terrperature and followng freezing is done at very fast rates of 1.1
K/'m n. i ning phase a conservative main dryi ' oceedi ng
at -30C %ﬁéz‘@ﬁ{??ﬁ ient secondary dryijpg is also conser@gflﬁ”g@ﬁ}@%g{iuct ed at

20C (Tab. 3-9). Unfortunately, the resul'ting xerogel pads appear very rough
in visi bI3e33'r4r31(Sunmmryhi ch may |lead to disturbed conpliance. The reason for
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in the geﬂrstamdexgpqumon Maregver; heogmiermaitﬁohndahqm ef A085m a wethydrbgel wapotof
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i nt o t he theewound site89 firasstabilityi erAC'éin@I comnstmm ,rspm;at fqmuiauh@ns a% t he
surface | &Sheetively,
did not %églé%g Qaggaﬁ}‘%ﬂgéﬁ{eﬁlgﬂﬁgﬁlﬁ%%ﬁo ant aﬁneal I ng st eg I nt o t he ?r eezing
phase of dlinical frishwhereonly mited shelflife is required.a nore desirabl e, hompgeneous

appearance (Fig. 3-34)178. This annealing step is carried out as follows: The
gels are frozen under the crystallisation point until the described random
crystal formng process is conpleted. After that, the gels are heated up
agai n cl g2 25el eedeNpinw siabaﬁ;tbﬁﬂcmmydrbga%nﬁﬂaﬁmal n there for 90 minutes.
Consequently, the gels are cooled again at a very slow rate of 7 K per hour
to -45C initialising the primary drying after three hours of balancing tine.
The proceks vaificatiomlof sthel resultsTof F/B-shilfiesnon FAQT - &Hutidm ahdcdmh tpodymaerneal i ng

Stabi 11 sateeRepin i At oAEH s o o A SBORE o e BB W EPL s,

cabi n pr Sample pfepbzatipn a@d GnalysiEors pedoined B dﬁmbedlabom Sﬁ'&%mglls ®nedy3 1.5
-3 1013 Bodeq £ AR liohhiteeriithating ot Adm Rkiberdlrb, - 45 0-1 1 -30 0.1

33 -30 0.

Samples contain 60pg/ml ACT in 2.5% hydroxyethyl cellulose gels Other ingredients are
listed in Tab. 3-8.

Results indicate a total recovery of ACT after 15 F/T cycles for all excipient combinations.
In the buffer control without stabilisers activity is completely lost after 15 cycles (Fig. 3-
31). Therefore, it can be concluded that all hydrogel formulations are cryoprotective on
ACT. ‘

This is an important pre-requisite for a successful lyophilisation and enables frozen
hydrogels for the use as early formulations'®! 162,

buffer control [J { formulation 1 ® | formulation 2 ¢ | formulation 3 [> | formulation 4 O
10 mM phosphate{10 mM phosphate|{10 mM phosphate|10 mM phosphate|{10 mM phosphate
10 mM arginine 10 mM arginine { 10 mM arginine
0.1% Poloxamer®)0.1% Poloxamer®| 0.1% Tween® 80 |0.1% Poloxamer®
188 188 188
0.05%PVP 17 { 0.05%PVP 17 | 0.05%PVP 17. {0.05% PEG 2000

Tab. 3-8 Recipes for F/T studies containing 60pg/ml ACT and 2.5% hydroxyethyl

cellulose;
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PCT/ EP2005/ 010674 82 Tab. 3-10 Program of the freeze drying process with
anneal ing step for xerogels Although there is clearly vigj in
opti cal aﬂﬂb%[f’%(ﬁ@é“ﬁi n the xerogels m':ldc;7 from |yophili saﬁ@hﬁ?’/ﬂggﬁﬁgﬁ
conventional program and programwth Rneal | ng step, respectively, no
di f f er engg,3 s suaifiafeer hydrygelsss ACT usﬁ\&r{ kysteing for woued healhigkabl e peak
formation at all is seen in the x-ray patterns (Fig. 3-36). It can be

concl uded that due to the lack of regular assenbly of polynmer nol ecul es no
ref | ect i @isingfthaser stydiechydrbgelslatecdévetbped fors bothche adomemmnof & maupd dressingst ead

of a crystalline,stat Gl es isanthe matrix. 3.4.1.2 Cel

conposi t i“ba%erf%laniﬁ}eﬁcgﬁiso&otb%aa{%gﬁ%qsf%%i | i sation and xerogel formation a
variety of polyners is screened for eligibility. The concentration of the
gell ant kp .t q@@;q ] t r‘%#l

r heol ogi glglé @%ﬂ@%@g‘gﬁﬁe\ﬁgéﬁggr e ﬁgg%%sg%ﬁﬁtg ter, %%%‘z.&e)f[%r%iﬁw fOVI\.A' th the
devel opedterifisginasand sheelogicabpropertisgs.cSasendly nihoriciere stabilisgtion studies Oap‘g‘é"ﬁr ance,

texture ysili ?W’dlé an@hﬁéﬁ'&ﬂkd aOshsegnflyal ACT SabiRsingSh anpl e
for the ??gidi%gﬁglr? ifferrent el.li ng agent S,@ﬁgﬁgt udidggy%g;h;}%é’rpi ?&O%éil

xyetl
cel | ul osdompdatins care faeatest capfaining\eXeiPIcals RIIBE FHRESIF 'éntﬁ’c”ér%a%‘ ated to
t he pol yrBidies. B5R6WingNHfugl BRAIRE Hrédodufes Aol hydddgedarenélafidtedadiftes tha NtheOf
mechani cal pr.operties are, |(%log$orat. d intao t.he tric %éfm t heir influence
nvest | geEled TepRlpGoS e dntEeHoR i BHd ferm Stabfliny widies ah LT (Pl Rev
cel lul f)s endieatetﬂimrhw]gdgemm ﬁitﬁ‘tl)llelﬂpbli&ﬂid)rx]l m{hnecfmeAcllt ﬁ&xle?rfallxrorr&tni &grdﬂétlltfi
xerogel matri e from.t wo .ge nts : r gx Vet ce ose.an el | an
um <1 WL rifiattons S3inghu i (RS s EUL e ooitg e B8 AE rofbe
xer ogel f domatfoona fhere ndrop producrbased onhACTi ddectcettie linlited idhalf kivaisgift suchf
hydr oxyet I?é’&uc?el | ul ose qualities is taken over fromthe Tyl ose(r) brand
nomencl atfif e wher e the characteristic nunber expresses the viscosity of a 2%
solution nmeasured in [nmPas]. Differences in nolecular weight in cellul ose
derivatives result in different polyner contents in the gel needed for
attaining the sane desired viscosity. After freeze-drying, the total content

of pol ymekd Jxy delivery $ystembsel y related to the total dry mass, the density,
and the pore structure of the Iyoplrilisate. It is easy to inmagine that

those fagtors,strongly jnteract with the nechani cal [ Qperties of,the dry

pad and tAdbs lasbreton it bq@érﬁivmfgawwﬁ%@ra% are, SH{AN for Appligation; of

essent i al ACDront weurtz\ekdoforeadly $ormillations raf 0RCT. Bscomias itdhasldenGhown that
aqueous carriers are not suitable for long term storage. Thus, a dry form is to be developed

that stabilises ACT during long term storage. Moreover, when hydrated just before
application a hydrogel is to be formed suitable as wound dressing and releasing ACT in
suitable period of time. For this task, development starts from the gel bases discussed in
the hydrogel section. :

In Chapter 1 wound dressings that are stored as dry matrices and that form gels when put
in contact with aqueous solution have been outlined. For the commercial production of
many of these dressings, e.g. alginate or catboxymethyl cellulose dressings, jetting or
extrusion of gels or polymers followed by spinning or felting of resulting fibres is used'®.
This forms very fast hydrating fibre matrices due to the thin fibres and wide meshed
structure. Other products, for example collagen sponges, are produced by lyophilisation of
hydrogels'®.

Although lyophilisation is much more expensive and time consuming, the extrusion or
jetting techniques are inappropriate for protein drug load due 1o the extended shearing of
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SUBSTI TUTE SHEET (RULE 26) WD 2006/ 037606 PCTI EP200S/ 010674 83 In this
series xerogels are prepared fromgels with the standard viscosity
highlighted in the hydrogel section but w th hydroxyet hi‘l cel |l ul ose

qual itiesYWR2006P37686 in their chain length. In detaii, aPSHEFEOSEN6H, s from
2. 5% of HEC 100.000 to 8.0% of HEC 300 s manufactured. As before,

| yophi | i gd inofer@SwhRth' isCdergUlikely 1 EhiRe ShagHge! toP HRODATREIN fldlerOREAuring St ep
(see section 3.4.1.1) and anal ysis was performed by swelling studies,
texture JMHIGHPR and residual noisture detection. Swelling behaviour is
exam ned by wei ghing the mass difference between the dry xerogel pad and the
swol | en d. .Therefqre, the xerogel s s i ter or the ticular
reconst i mﬁe@ﬁem@&q g.rﬁ‘?t Reppidue H‘}Sgi fﬁ?%@ﬁ %ﬁg:tﬁd A@i&e&ﬁl@y{rﬂ&el%mg noved
from t he formdation studpsiedyeptilisationx The sesudtirgoinatiices el herogeds. tln additiogela i s
removed by a .p r. towel, and th | | en_gel i hghed,. F_npal l

swel l'ing Sv%rﬂgegegﬁ?"gu%{l 5 qge.%)rfg- il‘)g.&gll{ﬁiqdl\{\?wgﬂﬁ(% (dgﬁggl %‘ﬁ 5%1%

- m( Xer ogeshydessfully Xeed far dryiiguof prolein Sokmtibnsly. Feomdhig techiniayeasveallablepelfir y

wei ght of . mad the weight after 3 minutes exposure to
wat er ( gbﬁf‘ﬁ%ﬂ%@ §; F@Q%H%r words, the swelling value describes how nmany
tinmes the xerogel can take up its own dry weight of water within three

m nut es. | : r A t doC ured b
Thlthe ﬁﬁg@ﬁ%f%g c&lg;ftﬁpg?g%gfeeltsﬂg;a df'x@g)g‘éﬁ ds @fce&e F&@sﬁ’sﬁ%ﬁn y

sensory val uat . The s tq?ffte xerogel s instead turned out to
be st r ongpgdedepurirarisdeserivedeln 2 prepnd pek erfleyelopment efdidmsalsai placeo sigler ogel s
W th hi gh@d a8 Aaiglohdedthhtrieed ¥ Haflnedcombi ned with a [ower total polyner
content swell faster in the given period than xerogels nade from polyners
with shorter nolecules (Fig. 3-37). In the sane way nechanics are effected.
Measurenents are conducted by texture analysis as conpression tests of the
matrices W th cylJd nder pr.obe. Thi,s t hod delivers the deformation energy
during c%ﬁes@ﬁ?ﬁdﬁfsaﬁggﬂ?% SV%‘S‘E“BNE?EE"EH‘SF’@"%H ng rel ease of the
probe and the elastic nodul us cal cul ated as quotient of conpression stress
and strai T, u L.age he, force
di agram (’llu'—}"{dgaj.” @1%5?8”%% %e&&#%pﬂ]%g? lralﬁggsg&prg@% S or?ra(\’é al n "§§r§%£ S o%/ hi gher
el asti c riuglfreeawoums] drgissings lin ghinical prastics: iFog examply, dwipraspth Getdansistssofa nor e
stiff i .on (4T 5 : TLT H E 2 7
SCT/ Enggqgagéé&%ﬁ ggamg’g:r&@ corttdfi Th THEEure 5 bddRidaFregRherifed 200f Q3 /4RO
collagen.

Besides, many patent applications have been submitted on drugs in xerogel or sponge
dressing materials. Some of these matrices also contain protein drugs'**'™. But, despite
the large number of patent applications about mainly growth factors in lyophilised polymer
matrices back in the 1990s none of those has led to approval by authorities let alone to
market launch, yet.

In this section, the production of placebo xerogel carriers and investigations of their
mechanical properties are described. Thereby, influence of the lyophilisation process, of
the polymer composition, and of further formulation ingredients are highlighted.

The goals of these studies are to ensure the suitability of the xerogel as wound dressing and
to investigate the compatibility with protein formulation ingredients. Xerogels are meant to
be reconstituted before or in the moment of application. So, the wound will not be
confronted with the dry xerogel pad. It rather will get in contact with the yet hydrated gel
state. Therefore, the swelling behaviour is the most important technical feature for
xerogels. In fact, a fast and complete swelling is essential for such a product. Moreover, a
homogeneous appearance, a convenient and soft consistency is desirable for compliance
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Pol ymer Quality Concentration in Elastic nodulus Restoring the h dro el [%
mM\/ nm2 energy Hydroxyethyl 100.000 2.5 22.0 28.2 cell ul ose Hydroxyet hyl
30.000 3.0 28.3 29.8 cellulose Hydroxyethyl 10.000 4.0 45.6 29.6 cellul ose
Hydr oxyet NY9 2006831606 0 49. 2 30.8 cel | ul ose Hydroxyet hyl PEBEPRI0S0KETS 33 o
cel lul ose Tab. 3-12 Mechani cal propertﬁ@s of xerogels nade of different

hydr oxy etréasbng; Gurtheffibre, AURbIdhAICRORRRe Gf ERM@BA 29016 @8dchdAll R Sprédetrdru

conpar abl e v15005|ty gained fromtexture analysis; As already pointed out,

hi gher cHH [siAbH1ty ength polyners effectuate | ower densities of the porous
freeze-dried material. This results in higher pore sizes which is supposed to
be the %ﬁgiz J{ &he .faster swelling. Indeed, water can penetrate faster
into the¥ yPﬁﬁ Fgonfﬁyﬁﬁbh the wi der pores and hydrate the as wel

| ower anount of polyner in these xerogels for gelling. Nbchanlcal properties

are effe a T hi gher
dry wei gfﬁo(?glfég ‘fetl(%e ﬁec?ﬁ%@ﬂ 19 Sa%og@w&?? goﬁ‘ rrgg)g #O et forces
and so hutghenyoﬁala sing hydohgel formulafionsdaseriloeddn $he pﬁoresssuonfwgttakenmg stertmggy
seens tor#g,\%h tsaffected to a mnor extent. Furthernore, residual noisture
detectio Ich is a crucial factor for protein stabilisation is carried out
by Karl-Fischer-Titration. The sanples for noisture detection were ventil ated

and stor gty Lawaﬁﬁmhfy Shul{e’ UBfTeRhiRSRRR iRy YRlohimeti kY Sdrinertd W%dgbﬁéd dipi sture

content in | es was neasured be vveen .55%and 0. 67% h |s

proni si nglagho gelasfmmwwe drmperatyre pasarmeterspiythe Meeza dping proceisare gaiped.

hydr oxyetiiflowey, plicebe xae bl areexaiiRidaiptitally @id by £Aat dhabysiluce xerogel s wi th
as well i rrprovea hydration properties as nechanical properties. The |ow
residual noisture values are constant in all polynmer qualities. Therefore,

t he qual i34 1100.090 stageear s as best choice for further devel opnent.
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For examination of placebo gels by DSC specimen are prepared according to the results of
the prior ACT stabilisation studies.

The thermogtams solely show a freezing and melting peak (Fig. 3-32). Therefore, a

standard freeze drying program with a freezing phase leading to temperatires below the
crystallisation temperature of around ~15°C is adequate.

3.4.1.1.2 Lyophilisation program

hﬁ?‘e plate ""i%’]me cabin pressure [mbar]
0 20 1013
1 -45 1013
1.5 -45 1013
0.1 -45 0.1
1 -30 0.1
33 -30 0.1
5 20 0.1
0.1 20 0.011
8 20 0.011

Tab. 3-9 Program of the conventional freeze drying process for xerogels

The first experiments on lyophilisation of hydrogels were conducted with a standard freeze
i drying program according to the preliminary DSC tests. So, the samples are filled in petri
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3.4.1.2.2 Excipients in hydroxyethyl cellul ose xerogels After the polyners as
mai n i ngredients for xerogels have been characterised the effects of
excipients in xerogel matrices are eval uated. Xerogels are prepared as above
but the (WA206BTE6 hydr ogel s contain the additives to b@cﬂ'&ﬂ’?@@f‘mﬁﬁ‘b

exci pients are substances supporting tHe stability of the protein drug to be

| oaded ong; | ohE - r | ugli vari ous
SR A M e R
t echni cal *BIREra; eq8 e - Ire g
fagﬁcit t ij%agf 8 cbﬁs%%'ﬁﬂi%vem_ AdryiAp Sepak 9};&@&&? at p@(bmr}ﬁs. thsas?aqﬁ&tit%&ddbﬁ@r s and

abl et disintegrants for .i nprov n ° i.ng. So, e first group’is
tested foYIREdRRSP FRRSEIARVES tqqnﬁwié\eﬁ%?’gﬁtent of disturbance of the
xerogel formation and nechanical features. The second group is evaluated for
t he purpose.of inprave of tri.x formation and ani cs. spite the
1 oht 1y drorapard: O ER i ero S il prrBhe Ry FOugil® VISPRsFre BERB St o on
t he produlead tx dishybéd complismdeu The dedson tfboe this appeargnee | wasnfouhd isdhé raglomi . e.
with reg i gt i j i ance: .als
I nfl uencg&gg‘tﬁ'\mﬁec a%%glée%r%%éﬁ%%%ég’i ﬁé:P} oIS ulp@%%%ﬁ%é%sri es is
conduct edstaits anywhere isothg get andegroreohoogh tigcgel amtih gompletanessy dyndy thetwipt of
cel | ul ose I tfRges are conpatible wth the

B SofmBitb bE prisefv L 8 it hal (B P9

xer ogel m t'he “‘group of stabilisers only sodium
sul phate and gl ycine could not be incorporated. |In detail, in these cases

G Fof fERrlnbe aniige ol dasmal o gl e ymoigal o

decr ease. e 1P§°n‘§‘? %gfs&hfa&e?iaﬂé@a%% aud idgetiomby ime forpatinn.en ﬂﬁé“%?“ietlfyi eness
of the xesm@@lptht dryepoEamiegrdesr foflashort ine! T absRctindly,aid st sucees i nked

car boxynet hyl cel l'ul ose, carboxynethyl starch, xanthan gum and gellan gum

al so harden the matri x. The hoped for increasing effect on swelling could
not be veBid itkd inttdduetion of ha amidalirigoste fintgethé drecging) phaseved thd éyophilizgon n f 1 ow

behavi our_of t he, hyd e re i It ydr ogel section.

