WO 2013/ 013799PCT/ EP2012/ 003086 1 Wund spray The present invention refers
to a conposition, conprising henogl obin or myogl obin, wherein in at | east
40% of sawo 2hsmogt9ebi n or nyogl obi n t he oxygen bi ndi ng ®Cr&PRe20bB8ged by a
non-02 |igand, and at |east one further ingredient, a nethod for preparing
said conmposition and the use of henogl obin or nyogl obin charged with a

non- oxyeand lspend for external treatment of wounds. Different methods are
used for treating wounds, depending on their status. First, a wound that is
still open preferably shoul d be disinfected and t her eby protected agai nst
negat i
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is brain-dead after only approximately five mnutes if his/her brain does
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(C. D. Miiller et al., Hartmann Wund [Wound] Forum 1 (1999), 17-25).

The blood flows to the tissues, including the skin, through the arteries and supplies

the cells with substrates required for life. Any degeneration of the blood vessels
results in a deficient supply of substrates to the cells, leading to their death. The
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(3) For oxygen, in contrast to glucose, for exanple, there is no storage
area in the body, therefore this substrate nust be available to the cells
at all tiweoesndsgui ckly, in a sufficient anount; oxygercirxpraoil0omss ! ed

i mredi at e substrate necessary for Iif;. An intact organi sm has solved these
probl ens by using several nmechanisns.”The toxic effects of oxygen are
avoided in that the latter binds during transport to henogl obin and thereby
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ensur e average, every cell is at a distance of at nost 25 pm
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di f f usihgse are tygeineainge ed??!jg’t?'\f m several sides; this represents a
safety mechanism The inmmediate availability, in accordance with the denmand
(oxygen is not allowed to be available in excess, otherwise it would have a
har nf h) #fi§ euethasoxygends ebsolutelyressentjalfios fife (ayhurean Heing isdrain-gead

regul atj on of the bl oo essel flow. whi o{o) £ Usi r eby
opt | matted orheagimryeay % Binuterst binhiés Braf et BEENE UaBpRT U L
OXygenns Wamed/time, bRFg&reld Kighly toRricqarevissin thbereaeivgsrespipation freatment
outside i s poor because an aqueous liquid filmis laying on the (tissue)

cel | Ivaifte purenpxygent willdieaftes ophuafew days)ns a diffusi ve oxygen barrier.
Fresh wounds in normal tissue can heal in a few days, if the oxygen supply
fromunderneath, in other words fromthe inside, is sufficient. However, it
was shoywmxygedhastlergXifks sotability inhert aquesus mesiumolnidgenelts, gesordingit® t he

o K ot b, 1035 owes TBISIon date iy ena I ad i FBE R 9§ fngdiftentsl % o
are kggwg%ﬁcgﬁ&ﬁéh N%@&lysé%wCwaslkﬁ*s'anodemsttm@i|éw,omngemtd@fﬁa1itmcy.

To he nic wounds “better, as well, so-called hyperbaric ox %en t her apy
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a sufficient amount; oxygen is a so-called immediate substrate necessary for life.

An intact organism has solved these problems by using several mechanisms. The
toxic effects of oxygen are avoided in that the latter binds during transport to
hemoglobin and thereby remains harmless. At the same time, the free oxygen is
diluted and thereby further loses its harmful oxidative potential. Nevertheless, it is
instantaneously available in a sufficient amount, because the binding to hemoglobin
is reversible. The problem of the low diffusive range is solved in that the organism



WO 97/ 15313 descri bes the therapeutic use of henoglobin for inproving wound
heal i ng. For this purpose, henogl obin free of stroma and pyrogens is

i nt ravenonelyizadpioni stered to the patients, particul arl pcafdresizopsgat i ons
and traumati c events to increase the blood pressure. In particular, a
henogl obin cross-linked with diaspirin is used for this purpose. WO

2003/ 077941 teaches the treatnent of open wounds with a henogl obin sol ution
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by spontaneous, oxid ti?n t o et henogl obin which is no | onger able to
trans;ﬁﬁtlm%??gl%"n.suﬂﬂyf S&¥8PY usual Iy during preparation by the producer
and t he subsequent storage. Several approaches for solving this problemare

described. Either it is tried to mnimze the degree of oxidationLQf
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eoxygenating the henoglobin (i.e., entirely
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Additid he rate o xi dation of henogl obin depends on the ’Xdr gen
i on coasiendliexperiments that evies frash wounds hapl kettardt the e nHReRPHaHY Pobi n
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spont atreduexygenddefidenet henogl obi n. They can be rendered ineffective by
conpl exing with EDTA (ethyl enedi am netetraacetic acid), although EDTA
itsel f pronotes the spontaneous oxidation of henogl obin.

To heal chronic wounds better, as well, so-called hyperbaric oxygen therapy (HBO)

has been used. In this treatment, patients are placed in pressurized chambers, where

they are subjected to an excess pressure of pure oxygen of about 3 bar for a certain
period of time (C. D. Miiller et al., Hartmann Wund Forum 1 (1999), 17-25). In fact,
wound healing may be increased by this method. However, the effect decreases with

the number of treatments.

U.S. Pat. No. 2,527,210 describes a hemoglobin solution that can allegedly be used
for the treatment of wounds, both intravenously and topically, for example by
spraying. In this description, the hemoglobin is obtained from fresh erythrocytes that
are subjected to freezing shock after centrifugation and drawing off the blood plasma
fraction. This results in cell lysis, and hemoglobin is released. The broken cell walls
are also present in the product. This formulation is a concentrated cell detritus (cell



Protection of artificial oxygen carriers against oxidation may further be
achi eved by the addition of reducing substances. Under certain

ci rcunst agoesi1ydiswoeven result in a reactivation of oxi gczaPhemoekebi n. EP
0 857 733 describes that henogl obin npy be stabilized by binding a |igand,
in particular carbon nonoxide, to the oxygen binding site. It was found
that such a carbonyl henogl obin can be applied to an organi sm w t hout
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sol venW(® )97/'&331|30demmessme tmenapenbc usa@f heemglehindatinopreyig wwa@ agent (s)
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t her eof eg|rfs ﬁ{e used. Henogl obin or nmyogl obin of human or animal origin, in
parti HA&T0b IBRHMASE: hovi ne or preferably porcine origin, is particularly
suitable for the present invention. Hurran or porcine hem)gl obin, which is
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Several approaches for solving this problem are described. Either it is tried to

minimize the degree of oxidation of hemoglobin, or to reduce the oxidized

hemoglobin back again.



sul fonic acid, di-Nhydroxy succinimdyl ester, diimdoester, or

di al dehyde, particularly glyoxal, glycol aldehyde that reacts anal ogously,
or gl utarapDabtahy™e may be used. Furthernore, products ROTEP2E2803086
polynerized in this manner and pegyl aked with a polyethyl ene glycol or

sui tabl e derivatives thereof may be used. This includes, for exanple,

pol yet hyl ene oxi de, pol ypropyl ene oxi de, or a copol yner of ethyl ene oxide
and pr . oxi de, r } . It may be
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hermglcg{%hn%@?ﬁ%@%‘ ng coval ent |inks of the polyal kyl ene oxi des may be
suitabl e, for exanple polyal kyl ene oxides with reactive N hydroxy
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avai | WO 2013/ 013799PCT/ EP2012/ 003086 8 If nodified oxygen carriers
are used, nodified cross-linked (intranolecular or internolecular), or
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myog! ominimym i thenintsrvakbeiwees R’ ap %p rticular of porcine originis
used for preparation of the inventive conposition. According to the present
invention at |least 40 A) of the oxygen binding sites of the cixg,geg carrier
are charsgetheratiditiondiceftain algahdls danedigniaishhe oxidadion A aMegRPiBr 2BMF at

| east 60 % nore preferred at |egst % & dr8Hesd alcdndls. 80%
parti cef meﬁ%?g?? érH[Oé{Y C?'é%%'i"%mf gfn%%&)\bgé}ngﬁgﬁgrrx% o%i n_or “myogl Gbi n
is provided in ligand-charged form This charge nmay already be applied
during isolation of the carrjer or after its further Og(u i.ficgtion, however,

it is pertircoietalipnp(Gess Fed ets.)eatalyze dre sSReNOSPLE oXH AP Gle oxygen
carrier in its ot ec f | PRAN b hH Epfrati on or
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The no;btﬂ%ehbawminafeqfa%ro@ubmclds, althduegh BEDTdxitskif pronjotes the speg@herdRoxi de
(NO or a mxture thereof. Both ligands have a high affinity for the

henogl okidationaf benalabin bindig site(s) and serve as a protector against
oxi dation of the central Fe3+ lon of the henme. The charged oxygen
carrier(s) is/are preferably dissolved in an aqueous or or%ankc rrg%l um
wher ei Prafecigh @f astificldldxygen icarersfagairst oxidation may dwithes beaghieyeanyyy . - o
preferably 0.1 to 20 w.-% re preferr 0. 0 y for
appl i cdhe Qﬁd'tmﬁé)fdﬁ%?iggﬁu(bﬁ{%@gﬁr ngr ?%rq?'ﬁe&gpg‘s%%?&%snt\pe t%\%r?q?l???ﬁgr
conpr i $&atli L bf S8izEHHdmbgleBm. ti ve, preferably selected fromthe group
conpri sing eYectroﬁ yte(s), stabilizer(s), anti-flocculant(s),
preservative(s), pH buffering agent(s), solvent(s), antioxidant(s) and

filmfaorm t,(S).., MO, r | ect i I ih@bJicand) in WO
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is in formof a solution and conprises at |east.. an r
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conpati bl.e, el oSk its bld bhmbl e or desired amounts. The
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preferred salt is NaCl, particularly in a concentration of 0.9% (isotonic
sol ution).