Resi dual %F%#&?dégarg% %ﬁ?ﬁ%‘?ﬂ%ﬁﬂaﬁgﬁﬁ%ﬁ.ﬁﬁ%e fﬁg%‘?—gﬁg therefore suitable
for protein stabilisation. After the screening, buffers, surfactants, and

sol ubl e pei.; ; t . i ' 192G |
dependencie’h%gs%%g?é%%:%gétgn regt‘:ﬁ%tr?.g%)(;@%s'gﬁﬁig@tsudggfﬁlgg &ggﬁn%%n%eip@sgaggg%dr]?bi ng a
f or nul at i peinkentil dhg deseBbed rangpm; erystalfarming aorcess; ist completed SAfigThat e SleEET

(RULE 26) s Q48900 QE%Q%&%@H&F&%%%%M%@@%&%MH@%&@ forD0GhARldsC
nodul us Restoring Swelling Resi dhla| . ExCi'pi ent hydrog.s| _energy g noisture
Consequently, the gels are cooled again at a very slow rate of 7' K per hour to ~45°C
initialising the primary drying after three hours of balancing time. The process is visualised
in Tbl. 3-10 and Fig. 3-35. In fact, the annealing step at that point is not introduced for the

purpose of protein stabilisation but only for matrix considerations.

time { plate temperature | cabin pressure [mbar]
(h] 1€
0 20 1013
0.5 -17 1013
1 -17 1013
1 -3 1013
1.5 -3 1013
0.75 -25 1013
0.3 45 1013
1.5 -45 1013
0.1 . 45 0.1
1 -30 0.1
33 -30 0.1
5 20 0.1
0.1 20 0.011
8 20 0.011
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NOQ [mMVmmO/a /o Control 22.0 28.2 66.26 0.5 Potassi um phosphate buffer 50
nvi 39.2 12.8 50.8 0.6 H 7.2 Potassiumcitrate buffer pH 50 nM41.1 15.0 33.5
0.6 7.2 Jris HCL buffer pH 7.2 50 nm 20.3 42.3 34.4 0.5 oride

0.9 P‘z'%’gg&‘@%ﬁ‘gj’ Cal ci um

% 35. 3MB2W6AT6Y 0 5 Pot assi um chl Y i de 0.9% 34.9 13
chloride 0.5%45.3 15.9 24.3 0.8 Magn glumchlorlde05%40822328707
EDTA Na 0.5% 35.7 12 232 607 Ar in|ne 2%299 135458 1.0 Tween 80

0.2/a 24.9,2 xaper 188 0. 7 0 0. Sucr ose 2%
2 a0, Aas40 Pragrh B e proves ik amacpligg st A $in 1%42.6
35.7 32.4 1.4 Pol yV| nyl pyrrol I done 17PF 2% 19.6 45.3 52 8 0.9 Polyvinyl
pyrrolido 8 Pol cal % 2.8
56, 170, o Bl et i oty il shatis i prBalGleleadils ) € BRAH e Bk
100. 000 dymﬂﬂ!/isaum Mmgomemml@r@a@mﬁspmmwvarMlem stop, respedtively,25. 3
36.2 1.2 S ant han
m 0. 5% 23. 2 ‘ﬁ?ﬁfé%eég e 8oy huShlie! I BAE o e kel dlal fottnptiod ofall

Exci pi entsgen in ﬂlfdf-tﬁyymﬂﬂms (&g. |3;B®sét eant be eansluded tlpg slus tathe fask mfgeglam 2. 5%
HEC 100. %@Mm%wsiysnm&eaﬂéﬁ% f‘e’fﬁbﬂiﬁn”sﬂifiﬁ ﬁgﬁ’cﬁpﬂéﬁétbété&"ﬂ% indilat@Mni S the
I nfl uence on ry rrec | el astic nod tiﬁrestorl ng energy, the

i nf | uenc AMATPRRNS] instend MM}F F?opdhpmecha'@&m mAle after

| yophilisation (n=2); Buffers - Both tested buffer types - potassium
phosphate and Tris hydrochl oride - decrease swelling in all tested

concentrations. Except for very |low contents there seens to be only m nor
dependence4.912 tGel contpositibn For eerogél folrattoif f er . The di sturbance of swelling

For lyophilisation and xerogel formation a variety of polymers is screened for eligibility.
The concentration of the gellant in the hydrogel was chosen according to the results of the
rheological studies during hydrogel development. After freeze drying with the developed
process, the xerogels are examined concerning optical appearance, texture analysis,
swelling behaviour, and residual moisture.

As an example for the studies on different gelling agents the studies on hydroxyethyl
cellulose are described briefly. After an evaluation of parameters related to the polymer,
excipients for protein stabilisation and for adjustment of mechanical properties are
incorporated into the matrices and their influence investigated. Similarities and differences
of the example hydroxyethyl cellulose to other gellants are outlined. Moreover, the
formation of a xerogel matrix made from two gellants — hydroxyethyl cellulose and gellan
gum -~ is described.

3.4.1.2.1 Hydroxyethyl cellulose qualities for xerogel formation

The nomenclature of the different molecular weights of hydroxyethyl cellulose qualities is
taken over from the Tylose® brand nomenclature where the characteristic number
expresses the viscosity of a 2% solution measured in [mPa-s]. Differences in molecular
weight in cellulose derivatives result in different polymer contents in the gel needed for
attaining the same desired viscosity. After freeze-drying, the total content of polymer
obviously is closely related to the total dry mass, the density, and the pore structure of the
lyophilisate. It is easy to imagine that those factors strongly interact with the mechanical
properties of the dry pad and the reconstitution behaviour when the pad is hydrated. Both is
essential for the development of the xerogels as wound dressings.
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is far nore pronounced with Tris hydrochloride than wth the phosphate system
(Fig. 3- 39). Surfactants - Both candi dates increase swelling at all
concentration |levels. But |lower concentrations seemto be nore effective.

Al so, witWOR8ePITe96 80 this effect is more SUBSTI TUTE SREREPIOREPMSHG) WO
2006/ 037606 PCT/ EP2005/ 010674 87 pronddnced than with Pol oxaner(r) 188 (Fig.
3-40). Further, not only the swelling value but also the speed of soaking

with liquid and, swel | i ng is increased (data not shaqwn) e P Iyners -
Dependi ni Bis wwﬁlﬁqgaksl%mea@rgé%&&bs@ &H@@sﬂlééﬁﬂ%db’&"ﬁﬂ%h‘ggé withgng

decr easehgdrop&llse@dn lsme;hth Ebﬁiroﬂ&%ﬂtyl bémil@ﬁrt{lﬁnﬁés diffelifg in mbamhﬁnl%ﬂ%?ct a

decr casoFBs Sepis 7} Eels 2ol PEER SHRED o B4 RARHFC AF RiP mangfheSE oo o

tabl e
for stab !AIslb%ﬁire Ayopifilidibnawes catticdl cin iwdth thd bpeciaﬂ rpmgrahlmthsam step {seem

hydr ogel s g ﬁ’”M buffe a 1%.s act an 0. 05%
sol ubl e #ﬁtl 1:} m}; gﬁ %rv@?y%mfr‘e‘gwfy 5W8 &i‘gﬁs C}B{Sture i‘gﬂlﬁlﬁlaﬁ to
this pat teslduai hwls$urb$lbtmtms pot assi um phosphate, Tris hydrochloride,

pot assi um phosphate/citrate, arginine, Tween(r) 80, Pol oxamer(r) 188,
pol yvi nyl érrol i done 17PF, and pol yethyl ene gl ycol 2000 are conbined in all
WE

possi bl 8 mgahqhewgur i axapn@plalnewengbmgbt npasl diffepensa bebwesaghe Bryexeregd | | i ng

is satis ual

noi st ur e@gﬁave een 21 cte ei@é‘%rth\éﬁ%égé‘%lgﬁﬂriﬁ sgﬁ\% &%Qﬁ ng of the
xer ogel s I¢gonstityber mediym; Afes thpe minuse serling 1%15‘13}36Y Pmtﬂi'é por ous
pol ymer stddugh. LE(S‘hS Ueﬁﬁpséﬁﬂam SMlitibnSddherpsiet 0 the 31H§Qéxﬁ§#€d5|5 €.g.

Logar s i Eielon e s e Rl dhedvelbngs Eé&é‘) c@@trﬂé@ 951152& case o

shoul d be plastisised by surfact ants and ot her sol ubl e polyners leading to a
softening of the pad. For visualgsatio ggg onst tution of placebo
xerogel formulations oRg, {{i gg ’f" SWeien| qf?ﬁ - 42. The xerogel pad
is soft and has a favourable wel | as,ﬁgw))us appearance. \Wen put in
contact with aqueous solution the pad soaks within seconds until conpl et eness
w t hout air bubbles being entrapped. For the next two to three mnutes the

Crarto T g w1 REBnR Salicfy bGua agth Hb YRR pia (kSRR AE: Bl o5,
froma pm@taﬁbxbniimtemexpmsmwtomamrﬁm(mwail@ngebnough time after external

reconstitution for application into the wound site. To conclude, the

devel opnent of - hydroxyet’hyl cellul ose xerogels with fornulation
In other words, the swelling value describes how many times the xerogel can take up its

own dry weight of water within three minutes.

All samples are acceptable concerning optical appearance measured by sensory valuation.
The swelling of the tested xerogels instead turned out to be strongly dependent on the
chain length of the used polymer. So, xerogels with higher chain length polymers
'combined with a lower total polymer content swell faster in the given period than xerogels
made from polymers with shorter molecules (Fig. 3-37). ‘

In the same way mechanics are effected. Measurements are conducted by texture analysis
as compression tests of the matrices with a cylinder probe. This method delivers the
deformation energy during compression by the probe, restoring energy during release of
the probe and the elastic modulus calculated as quotient of compression stress and strain.
The modulus can also be expressed as average slope of the force diagram (Fig. 3-38). In
fact, matrices from short chain polymers show higher elastic moduli and slightly higher
restoring energies which delivers a more stiff impression (Tab. 3-12).
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I ngredients suitable for delivery of ACT into open wounds has grown to an
acceptable state. These patterns are used as starting points for the
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forces and so higher elastic moduli, i.e. increased stiffness. Restoring energy seems to be

affected to a minor extent.

Furthermore, residual moisture detection which is a crucial factor for protein stabilisation
is carried out by Karl-Fischer-Titration. The samples for moisture detection were ventilated
and stored under in nitrogen atmosphere until analysis. Fortunately, moisture content in ail
‘ samples was measured between 0.55% and 0.67% which is promising for feasibility of a
dry protein formulation.

To summarise, hydroxyethyl cellulose polymers of higher chain length produce xerogels
with as well improved hydration properties as mechanical properties. The low residual
moisture values are constant in all polymer qualities. Therefore, the quality 100.000
appears as best choice for further development.
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studies are conducted with a 2.0%/ 1.0% hydroxyethyl cellul ose 100.000 /
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compatibility with the mairix and extent of disturbance of the xerogel formation and
mechanical features. The second group is evaluated for the purpose of improvement of
matrix formation and mechanics. Despite the slightly different objective, the influence of
the particular excipients on the produced xerogels is evaluated in the same experimental
setting, i.e. with regard to compatibility with the matrix, influence on hydration, influence
on mechanical properties and residual moisture. The test series is conducted with the
polymer HEC 100.000.

Screening - for hydroxyethyl cellulose nearly all of the tested substances are compatible
with the xerogel matrix (Tab. 3-13).

From the group of stabilisers only sodium sulphate and glycine could not be incorporated.
In detail, in these cases crystals are visible on the surface of the xerogel pads. Nevertheless,
electrolytes and sugar-like structures tend to harden the matrix and decrease.swelling.
Surfactants and soluble polymers reduce the brittleness of the xerogels to some degree. The
swellable polymers, crosslinked carboxymethyl cellulose, carboxymethyl starch, xanthan
gum, and gellan gum, also harden the matrix. The hoped for increasing effect on swelling
could not be verified. Unless, the addition of gellan gum showed the change in flow
behaviour of the hydrated gel already discussed in the hydrogel section. Residual moistures
are mainly between 0.5% and 1.5% and therefore suitable for protein stabilisation.

After the screening, buffers, surfactants, and soluble polymers are further tested for their

influence on swelling in dependence of their concentration. Also a mixture of components
describing a formulation suitable for stabilisation of ACT is tested.

SUBSTITUTE SHEET (RULE 26)



Xanthan gum 7.0 29.3 22.4 16.0 1.0 Dextran 60 40 - - - -

45.8 2.97
Budra i L
pyrrolido
- Pol eth

2,0 Pol

100 1.0 - - - - Lut
Y80 RSIEB7606 i don' 35
| en gl ycol 20000 7

r ol

5 -

i nyl

eth len glycol
| yophi |l i sati on;

pyrrol i doﬁ’gT@PF 5@
2000 75 -

Gel atine A 10 53.5
ac late SodiumCarbo 1 y ry940 1.0 190 10 2 88.5 1.5

F127 15 25.0 36.1 6.2 2.
A"

3-14 Screenl ng of gel | ng agent s for

P&"hS -

Tab.

xerogels are fornmed from

naned pgtynmers—TTTStEdCgCENtTat T oS, girven 1S FUernc !
mechani cq by el ag gﬁmt modul YSoacedtrationtingr Elagicardplyy keﬁlju{gr Swelling] }&Edm)ml ling
behavi ourf and on resi dual i stydrogelaf tler [m¥mpmill i da mﬁ} n=23) ; TUTE
SHEET (Ré 6—PEHEP2805-0486G74 90" ,J2|L.t1 6'216; op ISLd.i
appear ange- Tmﬁw AR Sit-a-e—wi-Hhi—Ap st—ofF—the—hstet—ratef+4+s
sati sf act o‘?%}asilé ?SPPg"trl on isemdssi[bl e. 3slawever|, 1.8 h pcsbysw ny 0.6
pyrrolida I yv.c ol r—and-{Eudagi-{+)—tro—acedptabl-gd—xerogdl
for mat i or] Yetssumyrtgdlptier ol of goeaMt helse paliyer s jwer®o ndt 3Bur tthep.s
i nvest gatled Wt hi’# t he optilcally acc s—t-hough, sulel Ling
per f or marjce T Hatd onl  ad0mMixt e p283erti ds 433 Jedd4dilve®ed| The
best per flor ni Sadi legide in it hi sO. ing_ar 853t he dr ol of| d8d- ilondS
cel | ul osg et [Potassium chloridie/dr oxypr @p% cel | ul 34€, _hydr oldd®r dpyBidet|hy 0.5
cel | ul osg, anGakminohloride! | ul ose W%h priopert4S8s sini | &5.9t g I24dr gxy Otdhyl
cel | ul osq ouMachefim éhiidide. Her ebg.s%again t hetols gher| ned.gcyl @8. g1 glot7 t yr ned
out to bq advanigrg@ONs - MVor e TTpeuhi TTic dergswvati ves propvijdgareedquced svel |ing
propertie T S Al i PPOSET[ TO BR, T €l %9 T eadUCER § NT[ETA3G 1{fong g tih
hydr ophi Ii—v—r'ec?gé%m% TOom TEdT A 2.%0” T OSSIKetgar BPXYTETRY [CElplgi gse
sodi um atgt LO[OX él YB3 and )\dllbd%ll U ) Ty TU T biUWrﬁy
svel | i ng |ratrreta gue—to—therstraf— ebigtny haa. t j‘ij@the‘l;_%
pol yners. Fhe crtgcé?ﬁe ked—ecafboxsfiit-hyHceHhese ; arbexsredhy|
starch t Hat—ar Buieh ) y—uspd ag:?ab!@bﬁ VN T ng
swel | i ng joehavB-Selodeslin ¢ hel cr gl nk 4 : B32dode A il i s
not coherlePelyviny pyrrelidene hiPft bs i " po Ly 19.6 45.3 52.8 0.5
Polyvinyl pyrrolidone S0F 2% 18.6 48.7 38.6 0.8
Polyethylenglycol 2.000 2% 17.8 52.8 36.1 0.8
Polyethylenglycol 20.000 2% 19.2 59.3 55.2 0.9
Polyvinyl alcohol 100.000 0.05% 22.3 31.2 34.1 0.5
Crosslinked carboxymethyl 5% 2.1 253 | 362 | 12
cellulose sodium
Carboxymethyl starch 4% 25.3 30.2 31.1 14
Xanthan gum 0.5% 23.2 32.1 36.1 1.1
Gellan gum 0.5% 29.2 48.3 50.6 0.9

Tab. 3-13 Excipients in hydroxyethyl cellulose matrices; xerogels are formed from 2.5%
HEC 100.000 hydrogels with named excipients and concentrations; given is the influence
on dry mechanics by elastic modulus and restoring energy, the influence on swelling
behaviour and on residual moisture after lyophilisation {(n=2);

Buffers — Both tested buffer types ~ potassium phosphate and Tris hydrochloride —
decrease swelling in all tested concentrations. Except for very low contents there seems to
be only minor dependence on the concentration of the buffer. The disturbance of swelling
is far more pronounced with Tris hydrochloride than with the phosphate system (Fig. 3-
39).

Surfactants — Both candidates increase swelling at all concentration levels. But lower
concentrations seem to be more effective. Also, with Tween® 80 this effect is more
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sugars. On the contrary, intermolecular bonds between gellant molecules should be

plastisised by surfactants and other soluble polymers leading to a softening of the pad.

For visualisation of the reconstitution of placebo xerogel formulations one example is
displayed in Fig. 3-42.

The xerogel pad is soft and has a favourable as well as homogeneous appearance. When
put in contact with aqueous solution the pad soaks within seconds until completeness
without air bubbles being entrapped. For the next two to three minutes the pad keeps its
shape before the gel forming process is finished and the gel starts flowing like it is typical
for non-crosslinked gels (Fig. 3-42). So, from a practical point of view this provides
enough time afier external reconstitution for application into the wound site.

To conclude, the development of hydroxyethyl cellulose xerogels with formulation
ingredients suitable for delivery of ACT into open wounds has grown to an acceptable
state. These patterns are used as starting points for the development of ACT loaded
xerogels.
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moistures are detecied around 1%.

Swelling is also hardly affected by gellant composition in the given range, i.e. q values of
about ‘50 are found for the swelling without excipients. With formulation additives
swelling decreases slightly to a q value of 35 to 45 but is still excellent. The reconstitution
with water and isotonic sodium chloride solution, respectively, solely differs in the
theology of the resulting hydrogel. The resulting gel pads provide the same differences in
rheological properties as the underlying hydrogels (Fig. 3-43). The reconstitution process
itself seems unaffected.

Therefore, it can be concluded that the rmxture of hydroxyethyl cellulose and gellan gum is
suitable for xerogel formation.

Finally, for further studies the relation of the two gellants in the mixture is taken over from
the hydrogel section. This is done because all tested relations are acceptable for xerogel
formation but in the hydrated state an optimum has been found for a 2.0% / 1.0% mixture,
This mixture, therefore, is acceptable for both the dry and hydrated state. In fact, further
studies are conducted with a 2.0% / 1.0% hydroxyethyl cellulose 100.000 / gellan gum
mixture.
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cycl odextjri e (Elfoﬁslm 6) . 1il® supmarise, | i nofshi s| sgghi on tHe
i nfl uence eieuﬂ"?’ée—i"‘? Hhillisationlprocess f i s_stresg
factor on AWIEXAHPPYlty | $0®060 Yateg.s |t | s Figund| t hggs xel oggh flor nggi o]
with enb -rlhdygﬁ CEH‘#](PS%p ACIl is passible Fxcipients pan he chosen i (‘0n(‘01 dance
with resdivdsxypromimethvii les sqgsdl Ut isgn, hldragel ,| ang pl ace roggh. Buffer
vari at i onq}b’gaﬁiﬁl!ﬁos%seg as tested alfhough argi nihe Séens tg@%Q a\Mgwgrd
Sur f act antydemyprepilmethy |p 3 be useg i tho onpt aints. r tihe
gel Ii ng dgent selidesei onj ¢ g{)gﬁcﬁfs grgrspref era‘%’%ﬂ. T;ljsteo%:lel ar?g'gun cont ai rji ng
sanpl es sur Methy] selfitlpset urin 5000 t ¢ _pr GVl de | he29%bst| efF%xtive 4.5t abi | 1.3atijon on
ACT. 3. 4.|Zagbokfmkethyd starcht|abi | ity |of i nf x el| formul ati
e AT efpe! | Tofm! a1 993 13
Gellan gum LT100 1.5 35.2 44.2 45.8 1.1
Gellan gum F 1.5 344 41.6 56.1 0.9
Xanthan gum 7.0 293 22.4 16.0 1.0
Dextran 60 40 - R - -
Gelatine A 10 33.5 45.8 2.97 2,0
Polyacrylate Sodium Cag":g8°l 1.0 19.0 10.2 88.5 1.5
Eudragit® L100 1.0 - - - -
Lutrol®_ F127 15 25.0 36.1 62 2.5
Polyvinyl pyrrolidone Kolglgi:on 35 - - - -
. . Kollidon®
Polyvinyl pyrrolidone 17TPF 45 - - - -
Polyethylen glycol 20000 75 - - - -
Polyethylen glycol 2000 75 - - - -

Tab. 3-14 Screening of gelling agents for lyophilisation; xerogels are formed frora named
polymers in listed concentrations; given is the influence on dry mechanics by elastic
modulus and restoring emergy, the influence on swelling behaviour and on residual
moisture after lyophilisation (n=2);
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Based on the previous results of the stabilisation in hydrogels and xerogels
a three nonths stability test in xerogels was |aunched with a set of

formul ati ons. Vari at ions are nade in excipient conmposition. For th

sur f act antWORAWA379%630 and Pol oxaner (r) 188 are eval uat ec}’CT/EP&POSAUP%r
systens phosphate, phosphate/citrate, atfd Tris hydrochl ori de are tested. As
in the hydrogel tests, for gellants only hydroxyethyl cellul ose and m xtures

of hydroxyethyl, cellylose with acgyl at‘&g (LT100) .and dea ted (F)

der vat | vEencsPuineIopHFAl ERREHRECe AR SeRq Rk EeRITS R BOB: Poibe Bricd el

(r:] eljl ul os eshaﬁlbﬁ@fo;ﬁjlr c;lwbgblalfsmémnc Qg spebeibis H@mget:, ngritho polyvenydi monaﬁiel ts
ydroxyet ul ose.i s n fer_its abilit or autoc &Y tio

Addi t i onaPty ‘ﬁ}% LT énéggwef@glg % %%P?%’ B(gf%ggrf ‘3??"8?1 done
and pol y’éhéiyfoﬁeqﬂwgéyo]ghleréswatdmfmiheﬁﬁﬁektgatdé.d gel s vvere pr epar ed under
aseptic conditions as before. Packaging containers are glass vials that are

sealed with a Teflon(r)-coated |yophilisation rubber stopper. The
concent r aWithin tte gytically ahgvzptwhledamphs,ethw ewelingl perfamghes duiingrbydvatiorD. 4

m. After g [ cedure
W th ann&m?,\&ng Sp&%@ﬁﬁ%%ﬁfg&g abovd %rbe t? %%%ﬁgﬁsrygﬁe 3%%%?

Xer ogel s groureof nondeni¢ cglluloge etherspize. drydraxypiopsl eellukme, OXNPCOPY 4, 8,
and 12 t ﬁm,ﬁﬁ

anal ysi s. m@r%éegdgg:rﬁﬁ (;E’?F:Zl en ar éﬁ{r’ eagrgﬁgs;ﬁdlﬂ%lut edlﬁ fﬁ;@ |ce§§§fu§§ﬁlg%crl bed
above. Re#fytt big golgopl ight MO f or
three nonfj E?deﬁ%%vé rBﬁHEQédﬁ%@d WelBflg pidpefties. BST s]ibiﬁ&e&h&ﬁ@rél&b&ﬁ: 26) WO
2006/ 0376 /EP2005/ H%)tggyé{?}’gﬁ Cal cul.at.i ons .described in detail in the

hydr ogel H‘t"? jptercHORs, 1°e‘§?‘?’1$3 iop gedid o ki netics and shel f |ives
under storage condit | ons The 25C | evel simulates real conditions for

& her ¢ haNoneRRsiakeR Tt etof eliIbie Sum, afigBite Sodte, ShA Fatner i 0Bl
this sett harder éﬁldlmommh)vdy swellipanatsices due to thersireng adnicrbadlingarhavagten o these e
ot mat edpliGus, T8O oRBbikel RaAOTBAISR ethone SOLEPREAUL e A oy 2! U

del i ver ed IVI assay case reasona usi ons mould

be i rrpossalblcemmmﬂ)eusedras twlcmsmmmmowgmgmwmgmeﬂmﬂﬁdbamm Pubdbet at

th t .
The assoncbaitil Lﬁ“ﬁ’%ﬁ“‘“‘es Jbebicie ity RGRERLRULR sl il RILld YuRREF 7] 19
xerogel  sngtehes wedes slight menbanicakstgss Gartosymethy} stgxcac,snﬁ‘ﬁ@ @@mﬂaﬁ)hﬁrd@sp@ ature.
Ther ef or ephetyRgogdPstrucit] Al @@w@ﬁﬁlﬁtcﬁ p&KG e als égeéﬁ%ﬁlli'ﬁuﬁ% ohif, baMehs

specificati m PrincipleS of datg, interpre at| CGeneral ly,

resul ts s?gahmﬁ% %ar@*sﬁs 6#1 thscrwwt{}o yessete,sodiu alserswel 2’88

formul ati Btﬁt on the contrary forms an only very weak structure due to the low content. Moreover,
gelatine forms very hard and hardly swelling matrices.

Excipients - excipient compatibility studies according to those with hydroxyethyl cellulose
are conducted on carboxymethyl cellulose 10.000, hydroxypropylmethyl cellulose 15.000,
hydroxypropylmethyl cellulose 100,000, and hydroxypropyl cellulose 100.000. Although
experiments are performed as previously described results are given out in a short
summary for reasons of lucidity.

Concerning compatibility for all tested types of xerogels the influence of additives is
similar as on hydroxyethyl cellulose xerogels. However, in all samples
hydroxypropylmethyl cellulose and hydroxypropyl cellulose matrices still show a reduced
swelling compared to those of hydroxyethyl cellulose. Experimental values are gained
between 17 and 45 for both polymers. Furthermore, as carboxymethyl cellulose matrices
generally are harder in texture due to higher density and the ionic structure the effects of
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and tenperature level. An exanple is showm in Fig. 3-47. Froma starting

val ue of about 100% the activity declines over the 3 nonths of storage tine.
As in the md-termstability study on hydrogels reactlonPg:h, bo;ﬁé‘#%tlons
are fitted"?3%27¢%mdifi ed curves and J;ext to the equati H‘g’g ers the
correlation coefficient is determ ned used for assessing the

f easi bi | 'éddliﬂfestﬂi'@ reliidedd Aﬂ@@,cﬁﬁ QpPsvdfient foif GswebtinkS bebidud By exsipignts i or the
fitting of tng é’{‘i %? orde %2/ Results indicated that the best fittings
gi ven by RIgVekadanty ¥ re gained for the first order equation,
i.e. alogarithmc scal e for relative activity results. In fact, the
coefficie 5 and 0.999, for zero order
coeffici e:ﬂ%é ag{abh'bﬁx aéﬁsz'iigéagwﬂb@?%gand coefficients for 2"d order are
bel ow 0.96. Like in the hydrogel section datasets are tested according to the

gui del i ne EQE'&QNH% the fé%lhﬂ%f thd H{eoﬁahfﬁ gﬁ.\gﬁg oﬂ%?%gglsqﬁoﬁrb?ltﬁe Hévﬁmt RBtein

95% conf i dence ervals are urves where appropri ate.
The i nt erstelphsem arerpompstible widh theakenegels fromithal nointaferiew wad so sebe nseddor on

limt - ﬁu’fﬂ Afl r&eﬂto h@ﬁsstﬁlglhﬁlﬁ FhinYfRatithdls! Yhdr¥fore, ek e ifteodeed of the
ter

shel f atlve he i ntércept of the extrapo ated decay even with

the | owermsb@@blfhﬁ%f&ﬂ #ad 1°F |°(F| AGTs Teations \that, werse tested BRsitiyedy dn thg grior
SUBSTI TW&a@HE,EImﬁBHLo% A@T VehctAiiRE Q8P amRCRbERRRISHIYO 6 dssingSoms e 8n8 2
Experi man*1 resui ts.and di scyssion The Ki et| t.he .d vg Pl | ow
most |1 kehgids R well 28 in Bleghanical siidicsprrerogelsson e other hande ag fprtiss

coeffi ci egteipiafite ihelgdbpHikisativheaedts raamn@nﬂgr tk P tstress +rﬂemﬂiedcmsths Yydedgel not
shown). But .. all datasets sho

var | abi e HeE0R 3IS RO eeR AR e HRao i b oUEe Y bl bt Ry el °

conf i dencdrying'Er Pasts thef lyapishsaimhq:recess itael as stwedsdhacter isoinmedtipated. Semsd,bd e,

The descr PieemBnEs HERCEbTBA xBi0eRs i bl 7 20 G made by simple

extrapol ation of the fitted curve to the intercept with the 10% 1 oss | evel as

| ower spgglj Cg{dbﬂp%ofﬂttTdfrﬂf ﬁbgyjﬁﬂlr@gkﬁeg@arconsequently, first order

reaction cons r” ““ever e cal cul ated and
correspondi ng shelf lives are estimated (Tab. 3- 15). SUBSTITUTE SHEET ( RULE

26) WO 2094R¢ 93 tRABcHEd kb3 AuR4rfik 6ukktandEs demonstrated a destabilising effect on ACT
in solution the polymers are used as bulking agents. Thereby, we have to accept that the

known protective effect of disaccharides on proteins may not be mimicked by the
polymers180

Sample gels are prepared in eppendorf caps to 0.1ml volume with 60pg/ml ACT and the
excipients to be tested. In the further descriptions all concentrations of substances refer to
the hydrated state of the particular gel. After swollen homogeneously the gels are freeze-
dried using the procedure with annealing step described above whereby the xerogels are
formed. These are reconstituted with 40mM potassium phosphate buffer pH 7.2
immediately after lyophilisation adding up to SOmM buffer defined as standard in the
solution stability testing. Due to the high resulting viscosities samples are diluted for
analysis as before with S50mM potassium phosphate buffer pH 7.2 contmmng 0.1%
Poloxamer® 188.

Buffers - the first group of ingredients to be tested are the buffer components, Thus, 10mM
potassium phosphate, 5/5SmM potassium citrate/phosphate mixture, 10mM Tris
hydrochloride, 10mM arginine phosphate, and 5/5mM arginine citrate/phosphate mixture
are tested in 2.5% hydroxyethyl cellulose matrices (Fig. 3-44).
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(1) 60vg/ m al-antichynotrypsin reaction constant k (24C) 8.71 1/day 10nmM
phosphate buffer reaction constant k 40C 3.08.10' 31/da 10nM argi ni ne shel f

life 25C ééa 0. 1% Pol oxamer (r) 188 shelf life 400%,&,9 067y 05% PVP
AR

17 2.5% H (2) 60vg/ M al - antlglhyrmtrypy n reaction constant k (240
1.48. 10 1/day 10mM phosphate buffer reaction constant k 40C) 1.21.10' 31/da
10nmM ar gi hi dibbefie dysteifsdoSsCbatdvbe 30%yte 4506 dfdEvestad( Thisdfidichtes thel ietesstpC 87. 3

constant bt oiter sty Mool sthR ap it B xler bR PR GRES, ' 0
3.53. 10 1A4d activity compianéchte argmine freq sanmﬂ@r» giffegenges sre t00 Marpizabicalead (o 3 188
S he' F 11T 84Q6n 89era %%nt@bﬁ&@sgggﬁz qg&(lgélg‘)ﬁegﬁgé;m 0&9@5(& fn %%Lﬁkg Shate

antlchéé trypsin reaction con ay 10nmM pho
buffer r e®8i on constant k 40C 3.47.10'31/da 10mM argi nine shelf life 25C
121. 4 days 0 1% Pol oxaner 188 shelf life 40C 30 4 days 0.05%PVP 17 2. 0%

HEC 100. 000 0% g LTI OO ( 60ghnl |chy rypsin reaction
const ant Runf8 @}ts P"@J ‘gﬁblg/ e’ianl eﬁpe%mer g? Hﬂgﬁﬁ%‘féﬁ k 40C
1h4|0f 1|0 ?.%ldﬁle pb ré\ﬁsgstadla@ 'mm&vp efggn Fsoc}:rfﬁétzutz aﬁbamo 5 kn@wilq(%)/ ReHibix mzﬁrF ) %g?
she ife m

60g/ M al “%#‘?? ing i Pg %@X‘kﬁ? ®hct ¥ aﬁ%@tearf? 0(”203@)“03 %%ﬁg PrM Tris
HCl buf f eproveactoi be tenefidiaindudingt @€eding 9in11he 1dodutiokD sﬁbmtylsactnm sl]’}ml Solliblee 25C
259.3 Olaysolyn:uars are also known as lyoprotectants of proteins'®!%,

Samples with a basic matrix consisting of 2.5% hydroxypropylmethyl cellulose 100.000
and 10mM potassium phosphate buffer are spiked with 0.1% Poloxamer® 188, 0.1%
Tween® 80, 0.5% PEG 2000, and 0.5% PVP 17, respectively. The control sample next to
ACT solely contains gellant and buffer, Freeze drying, dilution and analysis is carried out
as above.

Surfactants clearly improve the stabilisation of ACT during lyophilisation, whereby
Twe¢n® 80 appears more effective than Poloxamer® 188. In accordance with literature, this
may be explained by the protective activity of surfactants during freezing. PEG 2000 as
well leads to higher recovered ACT activity. In contrast, the PVP 17 sample is comparable
to the control, so PVP can be considered as inert (Fig. 3-45). It has been reported that
soluble polymers like PEG'®, PVP'® ' and PVA'®" interact with proteins during
freezing and drying e.g. by preferential steric exclusion. These interactions may lead to
either stabilisation, destabilisation, or no change in protein stability depending on the
particular protein and other factors, e.g. concentration.

Gelling agents and hydroxypropyl-f-cyclodextrin - the different gelling agents are tested in
already improved formulations. Indeed, they contain 10mM potassium phosphate buffer
pH 7.2, 0.1% Tween® 80, 0.05% PEG 2000, and variing polymers as gelling agents. These
are hydroxypropyl cellulose, hydroxypropylmethyl cellulose, and hydroxyethyl cellulose.
Moreover, a gellan gum/hydroxyethyl cellulose mixture, carboxymethyl cellulose sodium,
and alginate sodium are tested. A variation with hydroxypropyl-p-cyclodextrin added to
each gellant was conducted in parallel. Without cyclodexirin the non-ionic polymers
perform better than the ionic and sodium containing gelling agents, The gellan gum/HEC
mixture surprisingly shows highest recovered ACT activities. It has been reported that this
class of substances can provide stabilising capacity on proteins'3. The ionic, sodium
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0. 1% Pol oxamer 188 shelf |ife 40C 88.4 days 0.05% PVP 17 2. 0% HEC 100. 000
Tab. 3-15 Formulations of the md termstability testing with ingredients
(left col urm) first order reaction constants k at the ex erlrrental stress
level s, anWO806/033696d shel f |ives at the tenperature Ie\/Pe(Ip"gE 2003406701 umm) ;
SUBSTI TUTE SHEET (RULE 26) WD 2006103768% PCT/ EP20051010674 97 UnI ess data
show vari %ﬂtﬁ&n@%&ﬁﬁbﬁ&n&? ihtBfact Gith G gﬂbﬁﬁﬁ%'ﬁiﬂé Qy&em! arklOlRed UStRNGelfan be

made. For _ xerogel tored 1n glass vial ri s hydroch| orj de system has

greater knoym PR dHBPérffqeﬁlF‘gt Fhis, nﬁyeleﬁ]@s%ﬁae@cwaflpﬁo aghiviy . TheseRies est ed
in shelf ’Mﬂde%yéli)de}itﬂﬁ rruh@ihbﬁnféaﬁires rgeﬁeﬁuﬁr It \attivity @mueﬁheh@rwlmnt

Tween(r) 80 etter. than xarrer( | V.

conpari sof¥ %&Fefc gt e‘lli’)ﬁﬁ ?eﬁ)w‘%}:ﬁf éé‘l’éﬁf‘é agﬁg §‘ﬁﬁ?‘s§‘w§ﬁ? s

f avour abl eyciodextrREnflasneh@lig, 3k46)es of fornulation (1) and (3) indicate.
Moreover, the HEC / gellan gumF gellant systemis favourable over pure

hydr oxyet hyl cellul ose and the HEC/ gell an gum LT100 al ternatives. This
results fffonsuuunmei, donthisf section nthe dnflaencé 0OF theet lyophilisativa pressSor xemeged ar e
the two f@rm, f er 550
days (18 mon SS iﬁ%hr %%éﬁ%w?%g fsfbvgltﬁ?leﬁ t ly%n(raethn%%%eg?mg{ gtaltcl)rage
form for “suhoezm qﬁgeétacﬂmrﬂ%rrmpwblﬁ eEmpnentéopaatbet pkose gh riengeydasice with

devel ODWEPésHltsTgﬁnf &ﬁé N lonPy6lution; Bﬁ&%gé105n§arz@éwbsxésgéleﬁuﬁsﬁbaﬁmoﬁ§ capgEhs at

25C shows t ormatlonaaln as malin instabrlity. addi tion

of Tween( Ryedg®, tesrtr:ql althgegtoRigmung wm%aquvéwae@ Sataciants and Fﬁab% ROAXPRRTF abl e

over part icgdibafus@l Wethoat bofraint¥, (Hor died Féiﬁn@ ld@%nté--ﬁbﬁxibxﬂa sﬁ%dlés”l&b\'jﬁeferable
fragnent atj on s det ect ed, .Hence,. the

| ati ons Zéq ﬁiﬂfﬁ»g

r ecormenddde &sHan gfh epntaibing SHRRIR SUPEE rmw@t&w adg S ?qﬁ'eie
potenti aktabilis@tiofesroA€IT.fornulation is to be estimated for a conbination of
Tween(r) 80 and HEC/ gellan gum F maybe in a Tris hydrochl oride buffer
system Al though, this conbination is not yet tested and therefore cannot be
r ecomrend@. 2.2 oMidiremd sabdlity uf A0 in cerogehfomenndationst , in future studies, e.g.
adjustnment of the formulation for market |aunch, this can be taken into
account. 3.4.2.2.3 Summary Results indicate that reaction kinetics of

activity Besssyomtheatavious sesultsyef the isabiisatfanyin|iydedgels and ¥esogedsa ﬂn‘fﬂ mgnther der
equation. M%l@y 'té@ﬂ@?éljogél)é Wiah dh 4 %%f%?ﬁ%%q_dﬂst ¥ afi@Gord

e in
formation. reover onmmer cl a or.mul at1 I N agXeroge o s POSSi bI e
due to excipient composition. For the surfactant Tween 80 and Poloxamer™ 188 are evaluated,

for buffer systems phosphate, phosphate/citrate, and Tris hydrochloride are tested. As in
the hydrogel tests, for gellants only hydroxyethyl cellulose and mixtures of hydroxyethyl
cellulose with acylated (LT100) and deacylated (F) derivatives of gellan gum are

n.

C)

investigated. Despite other non-tonic cellulose ethers could also be considered according to
the given results hydroxyethyl cellulose is chosen for its suitability for autoclavation.
Additionally, the soluble polymers are varied between polyvinyl pyrrolidone and
polyethylene glycol.

Samples of ACT loaded gels were prepared under aseptic conditions as before. Packaging
containers are glass vials that are sealed with a Teflon®-coated lyophilisation rubber
stopper. The concentration of ACT in hydrated state was 60 pg/ml, sample volume was 0.4
ml. After swollen homogeneously the gels are freeze-dried using the procedure with
annealing step described above whereby the xerogels are formed.

Xerogels are then stored at two temperature levels, 25°C and 40°C. After 4, 8, and 12
weeks storage time samples are drawn and stored at —80°C until analysis. Xerogel samples
then are reconstituted and prediluted as described above. Readout is again done by activity
assay. For the samples stored for three months SDS-PAGE is performed in addition.
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sufficient shelf life. Furthernore, the two suitable formulations after
reconstitution can be applicated into the wound site as far as stability of
ACT is concerned. As well, these fornulations are applicative for the

pur pose of WR0AE#376peri nent or clinical trial. Results REEEPIAHI8EMe t hat a
not yet tested excipient conbination maf¥ be the nost effective stabilising
formul ation. This can be evaluated within |ater studies, e.g. adjustnent of
the product for market |aunch. SUBSTI TUTE SHEET (RULE 26) WO 2006/ 037606
PCT/ EP2006loulatqus degeribedinaietal imthe hyiltogel section ang avafneted jo sstimatereeastion wound
heal i ng Tﬁngﬁéseandtsﬂﬁl'f?iv@é findéi “Rirdge mﬁﬁ@'mbisecmbaar%umés%ﬂr&ﬂwﬁbﬁs used

as drug free wound dressing linical practice. For exanple, OpSite(r) by

Smi t h&Nepf%ﬁQS@ﬁ?sﬁtsf?%mGFmﬂmﬁﬁP y‘tﬂ°§tmw@tep PTAPEEAIFE 87656 (cpRATONS: (Qiberdhansi ve.
Besi des, mg&gegélsstﬁwme mee&eﬁeeﬂauﬁal&él Wiks smitedah s skt ATIES Wal done

rraterials of 'these s, al so cont ai n, pr n drugs' 90. But, |ike
with xero a“?Fa Flcggtggeﬁggén@ﬁuqeﬁd@@es mm‘?ﬂ@ ‘C’)Fago g‘ SOIPIAN tg)y
aut horiti g dpedadimipofeméasured kilties dalivered bz,eme abﬁvxt;hassayem thahcask lreasdgabdd opnent

of a product n for o swel | abl.e f.i

hvest] gat THORgR AHLE Pe HEEIE Motabvims et Tpfit i Tor i apgauct

i nf | uenceatcthistterapereituys hgelpwmdéﬂashanﬂy a¢veptable due to markmmgtcome,mand of further
formul ation ingredients are highlighted. These studies are aining at
ensuring the suitability of the filns as wound dressing and at investigating
t he corrpaf[hbuassetssmmtt of pamphs nsfdnnmﬁnapummmngwﬂdutbms;utahlhw @évibe ofsragel

strategy, ‘%TH‘%O ﬁl ngﬁ e tﬁag%”fgrn%ﬂ%bélﬁﬂ%ﬁﬂ aure! Thedford, Ghd E§°C‘er°99'

devel opnen revi ous reason t'0 avoi

r edundanc§stinrasiondas ta wcp%l%monﬂ@tab@mthaﬂmm@wﬁgawunﬁ shor t ened vvlth
reference to the particular chapter of the xerogel studi es. Moreover, the
di fferences between x el and fil m devel opnent ‘are stressed. So, one ngjor
di f f er encé %&24 hEriEGP %‘%&%’e’ﬁ%ﬂ@iﬂ”o&f films conpared to that of xerogels.
Films do not provide an open pore structure. Rather, they smell fron1out3|de
to inside, whigh is.a nuch s]ower

th th Ki
xer ogel s. GFH‘EF y,trﬁ%ﬂtsgg&agq.lp aﬁ%seﬁ(?? géﬁi)%&%ség’nufvﬁsg’ggrg@#ﬁl eé’ llf‘h%‘gfl | m
is appli camcbtbmpetatulfeﬁeve&DAnCEmhipk is shben\in Figl 344 7. From aeﬂi'tinymmﬂe of atoua

por t ant et Ry it o\ PEpe AoRME IR P act - a certain

robust ness and a soft consistency is highly desirable for appllcatlon and

conpl i ancqs i ¢RSHBtert Sability FHBAYE by @Bl P%EH6n kinetic functions are fitted to the
modified curves and next to the equation parameters the correlation coefficient is
determined and used for assessing the feasibility of the fitted reaction order. Fig. 3-48
shows an example for the fitting of the first order time law.