According to the invention it is particularly preferred that the
conposition conprises a conpound acting as a stabilizer and/or

anti-fl oowol2arst018™» proteins in particular for the henogcColkirroi2/00308¢! obi n,
such as N-acetyl cysteine, cysteine, practyl methionine, nethionine,
non-chaotropic salts, polyols, |ike sugars, preferably disaccharides, and
am no acids preferably each in anbunts of 0.001 w.-%to 20 w.-% The

pol yol s which may be enpl oyed are preferably | ow nol ecul ar wei ght polyols
al t hough pol ynmeric derivatives may be enployed. Such polyols include

et hyl eris gbjeeeis met madlmg&oyhélmmhoantiy ammnmpmsltlor(,\aﬂmpnepng yol s which
may be enployed incorporate one or m)r i.C ri n %ﬁ\/ﬁz at
| east one si d@)chaf\R.OXRER SAFLRS. BERTEH yﬁﬁ qﬁ%b'ﬂl%é'@ 'Eeg"%éﬁ dMgar
al cohol s, for exanpgakaghyt &'saué%&%érﬁ’ba#@i‘ thé‘@i?@é’ﬂ\ blf@ﬂ@@lﬂ@% having 2

to 10 hydroxyl groups are preferred anount of the polyol may be in the
preferred range 0.¢drged B0800Dr@2 bgmcbmgil y 1 to 15% nost preferably 2 to

10% w/ Furt th t hi | d f

tri s hydr oxyrtnyl SHEaR, A BButnolsE; REpHe RGBSR O herer n R
5, AL e, St e o 5
i%depe%den%ll y: 1 1buf¢nnrmaaemé$) sel_veoim(swWlpxwﬁgﬁ%%f@inﬁgﬂ%g)oxya| kyl
WO 2013/ 013799PCT/ EP 6 | phonat e). Exanpl es of preferred
conpoundsof for mul gn %%% ER%Q@ &%t&g( hydr oxynet hyl ) et hane;

1,1, 1"-tris(hydroxynet hyl ) propane; tris(hydroxynethyl)am nonet hane or

salts thereof for exanpl e chl orld | eat e, hos hat e, ,suc ts;
1, 3 biad thesyss af @&wﬁwmpymfhpr ﬁﬁ%j B?'?S‘BS in 8F myoglobin hahged ofi s

bi s(2 oNan agent or

[tri s(‘%&é’%@h%ﬁé \Pﬁﬁ'a]ﬁ&g%ﬂ{g%gg?'ﬁgﬂﬁg% pﬁnm;t e; 9

[ t ri s(dorposision fdntherexdtémia) trdatmentosfrweunds. sul phonat e; N

[tris( hydr oxymet hyl ) met hyl ] - 3- am no- 2- hydr oxpr opane sul phonat e;

N[ tris(hydroxynet hyl ) met hyl] - gl ycine. Said conpounds as well nay be added
in they §@rﬁ§{qt%Qhé4ﬁ\9@ntﬁ F&e@é}bbtwa 2atarap(rative porygen yamarpparﬂ%lradw

prefera 0 10% w v rther the protein staPlllze 35 r’r%x

sel ectbetnbgh:huraopmypgldun oslaymedifiegedasiyalive thereg ﬁré“\’é{'ﬁf 3re(9 PP e or
ani oni c eI ect r ol V. SoF isgp| oyed.
The caﬁ:’? ?89{?&'%% ﬁ}yl @@?ﬁtgﬁ)ﬂfje r(lz)irb Jﬁ? E’Q%’y{mﬁfp%ﬁﬁﬁrauégﬁi C groups
distri Bb'\fnﬁé Rlperrathly poptine Wrigin,ds particuldry suitabiefor thequpsentinventialt-e
preferably quater narg ammpni um deri.ved, functi ogﬁ%dn%e/ %g rﬂie‘ct%i: g, kn side
gr oups Husiamer peiciia hemogledin, WhiChdS NBlraLY1e %S¢ anpl es of
cationjg ' FYHEES h odrrg toe fredilye and
guat er Hﬁ?@gﬁﬁrﬁg&?ﬁgg%ﬁdﬁ eScaég?'guat s)gyrglges (755&%34 HSh-yloo)

obt ai np@IdtedfronSRunsarbset anioa dlgad 9awlbﬁwﬁd@§*a|lpmr?@@'lﬂﬂ enei ni ne,

pol ypropyl enei mi ne and substituted derivatives; polyan ne honopol yners
(Gol chem CL118) pol yam ne copol yners (eg condensat es of epichlorohydrin

and TR %tﬂ)%l%ﬁd”‘ﬁbdlf%' igeinl odrriek cat biso erused usuathasfode
(ponD stituted dextrans; nmodified guar substituted with

hydr oxgnamwjé t|m|ananomﬁ2@h1 to 19, ngumrﬁm?é%“fﬁ'%tehg BEJNHUIES, ary
groups, substituted on :?d?fﬂe Ibeagstd in tAel yam no

aci ds P@ ?91 fé\dn’QY"a'?%’ﬁ?'ﬁ%ﬁ%%t ar vveclwﬁﬁ%tgll%sqnggo conpoll’?nds (eg

sper M BeRRfentibaedirdiie ©f 20Matout:@0. or artificial polymers may be enpl oyed.
Cationic polyelectrolytes with MV 150 to 5,000, 000, preferably 5000 to

500, 000, nore preferably 5000 to 100,000 may be enpl oyed. An anount of 0.01
to 10%i rhaly be2odffere Thel mpdlicBfion cahBew v.
WO 201 f@@@éﬁéﬁ“ﬁéﬂﬂﬂ%ﬁfi‘gﬁé@gﬁa}rﬂ% aI’?I&OI’II c polyelectrolyte is

pref er ap mtramwéqumtrcmss-hmhmgopolyrmrmmwndlf‘éew@eﬁé@r&FQﬁﬁg"'ﬂ'ﬂ@g}ml ecul ar

SU?LE@E@@%&E&@JE@&’%@ o kB s R RCeRER Wi LRERRANT. s e
upon grg &ﬁl/at e fs $Ucas Poriedais’ -@hobpﬁatecbron-nec-lzl-fy)rmql pmsdqo(al-ﬁfer

backbon or artificial polyners
phosphate, or also with chemlcally non -reactive eyffectorsrg% thg oxygen bond, such

as 2,3-bisphosphoglycerate, inositol hexaphosphate, inositol hexasulfate, or mellitic



Exanpl es of anionic polyelectrolytes include: Gantrez (Sseries, AN-series);
alginic acid and salts; carboxynethyl cellul oses and salts; substituted

pol yacr ylwoi20e16®9g. substituted with carboxylic acid greups)i2opmsyacrylic
acids and salts; polystyrene sulphoni? acids and salts; dextran sul phates;
substituted saccharides eg sucrose octosul phate; heparin. Anionic

pol yel ectrolytes with MWof 150 to 5, 000,000 may be used, preferably 5000

to 500, 0P0, g 10%
or ef et o5 agunaiegof by Sch, hRoHERBRR ar RnBAR 4o Ghrctpptgge 10% 15
pr e; erernghpﬂ% agllrb%.meg o/o 8|1Nlﬁ®&ﬁ1 ¢§6 3di T¥2, ;amdamemoatsmman Crossdinking t
refera o 5% Further e 0Si C i.n vative
P| ke @f@x3§gmﬁaﬁgaé§u’ﬁaaﬁp descEigediin, Hﬁé 01 r&ggﬁcﬁ(ﬁﬁﬁ P&n %‘?ﬁ@e‘?ﬂu tabl e
presery %I%lsvﬁ lf@ngEtg:a, $kiskhepergs y8E51 The conposition may further
a

prefer y conprise€ ‘any buffering agent. Al of the comonly known
buf feri ng agents may be used, Ilke Tris/HC , K2HPO4/ KH2PO4,

oL G R SRS Al TR

{lri g RS, (%(W%MBM'dsﬁﬁtrﬁﬁ}d?éélﬂ’aﬂfétdsfsqu@d&ﬁblébulél a:cdmedlhu tdF bi s( 2-
hydroxyét ycin Tricine (N-tris(hydroxynethyl)nethyl %@/m n TES

(2- {[WQ QZM\‘ﬁBHBxpafEICHWI)'rmﬂWB[ praduste ah avalisas ineimoleeylaity

NN- b h :
VES ( SR dTavinG, o) AR SefRsH e efon 6f PO Dog s, d 490 pog i f'hte;ZF ®
Sui ]E al) bllé@bM?ﬁb@ 00D fol%0001000S bt analcgotslydroduted rme)glwmeshaumgaa e

prefera

Lo B O LTS, %
G, P o A SRR g i

vent e I ngredients and t he
Conposuémgﬁrdﬁsynrh«mg)agemddd\oam for istenislenularnpdification, auch g5 kifundtiegal

o e AL St L OISR ARty
car ot | ﬁ‘%la‘?ﬁeth?fen%adlfsﬁc Anater by@rbhé‘ﬂﬂ diise&rafate Riref 2/5-pidisocyandtobenegl agent s

are such agents comonly used in cosnetic appl i cation

Acr y: agulfbmiSacidydi-NAgydyoxy sucipisnigifeestendliplideesienar '%lﬁﬁgxéd%o%d? icuiafly
B E PV
e Tt e S8 B s APADGE PR B usea

VA/ Cr ot onat es Copol ynmer or \f i nyl Capr ol act ani PCP/ Di met hYl am noct yl

Met hyl acryl at e Copol ymer. t he above |oned addi ti V. be_present
in an Em.‘nheltm(lﬂe Oerka@Wh!ﬁ*biP@r%W‘e@‘Z@@in S fRanner (?é"c}o‘? ﬁalt%? wulﬂ'g:e\ nor e

prefer S émo ﬁSr{?t @Yﬁéfj cgrvgu\{t)ablé Beﬁ%tl\/é‘értﬁéi’éo? ?na?} B ededb PN intildgs sfor ed,

furthe present, 1 n particular 1n an anmount of 0 to 20,
pr ef er aRanipld, bolyetli’sﬂeneb&fder olypropylene oxiie, pauatc:cmsnlmeyot)etbyl%\el@('% - %

Preferred additives are nutrients for cells m
gl ucosand @repylene axidenPE apresie '5°W3te%am'ﬁ23‘¥?’§8r g’n& {gﬁ ﬁhé Ifot o 25
" Wl , tﬁeh&%&?éﬂﬁ ﬂm@a‘ BBy A8 dxid@RRS aCHbRIF reasy 6f 260 te5000 G/rok 0 5

1'SSu actors; such as interleukins in physiological anmounts, up
to a 10 fold anount thereof Preferably the conposition represents an

aqueou's:()? (cgtla\lljatullerq{1 Iln(i< rrgpo# %engolyalkylene oxides, those derivatives of polyalkylene
oxide that contain a linking agent already covalently bound with a functional group,
thereby allowing a direct chemical reaction with amino, alcohol, or sulfhydryl groups
of the hemoglobins, forming covalent links of the polyalkylene oxides may be
suitable, for example polyalkylene oxides with reactive N-hydroxy succinimidyl ester,
epoxy (glycidyl ether), Idehyde, isocyanate, vinyl sulfone, iodacetamide, imidazolyl
formate, tresylate groups, and others. Many such monofunctionally activated

polyethylene glycols are commercially available.