Results indicated that the best fittings given by correlation coefficients are gained for the
first order equation, i.e. a logarithmic scale for relative activity results. In fact, the
coefficients for 1" order are between 0.985 and 0.999, for zero order coefficients are
between 0.950 and 0.992, and coefficients for 2" order are below 0.96.

Like in the hydrogel section datasets are tested according to the guideline ICH-QAL.
Further, for an estimation of the shelf life the 95%-confidence intervals are calculated for
the curves where appropriate. The intercept of the lower confidence limit with the lower
specification limit — in our case 10 % loss of relative activity - indicates the end of the shelf
life. Alternatively, the intercept of the extrapolated decay even with the lower specification
limit is equated with the end of shelf life.
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There are several nmethods in use for production of polymer films. In the
field of oral dosage fornms polyner filnms serve as coating material. There,
the filmis forned by spraying a polymner dispersion onto the tablet core

fol | owed bYORMBi on of the dispersjion nedia. For selRCTERZBOGYHPE7E fi| ns
the most common method of film manufactfte is blown filmextrusion. The
process img_lms%&iiwmapf‘esgﬁs andUasikssionel t through a circular SUBSTI TUTE
SHEET ( RULE 26) 2006/ 037606 PCT/ EP2005/ 010674 99 die to forma thin
wal | ed tube, followed by bubble-like expansion by air being introduced via a
hol e i n tTie ldactioseofahe idseaydtirves fisllow nasttikelly theifsstporderctimei lawa(Fig. |3v8)ubi ng

h i | eq g1 d - f.1 at. b il ih
Fegul at i JEOTK FPRRPHPh B iGRs oy BRR 3oCd Srirterindip Bhost besfh (ROt of
air in tishovmpbl e and the out put of the extruder. Polyethylene is the nost

common polymer in use for blown film Next to that, filns can be forned by
precipitation out of particular baths. But, the nmethod nainI% used for water

swel | abl Syoal) datasets shawi shenge-aves timeembadditfonally panyaansevariable agcerding foon of
the pol xm-qéq%f'@lsgnélﬂﬁet@a&ﬁlaﬁ&%‘%ﬁ sglg%g)? Mfhs AcdnBidence iaGirPals bf fid¥R ﬁas%?dlz?;isng

down to form robust enough e transterred onto a.mesh_tor
The dryi f&e tRgylargs te sHpwe seasible, statighically profoupd estimation q} rshélg difs es described
appropri afpgyé or many pharmaceutically rel evant polymers such as gelatine and
the cellul ose ethers. A special application of this nethod is the production
of transdermal therapeutic systens. Thereby, the polymer matrix i s not
'?ih rect : y Instgﬁ% hﬂ'ﬁi @efdpided Ohlterlgaﬁveo Eﬁ.oapplilé&.f? KTTi2g eltstan@tﬁo:b €l Bm;ﬂ? abg dsiﬁgle\t/)vee o

e roll an e mat.rix. e mass i s, cast .on re the backing
o added SXEAPYAY AEAME REERE 1 T dareeh, 36 4 B4 TesolReR Ay 1P
Al t hough spbeifieatipmolisitu Fes alrfermukitibys, whasequedtly fastcondet reactivmizbrstints forhe

Scal o- doneHerhesEras AR i BIRTARE MY Srtpafine Httive e SRS T003 00, ca

For hi ghekS)gel amounts a method involving a scraper is used. Thereby, the gel
is filled in the scraper apparatus which consequently is drawn over a gl ass
plate. By mld extrusion through the defined gap resulting fromthe novenent
over the plate a wet filmof constant thickness is fornmed (Fig. 3-50). This
filmcan be dried under lam nar flow at, room tenperature or in a cabinet
drier at any desired tenperature. \Wen dry, the self supportive filmis
renmoved fromthe plate (Fig. 3-50). Wen | ater preparing ACT |loaded filnms in
very |ow scale the appropriate anmount of gel is placed on the bottomof an
eppendorf cap or a vial. Consequently, the mass is dried under a flow of
nitrogen in a special device controlling both gas and product
tenperaturel9l. The filmforns on the bottom and side
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wal | s of the container (Fig. 3-50).

3.4.3.2 Cel
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formation A variety of polyners is screened for eligibility for warn air

drying and filmformation.
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i nt er mol ecul af {oMCSrplnhet NESE POl yNE ‘ ANT GG JEIN d gell an gum
formsofter bhmt VE{Y Polbkdnles® 1ds | 5. Iﬂélﬂﬁ?%"’d cat es asp g\? ys teanency of
breaki ng of t M)lw PREGhLHsy | ater stgdges o drying. Fina Iy, t he jnon-ionic
cel l ul ose derijvat 1 ¥%SH E‘ﬁ'@o@bﬁ as thg nost prom sing candidates. {They form
t he softest amdt—most—etrastrTc et theseexperments—Thethardness and
stiffness,of filns can be counteracted by a plasticiser, In the film
struct urZ‘%ol ¢ 160 ngnlsebautichyrodtrypein| i Ngeastiendonstart (247€) vB 680" Hddsedul es of the
pol ymer |ack |nmollnMt phdspateinent t helireactiont epastant ki(40°Car 344 0WHdgh ji s much
hi gher when i ¢ni WndVnshigingnei s | nvol vedhelfllife 26 of a pl &3L4 dayser ijnplicates
t he introductijon ®i%aPbloxeierhtisecul ar|shelf ifa#0°CGubst ance30.adayst he sftructure
that acts as a n@D&GuPWP 17ubricant, physically separating the chalins and
al | owi ng t hem|sone0%OHELC 109.000 hus givjing flexibility. Oobviously, tlhe |arger
the volume ofl plBé%i gilkagumdT10he grleater is the flexibility and lsoftness.
Common plasticisers in
(3) 60pg/ml ol-antichymotrypsin | reaction constantk (24°C) 1.92 10‘1 1/day

10mM phosphate buffer reaction constant k (40°C) 1.40°10° 1/day

10mM Arginine shelf life 25°C 547.7 days

0.1% Poloxamer® 188 shelf life 40°C 75.5 days

0.05% PVP 17

2.0% HEC 100.000

1.0% gellan gum F
(6) 60pg/m] ol-antichymotrypsin reaction constant k (24°C) 4.06 lor/day

10mM Tris HCl buffer

reaction constant k (40°C) 1.19-10° 1/day

10mM
0.1%
0.05%

Arginine
Poloxamer® 188
PVP 17

shelf life 25°C 259.3 days
shelf life 40°C 88.4 days

2.0% HEC 100.000

Tab. 3-15 Formulations of the mid term stability testing with ingredients (left column),
first order reaction constants k at the experimental stress levels, and estimated shelf lives at

the temperature levels (right column);
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pharmaceutical products are esters of organic acids, e.g. citric acid and
phthalic acid, polyalcohols and esters thereof, as well as polyethyl ene
gl ycol derjvatives. Although even very hard fil s should et softened by
pl astici seWOHA$P376%6 the fil m speci men al ready bei ng ‘?FP

pl asticiser, however, are taken as star??ng poi nt for further developnent

Further ”D'(J%lesﬂ&a&@ Eﬁ:#; "’ﬁﬂﬁ&"ﬂ z§:c tB'?!Eé I(!I-i‘-q&l gﬁ'&p Aelidd R veAEGH sftins @ Bt he

gelling agent in oge nDre ear the resulting filns.
That is oB\ %uE@fyXPelgslSeatomsi Pﬂ SéFT hydrochlqride sysiem kes 2468%6Y 037606

PCT{ szoo%ﬁhﬁ(ﬁgllpoté?ie[lhﬂﬂaﬁ kﬂh@tsﬂldéﬁhétélﬂ)uﬁ][ei‘ n}l’ﬁissgs lhﬁ&lfeﬁ'tbdl@lnl sheif Heesaped
swel | i ng hehayi.our .0 esemar nf.or el g .ont Ni
neasur abl Yatnﬁa (Ll GOz thig)nf@eﬁ ?ﬁ\'q Be§B|Pé’r% Lger%tgg and

speed of Eo]fokamen’?gl&&‘ amdmaﬁuel Sse dompargsohyﬂrfaﬂmdaﬁorBebawﬂha (21) {Fas thesaflildai ng

concernt ngPOmERPYE BIRARRE o pifo MUBACH S BF Rtmlotfon 151480 T BRNEILE ™
Al 't hough Mugedver, rﬂisdﬁﬁ@dg@ﬂim@mﬂ gelantrsysteBeisi fasourabimqym gugaelh)rdmgfe&gfé nt are
prom si ngge G thterﬁﬁ%ﬁgn %ﬁ{)ﬂ*’ﬁ‘f‘%@ﬁlﬁgmd’fﬁfs&lﬁﬁ Fbg { % SYh ger

nodi fications. Becaus es provi ding enoug ack of a
certain ré&postdationdl) withi#)andi@). proper handling. On the contrary, the nore
robust films fail to be flexible enough for a convenient application.
Therefore, the use of plasticisers and strengthe erivas additives on gblre

gel ling agethereare Rhes e feprovlasions —dd) sadE)andith el ghod P& grpler o .

3. 4. f (Zj 2dt thl?)nlﬂﬁs atﬂﬂmtl I tHes ﬁl@eth?l@rﬂaﬁiﬁith uﬁeﬁ:bm:sloﬁle d bﬂogegelfonthaﬁ)rbeen
poi nted ou at fi sol e ns el |l ul ose derivative
cannot be”P%‘E%ﬁH?HHe t\ﬁéélcegg \fvbﬁgﬁg‘ gfl‘#d' lOPRLt or e, the addition
of further ex0| pients, nanmely polyners, is investigated to cope with the
maj or wea sof | ose et he thef ma f

supportiv ﬁf)ge%ﬁéhfg%;?l?% ff‘i&"?f ﬁé#}@nﬁﬁows%? gmf%l nt of
devel oprrenﬁcbrm‘mhbn ragmncasrmmannktyblhmmﬁegam the mgdmane)félfweelng 86, Teis ﬂ;ydroehlohdet he

)S('?;.(I’)gﬁl Znal@%esgﬁ@n%d%ﬂc%ﬂgox I'TE &Iraﬁlgq‘bgﬁt BSG - g%gﬂ§rﬂgﬁfl 'm Ogai% on IS

i nvest i gaié"dOO@anMelalsé'rmhtarhng lsodetccttei; dlange,rthe dermulptionst(@hand:(5) can be hoped
for effect.RfnnhdMES Y5 EWRherey %fb meie!l 11 ng behaviour of the film matrices by

addi ng di sintegrants can not be verified. Al swelling values are taken after
three m nutes exposure-to water. Mst of the val ues range between 5 and 7 and

g hgrl ef orNg %@f&eﬂﬁ égmmli;@ﬁg pottAif ﬁrbee rmfaMPﬁgs WPBOSBimared fé?lﬁ l(3 lFI g.
r r r r
pol y%rer S )éowg}%apor? So V\?e)égﬁ 8|0rg§1g ﬁEBFgeh X WI1$ mayge 11ijl g ﬁycﬂgchl(%&ek\) Hbte
system. Although, this combination is not yet tested and therefore cannot be recommended
for immediate further development. But, in future studies, e.g. adjustment of the
formulation for market launch, this can be taken into account,

3.4.2.2.3 Summary

Results indicate that reaction kinetics of activity decay of ACT in xerogels is highly likely
to follow a first order equation. Main instability again is the loss of activity and dimer
formation. Moreover, a commercial formulation of ACT in a xerogel is possible due to
sufficient shelf life. Furthermore, the two suitable formulations after reconstitution can be
applicated into the wound site as far as stability of ACT is concerned. As well, these
formulations are applicative for the purpose of animal experiment or clinical trial. Results
also indicate that a not yet tested excipient combination may be the most effective
stabilising formulation. This can be evaluated within later studies, e.g. adjustment of the
product for market launch.
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| mprovenent of the swelling characteristics can be achieved. As a result, the
application of filnms is supposed to be different fromthe application of
xerogels. Wth the xerogels it is found that reconstitution is conpleted
before or WO PM037nent of application, In contrast, thePGVERROYUAHot swel |
in that short period of time. SUBSTI TUTE SHEET (RULE 26) WD 20061037606

PCT/ EP2003 43 OB difme} Qftmis s dt iy Wiy i) Syt tbPwbiin@ Bkt g ed bef ore placing
onto the wound. At that point~ reco s?'|tut|on is started and will proceed in
the wound with wound fluid or solution provided externally beneath and on

top of thego fdhiemhd(;é a@l Sevbial hoﬁ-fsw%ﬂﬁfﬁlcl.a pbl’ﬁdﬂﬁﬂﬂﬂpl}b’dhéts hged ﬁ@ﬂﬁfgﬁﬂ%@ﬁo&}id h E
senm -reconsti.tuted £il mnot .yet_ conplete I @n to a rogel . or
that reasSirS&el" 8&’?‘8&@‘3?5%%&‘1% %Pﬁ%%%tem 5&}%@% rcPéﬂTts %’gl % for
the appl palgimethany fibh withes polyadrylacegiheSosisequent |y, these are optim sed by
texture analysis outlined below 3.4.3.2.2.2 Texture For the optimsation bf

the mechani cal characteristics a systemconsisting of three ﬁ@i pients is
eval uat edBesidé¢sefayepitenty hayebeen applicatehon sweitable Almal deesging suateri . Satheof

tudi e | 4
;S)O:Jyl/i ﬁyl ﬁ%% rﬁgﬂgg%hg& ag)\( &éﬁ(ﬁ ?\dér%?’, L%ng&%o%%ggﬁy e'%%egﬁ%egﬁf EPSBC as
pl asti ci séevelapswaisdias leflite appraval by gutheritigstletradond tormarket lpenchi ¥l ar i nf | uences

of these three substances on nechanics cannot be treated separately. Hence,
all tested sanples contain the three _ingredients in varying copncentrations.

For eval ult thissestion, thesdevsippmsat of 8 pradugtian proress for plagshoswellabls film cagrisss gn
with the bl BRestipationssoPthelri vechafiical propérties et ®deribdd. dBeRbY, infldénce of the
concentration | evel s gf HEC 100. 000 are 1.1 %}.dﬁsﬂgSW 3.0% 4.0%. ggd 5. 0%
For VP S0 BROSERS £001C PRVIRGE,Apodiionoapd ot 5o Tomdiiagon Jpersiias aee)
Response highfigited: are cal cul ated from average values of two neasurenents.
Characterisation is done by texture analysis. Thereby, the tensile strength

at rupture is gained froma tensile test nethod where the filmis placed
bet ween t Whesgrstyrliesoare airningeattemsatang the tsiitabilitytafrthe fifing as Svond)l dreshing taed it | e

strength Is C . L.ed t. i e d S
cection Mvediglifp i GépBfit AMEMGES orfifof inbllRlelis” ARCa Mt
Tensi | e ssirasegy, thengefl ethods, ard expexispntad design desimilar tptherxsrggd] devalapment oss
secti onal oaia@d idMHd%previous chapter. For that reason, to avoid redundancy the description of
methods and discussions is shortened with reference to the particular chapter of the xerogel

studies. Moreover, the differences between xerogel and film development are stressed.

So, one major difference is the swelling behaviour of films compared to that of xerogels.
Films do not provide an open pore structure, Rather, they swell from outside to inside
which is a much slower process than the soaking and swelling of xerogeis. Thus, the
swelling is not supposed to be completed when the film is applicated into the wound site.
The wound will be confronted with a semi-reconstituted state of the film. Therefore, the

- texture is the most important mechanical feature for polymer films. In fact, a certain
robustness and a soft consistency is highly desirable for application and compliance
reasons.

3.4.3.1 Production process

There are several methods in use for production of polymer films. In the field of oral
dosage forms polymer films serve as coating material. There, the film is formed by
spraying a polymer dispersion onto the tablet core followed by evaporation of the
dispersion media. For self supportive films the most common method of film manufacture
is blown film extrusion. The process involves extrusion of a plastic melt through a circular
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Moreover, the elastic nodulus is tested in a puncture test where the sanple

I s expanded and penetrated by a ball probel92 (Fig. 3-53). SUBSTI TUTE SHEET
(RULE 28) WD 2006/ 037606 PCT/ EP2005/010674 103 Fromthe resultin

| oad- di splV4eaMEMB78Fagr ans and t he phyS| cal di nensi ons off&} ﬁwel’zo‘??(ﬂ%gﬂt7i‘uct i on

el astic noduli are cal culated (Equ. 3- . E=stress F/ A strain dLL Equ.
3-13 Youn qp‘?ﬁj I ko S
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gonpent r aé}_ttfml%r @olﬁanhylmet isl the SRGSt lc@ﬂmmf pcrly:rnerf inhasenfpd frbdmahl fmhaNexﬂoﬁf thate
ryi ng. Speck re gain o] a il m o mm hei ght
consi st nginfﬁ cafrﬁg oﬁﬁlﬁi %gl_ﬂ g?l %@I(ﬁ ﬁ‘l‘]‘fs%{ ﬁ’@@g\l\eﬁ tsﬁl?eeﬁl\?{hoi Waﬁsgé]
r obust nesforofatethsvdliablespdlpmensde sladyy-tast methodeTherpbyy pemelt roa racdolutipnadf thére
product b | cal p S
ot obusyibt f G0 tiBiuF @ i BhAGPRE, Thie %%Sf%%%f‘cﬁg%“%% BRI by
t ext ure ardlugtsinongh mebe trmrséettmto@ m@ahefngdwucg‘ drging may) ltreqmtpi@ed)m al |
conmponent i 14 ﬁhanﬁ’a ned
with a cogﬁagnmgéG co?ﬁgcht an a?gr |ng E%Ianﬁ Pvgég%%a?@nl?%b&@ xp g(‘:nted
the tensi Puchsty gplgtine gpd tthe cellplese S $pariahapplication gEthiscmgthedtis theyt
tensile S?foﬂﬁ&w}l Nt diRgerfial ﬂia%zﬁeuﬁe 55 A B HeAdb eﬂﬁefﬂé[yrﬁé}%%ﬂfiﬁ hé@directly
concentrati ons. of HE‘? bet ween_, 2%.t o % n a%él sfagg&_l g ‘g W|th t he
addi tion 6#st opigpthg foll bt entaea backing daver gmgéa%f 1L apd dhe metrRough
\éalt ues e;mydo/ &, Ithe ﬂzﬁssl\i/srma on@?elbbiﬁfémh?‘ﬁ@aq fs@aa@c;:lms Oefmigspgﬁamhl(@% be
et ween 0to o streng val ues o : o 9. i g.
3-54). Fuﬁﬂ?@#e‘igﬁgl aFE‘Jg‘lgq%f Tthe plasticiser is clearly visible in Fig.
3-55. The content of PVP in this setting is kept at constant level - 2.25%
in the hygs t at Var | [ . cl ear
opt i mum 1 Sy 0iah e Groco e e Foplydioblh i it iBF Pulghls, P IS Pininlf ity 01
an i ncr easglabfscale rpemtgmrdmgldahsergaﬁorbtéatsmeson, Fvavesale- doantmdstdspemdlwen
concent ramecﬁcéfarﬂf)uf":c@b@dﬁ@& ﬁ% afegnsile strength is following. In fact,
ten5|

there is a ear maxi mum o e strength gained at 1.5%to 2.25%
pol yet hyl ene gl ycol content for

For higher gel amounts a method involving a scraper is used. Thereby, the gel is filled in

the scraper apparatus which consequently is drawn over a glass plate. By mild extrusion
through the defined gap resulting from the movement over the plate a wet film of canstant
thickness is formed (Fig. 3-50). This film can be dried under laminar flow at.room
temperature or in a cabinet drier at any desired temperature. When dry, the self supportive
film is removed from the plate (Fig. 3-50). When later preparing ACT loaded films in very
low scale the appropriate amount of gel is placed on the bottom of an eppendorf cap or a
vial, Consequently, the mass is dried under a flow of nitrogen in a special device
controlling both gas and product temperature!®’. The film forms on the bottom and side
walls of the container (Fig. 3-50).