(a) an oxygen carrier, preferably henogl obin or nyogl obin, wherein in at

| east 40% of said oxygen carrier the oxygen binding site is charged by a
non- 02 | iwendi3/mapmo(b) at | east one further ingredient, peelprediedoiosom

el ectrolyte(s) preservative(s), stabi}izer(s), anti-flocculant(s),
anticoagul ant(s), pH buffering agent(S), antioxidant(s), organic sol vent,
filmformng agent(s) and crosslinking agent(s). WO

2013/ 013799PCT/ EP2012/ 003086 13 1In a preferred enbodi nent of the present

i nvention the conposition conprises an oxygen carrier, which is isolated

f r om whabeifiedanggeh carfisviearesed) madified criserlimied (fntcamolegalarAccordingly it
Is a further aspect of the invention to I’OVI de a p for the
pur|f|'@§fm9WCHfarbrPr&i9%hn|f%?P@Pe%'@!ﬁ% egrogiahin 9‘8‘6“5‘? AYN9AN t he present

| ”Ve”ta'vg(l;béeef n@ﬂ? dé!@lﬁéﬁ?uﬁﬂ?gf 25681008"t6 PP 0@ B/rRbI bpﬁ‘mﬁ lg:‘r OQkts Mal/fiy

preferre gen carrielr is isolate | ood of a human
or anlameéveiagemsaoléumlahwelgjurcffSOe@D(ltob@OGQ@@ﬁmoalary pretegrasf. pl asma and
cel lul ar menbrane constituents. Wth "essentially free" is nmeant that the
consi dered conpound or conposition doesn't conprise nore than 20 (Yo,

pr ef em&%bva.ﬂ@tto [ 9ahm@wr1&a@er@@&nﬁeaﬁn@ﬁmﬁwﬁmbd AYnfoG1BBIA &r % and
particularly preferred not nore than 2% or |ess than 1% of the nentioned

undes inmyagleind inwaiay) or anm@jmﬂgm,datnamctdarnofmmes@r@nys Y869 {0 e neans or
met hod_s sis or precipitation, centrifugation,

ul t ra@éﬁ;t??er]%ds&qf e,lr}v%ggyggﬁﬁfpggﬁ@$”i fugation, chromat ography nethods

l'i ke ani on exchange chromatography, size exclusion chromatography, affinity
or adsorption chromatography, gel filtration or nolecul ar sieve

chr ordiGSEFAPAY0 the Peaseny diventigniat deastitd YplrtbeoxyaeB pinding ﬁ‘g% ot il es, as
far aaxggs .Igr i gébrk%%ggg LIQMR 4 RE ﬁat Dy mgcwréfeﬁébngsatmtsmt Sréfé@ablyess as

possi b ing 1So puri tion the oxygen carrier
remai g lmm%aiﬂqrelmemtant atdeast\1eMh, eten morgaqrefeared atleast 838%W, at ed from

whol e bl god, f th |
Cort | AR AT pERTRBA B AR SOe T SBY AT (s ArnaRiebn, BP ERlag il i Py Bee "
sel eCtn*T) Ygéb(d lenarskd f?)n‘i'me h"th%hér’@@ rﬁéf bitehgy beXaffiedirinigeisolatibh dfehelt i on and

t here the non-sol ubl e conponents are separated. A conbination of the
two nesantersoraftardts furttmespun&mt@n hhwelvys.ltslsmartlﬁéadxya@%fﬁrr@grtpuCé\rryCQ}Ht ai ni ng

Sui t anfe Sy W ok CBn et i profodod 1 niniRmt s e dbfiodly,

| ysi s,isdlagsmel pllificatiod theiligandris provided to / contacted with the oxygen carrier.

The non-O;, ligand preferably is carbon monoxide (CO) or nitrogen monoxide (NO) or
a mixture thereof. Both ligands have a high affinity for the hemoglobin / myoglobin O
bindig site(s) and serve as a protector against oxidation of the central Fe3* lon of the

heme.

The charged oxygen carrier(s) is/are preferably dissolved in an aqueous or organic
medium, wherein an aqueous solution is preferred, in an amount of 0.1 to 35 wt.-%,
preferably 0.1 to 20 wt.-%, more preferred 0.1 to 15 wt.-%, to be ready for

application.

The composition according to the present invention further comprises at least one
further additive, preferably selected from the group comprising electrolyte(s),
stabilizer(s), anti-flocculant(s), preservative(s), pH buffering agent(s), solvent(s),
antioxidant(s) and film-forming agent(s), more preferred selected from electrolyte(s),



Cell debris may be separated by any suitable neans or nethod. This includes
e.g. centrifugation, filtration, sedinentation and decantation, dialysis or
any sim 0 208319 For separating non-lysed cells or tireTaEPRé12dedw86 s from
the solved oxygen carrier a conmon meghod is pelletation of the solid
material. For exanple a centrifugation step may be carried out.
Centrifugation with 2 to 5000 x g usually is sufficient for pelleting cells
and c . NS sy i g. any
oreci pafE R arERbeBRantsl, WasttbliRsh Ao Bhl HaoAATBBBRISE M. ST ng

the prefeneat thercoppesiion feintfoen of ensolufieryand conyirises a‘tﬂqaﬂ'iteartar ri ed out,
in particular centri fuqatl on stegs usi ng higher forces, up to

ul t r acdeft FQYtﬁg'ﬂth optionally 3,3t3P#izeh6 x g. The purification of the oxygen
carrier containing solution additionally or as an alternative to any
centrifugation step may conprise at |east one filtration step, preferably
at | edite solotion magecamprise ehiysiolagicallyrcosopatible slactrobas beuchnas salis.dit

h b f |
el O TRl e e i =
appl i Gt '°/9rbr%r!sl§$/ ¢.neo 1@y 9, but bF@férébﬁ?é@pre)senorn @ph@smlogrw three or

nmore separate filtration steps Sai d | ter cascade or the Enterent

fil teroqn’-geetrep@ rreype@ruawé’nef@rablmrﬂa%comaeﬁltlor\lqpé"reﬂsee%ﬁé Rers of
di ffe Xl@gpoﬁleigﬁ"{:\o%ttsr\‘ﬁ(te & PN kel l\ﬁ"iféle@é@b;ﬁe used’Z%Cd:urt her a

deep oGl or ~<i mi | preferably as
a firsh Sd4t ﬂézsenepaelz Mgcrletsudlumamrsm seﬂrhmﬂ&ctate oririxtares of ihé one

filt d, it f dt fi t di

di angire}eétuc;’msﬁedjee%@a@w{n%a@He'errgore%érﬁﬁg (4 InesE e firage, e MLHBde o |

used, %Jﬁ?sfl\ﬁakglt, gghlchf‘érhi(lﬁfé 86n6é}?ré1%?¥bf@9°/dt (i4dtehic sBIMtidrgve an average pore
0 to 0’ 5%m

si ze e second Iter may have a pore size of 0.7 to 0.3
pmand the third a pore S|ze of 0.4 to 0.1 pm wherein independent fronrthe

g\r/rglr: ¥ pl ng@rgztg e‘sat'rg\‘lé?trp oRd {s\%fe@%'ri]'%ﬂg%%’%gﬁg%ék’%l@ﬂﬂgggﬂén%@ﬁfb ter prior

to thatym gy rﬁﬁhétlri%b&%rétﬁgllrié?%é/br%fhhlﬂd)c@OI@ancﬂ’qupterm #rdpanicalardor thevi ng a
| arger size than the pore size of the used filters Iﬁ essent#aII%Srem)ved

Fur t hemeraagiobin Afmybglodin, (ﬁﬂ%‘t%ﬁ)Nn@fyet}b‘eCMSFﬁiP%o%@t‘?'ﬁet AGYFTEINGRNEN process

for puri the o Ididdcthafes! &fd

non- de@ie}rﬁﬂn'g& O@ﬁ'cﬁégﬁgﬂ%age%{lﬁ é()ﬁ)&jisn e%ﬁ gyé%?g‘lirabl y The si ze
excl ush@fhd 4éTds plréfeﬁdﬁl?fefa@d mfammisaifé Oﬁalcwaﬂ_bltecaﬁlwts -%hi ch are bi gger
(larger, higher nolecular weight) than the desired oxygen carriers,
accordingly said macronol ecul es are retained by the filter. Due to the

nol ecu ' f?4b QQwDﬂbre@mérh@el hepolgsisl usi on
limt ﬁétp\é@()g&’rhg{q ?gﬁ p|Iter g‘ﬂ%ueﬁg 9 hi gher. To rrgkegggre that the
yi el d Qrihdugmgdﬂ?bwmcrdern/atlvelecmaa,abe@nwoyetb Suqnmlwlrsr'a@'uaﬁ eth¥gneit s
preferred to sel ect excl | f 000