3.4.3.2 Gel composition for polymer film formation
A variety of polymers is screened for eligibility for warm air drying and film formation.
The concentration of the gellant in the hydrogel is chosen according to the results of the

rheological studies during hydrogel development. After drying the films are examined
concerning optical appearance, texture analysis, swelling behaviour, and residual moisture.

SUBSTITUTE SHEET (RULE 26)



all tested fornulations. SUBSTI TUTE SHEET (RULE 26) WD 2006/ 037606

PCT/ EP2005/ 010674 104 The descri bed maxi mum of tensile strength at an

opti mal PEG concentration is also visible in the third group of interacting
partners. VB22eni®a1606 or varyi ng PVP contents and a const aRET/EREOSOHEEENt r at i on
t he same maxi mum around 2% PEG cont ent 1§ obtained (Fig. 3-56). Flexibility

- For a nvenj aj ' ' : f.Qn L.slon of
e i ci ont TBSTPASE pAE xrof, MyoBPiinbbliona iR fptRlibnsie PheteiMbbed 7

i s desi r adoheerninplieture propertiessandembeddingofprothincstabilésess. neasure for stiffness
and a reciprocal neasure for flexibility is calculated fromtexture analysis
as given in Equ. 3-13, Oher than the tensile strength the elastic mpdulus is
mai nly ddpensdefitmyeonsigtingpd purhgelling agentiape sareansdyIn addiderh derrepropertienf PEG
i nfluenc i SHYRRRE, j |8 deMidd8odr® imised.
concentrgﬁﬂg%nﬁcgﬁl ef&lhleélsdged at ?%déa%gl ﬁ%ﬁﬁagt%c%dgéﬂéésgigﬁﬁgpwsﬁi
tensil e dYieeeyenh the forpatien obs filbnsatix made fromntwr eellsgts — Bydrpryethylicellgloss ¢
nmodul i of addhgellatYSing T5is AdeScriied ThE iohibatibili®yVof @xEipica®awith the dRARMIEfilnof t he
gellant (Fi g,geB,- \)r and glé{?en t hener conﬂth?:lvt (Fi g 3-58). To sumup, by the
addi ti on BFIISES iRyestigated ﬁ‘ﬁ'%P £ of swellable, self-supportive polynmer

films made fromcellul ose ethers as main ingredient can be influenced and
optim sed,taq, | pr _extent.. Lt has been shown that a filmwth favourable
handl i ng %ﬁ-g'féWP@'&'&PS%%‘?JB@’J?T’&”"&’an be manufactured from fornul ati ons of
the follow ng pattern: 2.0% 2. 5% Hydr oxyet hyl cellul ose 100.000 2.0% 3.5%
Pol yvi nyl rrolidon . 1. 59 % epe.: ¥88| 4 gRFE { ons

gi ven refﬁytSS%Fhl@Eh%%glg% gg/gél?sﬁgeﬁggb%& r;/qln%&%meveref O’She o%?v%%%te’l ng
rate of pddvelopment dessribedatwveot be i nproved by addition of polymers to

hydroxyethyl cellulose filns. 3.4.3.2.3 Hydroxyethyl cellul ose Igellan gum
m xtures for frimformation For its convenient rheology in the hédrogel state
gy,

the m xt Ufembtherkagietidjdedhin Tete3r14 ovly the odlubos derivatives) alamags, ap
i nvest i gagRdod1Bih fich TofR alBdptalle ﬁmercﬁﬁa{emﬁx?&hé@@ﬁwhpg&mﬂw me}tdgﬂigponent s
in the mxture i a}et.ested w th the concentratl Oné&{fﬁl?lge ei.ng between . 5% and
5.0% f or HWEHsty BenipriccRalymiessarprametivhsetinloss %‘llao“}‘ €] SoR PTEA c h
SUBST! TUerpHieked  AddUSES2 film3\CESR0falY 3418 ateP GTmERRAD 36 0BRAK 4befd RS drying is
completed. These characteristics again should be related to the strong ionic intermolecular
forces in these polymers. Besides, xanthan gum and gellan gum form softer but very brittle
films. This implicates as well a tendency of breaking of the film in the later stages of
drying. Finally, the non-ionic cellulose derivatives turn out as the most promising
candidates. They form the softest and most elastic films in these experiments.

The hardness and stiffness of films can be counteracted by a plasticiser. In the film
structure solely consisting of gelling agent, the individual molecules of the polymer lack
mobility because of their mutual interference which is much higher when ionic binding is
involved. The use of a plasticiser implicates the introduction of a lower molecular weight
substance into the structure that acts as a molecular lubricant, physically separating the
chains and allowing them some mobility, thus giving flexibility. Obviously, the larger the
volume of plasticiser is, the greater is the flexibility and sofiness. Common plasticisers in
pharmaceutical products are esters of organic acids, e.g. citric acid and phthalic acid,
polyalcohols and esters thereof, as well as polyethylene glycol derivatives. Although even
very hard films should get softened by plasticiser addition, the film specimen already being
softer without plasticiser, however, are taken as starting point for further development.

Furthermore, generally, it is seen that the higher the concentration of the gelling agent in
the hydrogel the more stiff appear the resulting films. That is obviously related to higher
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filmadditionally contains 2.25% PEG 400 and 2.25% PVP 17 according to the
results wwth pure hydroxyethyl cellulose filns outlined above. These fil ns
are tested by texture analysis and swelling studies that are conducted with
wat er and WOR00G#3360s0di um chl ori de sol ution, respecti vel RCT/EBR200EUB4t i t uti on
media. All the tested fil ms show an accHpt abl e optical appearance. Resi dual

e dot or REMEROT e i Bt BRhhg 0 £ RO ws Y’ S@aliob 8F ek lnfife? v °' ©
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cellulose fil s di scussed above I gher hydroxyethyl cel lul ose contents
tensile strength increases (Fig. 3-59). However, with the addition of gellan

gum t hte tgmbh tf&})ﬁl&? Je @istaueéﬁ B ﬂlh}sgsl%nle@ﬁ@hn etge%@ ehgﬁte o ??én -
concentration abou or a an ent .exceedi a clear
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tested. Therefore, as far as flexibility is concerned all tested

fornul ati gns;z 6gn ﬁ,,%'; d V&3 18 Wodr R, W,uded that the m xture of
hydr oxyet hyl ggl FQ’ ose'?aff dan ‘f%an gurfﬁeé’aﬂsﬁ?l?g I"e for filmformation. The
rel ation of gellants found dur| ng the hydrogel studies can be taken as film

Feduct éhfﬁff?ﬁ‘é‘f D B Conb it o & pareeclluERE Heaiiive cBlif e a1 her
ucti u y , fu
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[ 1.0% gehhﬁelfqufm&sﬁstm&sugatédﬁ;ofbpéﬁmnem;at\aéukl poisis 8f the celiulpseéthérs| s
The effects o [ te;oﬁ s]ﬁabl added to frlns were found to solely regard
opti cal d° Sf the matrices. The swelli ng behavi our
I's hardly affect ed as vveII as mechanl cal properties. SUBSTI TUTE SHEET ( RULE
26) WO 20(%64{_93?2@0%”}39;;{ EP2005/ 010674 106

The films examined until this point of development offer a constantly low swelling rate at
least compared to the xerogels. Therefore, the addition of tablet disintegrants —
carboxymethyl starch and crosslinked carboxymethyl cellulose - to the film formulation is
investigated to increase swelling of these matrices.

Unfortunately, the hoped for effect of improvement of the swelling behaviour of the film
matrices by adding disintegrants can not be verified. All swelling values are taken after
three minutes exposure to water. Most of the values range between 5 and 7 and therefore
are 2 to 10-fold lower than the corresponding xerogel values (Fig. 3-51).

Next to these experiments neither with surfactants nor with soluble polymers a major
improvement of the swelling characteristics can be achieved,

As a result, the application of films is supposed to be different from the application of

xerogels. With the xerogels it is found that reconstitution is completed before or in the
moment of application. In contrast, the films can not swell in that short period of time.
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The effects again are descri bed by neans of hydroxyethyl cellul ose matrices.
These are made from hydrogels - 2.5% hydroxyethyl cellulose 100.000 with

exci pi ent o B6sis96sed in water - that are cast out as VRir/kploiS0196742 MM
hei ght. Contents given refer to the hydpegel state. Phosphate buffer is

suitable up to a concentration of SmM However, higher contents |lead to
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exanpl e are aI so conducted on other gallants. Wth carboxynet hyl ceI | ul ose
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t he hydrophilic cha er otein s ilizers and their reduced
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SHEET ( RULEaDGYE W%@m b%?%@ee P @ﬁz@eﬁ@ﬂb@% and §5%. Response Smfaces are

calculated from average values of two measurements.

Characterisation is done by texture analysis. Thereby, the tensile strength at rupture is
gained from a tensile test method where the film is placed between two grips and is
extended until rupture (Fig. 3-52).

The tensile strength value is calculated from applied force at rupture and the cross section
area of the film specimen’*? (Equ. 3-12).

s = £
4

Equ. 3-12 Tensile strength TS [N/mm?]; F is applied force at rupture [N], A is cross-
sectional area [mm?);

Moreover, the elastic modulus is tested in a puncture test where the sample is expanded
and penetrated by a ball probe!* (Fig. 3-53).
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3.4.4.1 Stability of ACT during the film manufacturing process For the drying
of the prepared hydrogel sanples the warmair drying apparatusl65 is used.
Ther eby, ing, i arried out with flow ng nitrogenfor e gas
stream an3{'¥ ‘é"%m@ifpgcont ai ni ng eppendorB caps being tenper eéﬂﬁ @g@f‘
Reconstitution and dilution for analysi's are conducted as described in the
xerogel spgin Ghe rbﬁﬂﬁ.ﬂig Soﬁcﬂi‘s laﬁaﬁéﬂ dﬁgiamspaﬁdlethe npteysical Alimenkiom3Nof the

stabilisin ot enc duct tion level. The formulations
contain t E’H a%’?g aﬂ?ﬁ c'l'l Peﬁ‘&% @16 with ACT in a hydroxyet hyl
cel lul ose matri x. Hereby, the preferable EXCI pients are detected by

conpari son of the recovered ACT activity in different formulations.

fornmulation relative activity [%gsd Sinegy - phtdphat e Pol oxaner 188 94.53. 49
(2) phosphate Pol oxamerw 188 PVP 17 1@4,;510.4l/ (3) phosphate Pol oxaner 1 88
PEG 400 98.11.49 (4) ar ' ' e phosphate Pol okx&mer 188 111.011.03 (5)

ar gi ni ne phosphat e Pol oxaner 188 PVP 17 119.121.07 ar 'nine phosphate

Pol oxamer 188 PEG 400 118.70.16 7 ho hate Tweet 80 106.31.21 (8 phosphate
Tweet 80 Fum 313 Moowg’somedulug of eiastieitt B M]ablavmlw@lofomz[hﬂs%m qrassy ar
'ni ne pho 1 t 80 PVP 17
125. 20. %?gﬁ%r% nlﬁir{%ﬁgdr%g%k%?egéleﬂ%ﬂ]ghmll’EG 400 1128?1 Zgﬁﬁgb 3-16

Rel atlve activity of ACT in films after reconstitution with 45mM pot assi um

phSSplhat erﬂfvféﬂﬁlléﬂlhbﬁ' cﬁ‘tﬂlted&iﬂ’féé%iﬁvas ldt@'bfrmacﬂimﬁdmw 1 bhaﬂ@lbnysﬁiom ﬁ%sﬁb’pons?
unaer I NQ ogel. s on n | SSI um 0S er,
10nM a?/gl iaich Fﬂ%@t%?’ afreer %?H‘?}W@b%ﬁtﬁr@’bgs fre ans glvsn 568 oﬁﬁ\;lﬂgtﬁ??/et hyl
cel L_u: Qseuﬂ&ﬁciﬂﬁpof wapmagla: fdmstl The thirdi fa?me tlidbeby Brigiphionea dmstagt level.

stabi |1 si ect _on urin U |

compar | sobisoeEegpRonY i di e i) ie?tt? ibe iioe) serf B aine
(10)-(12) Fllnesmmnmmeteygaﬁedab@'tddylm of agwetofitmtafa? mm beightncomsisting of dhei ns

during v has been reported previouslylss (Tab. 3-16).
Surfactan S Ha%gé%k€§§'8o I s observed to be nore effective than Pol oxaner(r)
188 for ACT stabilisation during drying. This conclusion can be dramn from

the conparp bﬁz?a‘?né&f‘ $RERY 'aaéér&!ih (réﬁﬁsfn@%s O e Giths Gd Abeestit9 (8. eniie! a Pogeh®

Tween(r) 80 | ations show E si_dual activit han the p rtlcul ar
Pol oxaner pydlings (theabrodgctllmpanmssanﬁa@ ifal pessoppeliip pragiige-obis, 8y measBg el
fornul at i @§tSebustness the tensile strength of the film specimen are investigated by texture analysis.

Yet, the tensile strength of the system depends on all components of the ternary mixture.
First of all, a set of gels is examined with a constant PEG content and varying HEC and
PVP contents. As expected, the tensile strength of the film increases with rising HEC
contents. But, tensile strength values of about 4.5 N/mm’ gained for the practical
concentrations of HEC between 2% to 3% are not satisfactory. But, with the addition of
PVP an increase in tensile strength can be detected. Although values exceeding 10 N/mm?
can be achieved a reasonable content should be between 2.0% to 3.5% leading to strength
values of 8.0 to 9.0 N/mm? (Fig. 3-54).

Further, the effect of the plasticiser is clearly visible in Fig. 3-55. The content of PVP in
this setting is kept at constant level - 2.25% in the hydrogel state. Variables are the HEC
and PEG content. Here, a clear optimum for the PEG content is detected, i. e. from 0%
until 2% PEG content an increase of strength values can be seen. However, from 2% to
higher concentrations of PEG a decrease of tensile strength is following. In fact, there is a
clear maximum of tensile strength gained at 1.5% to 2.25% polyethylene glycol content for
all tested formulations.
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SUBSTI TUTE SHEET (RULE 26) WO 2006/ 037606 PCTI EP2005/ 010674 108 Sol ubl e
polynmers - polyvinyl pyrrolidone that is used as strengthener in the film
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gelling agents a standard formul ation was chosen - 60 g/m ACT, 5nM
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and the ionic eci es ferable. "The gellan gum contai ning sanpl es
again t ur {Eed t%nwg&eﬂéoé nost effective stabilisation on ACT. 3.4.4.2
Md terns stability Based on the previous results of the stabilisation in

inched B ok uBaBy b B P aRbie dh mebbhdEs o6 SrieghE el utocti,,

sim : 2; glgﬂymlelaﬁhgm mide frenpgellulosed ethermstndmlamgmdmnte cam e dhiehcednand %hedt |hﬁ
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reconstitution of sanples, and analysis including preparations are again
described in the xerogel section (see chapter 3.4.2.1).

2.0%-2.5% Hydroxyethyl cellulose 100.000
2.0%-3.5% Polyvinyl pyrrolidone 17
1.5%-2.5% Polyethylene glycol 400

Concentrations given refer to the hydrogel state before drying. However, the low swelling
rate of polymer films could not be improved by addition of polymers to hydroxyethyl
cellulose films.

3.4.3.2.3 Hydroxyethyl cellulose / gellan gum mixtures for film formation
For its convenient theology in the hydrogel state the mixture of hydroxyethyl cellulose
100.000 with gellan gum is also investigated for film formation. Thereby, the relation of

gellant components in the mixture is tested with the concentration range being between
1.5% and 5.0% for hydroxyethyl cellulose and between 0% and 1% for gellan gum, Bach
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SUBSTI TUTE SHEET (RULE 26) WD 2006/ 037606 PCT/ EP2005/ 010674 109 As expect ed,
the data patterns gained fromactivity neasurenents by the activity assay

correspond ained in the xerogel studies. Again, Crease
WdP2006/05780¢ ! %@#g%’og&?ﬁgg?

over time is supposed to follow first der kinetics.

| i neari sation is achieved in a one-side | ogarithm pl ot Mor eover, a linear
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(1) 60 g/r& al -ant| {6§(SII n._ J=act(|zﬁn constant k (24C) 7.90.10 1/day 5 nM
phosphat € ef® P%c a & 8.76.10' 1/ day 10 nmM argi ni ne shel f
life 25C 133.4 days O. 1 %Pol oxaner(r) 188 shelf life 40C 120.3 days 2.0%

' | f
5755 o6 vl Bhesfi Al S oF Bbdouabic el apblnincd RefiSnl sl of 4t 511 1
const ant Scal(ezsamples drizdnorder flcwing migogen mrglessmals pref daterminedcay betweemiSint k
40C
188 ohel Bloroclel vl %‘F Rrchy Birboted b g Blnt Bimpl WP?P%#&"&E%@W (r)
2.0.% 2. a%m@smb abewti it 10v@re obtaineds tldke with the/cemesponding KBe 3. 5%

(3) 60 glplobinalehl Gk WAKPSILhA ERSRIE QUM iR ol ﬁt&ﬂ:c)res}vea@vew J%aasf gy 5
mM phosphat e buffer rI cf;%g(j)'n constar,lt 40C.7.43.101/da 10 nMargi ni ne shel f

life 25C Giigrepcesdipdher Bee Bylpgelsi f e 40C 141.8 days 2. 0% PVP 17
resi dual noisture at start 1. 9%2 0 %PEG 400 residual noisture after 3 2.5 %

l(_lg EC;L 026? Mgglmlib]o nt- faéoz 18t(1)/§s o@the pro%{nr:gd ﬁ‘]mls_ ate tsﬁi?%qgttﬂa/sgsdf the S%%H{y‘a?ox%%ﬁ ant k
cellulose films discussed above. With higher hydroxyethyl cellulose contents tensile
strength increases (Fig. 3-59). However, with the addition of gellan gum the tensile
strength stays on a high level up to a gellan gum concentration of about 0.3%. For a gellan
gum content exceeding 0.3% a clear decrease of strength values is found (Fig. 3-59).

Macroscopically, this is manifested in a more brittle appearance of these film specimen.
Though, these samples still appear acceptable for wound treatment.

The elastic modulus of the system is also slightly increased with higher gellan gum
contents. Despite, all measured values are in acceptable low range (Fig. 3-60). Besides, as
found in the section above the main dependence should be on the plasticiser contents rather
than on gellants which was not further tested. Therefore, as far as flexibility is concerned
all tested formulations can be used. ‘

Therefore, it can be concluded that the mixture of hydroxyethyl ceilulose and gellan gum is
suitable for film formation. The relation of gellants found during the hydrogel studies can
be taken as film composition as well. But, for a higher robusiness a bisection or even
further reduction of the gellan gum content maybe favourable. Although, further studies
are conducted with a mixture of 2.0% hydroxyethyl cellulose 100.000 / 1.0% gellan gum
mixture.

3.4.3.2.4 Protein stabilisers in polymer films
The effects of protein stabilizers added to films were found to solely regard optical

appearance and homogeneity of the matrices. The swelling behaviour is hardly affected as
well as mechanical properties,
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Moreover, giudice On L eR Ol TRl S ComN kst 35S el Al ThaBraCe
chloride (0.5%), EDTA sodium (0.5%), and B-cyclodextnn (1%) can be mcorporated
without noticeable disturbance.

The tests described by means of hydroxyethyl cellulose as example are aIs_o conducted on
other gallants. With carboxymethyl cellulose sodium, hydroxypropylmethyl cellulose, '
hydroxypropyl cellulose, and a hydroxyethyl cellulose/gellan gum mixture these effects
basically are seen as well. Yet, the described negative effects of the tested stabilizers are
more distinct with the more lipophilic matrices. This should be related to the hydrophilic
character of most protein stabilizers and their reduced interaction with the lipophilic

polymers.

3.4.4 Stability of ACT in film formulations

According to the results of the mechanical studies on polymer films most of the relevant
protein stabilizers are compatible with the films from that point of view and so can be used
for further development of ACT stabilising formulations. Therefore, excipients are
introduced in film forming studies on ACT formulations that are tested positively in the
prior stability studies on ACT concerning temperature stressing on the one hand, as well as
in mechanical studies on polymer films on the other hand. First, the warm air drying
process itself as stress factor is mvestlgated Second, a three months stability study on film
formulations is conducted.
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by SDS- PASE £ 01 SaBiley 64 ETH U g8 il &k fARAIRE pPocedC SUTPrisingly shows
hardly any JI eter for rrjg-tl-on Figg.,' £63). 'y f%%’rrul ation (4) is not
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3.4.4.3 Summary Resul'ts i ndicate tha Kinetics of activity

ACT in fi femparisonphiieyeqaveend ACTE actiyty i thedifferat forpmdationguat i on. Main

instability again is the loss of activity. In contrast to xerogel studies
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Tab. 3-16 Relative activity of ACT in films after reconstitution with 45mM potassium
phosphate buffer with standard deviation measured by activity assay; underlying hydrogels
contain 60pg/ml ACT, 5SmM potassium phosphate buffer, 10mM arginine, 0.1% surfactant,
1.5% soluble polymer, and 2.5% hydroxyethyl cellulose 100.000;

Arginine ~ results indicate that arginine has a stabilising effect on ACT during film .
manufacture. This is gained by comparison of formulations (1)-(3) against (4)~(6) and (7)-

(9) against (10)-(12), respectively. The stabilising potential of arginine on proteins during
vacuum drying has been reported previously'™ (Tab. 3-16).

Surfactants - Tween® 80 is observed to be more effective than Poloxamer® 188 for ACT
stabilisation during drying. This conclusion can be drawn from the comparison of
formulation (1)-(6) with (7)-(12). There, most of the Tween® 80 formulations show higher
residual activity than the particular Poloxamer® 188 (Tab. 3-16). This was also seen in
hydrogel and xerogel formulations.
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As a result, dry fornms had to be devel oped that form hydrogels after
reconstitution. Based on the hydrogels reported in the prior chapter two

alternativ vestigated to neet these ains - the t he
pol yrner fl\%??&%‘{ﬁ@ﬁ“goth forms carrier d@gel oprment was caﬁgg‘% ﬁ%lg&q
est abl i shing production procedures, optTmsing ingredient conposition for
bot h nmechani cal properties of the products and stabilising ACT in the

matrices. sChay \ﬁ.}lﬁ-ﬁé& dwwhﬂeﬂﬁﬁbmbﬁe PR da¥q %W@@Pﬂe%tﬁéﬁx in

properties, | our,” resi dual  noistur t abi | I n
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successf u?‘&@tmﬁﬁ @hgghsf%“{nﬁg’% B?E;H@ﬁé,}e%@?eﬁﬂ h%éTs\fmgm the preparations is
studied in vitro. SUBSTI TUTE SHEET (RULE 26) WD 2006/ 037606 PCT1EP2005/010674
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erefore, .for est effective e, maxj num r el .eas referably

Shoutd. | nontxeRads: Mt ByiRBRTS ind 15t PormeTs, Boriant beler el B T

si mul at ed lﬂpaplaniccgeatng/\@gmtk mmm«:owh@@blla:dgmmm& mﬁmﬂeagambfmwswounds

are not s ose g,‘ll‘d mag_p :ﬂﬁ usion barrier for a drug substance.

Thus, the rﬁﬁovﬁﬁéf)gﬂg oaﬁF‘X‘&‘FS 1B n barrier like skin to be m m cked
To summarize, in this section the influence of the drying process for polymer film
formation as stress factor on ACT stability has been evaluated. It has been found that film
formation with embedded active ACT is possible. Excipients can be chosen in concordance

with results from studies on solution, hydrogel, and placebo films. Phosphate buffer can be
used as tested. As well, arginine, surfactants and soluble polymers can be used without

constraints. For the gelling agents hydroxyethyl cellulose and the ionmic species are
preferable. The gellan gum containing samples again turned out to provide the most
effective stabilisation on ACT.

3.4.4.2 Mid term stability

Based on the previous results of the stabilisation in hydrogels and films a three months
stability test in polymer films is launched with a set of formulations. Excipient composition
is varied by similar means as in the xerogel mid term stability setting. Additionally, the
samples contain polyvinyl pyrrolidone and polyethylene glycol as evaluated in the texture
studies. Gel samples are dried using the small scale drying apparatus as described above
whereby the films are formed. Sample plans, reconstitution of samples, and analysis
including preparations are again described in the xerogel section (see chapter 3.4.2.1).
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invitro. Rather, a systemproviding a very |ow resistance to diffusion of
the drug out of the matrix is preferable. In addition, the rel ease

t enper at urg, 0 32C representing the USP specificat.i mal
rel ease19s®gf gé&tt’ﬂ}és experinmental setup ULhe first studi e?%%ﬂgg{ibstances
are described. Follow ng, rel ease studll eés of ACT from xerogel s and pol yner
films are reported. 3.5.3 Experinental setup For the setup of this series of

in vitro SXpesdctaNiife e JanBmis Ghirkd oRAAacHPREP meadurefrRBE! by BfCaMivEy 3RF um and
a suitable rrerrbratge S dl.Sg&;SSﬁ%. The rrgg}ﬁbra e is ,.ﬁﬁ%ﬁ?etv\een I he,
chanber s LHCHAT 19, Bosf ByRed, it e X uped Stugies- Hpaimy 468 TEBSeLIYEL MG 1S £ usi ng
3 ubst fanc&uﬁpﬂs?mgo fcﬂlo&alﬁlst ofHeB kihﬁﬁcd\/ﬂhblrl eﬁore,hﬂﬁmewilséti:bn:ﬁis |lachieved iner orei-gided anﬂ

i ssol uti,on t he 0 Wit e. L igui acc 0 r+ng the
rel ease é%aéﬁ‘w&q?t' y@@ﬁi&a?i@ggo@%i%?malﬁedhgﬁéopﬂiﬁgmgﬁtgl é’fﬂgb egat ory.
Ther ef or eslope aftinbfitierbciirse delivessthe pegdtive réastiontonstad kf or si nul ation of a

physi ol ogi cal barrier, e.g. skin, rather it should nmechanically separate the
media. Thus, in prelimnary tests a nenbrane is evaluated that allows an

uni npededfutherf sample compasitions and fostespendingliresults aes dath provapsing ktke aboyt atehe
gelling l9nor side. In prelimnary SUBSTI TUTE SHEET (RULE 26)
WO 2006/ 8‘3%@6682%??&%88'5/010674 115 studies, it turns out that a cellul ose
acetate filter nmenbrane of 0.45m pore size neets the naned requirenents at
best 196 (data not shown). It holds the gelling agent back in the donor
chanber and provides one of the fastest release rates for FITC Dextran 70kDa
in a nmenbrane testing series. Menbranes with snmaller pore sizes, e.g. 0.1m
and 0.22m show sl ower rel ease and, therefore, seemto inpede diffusion out
of the gel. But, nenbranes with |arger pores, e.g. 0.8mand 1.2m do not
provi de further increased release rates conpared to 0.45m Thus, diffusion of
the drug is not affected by these nenbranes. However, the gelling agent can
pass through the pores of 0.8mand 1.2mdianeter. This is detected by an
increase in viscosity of the acceptor solution. Mreover, gel is found on
the acceptor side of the nmenbrane having penetrated through the pores.
Cellul ose acetate is non-|lipophilic and water perneable. And, according to
manuf acturers' instructions this material has also a | ow protein adsorption
tendency. 3.5.3.2 Acceptor medium To sinulate the conditions in a chronic
wound site a solution simlar to wound exudate :
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ol-antichymeotrypsin

reaction constant k (24°C) 1.04-10™ 1/day

5mM phosphate buffer reaction constant k (40°C) 4.20-10* 1/day
10 mM grginine shelf life 25°C 1010.3 days

0.1% Poloxamer® 188 shelf life 40°C 250.9 days

20% PVP17 residual moisture at start  1.2%

2.0% PEG 400 residual moisture after 3

2.0 % HEC 100.000 months 2.1%

1.0 % gellan gum F

Tab. 3-17 Formulations of the mid term stability testing with ingredients (left column),
reaction constants k at the experimental stress levels, estimated shelf lives at the required
temperature levels, and residual moisture at start as well as after 3 months storage (right
column);
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absor bed nechanically by the bendi ng nenbrane and the chanber body. Moreover,
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For the intenpretation of release kinetics the theoretical background given

by Hi guchi is wused. These equations are solutions to Fick's second | aw. So,
they describe the diffusion process of a dissolved substance froma

sem - sol i Gobémee anetthe tvs rfmkmﬂaﬁmxseb@) ané €5)di withshelfi lives ofgreateh 85@ daysr(180 t he

quat on’ BRELTAR, Bk el e, o BGRyd Rop 6B Rl RERERR o
si npl i fi edodrotemperere dﬁﬁnzdﬁtﬂﬁhesmng@fakvdﬂpmsntused for cal cul ations' 99.
D2mt+12. 82 2 4h cl1l4 =hcol-8 z -2c rp, 7c Z 111=0 (2m+1y A o Equ. 3-14 Equ.

3-15 Equ. 3-14&3-15 Model functions after %Jchl describing the diffusion of
a substané\éorepmrastu«}m an zesidpal Beigwre byKagl-Espher<iratign praducs valenohl.a%dR: equ.

3-14 descripPgTorf d]Pfo‘ﬁﬁﬁIa@ibﬂé hOfe beﬁhﬁmgﬁﬁio}age R8¢€r thdeclMohths &aﬁ.\bﬁ’f’@f 2.0%a@t | on

strictly Vag/lodrelm r%o{slturrg tanta de:tecte(glf 0111 tbp {e%:peeigture Eevels (yl‘ ab. 3 17). Thereby,
gellan gum L.T100 and Tris hydrochloride containing samples tend to show higher values.
However, these values are good starting points, but further optimisation of e.g. the drying

process to gain values less than 2.0% residual moisture may be appropriate.

The readout by SDS-PAGE for samples stored over three months at 25°C surprisingly
shows hardly any dimer formation (Fig. 3-63). Only formulation (4) is not evaluable. This
specimen can not be filled properly in the electrophoresis gel due to its elastic rheology
even when heated. However, this is a promising result for the formulations. Concemning
choice of excipients no conclusions can be drawn out of these experiments, unfortunately.

Hence, the formulations (3) and (5) can be recommended for further development.
However, like with xerogels the greatest stabilising potential of a film formulation is to be
estimated for a combination of Tween® 80 and HEC/gellan gum F. Although, this
combination is as well not yet tested for the polymer films and therefore cannot be directly
recommended supported by data for immediate further development. But, in future studies,
e.g. adjustrment of the formulation for market launch, this can be taken into account,
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CA = concentration in acceptor at tinme t [nol/1l]; co= starting concentration
in donor at time t=0 [nol/I]; t =timet [mn]; D= diffusion coefficient
(mMmn]; ss of diffusion layer [ni; For data on the
rel eased M&h@&g %substance are drawn ?gal nst rel easi ngli(?ltlﬁgj'%5%Ilﬁ&.’I4
resul ting curves describe a square root ' Tinttion. Therefore, this chart can
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time chart (Fig. 3-67). It is seen that the release rate of the substance S
clearly dependent on-its nolecular weight. Bearing in mnd that the

di ffusion coefficient of a substance is also related to its nol ecul ar
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apparent. This also is predicted by theory (Equ. 3-15). Thus, the nodel can
be used for rel ease studies of nolecules of the size of proteins, especially
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316 ApDr AT R b Forkihatt b $%cRbloBecil Bcth HYRSgH GncYREhlstndERh ouleg |

on the hydrogels reported in the prior chapter two alternatives were investigated to meet

these aims - the xerogels and the polymer films.

For both forms carrier development was carried out by establishing production procedures,
optimising ingredient composition for both mechanical properties of the products and
stabilising ACT in the matrices. Characterisation thereby is done by examination of texture
properties, swelling behaviour, residual moisture, ACT stability during drying, and during
storage.

Two xerogel formulations are identified that meet all the requirements. They have a
homogeneous and soft appearance, they swell spontaneously when hydrated to a hydrogel,
and they deliver shelf lives for ACT exceeding 18 months.

For the films as well two formulations turn out to fulfil the aims. These matrices offer very

convenient texture properties, as well form suitable hydrogels after hydration, and also
provide shelf lives greater 18 months for ACT.
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its nol ecul ar weight Mprotein nolecule [Da]; the correction factor is related
to the average partial specific volunme of proteins being 0.73 cm 31g201 ;
Fromthe i dianeters it can be stated that it i i i kely

t hat di ffe‘%%@ie‘sgﬂ%@g t he di ffusional bgt}@vi our of substar@é‘?%w%leér ent

nol ecul ar wei ght displayed in Fig. 3- are related to different degrees of
restriction for the diffusion of the given substances through the nenbrane.
Nevert hel gss, a certain,r riction . for the diffusj i S_Rrovided by the
oo ane. SaGadeiomg BEsablsg fbPubiina oy a8 pliRhRLfEReA S P ona
area in tsitessyfnished orpessfdlyt bn thedollowing] thereleasenft AGT ifomn Wecpreparstiongé$s has
di rect an&w&@&k 1.9, cont act with the wound ground. Therefore, the release in
vivo is supposed to be faster to sone degree conpared to in vitro studies
due to the lack of the nenbrane. SUBSTI TUTE SHEET (RULE 26) WD 2006/ 037606
PCTI EP2005/ 010674 119 In the followng, the different application forns
under devel opnent during this work are ‘tested with a standard | oad of

FI TC-Dextran 7CkDa. Xerogel and film sanples are prepared as described for
the ACT | oaded specinen (section 3.3.2.2.). Sanples are reconstituted with
water for one mnute before the release test in the dynam c nodel is
started. . The rel ease curves are again |linearised and displayed in Fig. 3-69.
The rel ease rates from xerogels and hydrogels are very simlar. As a result,
no differences are seen between xerogels after reconstitution and the
under |l ying hydrogels as far as release characteristics are concerned. From
films, the release rate slightly exceeds the rate fromthe correspondi ng wet
hydrogel . This should be rooted in a higher concentration gradi ent of the
drug in the filmexperinent. Unlike gels, filnms start the diffusion with a
very |l ow volunme. Though it of course increases during the hydration period,
at least in the first part the concentration in the filmis higher than in
the gel. That results in a higher driving force for the diffusion and with
that in a higher release rate fromfilns. Nevertheless, the release fromthe

dry matrices is still in conparable range with that from the underlying
hydrogel s. Further, it can be estimted that a protein |ike ACT with around
6SkDa nol ecul ar weight will be released to 90% wi thin approximately five

days. The slope of the Linearised release curve of ACT is expected to be in
the range of 6.5 to 10.5. However, the differences in chemstry and

mol ecul ar wei ght of the nolecules mght influence the kinetics to a major
degree. To sum up, the nodel studies indicate that the present systemis
suitable for in vitro rel ease
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studies of drugs with the required nol ecul ar weight fromwet or reconstituted
gel preparations. 3.5.6 Release of ACT fromfornmulations In this section the

rel ease o t he devel oped dry matrices is invest

formul ati B%@@P&Ei%gien over fromthe m'lg4 termstability Eg%ﬁg‘}s{w}@%g‘rted in
chapter 3.4. After the nodel evaluation the experinents on xerogels and
filnms ar .5 eReleasd of AUEETromUdEy delivery sftels 26) WO 2006/ 037606

PCTI EP2005/ 010674 120 3.5.6.1 Dynam c nodel Based on the convincing results
of the liberation of the nodel conmpound the first release studies on ACT are

al so per flarthisachapter Hhe gpleass bekaviqus At {ToFemnticemptricep aeparted Buthe PRSThods of
ELI SA andieaédsVist thvestidavedd SdrV fat PubfoRe e i S5t 1BeB0d o rfeRlaSASRdFEr MKES.
Accordi ng %38 LI.SA results, ACT is liberated fromthe preparations, and the
rel ease c§RPEsed: o) | ow t he expected kinetics very closely. Ther eby, a

maxi m um of 90% total content released is gained after 55 hours whi ch nmeans

ndecq, (s GRS BFOINE tBie ARSI Bl 2P GAYE FLGUEDIE o B8 Fioperl ARty nour s

as wel |. cBu¢1ewrbecanHer afhst trelebset and absmmrcm, oﬁﬂteedmgelacfavmgalaerfﬁht o ar ound

Tevel - nottenss of sl negaledf (TRASK bRHcs e Fikdchde #5 pelleh RBRE e, ° *°°
sl opes caiaybe’[‘heed'dret, Hent highest efifegtivenesshthe maxismng eélensd plenod oraferablyesshpeldi ment s

with FIT (Fig. 3-70). The reason for the decline of activity
in the a(c:E}:oel;:)(8 Je&@ivé%%%al s found in the systemof the dynam c release nodel.

The nmediumis punped through plastic tubing during the entire testing tinme

by a hoseyBiaher, w ROVSH: refePfeeﬁeediotﬁe $sifuldd&l SURPbYen wolITOBHSRE BYical

magnetic stirrer. In_caontro xperiments an ACT, solutjon,simlar to t he
accept or dpéwwm@mheésweam&ymm sunpesedatecprevidera malor diltesien harienfor ¢ h

fﬁ”f" Ing ddrﬁ%@ﬁl?s‘td dn%?'Th\%sBﬁHi‘e Il_sf]a% ‘{; yeidlogicdl iRfFision bugRs ke skiheto%hﬂﬁbmultﬁ

a eads 1o deactivation re nr e e

St 111 ng BT Kb, & SIS ProiiGng f e, 0P B0 RO LR S W& Bnan ¢
system i Smwm&amqﬂéﬁfﬂbﬁe flﬁradaitﬁmr ﬁieeﬁ%%se SdnysbrfttreOi’ #€CTo 3IYE rgnesntiny tHey Of
ACT agal n@é she a?-: n'pﬁ@r Q§‘5t ed during experinents with static m xers
(section ;PBSW% ®of hose punps. In the following, the
static nodel is used for further investigations. 3.5.6.2 Static nodel

3.5.6.2. 1AE¥raltﬁ' éx%@m%nt%f] ﬁ[ﬁd‘ﬁlle first studies on model substances are described.

Following, release studies of ACT from xerogels and polymer films are reported.

.-.)

3.5.3 Experimental setup

For the setup of this series of in vitro experiments the type of chamber model, a proper
acceptor medium and a suitable membrane is discussed. The membrane is placed between
the chambers to separate donor and acceptor and so is penetrated by the diffusing
substance during release.