Dal t onglypPle OBICEHly e%i&h'éﬁﬁg g’?f r'%o% 'p?i%&‘éﬁ %"r?e éyr % log%gut 300, 000
Dal t on;a, \pB?ergﬁéﬁgnﬁ&%téﬂc%lﬂﬂnﬁ@s bhéfmay/aéwat leddtibhe @ite tlyaior as an
alternatl any suitable chromat step cap Fe carrie

parti cRrefetmgdmodjals malude;/p&aﬁﬂhangmM@Paﬁh?'CPBO SofP ‘Cﬁi' a‘btl‘togl ze

excl usion.chro ngre drefarrat. atnesi s
step uSPrhYo E %ﬁo@%@gggﬁ%§%ggﬁg?w rl(t)ﬁgbjr Igmn"gjr?tl onﬁe}d 51 76 excl usi on
L' mi ts gnidun@ef tre pdsr?opmgebb inathei prefaredmnge 0001 te28Pnmagetmieferably 1

macr onol ecul es having a her nol ecul ar size. To |l ower the anmount of snall

nol ecuttaﬂ5%emgﬁt p@ﬁwa@lw %8Vt i on an additional dial ysis step may be
carried out using a dialysis nmenbrane having a size exclusion limt of

about 50.000 Dalton, allow ng snaller nolecules to pass, but retaining the
oxygen Fgather the pfb@eudlstanilzdar additivé may beaelectad Ee®o? gani sm contanination in
the conposition it is |cularl refe d to include a step of virus
cont entnsiBydrpaymetivi) Fﬂgﬁ)(LC%mPPPP &ﬁ%?g(&ess The virus content is

Ifeducteﬁ @Cglrzfjgé RS L BRwhéref rmbby- te aﬁ(ybtsru@emméd p@s&, alkgh NH), pr eferably
ess

nore preferably |less than virus part and even
mor e pINH@(CHOH, @1 Cahydrioxyalkyls GitCs §|kp!r‘@rQP?(lé|§t€i H\ﬁ%ﬁ h&"'@ﬁfﬂf{ Boﬁ nd

o B VOB o SRS e gl apnanet



16 filters are commonly known and avail able on the market. Exanples are
Sartorius VirosartO CPV, Planova(r) 15N, 20N, MIIlipore Viresolve(r) NFP or
PALL Pegaso013)01839ade LV6, without being limted to thever/eibé@nosssvel y or
additionally, preferably after the pagsage through the filter, a treatnent
with UV light, in particular UV |light 'of a wavel ength of 245 nm may be
applied to dispatch any remaining viruses. Optionally at any stage during

th foi ti } heat i t

my bousTaALe). xBTS B Bl el S AELRRE i R (1)3AlaRre e N e e

F e R . Lo e €0 Lo BoG Aot e or of er red
int héris(diwgeow@byk)@n%m\ethﬁ@ema&aﬂﬁQh%&e@{)?qfse@é’r‘ﬁﬁfﬂ&%‘?%lifé- M%Eéfeam y for
10 sy o S0 R St BB PSR RO o110, (o

30 m conprise severa rent tenperatures wthin
the bajigraydriyeterminodes(hidmxydiethyhmettaney Notasbydroxymethylymetyll-

[ [ f d . 1.h [ ' | uti
dUr | ngp-BnpbRER AN EIR: N S EEeOBMD RS 3TN PBFNdhe: hat T he
Xy genL it SAE. KATR(ATILRYABINEIES Sirdie-Warbxyspoparie Salphonale dtess

and d g prepar t he ‘conpoSition of the present inve Thi s

means [tis(hydroxymetinjreethyl-glycine t aidmoparounssr as welliaay, Be a&P&Bitibi?ﬁ%t ed in
th f th t A ti } i i i onat I
thr co- arerarred ange of0 HBT b 20% ARG TR fuinst cieherably 216 hopea ura

particyhar preferred process according to the present invention the process

for purifying an oxygen carrier fromwhole blood conprises at |east the
steps: (a) separating plasma of the whole blood (b) lysing the red bl ood

cells I(-'ﬁéhérh ?\rggé{gfeérﬁn %faé)(?lﬁné(?ﬁ]adﬁﬂfer rinﬁg/%e"\éélgcthlﬂg%d@ %Z{?&yélébtrb@@é.i‘me t he

sanpl e e range of 40 to separating the oxygen
carri epofybRiGtBe Ptdy b 3l datidnio ooanionigyuoiyelestrolpte. tATeBBOIEps an oxygen

carrier containing solution is obtaginable. wc

pr epar polyelectplytes mahps ide; %Hpgweahiﬁsrcé%ﬂ? H%Aﬁegﬁ?ﬁp@#és'?ﬂ”%%'??@ﬁ‘? ar the
oxygen_carrler. L Al g(?w%o i gl rAokruldiehairst eps nay be
concenPP&f]i%%&%ﬁgmg? 13@%8%%%%?2‘?003886%7 a :jesi red amount of the
oxygen carrier and to this solution the at | east one further ingredient(s)
is/are_added to obtain the co Y { i iShep (a

of o ThPRURTICOHE WARNSA P HrebT Gt glyety BrERe ﬁ%’%ﬂ?‘}‘f&é ed @
et hod IiRgi fHemantfrom thiecchdin pr efay bdincosgorated in it.
centri h{;&@?ﬁﬁ%&é%lﬁ'ﬁdﬁ@??s y centrifugation fo abi) t ﬁ@ioﬁie”arﬁat about
2000 t Exadifles pfreationjc pnwmth%m%P%o&a%‘W‘Sr%ngﬁ‘é{ E%rto - Viher eas

sol ubl e conpounds,,and i | epledn HSMOOY obtaihbd

super n%&ﬁ%a%mgﬁgﬂwé&&ééggﬁﬁgﬁdﬁasr%lﬁgggﬁ?g?‘l ng of theO))r_ed IbI oad cells
€. 0. 2gfidnSbi SEsstitseBqoNdmaniidesiepaigethilepetioel palyprenylenmMini8s ed

bl ood conpounds can be increased, Ste b) | r &b, C L _b
addi ng S\mggtit%,teq)ﬁiefi\éawg/pﬁﬁY§m“ﬂ? Q&m\&i{) mé;sf @@éﬁ%@b@é* Zat}b-albggﬁgﬂiec%?bu?f er,
prefer a%éresoﬁs ‘ﬁspfgsf S enitMokdHydrifi stcemeaotdratichettiylamane)( pplydiaiykr

R 1'60d cerls M

| ysi ng Wi th water or a sub-isotonic buffdgfr <greferably a
sal t i gimetad ansmbhians ohlerider(polyDARMAS JoaubgitelsdAextiangs MA L atar

;(r)nr;ﬁﬁ? tgry% zﬁgtgt%?{tw%g:yﬂtﬁ ﬁ{s(a[_olxgprso%ly\#i}n%'ﬂiurﬁ "RiGHRS! yubitdtelprofies(dp an
quaternary groups substituted on soya protein and hydrolysed collagen); polyamino
acids (eg polylysine); low molecular weight polyamino compounds (eg spermine and

spermidine). Natural or artificial polymers may be employed.

Cationic polyelectrolytes with MW 150 to 5,000,000, preferably 5000 to 500,000,
more preferably 5000 to 100,000 may be employed. An amount of 0.01 to 10% is
preferred, more preferably 0.1 to 2%, especially 0.05 to 5% wiv.



Step (c¢) may be carried out after step (a), after step (b), after step (d)
or after step (e), but is preferably carried out at |east after step (b).
It is parwOcoi3AnBIwIpoi nted out that step (c) is not necessareég/oexséi ed out
imedi ately as a next step after stepyy(b), but as well can be carried out
or repeated after step (d), after step (e) or any follow ng treatnent
steps. The charging of the oxygen carrier in the solution / suspension nmay
be carqy . i i i i QRidni §i Qi ferably
G or TS 2nBHis PRlyCIBLLBHE < oRablya POt Mt ARicic YRR o

i nt r ocilomgl thewnoledutarschain i Bine Angmspgrasipsnwhich mayiingugerdasioxydatg, enough t o
obt ain >90% saturation jn the solution / .sus sion. .pre y a >95%
sat ur étq?mpnaé?e?}"?la? erﬁsﬁptbgr Regatvely ¢ ?'ggf’t'%P'SsE%pg’ é‘})'rpggf }'gﬂg ep (b),
af t er fSEdsddCipst gRIupR! periciint fim tHiEhain dvbRindeditectigns itlesl polymerf t er step
(c). Further the %eatl ng can be repeated during the isolation procedure.

Thi s diasboonepNatesl etastifieiat pelymsrs My bg gao¥ed.ri er cont ai ni ng suspensi on
or solution during the isolation procedure to a tenperature in the range of
40 to 85C, preferably 60 to 80C, nore preferred in the range of 65 to 75C.
The h%&drﬁﬂle%ﬁ#@nﬁcﬁwi%?br' ttes indled i@ antfear(Skenies, AN-$eries)y alginic ef er abl y
for WD 2013/ 013799PCT/ EP2012/ 003086 18 20 niq§%p 4 hoyrs agﬁggnsk

pr ef eracidiandisalis; eamoxymstmd gellulgsas aaf sadspsukslituiegdnalyadty ghie9

t enper : Gl e grgﬁgi ; ( ygen
carri eﬁﬂqggﬁgﬁmtrﬁe r;)?g%%féu(?@ ﬁér n h%@g?'ﬁ@gg‘ﬁgﬁé@?gﬁﬁ Fssathllélt '%é%:’(lt ained in
sol ut igulphdnik ackisrand saits; deixtran stiphatdsisubstituted spcobandesee sueraseher

by scratesyinbate heeadh. Aabhicroyelsbiofldsy vl 8H 61 TR A3DodHl i, | o
sol Ub'(j;ﬁgg&%?‘b?&@%(j&g 8005 tegsoﬁ%om'rﬁ?@ﬁﬂmﬁﬁ/ 5500 f01000000ARCIheuntvafi ght .

Accor y sal tep (e) may include several single steps, like
filtreal.00% tonl@%ds ipreﬂeanedoespao@mwra.ﬂﬁgqﬁ’/omormetstp&@ahw-5) Q200 WiV

chr omat ogr aphy, dialysis using different types of dialysis nenbranes
providing different size exclusion [imts, washing steps, concentration of
the oxygaRiGadr preferfebribilizer & N-destyladystdire reaheusountiafd wbtd &,may be
included in this purification step. Preferably at |east one centrifugation
and/ oprefaraby301886%i 1tration step is conprised in step (e). E. g. the

| ysate may be spinned in a centrifuge to separate remaining cells and cell
debris or it is filtered e.g. by a filter cascade as descri bed above. The
| ysat eF grithertbeadnigdditidn ety amtain dnypresandtivedikess.gephenaxysthanoler it my

be filtered in a first step through eep bed f.il [
t hr ouglsotiazaling; serhic PF‘pt‘EIr)arB’rOt%e? F‘P&%t? eéﬁgﬁ%ﬁ@{'v iiﬁﬁwﬁqgesw @P]%é@ﬁ%n or
the deep bed filter the handling during any followng filtering steps is

simplified due to less material settling on and clogging the filter(s). If
not a Thé tempositiomdmay Sutiseripreferably goropuse aay tuiering adeattAlbakthe | ter is

e s BT kinaR b BHRR RS e Bt bsfqIRCT kT RRICOMAFOR % T00 1
pr ef er KadHP M HETD ., MOPSAE-(orpholihe)prsisahdsulfoaio a9id), HEBES (Me2- et ai n

as wel | mcroorganisns, acting as a sterjle fél er. Further preferred an
ul t r af hydroxyetbyl-$tpiperaginesthapesuifienicacid), IS &P hg the virus and/ or

m cr oof.gani | r ) prdingly it is
pr ef erﬁ@ﬁ%i‘ﬁb@%g&)Q?%ByﬁiTﬁﬁlgwﬁggﬂﬁ%’?l?rafeg)' ggﬁrﬁ?ﬂmih‘nﬂ%m ution is
essent hadroxyéthgbglytirenyTricine {blHvisthyaroxyrethy|methygglycine) pF BSi(Br t ate. I n
R L oy Sy S
By V“’p%?%%i@%ﬁa%%ﬁ@ﬁﬂé%? 1260033 fRe L8diupRehiatg), MESTREN- that ol ecul es
smal | er an e desired oxygen carrier (having |ower nolecular weight) are
separ atmphglinef)ethablegulignia@didigvithat beirg nited ithesel d (e. g. 5 to 10 fol d)
anmpunt of an isotonic solution to the oxygen carrier containing solution
and thereafter filtering the obtained (diluted) solution by a filter

r et ai NgRAablRSsdNerdsin 68 EdbMpositidnaldcovding ts thee inventioh ecelpesfetablpasader For

washing the solution preferably a 0.9% NaCl sol gti Brnlii‘ used. The washi ng
step nayageepempsalutians, goanicolverds lise glcqholRyetgraplyreihanal, 9f ef er r ed

enbodi nent .. i b af j R ' yz usi on
i BpVE e (PESE). BEGURE UEsaid ol gt B8 e e B B R e
nol ecules to pass. In this step the oxygen carrier containing solution
(preferably after washing) nmay be concentrated to a desired concentration
of the oxygen carrier, e.g. to a concentration of 50 g/l, 100 g/1 or 200
g/l without being restricted to these anmobunts. Any desired concentration
can be obtained either by concentrating by filtration or by adding 0.9%

- —— o I



In a preferred enbodi ment the conposition of the present invention is
prepared by adding to the oxygen carrier containing solution at |east a
pr eser vatwoepiuigfoer abl y a pharmaceutical |y accept abl e prespevatbnioss | i ke

e.g. phenoxyethanol, parabenes, sodi benzoate, benzyl al cohol,
hexachl or ophen and an antioxidant and/ or stabilizer |ike e.qg.
N-acetyl cystei ne, sodium octanoate, N-acetyl-I|-tryptophanate,

Nacet yl - net hi oni nat e Ltam ' ' ; | ition
ranni RAOPARYS FHBAGS M5 a5 % PolPRnt o BB & b S S Rt
be addgdy addirbiigealds/an Ehrulsibni Aleiticdapy prdfenad eojvent iswalérarani again, i f
desired, e.g. by heating, filtration, centrifugation, addition of

pr eseraqugousssolutigfour appl i cation, gas application or UV-application or a
conbi nation of at least two of them preferably by a further sterile
filtration step and is preferably filled in sterile containers or_sterile
bags fmnticidants usefulMdAbEPreseToSTapOSia0 nTbsess vitamia forvifleAynte a

preferred enbodi nent the sterile bhags ar ositioned in an aerosol can for
| at er fll%@.notgﬁeC@F&MSF‘L&@éﬁaﬁﬁoédgé'ﬁ-gﬁﬁe-s\)g‘@%ciystem conprising a bag, e.g.
a |l am nated al um nium bag and an alumniumor tin plate aerosol can. Due to

the separation of product and propellant, Bag-on-Valve can be used with
conpr eRederred filmdomingagentsare syek egants corgmonpyoused iNCaMENC According to

the invention, the conpositi 1.S: pre I f open
wound<FRicananclifeye n BT M aE e A B O R e A IO e
for t h@oPB@rfr{éFeBhtWEsmﬂﬁifWMﬂ\AN@émlymr, ChebaxyafethyldshitiseChito$an.t opi cal
treat men t he wound(s) with the char q{f?éy\?‘gﬂ/é‘ﬁf“ Fr’é‘? descri bed.

Sur priHydgixyp'rapy&h@@"ﬂbﬁﬁdPPIV&I“@"Q'”M“&?EE 'd Y0 OPOIVRYY treat open
wounds, wi th sai } tHigsmaferyd t he healing of
chroniy%m%%atgg%aﬁ{ogﬁﬂgf%ym Ag?ﬁgglge?%nm%@?gased ox%en suppl emegt.

It appwﬁywag[aqé@@)dmép that the treatnment of the wounds requires the
oxygen- charged oxygen carriers for treatnent. However, according to the

present invention it was found that it is possible to obtain a positive

Wt ho - - Ahirca aherunt ba0de @0yipréfeGidlyr NO.
et o AP UBB A BRI od Ry prese :

eory is that due to the oxygen .partial p ure
in airotgoe, I0.@RGI05ey Obkta $Q) mose Prsfetally 8P e %bf%éwttfgﬁ?msﬁaﬁgaand
accordingly the wound healing is supported. The conposition of the present
i nvent PBAV@as t he cl ear advant age of increased stability of the
oxygen-carrier due to its non-oxidi zed status based on the charge with the

CO or NO ligand resulting in a good preparatjon and s j bhity.
Fur t heilf desiredo fyrthertadsiitivies reay e presgpl yn Bﬁﬁ'cg'g%d” &8 %{ﬁhé%@ﬁ?ov. des a

safe and effect] P o & oD QX9 Frefdregded
di f f usiP eﬁ%@Y&’tﬁg‘) g@ éf%gg%g%%'gqgaﬁ/’ﬁ)gr agryntg?g The conposition of the
pr esent,JqiMeRtdreutderits foi eslise Theyain e seleptaddiony dvcasfe esg-dnAnapuRtie

wound, 1t Is applied on, preferably s e i form of a
fine spféylto Bt non DTS L ok P, et GrfthBacids, i

particular cysteine, e.g. 0.1t0 5 wt.-%, or tissue factors, such as interleukins in

physiological amounts, up to a 10-fold amount thereof.

Preferably the composition represents an aqueous solution comprising
(a) an oxygen carrier, preferably hemoglobin or myoglobin, wherein in at
least 40% of said oxygen carrier the oxygen binding site is charged by a
non-0O; ligand, and
(b) at least one further ingredient, selected from electrolyte(s)
preservative(s), stabilizer(s), anti-flocculant(s), anticoagulant(s), pH
buffering agent(s), antioxidant(s), organic solvent, film-forming agent(s)

and crosslinking agent(s).



According to the invention, it has been shown that open wounds,
particularly also chronic wounds having very different causes, can be

ef fecti veWw 20r3¢a8™d. These can be wounds after operati oR§T/ERR41RI0030BEUNE,
after injuries, wounds wth poor hea“%ng or hypoxi ¢ wounds, or al so wounds
caused by degenerative changes in thetissue. In this connection, they can
be wounds caused by degenerative changes of the arterial blood vessels and
wounds resulting fromchronic venous insufficiency. These particularly

i nclude decubitus as well as chronic wounds, particularly those resulting

f r om dhabgrefsrred erbudimentiottheqeresent lbyeMUmtl'(eecd)mposubgn lcoaipriseg arheni cal s
or by freezing) or by scal dlt’@g can Eg effegtiv treated. {.: GL#RE%IFI gure 1
shows QXygeDZasken, WaGhis isalated ffemywhelg RIgP Oéé aRerANgRRL RESTEA
surrom(g)g% artial pressure. EXAMPLES Exanpl e 1: Henogl obin was i sol ated

from ‘ood of pigs by separating the red blood cells from serum
lysing the collected red blood cells, pelleting cell debris, charging the

h | obi h, d i c | d
! eAccoTgioly h e N dnpech el B tveaior Riploy R oben @ de, U
St eps, prfiichtigh 8 af d&‘ybéﬁ cfa'rﬂléérr @ddbhe férithe o@hﬁ)d@ﬁdﬁ obthehsresbhtinuention

hem)glo I'n solution by adding twice a 2-fold volune of 0.9% saline and
filterfromp whaledddad.i on. A ready-to- use conposition for wound treatnent was
prepared, conprising 10% of purified and stabilized henogl obin, 0,05 %
N-acetyl cysteine and 0.7 % phenoxy ethanol in 0.9% NaCl. The conposition
was chegasepagsion of the c@ﬁmﬁuomm&emrefbrwﬁ embodpoent theoxygensactergéd i nt o