3.5.3.1 Membrane

To avoid dilution, erosion, and dissolution of the swellable donor gel with the liquid
acceptor during the release experiment a separation of donor and acceptor chamber is
obligatory. Therefore, 2 membrane is necessary that is not used for simulation of a
physiological barrier, e.g. skin, rather it should mechanically separate the media. Thus, in
preliminary tests a membrane is evaluated that allows an unimpeded diffusion of model
substances but keeps the major part of the gelling agent on the donor side. In preliminary
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Before the actual release tests in the static nodel, control experinents are
performed to evaluate the loss of activity and total content during the
actual release tests. SUBSTI TUTE SHEET (RULE 26) WD 2006/ 037606

PCT/ EP2003M@ 3¢06/837606 21 Therefore, a solution of 60gg/ m REFEREFNIYILd in a
50mM pot assi um phosphate buffer pH 7.3™ith 0.1% Pol oxanere 188 is exposed
to the tubidigs, HBuss! dit matt a%eﬂmege%eﬁfam& RlembraR G107 R PBFedife meets the

respectively. A control qtl ss vial. For analysis by activity
assay andame Sﬂﬂm%eéﬂf’&pe%b&?te daéﬂvﬁ‘)fa*‘f)@m *18 hours and 75 hours. The |oss of
activity is mnimal in the glass vials. But, in the sarrpl es exposed to

bi ng, d f 10%
25% af 1 orlt oh By e FRERY BECkop (o o SPEFOS A k BS (le ohove o

decr ease mawsforlt FITE-Bextrel 7T0kIkain 4 menibrdne téslmg serdest Membramesdeitiasthalleglpases agai n

h I I h h 04 Of.
contont oREF danGFEn fi g PieeR HioRaTRIGS: Y chedford, hedm 16 SEREIE 41 1 ng
t he rel eadiffusiopent afthegel. rButhmenfmaues mﬁdatgeA@iFres,a@gJ .8pm anddl .2pmatio aont ent

|5 105t S5out bl ihehe A Dol QNS EXb R QTBABRE, b SEINRANY e RS -

I\/breover he ["0SS ani sns 0SS O

content i motstfﬂgpteé by these membyanesdHowertrs e gelling aghrtrompass thiqugh theperes of n ACT
| | t
ol ecul esg g%ﬁ”ﬁdnl ngl @Lafﬂ@?er Tﬁfaqg‘deé@éﬂ an ﬁﬁ&ecas@?xg P?Eb %ﬁ&t 8RR dcegdsr to

reduced recovered activit es er val ues of | ost
activity wmé@pr@@ver,oseéus @@%eptfé}'aﬁ% de; of theymeyabrane, haying pepsirag
addltlonaﬁuémqﬁé% &ké on of non-absorbed ACT nol ecul es. | ndeed, based on the
results it is to be expected that during rel ease experinents with i deal |y

rel easing fornmulations 75%to 90% of relative activity can be recovered at
best. As d&?ﬂoseﬁaceﬁwm rmmquopﬂﬂf&)f@ﬂ r:ztrzaaérelienﬁeal:t.le Mnd, acécbram@tg mﬂn&cnemls\/er ed
at nost. A furthe oV of ; t he tem e.g. by using glass

i nst ead ofSIERCIOD W&Je&afg%satl?oo?lqw &I’fhﬁ%&put#ﬁ deh&‘fafeat nent of the .
menbrane, woul d have been a promsing possibility to inprove ACT recovery
results 0SSl for technical reasons. As well, a sinple

mat henatlggﬁvzdf{}g%’ffg F’eﬁq‘{'ﬁ a correction factor is problematic because of

t he neasurenent uncertainty of the anal ytical nmethods being anplified in such
A a2 28b Yol cBdiB5HL | ARG HhEA RO/ SRINGA AL  WSBh cfitate
unsati sfactory 1 naccuracy the control experinments nost notably on
t he t ubi nyowks kave aheema\réaaoeablé cheweeU sfosvaaigly, tea §Qmpe%e0n: ehwound gxudsie ause

the surfaggilfintli Bdal'r Péq{éﬂaetaeeﬁc%@pwofseﬁhawwauﬂaedmameuﬁ n\sery | ow
in the rel ea&ﬁﬁsﬂ@ﬂel (Fi g conpared to control experiments. .For. the

latter, oPOS anQ;rErmqat tigh a5k PBrihe Geeond) Tasker mslugacing (theq
evaluation of the acceptor solution which is the stabilising potency on ACT. Release

samples to be analysed are taken from the acceptor solution following a sample plan and
are kept in frozen state until analysis and for later storage. Therefore, a degradation of the
drug substance in the acceptor medium during the experiment and a degradation by
freezing stress would adulterate the releasing profiles. This confines the composition of the
medium, e.g. sodium is not suitable because of the pH shifting interaction with phosphate
buffer during freezing. Further, a surfactant is desirable to minimize material loss due to
adsorption to the membrane, the chamber and tubing walls. Thus, an ACT stabilising
solution consisting of 10mM potassium phosphate buffer pH 7.2 and 0.1% Poloxamer®
188 is chosen as acceptor. This solution is proven to be suitable for stabilisation in solution
state during the release experiment as well as for stabilisation during storage of samples as
frozen solution (section 3.2.2).

Furthermore, the release medium has to provide sink conditions for the diffusion of the

drug substance. That means a sufficient amount of acceptor medium has to be offered in
relation to the amounts of drug substance and donor medium. In detail, according to
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in the tubing for technical and analytical reasons which also requires a
certain tubing volune that naturally is correlated with a higher surface
area conpared to the small pieces SUBSTITUTE SHEET (RULE 26) WD 2006/ 037606

PCT/ EP2003¥920%6/037606 22 of t ubi ng used for the rel ease chZXFB&EP2005(910574
difference in the relation of solution!¥mount and exposed tubing surface in

contr ) S0t g SRR SR SR ARt B B8

mul ti pli candi afinthe @xpetimentadads mat axceesdc b6 rafdits satimativh solubility dnche teedium.
i , ] ' ; ) T, .

overall vt e of amiouihs BEhoBd et did AL, finB [ ple il eyt sE LR

rel ease tasseptor Felnmenodberefareothe, minimumm ob racespterdmedivim 4s getermined By the he
Corrparisos{anﬁ E % B&BRet Bitbfithe redbrvbiinfll fhb RFHmER IFHABRRNS -

Fortunate y,ief%&r]&tﬂhe est&iﬁrratlonfto : urtvure I'n &i Vo experinents the situation
Is different. The constant recovered anounts in the glass sanples for both

anal yti cad 558t hogplembédr eded- 72, 3- 73) indicate that the rel ease systemwth
its plastic conponents is responsible for the losses. In an in vivo

situation, however, these materials and surfaces are not present in the

ap}o! Lci'itimamhm' i gt i;cnkﬁmd@%thmﬂ%eltb b&&ﬁpc}ﬁhﬁtﬂﬁtdledkiml ctgelldislr@a:haﬁcdlye ACT
unlikely Lo occur. t t he control experinents_actual re t ests on
xer ogel ” iRedindt chrattr Becalis B e o WA Permensie piseutBee faef Bfirenidihy 01 g
stati c nopressutehbetweap deter dndssceptonatightilead todst enwanted tratdpertdyfiwater frondel i s
not obseryved, wey t ve S ! . : after
about 50 He.shenpEP G phe O HYCR (A0S DeplRh bt § anfinaf e WBGARSE

obt ai ned the @el &id Sohanga of recaptarsvol g wodld7giodutnnon-caluable asulis. (Theteferecont r ol

[ ' ' | | t BCT d to total ACT
cxper TS g Q0pR by o gORRL L ARNRIUCT  comalod 1o ot

content. recovered contents in the rel ease test
concur with the results gained fromcontrol experinments. Neverthel ess, when

drawn in Tﬁ@e,smygépcdn%ﬁngfqhhﬁlﬁer Rl REcHRIRTRIF BRYE D@ B thi MFHer YBmbRLB L hour s
releasing time. In r , a linear flttl‘;]%can e conducted deli vering

.hat perjod b

sl opes fo#e mgm%nr%@&émm%@nt pregsurg. Tesylts py the domer, grothat s ¢ he
f ol I owi Ngabsbel rhcehhticall bpehe béndifie menilpadd artithecdtaafier budy.SMlotdtRer, \G UeS
Gai nod Bt e meditiedocier Bef e sarBple GRBE R GEURER bR M S G
activity dismeter eid hitea heigheof @Haasespldng donorAdidarhe @ally\..23nhle The @ecptore
fraction of Iiberatettji= ACT i§|1§§| %ted ‘bé di vi si-on 0121 the.two |atter values is
used. ThemFROuFR PRYIdrs € fipple platy supporting flypmsmbranc aid proyiding; conteet WtwEeh ause
t hi s r epraseptossditéorcandnthe menzngee. FPartbules drifldolestia theabodyrenables itteedcceptor

medium to be pumped through the chamber (Fig. 3-64). The whole apparatus is tempered

to 32°C for measurement in a cabinet heater.

For the provision of the acceptor medium to the chamber two alternative systems are
evaluated. In the first system — the dynamic model - the acceptor medium is pumped in
closed circuit by a hose pump with a flow rate of 10ml/min. The total volume is 20ml.
Samples are taken from the reservoir without replacement according to a sample plan. In
the altemnative system — the static model — two syringes are connected to the acceptor
chamber (Fig. 3-65). A 2ml portion of acceptor medium is filled in the syringes and
provided to the diffusion site. Following a sample plan, sample collection is done by
complete exchange of the portion against fresh medium.
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practice. SUBSTI TUTE SHEET (RULE 26) WD 2006/ 037606 PCT/ EP2005/010674 123
One may notice that slopes of release curves are lower in the static nethod -
6.6 vs. 10.8 for activity assay readout and 7.8 vs. 12.8 in the ELI SA
readout - WR306M8Y@ore the rel ease is delayed in compafiCIGPASA0THe

studi es on the dynanic nodel. 3.5.6.2. A1Rel ease of ACT from xer ogel

formul atijfs Frlieokétical background uddaiatd intépketation xer ogel s a set of

formul ati ons taken over fromthe xerogel stability studies (section 3.4.2.2)
is tested using the static nodel. Experinments are conducted over a rel easing
tinme of 0 theinterpfeiatiay ef relduse kinetics depthedietital Halakgmnmhlgwenﬁanﬂegtmhl or essi ng

I nt erval I8l N

| at er phé’gg%cf‘oq‘e Q% ﬁ@‘ll F-Lg%ée&?%tldég%&éa?gtsgoédﬁg ana?%écgrbs%ﬁ%c TRt i Vi ty
assay ancgrodess 6fa dissolved swistanco ﬁ'omsa semir$odid base m&e aginke ﬂ‘hengby,dhe Biffusion t he
linearis I t Fi 75 to
50y o AR A0 A6k MBS ol blingCehiah 1 e AalcicRlp 31 AR el oot

rel ease Iﬁqwetw@é Hrdmbﬁr@mwm@@échssr Sut.odue ety mléﬂ%awuppb@% s of
the squar@ghoolspr tiselafibishised shrEalenlafiodd™, Figs. 3-75 to 3.80). The total
rel eased aﬁDunt of ACT values of all tested fornulations vary in the range of
70% to 96% Thereby, the | ower values, also correlated with | ower rel ease
rates, are detected in Tvveen(r) 80 - forrrul ation (2), Fig. 3-76 - and gellan

gum cont ai ni ng sanples - for g. 3-77 and formulation (5),
Fig. 3-79. However, |a concl usi on_ i c influence of par ar

exci pients i s not si gm;‘_{g_gam @ cauéé th | eased anmpunt of bijggctsi ve ACT
ranges onl g he 45% Tris h@reslﬂ opl de [contai ni ng
sanmpl es - fr mul atl(rn (@% £I9- Z}ﬂ-)-]}?how | ower  4al ue. %l dpesyand

rel eased amounts of |al| formifations are su rised in Tab. 3-13. "The
detected | oss of acthvity and Xotal anount ceed the predictions of the

control experinments for the influence of the rel ease system Therefore, a
certain amobunt of ACT should be |ost by other neans, e.g. due to an

i nconpl etBqu. 8tklase or further degradation nmaybe witWgn. 348 matri x i npeding
the detection by both assays. Unfortunately, only mnimal residual anount of

ACT is detected in the donor gel so no data are available to pport the
specul at i Bqs Jabbkd- 14 Medelyfunctiionsasfieneiliguchif deseribing dhel dliffasion e aaﬁgm

fo. T nconalily ifomEas "%“’2%%%*9%?%%3?’“9 AT SR P fepc B e gPpetasis ] lue
more exactly, equ. 3-15 is a simplification strictly valid in the first third of the process;
hereby, is
ca = concentration in acceptor at time t [mol/1]; cy= starting concentration in donor at time
t=0 [mol/1]; t = time t [min); D = diffusion coefficient [m/min}; h = thickness of diffusion
layer [m}];

For data interpretation the released amounts of substance are drawn against releasing time.
The resulting curves describe a square root function. Therefore, this chart can be
Linearised when drawn against the square root of time. Consequently, a linear function is
fitted to the resulting even delivering the slope as a measure for the release rate. Further,
the amounts released at a certain time point are read from this chart.

3.55 Release of model substances from gel based matrices

In a first series of experiments the release of model drugs of different molecular weight
from standard hydrogel matrices are examined using the dynamic model. Thereby,
hydrogels consisting of 2.5% hydroxyethyl cellulose 100.000 in water ate used as standard.
The hydrogels, moreover, contain Fluorescein sodium, FITC-Dextran 19kDa, and FITC-
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WD 2006/ 037606 PCTI EP20051010674 124 Moreover, the bioactive fraction of the
total rel eased anmount, being a quotient of the bioactive and total anount,
varies in reciprocal neans of the total anpunt. The hi ghest bioactive
fraction |‘¥0f2@1%ﬂ’é7q°ﬁ the Tween(r) 80 sanples - formul ati S&TEPPISHIYT 3. 76 -
and in the gellan gumF sanple - form}ngtlon (5) F|g 3-79. Furthernore,

al t hough 154:95@S AIKDACT 8wy CUfgV N ek @gﬁdﬁ hisoh@iridd agntd N t he
curves of the tg*%del SthIﬁJgS ony’FIui'l§ e%eﬁ?ran?%sk Hotif erse es reustl [

too snal ISPeEgirofiosimetrcally inamicraresiiopiates at ks Fi494 %%ﬁer—a&
di ffusi ngi:ﬁdiiﬁﬁﬂlﬂﬁspﬁﬁ@{ﬂmefﬁﬁﬂéllfﬁﬁg§ Qﬂ]@bm%efbgﬁta%a' @ff&ﬂCédm*@t -akd Bewgh t hey

d t de fast f | at d f | ati 5

o be aboubusting dEden B FRf@)because (hey of for the highest  bioactive
fraction reI eased Wi th acceptable rel ease rates and sufficient total amounts
| i ber at T RU 03 2l 04824, 125
1) soghnV B s bL e sl adineitdPoreiitinr hrnduaisi e

buf f er sqununmfumm\amﬂysoman\)@ bin6arise¢d invh &quarairoet efcime chard (Fig. Béﬂedsw 85%
0. 1% Pol 0 mi 7 t
rach o AT R S S S SR BN G, 0 0,

curve 7.8 10nM phosphate buffet sl ope of activity curve 6.5 10n1\/| argi ni ne

I : 0. 05%
47, I e e e R o A g
al - ant i chyyeisht; yhesk qlﬁt@mdtféhsﬂe case atedo theedifiysion cp gsmsemm%rﬂ%i ope of

SCT L VIity Q44 r&il@ted WribayqERh @15})%{5 Qﬂ@%gelr@nﬁfﬁgd %&gf%gegs%%dles of
Tyt obihoee g osls ACT wit bt el g oot V°

\ﬁ

One may doubt that the different release rates detected in Fig, 3-67 are determined by the
different diffusional behaviour of the molecules in the gel matrix rather than by a restricted
passage through the membrane due to the pore structure. To support our view about that
topic, an estimation of molecule sizes is given in Fig. 3-68. The molecule diameters of
FITC-Dextran derivatives are given as Stokes diameters’. The diameter of ACT is
calculated by an approximation according to Equ. 3-162%.

V

proteinmolecule

=121-M

proteinmolecule

Equ. 3-16 Approximation of the volume of a protein molecule Vyotin motecute [1 0 nm®] by
its molecular weight Mprotein molecute [Da); the correction factor is related to the average
partial specific volume of proteins being 0.73 em®*/g?®';

From the relation of diameters it can be stated that it is highly unlikely that differences in
the diffusional behaviour of substances of different molecular weight displayed in Fig. 3-
67 are related to different degrees of restriction for the diffusion of the given substances
through the membrane. |

Nevertheless, a certain restriction for the diffusion is provided by the membrane because
the pore structure effects a reduction of the diffusional area in the system compared to e.g.
an in vivo situation where the gel has direct and intimate contact with the wound ground.
Therefore, the release in vivo is supposed to be faster to some degree compared to in vitro
studies due to the lack of the membrane.

SUBSTITUTE SHEET (RULE 26)



(4) 60g/m al-antichynotrypsin slope of ELISA curve 8.5 10mM phosphate
buffer slope of activity curve 7.0 10mM arginine total amount rel eased 76%
0. 1% Pol oxarmer 188 bi oactive anount rel eased 57% 0.05%PVP 17 bioactive

f1action WHROEOHEIGEC 100. 000 1. 0% el | an m LT 100 (5) eBYYERpI05/010674
al -anti chynmotrypsin sl ope of ELISA curt® 7.4 10mv| phosphat e buffer sl ope of

activicur r 0 aper(r)
156 bi onck e folowig Mg cgggfggﬁgg@iﬁgo’ggaoyo@ éblioE @é’t&%ed “ﬁ“%oc@?)%&&% > 0%
HEC 100. Ogsted . With & s@nd@rdrrlqa (e Fé%g?qaﬁra%ﬂ fAms pagpRlen Pree| | SA
curve 9. Spre Q-BMa‘Erd@cﬁ&'d lfbxf fred SCPPIBadid ﬁféciﬂiéﬂ Xs&ﬁbﬁeB 9232) 1Q4hpled @i ne
total anmoun &5%{@ 96% 1% Pol ox%r@@é 18 b| active 8m)ur1t rel eased 47%
0. 05% PVERHInUSHE PRBWRIER £o% GHF HBUAE 56 i he dynamicmedelis;t i ons
of the resiafak Thé tles cﬂﬁekéfdl@@]rﬁhne&ﬂﬁd&ﬁd@lﬁﬁp&ay@ﬂﬁ Fig6L6gm), sl opes of

Li neari sed rel ease curves for ELISA and activity assay detection,

respectively, and content values after 120 hours rel ease tine; total
rel eased Thoreitaseredesufrem Meyodeld &l hydoogedscare weryasiomilat. msaasemhdndn;hmes t y

o ot olks s BeAREh Kok HE SN -LBUERARH i B Re e R B O
PCT/ EP2008]@soempaactearizgcsas. congergedel ease of ACT fromfilmformnulations For the

rel ease studies of ACT fromfilns a set of fornul ations taken over fromthe
film Stabl|lt studies (section 3.4.4.2) is tested using the static nodel.

As given films, tles selpgse raie alighdly exeends te sate FomHbe conrespending ayet apdroged s
exper i mamrﬁm%ﬁ&ﬂ& 88 Mé@gl QH%he@cdn@étﬂﬁr‘ﬁbﬁ én‘FBf He drgd uhﬂiérmm( &t Whi ch

corresponds to the usua e eSSI erv ni cal, ractice.

Aopr ox el alibe sl iyims SeRgRe Qo iR VR P AT Cheiehi oh e inese o

sample is dﬁr&kgeme apdrausn @eﬂb& sadedsyldome Iﬁrstqutart\/thé YorseatutiGth the fibA. is higher

I nterpret fan 90 the ge(ia'li'ﬁat results in a higher driving force for the diffusion and with that in a
higher release rate from films.

Nevertheless, the release from the dry matrices is still in comparable range with that from
the underlying hydrogels. Further, it can be estimated that a protein like ACT with around
68kDa molecuiar weight will be released to 90% within approximately five days. The
slope of the Linearised release curve of ACT is expected to be in the range of 6.5 to 10.5.
However, the differences in chemistry and molecular weight of the molecules might
influence the kinetics to a major degree.

To sum up, the model studies indicate that the present system is suitable for in vitro release
studies of drugs with the required molecular weight from wet or reconstituted gel
preparations.