I t I WD 2013/ 9 2/.003086..2 t

por 1 Gaoloted fom:biRpaSiT ¥mBn QERMBRLAT inGMNEERUTHER MY BEA oAty et "
Di ab

\;I)Mrteﬁa;gftcmg%nl % '\%ﬁ%h‘l tgﬁﬁjrgng%h Xuehfd agnosi s: abet es, Hypertension)

right ot (7x2cm . The wound was treated once
daily by spraying the corrp03|t| on onto the wound. After 3 weeks first signs

f heal bl,e. K heal | d
and comscesseTiANEER T MRANIGLAINRES Bt Sar AR e aae dion0BRRL 57 s
SeCO”dccHﬂBFnéé? Pt thi 200D BRifLibl Abt FoAaTRN 1097 Svehanart prefei@d oot 2 year s

after preparation an thereafter used to treat aochr nlc \Af"?%ﬁf a male
patlenmoseltrﬁmﬁ% dndanarﬂcuiadV@sefﬁﬂleldeI@@Sﬁp@aﬂlz/°'F3H ﬁﬁ% o gt

appl i ed nic superfi ul cer (4x3cnm) at the left tibia of the
pat i enWeng'ﬂBeab’Gﬁﬁs\Rﬁé ngyg'g@(}nce daily. After two weeks a healing was
appearing, after 4 weeks the wound was heal ed nore than 50% of the

basel i ne. The next weeks a fast heal ing was observe n | e 0si ng
of t heThe purification pBeRACABP &L %J'tﬁ@é%g‘ {'l?ddﬂe{’%i 'ﬁ%"%gr %ug'c‘?%{'o t he

conpos tls?(f']r eéf ﬁgﬁt?ﬂgb cé'nt ?lbﬂrﬁﬁra%%nﬁﬁgafléﬁ ffadtfstisied ChAtrigaddtion, i t was

used f Is |c superticial ulcer (4x2cm at e rlght | eg
of a rr@h@rpétbgmﬁhﬁmbﬂ&rdﬂg(e‘amandaxabelngeChmmamsal?%élziq eXCi‘H%‘OO\ound was

treated once daily. Afte ks heal i V] Si eks a
f ast héﬁl‘qm%jo%@%s%ﬂﬁ%ﬂoéﬁ S%@ﬁﬁr‘é{‘ém@?g‘& %@R&éérﬁ@%ﬂ? %e\/\ng@é% twg.l ned
aft er é%t émaﬁ)‘gﬂ' cﬁ*dléiy@%r Wit uPheinderestiares td tresecdxamplep) as farwas
used t reat a tient after contact with hot bojlin

and
st eam aghsy tdeaqpphedsmaﬂwdsﬁlne onygom gadieg e depaturatesasess c%osseble
Preferably during isolation and purification the oxygen carrier remains essentially in

solution.

When the oxygen carrier is isolated from whole blood, it is preferred that either the
cells comprising the oxygen carrier are separated from other blood components or
said cells are selectively lysed to deliver the (soluble) oxygen carrier into solution and
thereafter the non-soluble components are separated. A combination of the two
methods as well is suitable. The lysis of the oxygen carrier containing cells may be



WO 2013/ 013799PCT/ EP2012/ 003086 23 Initial treatnent with cool gel and
Neosporin for one week showed no inprovenent and by the tendi ng physician
t he appl iwat2ommigfooski n grafts on the nose and ot her parts/ErRo2esokace,

| i ke eyelids was proposed. Instead t patient was treated with the
conposition of exanple 1 for 7 weeks. The conposition was applied to the
skin by spraying three or four tinmes per day. A fast inprovenent and

heal i ' dt 5 ; ' d fromthe
noepi t2r1ed PUfoL8hl sUfRnRISSIRERR cd BB A e erbRINE), G
Conparrhs¢tiariéal dysis abermhahlysisodresigdidr.henmogl obi n A) A char ged

henogl obi n-spray was prepared according to Exanple 1 A ready-to-use

conposition for wound treatnent was prepared, conprising 10% of purified

Hoediiiy I . - p
and s !é\é%ﬁ%%&&;ﬂg#@%@%&gb %nf’éﬁt%ﬁ%thﬁleaﬁé!%ﬁ'%gétﬂoéﬂ‘ﬂh@_|ﬁcl%d§§@1§lxy

et hano osi'tion was charged again wth CO gas,

separ ajentrifugation,filpatian, sedimatatieokangededantatiem dialysissir amwnsimil@gpect i vel y.
The co sition can be stored between 4C and roomtenperature for nonths to
years.M &‘Oﬂ-second portion of the pig whole blood was treated as in Exanple
1 with the exception that no CO charging was carried out. During the
heating step a considerabl e anount of henogl obin precipitated. .The

| p
f ol | ovirorgeparating non-lysesheellgearehgi qellidabris fiam dhe sQIVeGOXYERE GATRPH of
purified hemogl obin n ol ter lenl! ; I i f the
bi'el o GenopEeBadl R ploRlorts By iAerE For Bafpl O RriratoR ey,
char gi fgy beecarass loas. @emthfugatidnr witly 2rto&000at g wsustints suffieient fos pedetiag obi n
in a way that during a heating step considerably |ess henogl obin
preci pellatans cell deliis/- t 0- use conposition for wound treatnment was prepared,
conprising 10% of purified henogl obin, 0,05 A N-acetyl cysteine and 0.7 A
phenoxy ethanol in 0.9% NaCl. The conposition was portioned and packaged
i nt o apgosalletingriartheespresbived gampoes18.00 28y poetinitaedeveleresbdeing C) A

further portion of henogl gbin was j sal f ..o [ b

et hodnagraisaon e sarsna Aime e s fahE D e Bl teBs e g 7 0%, bt

hemogl %tﬁf%iibﬁ%@d@%&%é earriddheuth P partiotlan ceasifigation $tepsusirgshighand
ne

cel lul ar rane constituents wthout heating by nmeans of centrifugation
and ul foreds, luprtatulsacentritugadionpaith upde 107 x g.

The purification of the oxygen carrier containing solution additionally or as an
alternative to any centrifugation step may comprise at least one filtration step,
preferably at least two, three or more filtration steps. This can be carried out either by
using at least one, preferably at least two, more preferably at least three filters (if
more than one filter is used in the present application we use the term “filter

cascade”), or by one, two, three or more separate filtration steps.

Said filter cascade or the different filtering steps may include two, three, four, five ore
more filters of different type, different material and or different pore sizes. Further a
deep bed filter like e.g. glass wool or similar may be used, preferably as a first filter
material to retain coarse cell debris. If more than one filter is used, it is preferred to
use filters providing different pore diameters in decreased order. For example, if three
different filters are used, the first filter (after the deep bed filter) may have an average
pore size of 1 to 0.5 pm, the second filter may have a pore size of 0.7 to 0.3 pm and
the third a pore size of 0.4 to 0.1 ym, wherein independent from the overlapping

ranges cited before the following filter in any case has a smaller pore size than the



A ready-to-use conposition for wound treatnent was prepared, conprising 10%
of purified henoglobin, 0,05 A) N acetyl cysteine and 0.7 % phenoxy et hanol
in 0.9% NaBlo13lhg7eeonposi ti on was separated into 10 por conr2andomsskaged
into an aerosol can, respectively. A guch prepared non-charged henogl obin
spray was freshly prepared during the“treatnent period as often as needed
(all three days) and stored at 4C naxi mal for one day before use. Treat nent

of pats Y t ul cer at
the”r SUEFPierStRL Hy ST ehb el S5 7a Praciphaiga tharl favingia | 28 4ing
to A) Ia(rgémél&d than 19 pbay side df@h@ueémfhebs isressehtialyhiemevezbar ed henogl obi n
spray according to C) (storage at 4C for 3 days max., i.e. all three days a

fresh conposition was used) until conplete wound heal i ng was obt ai ned at

al | o frifer BALIG AR h&?%féfpdﬂn%g BPinlclUitiedt hAe pus ré@ﬂ‘dﬁ?@c@%%ﬁpummgmund

heal i ng obt ai ned w ositions according to showed i n all cases
| ess $Iwoﬂgemcaﬂrm(s)|8i¢sush ani uitrafiltrdtion stepsporwesiredtsobsed n conpari son to

d he.h b d |
ComparTaSRMAISGHIYs 621 CR AR Bon b Eer dhis s St ot it iR PR ML "
woundgepbfib @ﬁaamm@meg W@ﬁgreh&@@@l' QAigercRighes hidleculacwelghityhanche)

showed a faster healing per cnthan the wounds treated with the tﬂon char ged
henpgldesirad opyggn c)arr:ﬂfs, amdmm saidtmagromaleeyas are retaladyby MeklsS- wounds.

Th ts t t

it <conist1E ey Bt WeiBuCaTRARRb LD Glansil EOQ DRIERRAL Shie efddsion

pr epafllﬁﬂt @Etﬁ@ﬂﬂlréﬁi]trbﬂoﬂﬂémmnﬂé«he HiyhenTo mlkecsureEﬁmtnhe y&m) of
respectively, were exam ned consi der@ g t he 02 .char of, th ‘ggﬁl es,as
vel | &emoegobinds net dearegseadiyb tration step, it Is Prejorad ‘Pssedn% B ¥ bi nd

02. Fury ¥chFs d?PéPth%Erp%?E?ahsm m@bbefé?? d?\erﬁ@ﬂe%bnp aabeaH268,000 Déleor, mredi at e

vicinity 1n ese can sti bi nd but cannot release it no
nor e. Mbie prbéerseﬂmt aboutf300,00@ Dalmemtrmutlhemg testrigiedrio shes@valNgsl sol uti on
toimtate the conditions of a wound treatnent. Sanples 7.1 to 7.8 were
measured i medi ately after dilution (storing of sanples 7.5 to 7.8 was at

roomt Ig REAPBReMHAtIVE Y suitadie éﬁr@@rﬁéf@gtaph@%taﬁ chalbeovarried out. of
said dilute olution were transferred into a gl ass flask each. Gas

t r eat reparticatartyprefestectypetsf ahromategrapby i ipasexqhaege A HHLEXPYSINt h t he

respe as | osing the flask and pivoting the sanple for 30 sec. All
t he séﬁ?@?%ﬁ‘@ﬁgtored for the nentioned tine period at 30C. The sanpl es

were treated according to the conditions descrl bed in Table 1 and the total
anount_ of henogl obi n (henpgl obipn + et heno ob| e .oxygen content, the
ot horf BN TesHE ETRY L AbEREbRNA JENAS BePLsdacidieS MR Tani e 1

Exanmpl &Sy el 45V wBhtibRERSIZR dkclusort liftits, allowing the oxygen carrier to

pass, but retaining the macromolecules having a higher molecular size.