3.5.6 Release of ACT from formulations

In this section the release of ACT from the developed dry matrices is investigated. The

formulations are taken over from the mid term stability studies reported in chapter 3.4.
After the model evaluation the experiments on xerogels and films are reported.
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out as given above. Below, the linearised rel ease curves for each
formul ations are presented (Fig. 3-81 to 3-85), a sunmary of calculations is

given in Tab. 3-19. In all experinments filnms |iberate ab 0 | oactive
ACT wi t hi VO RWSG3H period. And, nost_of the corresponﬁ#&&j@?@%&ﬁ“ ‘Lounts of
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202-9 ; EC_(I)_\r/]ﬁl@gedAﬁTgﬁ!i@l ﬁllcﬂcrtﬂﬁfeh?lﬁﬁlﬁxi&ﬁm angis sliphtlyhfastes relgade ﬁmﬁmd _'Iﬁ%ﬂi'atel(Tab-
- : e .obser. or fi pr.ovi di ng_a faster ea uring .mgde
Stud) es wEHRCEPHE PEREDPRen. IniRal iactyRArfnafot At THERTR Berat Hhe
speci fi c first fsvahoursaswell. Buieinmontrast ito totd] contient; eftev resichiing amlaaimym abaroupd ent s
or experi re. r ' | ffer. . ver, the
uncert ai n?@ﬂé‘@s ng}%gmgﬁgdﬁ%%%r%%Fﬁg@b{‘degﬁ%‘{sﬁélc I rzgg@fegﬁt s is also
supposed to contribute to that. SUBSTI TUTE SHEET (RULE 26) WD 2006/ 037606
PCT/ EP200 7 - 4 I [ urve
75 st BRSEaR L fleast o efto S ity HATHL RS slopgy SRR oot X
anount r ehigheiasitmse pained otopirahexnerimentsovith BHEG-Destramykida (hig.cqé®d 55%

2. 0% PVP 17 bioactive fraction 63% 2.0% PEG 400 2. 5% HEC 100. 000 (2) 60g/m

al -antichynotrypsin slope of ELISA curve 6.8 5nM phosphate buffer s|ope of
activity dueveasen fr thodealine of acthaty b:the aeaepion mediym issloynd mdhesysiomoldbe(r) 80

bi oact i ve dpimRnib trefef¥d mb@41e THE fnedium is pumped through plastic tubing during the entire
testing time by a hose pump. Moreover, the medium in the supply is homogenised by a
magnetic stirrer.

In control experiments an ACT solution similar to the acceptor medium is stressed by
stirring and stirring in combination with pumping, respectively. Both factors put shear
stress on the ACT molecule that leads to deactivation. Thereby, the pumping is more
harmful than the stirring alone (Fig. 3-71).

Therefore, it can be concluded that the dynamic system is unfavourable for the release
studies on ACT. The sensitivity of ACT against shear stress also detected during
experiments with static mixers (section 3.3.2.2) impedes the use of hose pumps, In the
following, the static model is used for further investigations.

3.5.6.2 Static model

3.5.6.2.1 Evaluation of the model

Before the actual release tests in the static model, control experiments are performed to
evaluate the loss of activity and total content during the actual release tests.
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2.0% PVP 17 bioactive fraction 73% 2.0% PEG 400 2. 5% HEC 100. 000 (3)
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Summary

lower extent. In detail, glass again shows almost no loss, but in the other samples only 90%
to 95% of total content are recovered (Fig. 3-73).

Therefore, it can be concluded that during the release experiments in the static model ACT
activity and total content is lost as well but to much lower extent compared to the dynamic
model. Moreovér, the loss of ACT seems to follow two mechanisms. The loss of total
content is supposed to be rooted in absorption phenomena which result in ACT molecules
remaining in the system. Besides, this mechanism also leads to reduced recovered activity
values. However, the 2-fold higher values of lost activity compared to total content loss
can solely be explained by an additional deactivation of non-absorbed ACT molecules.

Indeed, based on the results it is to be expected that during release experiments with ideally
releasing formulations 75% to 90% of relative activity can be recovered at best. As well, a
maximum of 90% of total content is likely to be recovered at most.

A further improvement of the release system, e.g. by using glass instead of plastic
materials for the chamber or pre-treatment of the membrane, would have been a promising
possibility to improve ACT recovery results but was not possible for technical reasons. As
well, a simple mathematical adjustment with a correction factor is problematic because of
the measurement uncertainty of the analytical methods being amplified in such an
operation. Thus, a result gained after correction would imply an unsatisfactory inaccuracy.

Moreover, the control experiments most notably on the tubing material have to be
understood as worst case¢ conditions because the surface of tubing presented to the protein
containing medivm is very low in the release model (Fig 3-65) compared to control
experiments. For the latter, of course, a certain amount of solution (0.5ml) had to be filled
in the tubing for technical and analytical reasons which also requires a certain tubing
volume that naturally is correlated with a higher surface area compared to the small pieces
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drug | oad |n the carriers may be necessary to ensure the delivery of a
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decades, dﬂmned:ﬂﬁlgrmg{s@aﬁ]essm@ﬁm(fa%Iy74)hose associ ated with di abetes, are
still difficult to treat. Indeed, out 25% of di abetes patients frequently

devel op chronic wounds with about half of them
This corresponds to the control experiments predicting a higher loss of active ACT

compared to total ACT content. As well, the magnitude of recovered contents in the release
test concur with the results gained from control experiments.

Nevertheless, when drawn in the square root of time plot both curves are linear up to 50
hours releasing time. In that petiod, a linear fitting can be conducted delivering slopes for
measuring release rates (Fig. 3-75).

For interpretation in the following, next to the slopes of the linearised release curves two
values are presented: first, the total amount of ACT released within 120 hours is gained
from ELISA. Second, the amount of bioactive ACT is delivered by activity assay in the
same release period. Additionally, the bioactive fraction of liberated ACT calculated by
division of the two latter values is used. The amount values are read after 120 hours of
releasing time because this represents the common change of dressing interval in clinical
practice.
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del i very meaACB’an chroni ¢ wounds. Moreover, the established net hods for
treatnment of wounds including dressings and carriers are di scussed. Hereby,
the nmethodi cal context of a treatnment with ACT as drug product with the

i ndi cat i oeneoallyl ther releanekinetics of AET. fromutstapglscliotlpw, the eheoreticahpredistionsoof

Sups Ture” SR or kT T ERR, SR P ST B0, O d06 4 130 Chaprer 2

outlines materials and net hods used during the studies. In Chapter 3 the

resul ts ofpd Rita eRIRAT Ao MR'If ACE daI1Pc§%!l“aﬂGleﬁ&ﬂf61-i-niﬁ&tﬁﬁ§Glf i Haah dgéJétse of
the fi rst sectlon t;,g?stabl |isation Oﬁyl—éﬁ‘é\?l n sol u nis eval uat e

Ther ef or e70%pf 9% yherehy the losier yalue arrelaiedywi rﬂ?ﬁethE]G&“eo?atesgt 85 1ising
i ngr edi enddtected in Tween® 80 — formulation (2), Fig. 3-76 - and gellan gum containing samples —

formulations (3), Fig. 3-77 and formulation (5), Fig. 3-79.

However, a conclusion about specific influence of particular excipients is not significant
because the released amount of bioactive ACT ranges only between 55% to 60%. Solely,
the Tris hydrochloride containing samples — formulation (6), Fig. 3-80 - show a lower -
value. Slopes and released amounts of all formulations are summarised in Tab. 3-18.

The detected loss of activity and total amount exceed the predictions of the control
experiments for the influence of the release system. Therefore, a certain amount of ACT
should be lost by other means, e.g. due to an incomplete release or further degradation
maybe within the matrix impeding the detection by both assays. Unfortunately, only
minimal residual amount of ACT is detected in the donor gel so no data are available to
support the speculations about missing ACT. As well, efforts to detect the absorbed
amount of ACT by desorption with sodium dodecy! sulfate lead to no result due to
incompatibility with assay methods. ‘
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of the ge¢xcipients €Fab. 3H&)stability studies on ACT were continued on the

sem -solid hydrogel matrices. In a first approach the placebo hydrogel
carriers were evaluated with regard to ability for sterilisation and
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eval uat edlibedite@r that, the naned fornul ations were introduced in md term
stability studies and FIT studies. It turned out that a conmerci al

formul ation of ACT in a wet hydrogel is not possible due to insufficient
shelf life. In contrast, all formulations can be applicated into the wound
site as far as stability of ACT is concerned. As well, several fornulations
are applicative as early refrigerated fornulation for the purpose of aninal
experinment or early clinical trial where only limted shelf life is

requi red. SUBSTI TUTE SHEET (RULE 26) WD 2006/ 037606 PCT/ EP2005/010674 131
For the inappropriateness of aqueous hydrogel and liquid formulations for
long term stability of ACT, formulations with higher stabilising potenti al
had to be devel oped that also have to fit the requirenments of nodem wound
care. So, a dry form appears the best choice for inprovenent of drug
stability, and hydrogels still are the state-of-the-art .
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10mM
10mM
0.1%
0.05%
2.0%
1.0%

PVP

uhfﬁﬂﬁ&tl%tichymotrypsin
phosphate buffer

slope of ELISA curve
slope of activity curve

7.4
7.2

arginine
Poloxamer® 188

17

HEC 100.000
gellan gum F

total amount released

bioactive amount released

bioactive fraction

70%
59%
34%

60pg/ml
10mM
10mM
0.1%
0.05%
2.5%

PVP

ol-antichymotrypsin
Tris HCI buffer

slope of ELISA curve
slope of activity curve

9.5
6.1

arginine
Poloxamer® 188

17

HEC 100.000

total amount released

bioactive amount released

bioactive fraction

96%
47%
49%

Tab. 3-18 Formulations of the release studies on xerogels; ingredients (left column), slopes
of Linearised release curves for ELISA and activity assay detection, respectively, and
content values after 120 hours release time; total released amount measured by ELISA,
bioactive amount measured by activity assay, and the bioactive fraction released calculated
by the quotient of bioactive amount and- total amount;
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formulation (4), Fig. 3-84 _whlch show bioactive fractions of 71% and 91%, respectively.
Moreover, the Tris containing sample — film formulation (5), Fig. 3-85 — indeed releases a
high amount of ACT in the given period, but only a fraction of 51% is bioactive.

Generally, these results correspond to the behaviour of particular xerogel formulations with
similar excipient compositions. Besides, the amounts of non-recovered ACT are in the
same range as in the xerogel experiments (Tab. 3-19).

The observation for films providing a faster release during model studies with FITC-
Dextran can not be confirmed. This might be due to specific interactions of the protein
structure with formulation excipients or experimental hardware superposing the small
difference. Moreover, the uncertainty of results created by spreading of analytical read outs
is also supposed to contribute to that.
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2.0% HEC 100.000
1.0% gellan gum LT100
60ug/ml al-antichymotrypsin slope of ELISA curve 5.5
5mM phosphate buffer slope of activity curve 5.1
10mM  arginine total amount released 55%
0.1% Poloxamer® 188 bioactive amount released 50%
2.0% PVP 17 bioactive fraction 91%
2.0% PEG 400
2.0% HEC 100.000
1.0% gellan gum F
60ug/mi  al-antichymotrypsin slope of ELISA curve 7.0
10mM  Tris HC] buffer slope of activity curve 5.7
10mM  arginine total amount released 88%
0.1% Poloxamer® 188 bioactive amount released 45%
2.0% PVP 17 bioactive fraction 51%
2.0% PEG 400

HEC 100.000

12.5%

Tab. 3-19 Formulations of the release studies on film formulations; ingredieﬂts (left
column), slopes of Linearised release curves for ELISA and activity assay detection,
respectively, and content values after 120 hours release time: total released amount
measured by ELISA, bioactive amount measured by activity assay, and the bioactive
fraction released calculated by the quotient of bioactive amount and total amount;
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As a result, for xerogels the formulations (2) and (5) appear as best choices, as is the case

with formulations (2) and (4) for polymer films. The ingredients advantageous for release
behaviour are as well found to be favourable for stabilisation in the hydrogel state (section
3.3.2.4.2). However, like with stability studies the most promising formulation is to be
estimated for a combination of Tween® 80 and HEC/gellan gum F. But, this combination is
as well not yet tested for its release behaviour and therefore cannot be directly
recommended supported by data. But, in future studies, e.g. adjustment of the formulation

for market launch, this can be taken into account. As well, due to the reduced amount of
liberated and bioactive ACT an adaptation of the drug load in the carriers may be
necessary to ensure the delivery of a sufficient dose of ACT into its site of action.

" However, the difficulty of in vitro in vivo correlation has to be kept in mind, especially
against the background of the observed differences between the two release models as far
as the release rate is concerned.
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The delivery of o,;-antichymotrypsin (ACT) was identified as one approach for new ways
of chronic wound treatment by SWITCH BIOTECH AG, Neuried, Germany. Hence, to
take the next step in development of ACT as drug candidate a collaboration between
SWITCH and the Department Pharmaceutical Technology and Biopharmaceutics of the
ILMU Munich was contracted in terms of this Ph. D. study at the Department under the
supervision of Prof. Dr. Winter.

So, it was the aim of this study to create formulations and drug carriers that stabilise and
deliver ACT in bioactive state into the wound site.

The theoretical introduction encompasses the sections of Chapter 1, where first an
overview over the physiology and pathophysiology of wound healing is described. This
represents the medicinal context of this work and highlights the scientific rationale behind
the delivery of ACT in chronic wounds. Moreover, the established methods for treatment
of wounds including dressings and carriers are discussed. Hereby, the methodical context
of a treatment with ACT as drug product with the indication wound treatment is given.

Subsequently, several aspects of protein delivery from hydrogels as application form are
presented.
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Indeed, depending on the stress type two patterns for ingredients of stﬁbilising solutions
were identified relating to solutions to be kept in liquid state and frozen solutions,
respectively. All ingredients are already approved for parenteral use by the FDA.

The following section is dealing with the formulation of ACT as hydrogel. After the
evaluation of sterilisation and rheological properties of the gel carriers the stability studies
on ACT were continued on the semi-solid hydrogel matrices. In a first approach the
placebo hydrogel carriers were evaluated with regard to ability for sterilisation and
theological properties. After short term studies on the influence of polymers on ACT
solution stability, consequently, ACT stabilising hydrogel formulations were created
containing excipients being suggested by short term studies. Following, drug loading
procedures into hydrogels were evaluated. After that, the named formulations were
introduced in mid term stability studies and F/T studies. It turned out that a commercial
formulation of ACT in a wet hydrogel is not possible due to insufficient shelf life. In
contrast, all formulations can be applicated into the wound site as far as stability of ACT is
concerned. As well, several formulations are applicative as early refrigerated formulation
for the purpose of animal experiment or early clinical trial where only limited shelf life is
required,
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Russal cov $kyihe YilmsM3R%81l, 3Wo fdrmPations based on the same polymer components furned out
to fulfil the aims. These matrices offer very convenient texture properties, as well form
suitable hydrogels after hydration, and also provide shelf lives greater 18 months for ACT.

Thus, development of stabilising formulations for ACT suitable for application into wound
sites was finished successfully.

In the following, the release of ACT from the preparations was studied in vitro. Generally,
the release characteristics of ACT from gel matrices follow the theoretical predictions of
square root of time functions. Moreover, both dried delivery systems — the xerogels and the
films - are proven to be suitable for delivery of ACT in chronic wounds. In general, within
five days about 60% of initial ACT load is liberated in biocactive form thereby being
influenced to a higher degree by the composition of ingredients rather than the type of
matrix.

Due to the reduced amount of liberated bioactive ACT an adaptation of the drug load in the

carriers may be necessary to ensure the delivery of a sufficient dose of ACT into its site of
action, However, the difficulty of in vitro in vivo correlation has to be considered.
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aseptic manufacture of a commercialised product. Concomitantly, ingredients have been

reviewed for their status of approval to avoid unnecessary obstacles in a later process of
approval by authorities. ‘

But, it also has to be mentioned that the difficulties created by analytical tools used for
characterisation of ACT have not been completely overcome. Hence, for a further
development of this project another evaluation and validation of analytical tools might be
appropriate. Moreover, the discussed results are exclusively based on in vitro research
which might not be correlated with in vivo situations in an unconfined way.

The future milestones of this project should be the verification of these promising in vitro
results in an animal experiment. Therefore, a study on excision wounds on diabetic rats has
been evaluated. Furthermore, provided that these animal studies are finished successfully,
Phase I clinical trials in man represent the next milestones to be aspired.
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CLAIMS

Wound dressing composition comprising a cellulose ether and a gellan gum and
one or more wound healing therapeutic substances, characterized in that the wound
healing therapeutic substance is a protease inhibitor.

Wound dressing composition according to claim 1, comprising a hydroxyethyl
cellulose and a gellan gum and one or more wound healing therapeutic substances.

Wound dressing composition according to claim 1 or 2, wherein the cellulose ether
and the gellan gum are homogeneously mixed.

Wound dressing composition according to any of claims 1 to 3, wherein the gellan
gum is deacetylated gellan gum.

Wound dressing composition according to any of claims 1 to 4, characterized in
that the composition is dry.

Wound dressing composition according to claim 5, wherein the composition is a
film.

Wound dressing composition according to c¢laim 5, wherein the composition is a
xerogel or sponge.

Wound dressing composition according to any of claims 1 to 4, characterized in
that the composition is a hydrogel.

Wound dressing composition according to claim 8, obtainable by rehydration of a
dry wound dressing composition according to claims 5 to 7.

Wound dressing composition according to any of the claims 1 to 9 characterized in
that the composition contains additional excipients.

SERPINB 1. 10 22. Wund dressing conposition or wound
dressi ng package according to claim2jy5 characterized in that the wound

characterized in that al pha-I-
In a concentration of about between 1 sg/m and
in the wet state, preferably between 100 g/m and 10 ng/m in the

15



10

15

20

25

30

35

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

146
Wound dressing composition 'accorciing to any of the claims 1-10, wherein the
hydroxyethyl cellulose and gellan gum together make up at least 25% by weight of
the material on a dry weight basis, preferably at least 50% of the material on a dry
weight basis.

Wound dressing composition according to any of the claims 1-11, wherein the
weight ratio of hydroxyethyl cellulose to gellan gum is in the range of 1:5 to 50:1,
preferably 1:1 to 10:1.

Wound dressing package comprising a sterile wound dressing composition
according to any of the claims 1 to 9, packaged in a microorganism-impermeable
container.

Wound dressing package according to claim 13, wherein the sterile wound dressing
composition is a composition according to any of the claims 5 to 7.

Wound dressing package comprising a sterile wound dressing composition
according to any of the claims 1-12 and an inert support, preferably selected from
adhesive strip, adhesive wrap, bandage, gauze bandage and compress system.

Wound dressing composition or wound dressing package according to any of the
claims 1-15 for use as a medicament.

Use of a wound dressing composition or wound dressing package according to any
of the claims 1-15 for the preparation of a medicament for the treatment of wounds,
especially chronic wounds.

Use according to claim 17, wherein the said chronic wound is selected from the
group consisting of venous ulcers, decubitus ulcers, neuropathic ulcers, diabetic
ulcers and infected wounds.

Wound dressing composition according to any of the claims 1 to 12, wherein the
composition further comprises one or more active ingredients.

Use of a wound dressing composition according to claim 19 for the preparation of a
medicament for the treatment and/or prevention of ophthalmologic, nasal diseases,
wounds and skin disorders.
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Wound dressing composition *or wound dressing package according to any of
claims 1 to 12, characterized in that the wound healing therapeutic substance is a
serpin, preferably selected from the group consisting of alpha-1-antichymotrypsin,
alpha-1-antitrypsin, antithrombin III, alpha-2-antiplasmin, C1 Inhibitor (C1INH),
pancreatic trypsin inhibitor, plasminogen activator inhibitor-1 (PAI-1),
Plasminogen activator inhibitor type-2 (PAI-2), Heparin Cofactor II, active protein
C inhibitor, PN-1, Maspin, SERPINB12, Protease inhibitor 14, SERPINB3 and -4,
SERPINBI.

Wound dressing composition or wound dressing package according to claim 21,
characterized in that the wound healing therapeutic substance is alpha-1-
antichymotrypsin.

Wound dressing composition according to claim 22, characterized in that alpha-1-
antichymotrypsin is present in a concentration of about between 1 pg/ml and 10
mg/ml in the wet state, preferably between 100 pg/ml and 10 mg/ml in the wet
state.