To lower the amount of small molecular weight compounds in solution an additional
dialysis step may be carried out using a dialysis membrane having a size exclusion
limit of about 50.000 Dalton, allowing smaller molecules to pass, but retaining the

oxygen carrier.

To diminish the virus and/or microorganism contamination in the composition it is
particularly preferred to include a step of virus content degradation in the purification
process. The virus content is reduced by this step, preferably to a burden of less than
10, preferably less than 5, more preferably less than 2 virus particles per ml, and
even more preferred to 0. In this step it is preferred that the solution comprising the
oxygen carrier is passed through a virus content degradation filter (“virus filter”). Such



% CO % MetHo % 7.1 Freshly prepared conp. according to Exanple 6A) none 5.5
1.7 96.3 3.9 7.2 Freshly prepared conp. According to Exanple 6B) none 5.7
26. 8 WO 2013/013799 PCT/EP2012/003086
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filters are commonly known and available on the market. Examples are Sartorius
Virosart® CPV, Planova® 15N,20N, Millipore Viresolve® NFP or PALL Pegasus®
Grade LV6, without being limited to these. Alternatively or additionally, preferably
after the passage through the filter, a treatment with UV light, in particular UV light of
a wavelength of 245 nm may be applied to dispatch any remaining viruses.

Optionally at any stage during the process of isolation of the oxygen carrier at least
one heating step may be carried out. This step comprises the heating of the oxygen
carrier containing suspension or solution during the isolation procedure to a
temperature in the range of 40 to 85°C, preferably 60 to 80°C, more preferred in the
range of 65 to 75°C. The heating step is carried out preferably for 10min to 6 hours,
preferably for 20 min to 4 hours and most preferred for 30 min to 3 hours and may
comprise several different temperatures within the before mentioned range.

According to the process of the present invention it is preferred that the oxygen
carrier remains in solution during the whole purification process. Further it is
preferred that the oxygen carrier remains in solution during the whole purification
process and during preparation of the composition of the present invention. This
means that it is preferred that the oxygen carrier is not precipitated in the process of
the present invention and accordingly remains in its natural three-dimensional

structure as present in its natural environment.

In a particular preferred process according to the present invention the process for
purifying an oxygen carrier from whole blood comprises at least the steps:

(a) separating plasma of the whole blood

(b) lysing the red blood cells

(c) charging the oxygen carriers with the ligand

(d) heating the sample to a temperature in the range of 40 to 85°C

(e) separating the oxygen carrier from any non-desired blood components.

By these steps an oxygen carrier containing solution is obtainable which can be used
for the preparation of the composition of the present invention. In particular the
oxygen carrier containing solution obtainable by these steps may be concentrated to



5.1 7.3 Freshly prepared conp. According to Exanple 6C) none 5.6 27.0

esl . . . 4.7
7.4 Conposition of Exanple 6A), stored for 3 month (10C) none 5.9 1.8 96.5
3.8 7.5 Geoposidisdn of Exanple 7.2 PCT/EP2012/003086
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a desired amount of the oxygen carrier and to this solution the at least one further
ingredient(s) is/are added to obtain the composition of the present invention.

Step (a) of the present method can be carried out by any of the commonly used
methods for separating plasma from whole blood, preferably by centrifugation or
filtration. By centrifugation for about 30 min at about 2000 to 5000 rpm, e.g. 4000 rpm
red blood cells are pelleted, whereas soluble compounds and white blood cells
remain predominantly in the supernatant. By repeating resuspension and pelleting of
the red blood cells e.g. 2 to 5 times, separation of the red blood cells from the
undesired blood compounds can be increased.

Step (b) is preferably carried out by adding water, preferably distilled water or a
suitable sub-isotonic buffer, preferably a phosphate buffer, to the thickened blood of
step (a). After lysing the red blood cells with water or a sub-isotonic buffer preferably
a salt is added to the solution / suspension to obtain physiological concentration of

said salt in solution. Preferably NaCl is added to an amount of 0.9% in solution.

Step (c) may be carried out after step (a), after step (b), after step (d) or after step
(e), but is preferably carried out at least after step (b). It is particularly pointed out that
step (c) is not necessarily carried out immediately as a next step after step (b), but as
well can be carried out or repeated after step (d), after step (e) or any following
treatment steps. The charging of the oxygen carrier in the solution / suspension may
be carried out by introducing gas in the solution / suspension, preferably CO or NO
gas or a mixture thereof. In a preferred embodiment CO gas is introduced into the
solution / suspension for a time period long enough to obtain a >90% saturation in

the solution / suspension, preferably a >95% saturation.

Step (d) may be carried out after step (a), after step (b), after step (c) or after step
(e), but is preferably carried out after step (c). Further the heating can be repeated
during the isolation procedure. This step comprises the heating of the oxygen carrier
containing suspension or solution during the isolation procedure to a temperature in
the range of 40 to 85°C, preferably 60 to 80°C, more preferred in the range of 65 to
75°C. The heating step is carried out preferably for 10min to 6 hours, preferably for
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20 min to 4 hours and most preferred for 30 min to 3 hours and may comprise

several different temperatures within the before mentioned range.

In step (e) the oxygen carrier is purified from further non-desired ingredients still
contained in solution, like non-lysed cells, cell debris, any precipitate or other non-
soluble ingredients. Further the oxygen-carrier may be further purified by separating
at least partially non-desired soluble compounds, like e.g. soluble macromolecules or

soluble compounds having low molecular weight.

Accordingly said step (e) may include several single steps, like filtration, ultrafiltration,
centrifugation, ultracentrifugation, chromatography, dialysis using different types of
dialysis membranes providing different size exclusion limits, washing steps,
concentration of the oxygen carrier content etc.. Any of the methods cited above may

be included in this purification step.

Preferably at least one centrifugation and/ or at least one filtration step is comprised
in step (e). E.g. the lysate may be spinned in a centrifuge to separate remaining cells
and cell debris or it is filtered e.g. by a filter cascade as described above. The lysate
can be as well first centrifuged and thereafter filtered, or it may be filtered in a first
step through a deep bed filter and thereafter through at least one filter or a filter
cascade. By the centrifugation or the deep bed filter the handling during any following
filtering steps is simplified due to less material settling on and clogging the filter(s). If
not a filter cascade is used, it is preferred that at least one filter is used allowing to
retain essentially all of the solid materials contained in the suspension and allowing
to pass all the solved components. In a more preferred embodiment at least one of
the used filter(s) is able to retain as well microorganisms, acting as a sterile filter.
Further preferred an ultrafiltration step and/or a step for diminishing the virus and/or
microorganism content of the solution can be carried out. Accordingly it is preferred
that after step (e) the oxygen carrier containing solution is essentially free of any non-

solved particles, flocks or precipitate.

In step (e) additionally to any of the steps/methods cited above the solution
comprising the desired oxygen carrier may be washed and / or concentrated. By
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“washing” is meant that molecules smaller than the desired oxygen carrier (having
lower molecular weight) are separated, preferably by adding the same or a multifold
(e.g.5 to 10 fold) amount of an isotonic solution to the oxygen carrier containing
solution and thereafter filtering the obtained (diluted) solution by a filter retaining the
oxygen carrier and allowing smaller molecules to pass. For washing the solution
preferably a 0.9% NaCl solution is used. The washing step may be repeated 2 or 3 or
4 or 5 or up to 10 times. A preferred embodiment is exemplified by the use of a filter
having a size exclusion limit of 5,000 Dalton, 10,000 Dalton or 20,000 Dalton,
allowing smaller molecules to pass. In this step the oxygen carrier containing solution
(preferably after washing) may be concentrated to a desired concentration of the
oxygen carrier, e.g. to a concentration of 50 g/, 100 g/l or 200 g/l without being
restricted to these amounts. Any desired concentration can be obtained either by
concentrating by filtration or by adding 0.9% NaCl or a similar isotonic solution.

The so obtainable oxygen carrier containing solution can then be used to prepare the
composition of the present invention by adding the at least one further ingredient

described above to the solution in the desired amount.

In a preferred embodiment the composition of the present invention is prepared by
adding to the oxygen carrier containing solution at least a preservative, preferably a
pharmaceutically acceptable preservative like e.g. phenoxyethanol, parabenes,
sodium benzoate, benzyl alcohol, hexachlorophen and an antioxidant and /or
stabilizer like e.g. N-acetylcysteine, sodium octanoate, N-acetyl-I-tryptophanate, N-
acetyl-methioninate, vitamin E, vitamin C, methyl prednisdlone or mannitol.
Additionally any of the further ingredients described above may be added

additionally.

The finished composition may be sterilized again, if desired, e.g. by heating, filtration,
centrifugation, addition of preservatives, vapour application, gas application or UV-
application or a combination of at least two of them, preferably by a further sterile
filtration step and is preferably filled in sterile containers or sterile bags for storing.
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According to a preferred embodiment the sterile bags are positioned in an aerosol
can for later use. One example can be a Bag-on-Valve system, comprising a bag,
e.g. a laminated aluminium bag and an aluminium or tin plate aerosol can. Due to
the separation of product and propellant, Bag-on-Valve can be used with
compressed air or nitrogen at a pressure e.g. from 2 to 9 bar.

According to the invention, the composition is preferably used for the treatment of
open wounds, preferably chronic wounds of humans and animals, wherein the use
for the treatment of humans is preferred. The preferred use is by topical treatment of
the wound(s) with the charged oxygen carrier(s) described.

Surprisingly it was found that it is possible to effectively treat open wounds with said
charged oxygen carriers. As described above the healing of chronic wounds is often
diminished due to the decreased oxygen supplement. It appears therefore logic that
the treatment of the wounds requires the oxygen-charged oxygen carriers for
treatment. However, according to the present invention it was found that it is possible
to obtain a positive external wound healing by applying an oxygen-carrier charged
with CO or NO. Without being bound our theory is that due to the oxygen partial
pressure in air the ligand may be replaced by oxygen when applied to the wound and

accordingly the wound healing is supported.

The composition of the present invention has the clear advantage of increased
stability of the oxygen-carrier due to its non-oxidized status based on the charge with
the CO or NO ligand resulting in a good preparation and storing stability. Further the
composition is easy to apply and good to handle and provides a safe and effective
approach to improve wound healing by facilitated diffusion mediated by the oxygen

carrier/ agent.

The composition of the present invention is applied externally. Depending on the
state of the wound, it is applied on, preferably sprayed on the wound area in form of

a fine spray.
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According to the invention, it has been shown that open wounds, particularly also
chronic wounds having very different causes, can be effectively treated. These can
be wounds after operations, after trauma, after injuries, wounds with poor healing or
hypoxic wounds, or also wounds caused by degenerative changes in the tissue. In
this connection, they can be wounds caused by degenerative changes of the arterial
blood vessels and wounds resulting from chronic venous insufficiency. These
particularly include decubitus as well as chronic wounds, particularly those resulting
from diabetes. Further wounds caused by burn (either by heat, by chemicals or by

freezing) or by scalding can be effectively treated.
FIGURES

Figure 1 shows the O, saturation curve of hemoglobin dependent from the O,

surrounding partial pressure.

EXAMPLES

Example 1:

Hemoglobin was isolated from whole blood of pigs by separating the red blood cells
from serum, lysing the collected red blood cells, pelleting cell debris, charging the
hemoglobin with CO by introducing CO gas until saturation of the liquid sample is
obtained, heating the solution, carrying out several filtration steps, including a virus
filtration step and washing the obtained hemoglobin solution by adding twice a 2-fold
volume of 0.9% saline and filtering the solution.

A ready-to-use composition for wound treatment was prepared, comprising 10% of
purified and stabilized hemoglobin, 0,05 % N-acetyl cysteine and 0.7 % phenoxy
ethanol in 0.9% NaCl. The composition was charged again with CO gas, separated

into 10 portions and packaged into an aerosol can, respectively.

Example 2:
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A first portion of the composition of Example 1 was used immediately after
preparation to treat a female patient (Diagnosis: Diabetes, Hypertension) with a
chronic wound at the right foot (7x2cm) . The wound was treated once daily by
spraying the composition onto the wound. After 3 weeks first signs of healing were
visible. The next weeks the healing process was pronounced and complete closing of
the wound was obtained after 18 weeks.

Example 3:

A second portion of the composition of Example 1 was stored at 4°C for 2 years after
preparation and thereafter used to treat a chronical wound of a male patient suffering
from diabetes mellitus type Il. The composition was applied to a chronic superficial
ulcer (4x3cm) at the left tibia of the patient. The wound was treated once daily. After
two weeks a healing was appearing, after 4 weeks the wound was healed more than
50% of the baseline. The next weeks a fast healing was observed and complete
closing of the wound was obtained after 8 weeks.

Example 4:

A third portion of the composition of Example 1 was stored at 10°C for 2 years.
Thereafter it was used for treatment of a chronic superficial ulcer (4x2cm) at the right
leg of a male patient suffering from diabetes mellitus type Il. The wound was treated
once daily. After 2,5 weeks healing was visible. The next weeks a fast healing was

observed and complete closing of the wound was obtained after 12 weeks.
Example 5:
A portion of the composition of Example 1 was used to treat a male patient after

contact with hot boiling water and steam. The diagnosis was 1%t and 2™ degree burns
on his face.
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Initial treatment with cool gel and Neosporin for one week showed no improvement
and by the tending physician the application of skin grafts on the nose and other
parts of the face, like eyelids was proposed.

Instead the patient was treated with the composition of example 1 for 7 weeks. The
composition was applied to the skin by spraying three or four times per day. A fast
improvement and healing of the skin was observed and the patient was discharged
from the hospital after seven weeks. No skin grafts were required.

Example 6: Comparison of charged / non-charged hemoglobin
A) A charged hemoglobin-spray was prepared according to Example 1

A ready-to-use composition for wound treatment was prepared, comprising 10% of
purified and stabilized hemoglobin, 0,05 9% N-acetyl cysteine and 0.7 % phenoxy
ethanol in 0.9% NaCl. The composition was charged again with CO gas, separated

into 20 portions and packaged into an aerosol can, respectively.

The composition can be stored between 4°C and room temperature for months to

years.

B) A second portion of the pig whole blood was treated as in Example 1 with the
exception that no CO charging was carried out. During the heating step a
considerable amount of hemoglobin precipitated. The following filtration steps were
difficult to carry out. The yield of purified hemoglobin per liter whole blood decreased
to less than 30% of the yield when the CO charging is carried out before heating.
This shows that charging the samples with CO during preparation stabilizes the
hemoglobin in a way that during a heating step considerably less hemoglobin

precipitates.

A ready-to-use composition for wound treatment was prepared, comprising 10% of
purified hemoglobin, 0,05 % N-acetyl cysteine and 0.7 % phenoxy ethanol in 0.9%
NaCl. The composition was portioned and packaged into aerosol cans, respectively.
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C) A further portion of hemoglobin was isolated from whole blood of pigs by a method
as described in Example 1 of W02003/077941 without charging the hemoglobin
during preparation: the hemoglobin was freed from plasma and cellular membrane
constituents without heating by means of centrifugation and ultrafiltration, and was
purified.

A ready-to-use composition for wound treatment was prepared, comprising 10% of
purified hemoglobin, 0,05 % N-acetyl cysteine and 0.7 % phenoxy ethanol in 0.9%
NaCl. The composition was separated into 10 portions and packaged into an aerosol

can, respectively.

A such prepared non-charged hemoglobin spray was freshly prepared during the
treatment period as often as needed (all three days) and stored at 4°C maximal for

one day before use.

Treatment of patients:

Several male patients (age 65-75) with Diabetic foot ulcer at the lower leg were
treated for three months with hemoglobin spray according to A) (stored at 10°C for up
to 6 months) or a freshly prepared hemoglobin spray according to C) (storage at 4°C
for 3 days max., i.e. all three days a fresh composition was used) until complete
wound healing was obtained at all of the patients. According to the attending
dermatologists, the wound healing obtained with the compositions according to A)
showed in all cases less secretion, less incrustation and/or less suppuration in
comparison to wounds treated by the hemoglobin spray according to C) and in
particular in comparison to wounds treated conventionally. Due to the minor problems
the wounds treated with the charged hemoglobin composition according to A)
showed a faster healing per cm? than the wounds treated with the non-charged
hemoglobin spray C) and much faster than the conventionally treated wounds. The
patients treated with composition A) furthermore reported less discomfort .

Example 7:
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Samples of compositions prepared according to Example 6A), Example 6B) or
Example 6C), respectively, were examined considering the Oz charge of the samples
as well as the production of methemoglobin, a species which is unable to bind O..
Furthermore methemoglobin affects hemoglobin molecules in the immediate vicinity
in a way that these can still bind O, but cannot release it no more.

All the samples of Table 1 were diluted 1:1 with a 0.9% NaCl solution to imitate the
conditions of a wound treatment. Samples 7.1 to 7.8 were measured immediately
after dilution (storing of samples 7.5 to 7.8 was at room temperature before dilution).
Gas treatment was as follows: 6 ml of said diluted solution were transferred into a 30
ml glass flask each. Gas treatment was carried out by filling the glass flask
completely with the respective gas, closing the flask and pivoting the sample for 30
sec. All the samples were stored for the mentioned time period at 30°C. The samples
were treated according to the conditions described in Table 1 and the total amount of
hemoglobin (hemoglobin + methemoglobin), the oxygen content, the methemoglobin

content and optionally the CO content was measured.

Table 1
Example | sample treatment totalHb | O, CO |MetHb
g/dL % % %

71 Freshly prepared comp. none 5.5 1.7 96.3 3.9
according to Example 6A)

7.2 Freshly prepared comp. none 57| 26.8 5.1
According to Example 6B)

7.3 Freshly prepared comp. none 56| 27.0 4.7
According to Example 6C)

7.4 Composition of Example 6A), |none 5.9 1.8 96.5 3.8
stored for 3 month (10°C)

7.5 Composition of Example 7.2 | Stored for 24 h 56| 26.9 11.2

7.6 Composition of Example 7.2 | Stored for 48 h 5.5 27.0 17.0

7.7 Composition of Example 7.3 | Stored for 24 h 57| 26.5 10.5

7.8 Composition of Example 7.3 | Stored for 48 h 56| 26.7 16.2

7.9 Composition of Example 7.4 |0.5h O, 58| 13.7| 84.7 44

7.10 Composition of Example 7.4 |1 h O 5.7 19.6] 79.1 42
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7.1 Composition of Example 7.4 {2h O, 5.8 25.7| 731 4.3
7.12 Composition of Example 7.4 {3 h O, 59| 30.7| 68.1 4.2
713 Composition of Example 7.4 |24 h O, 5.7| 33.5| 59.6 9.8
7.14 Composition of Example 7.4 |48 h O, 58| 32.5] 559 15.5
7.15 Composition of Example 7.4 |72 h O, 57! 31.7| 55.8 16.0
7.16 Composition of Example 7.4 | 0.5 h CO, 5.8 40| 918 5.7
7,17 Composition of Example 7.4 |1 h CO; 57 6.0{ 90.0 5.7
7,18 Composition of Example 7.4 {2 h CO; 59 9.2 86.7 5.8
7.19 Composition of Example 7.4 |3 h CO» 5.7 9.6| 85.1 6.9
7.20 Composition of Example 7.4 |24 h CO, 5.6 49| 775 19.7
7.21 Composition of Example 7.4 |48 h CO; 5.8 8.2 68.2 27.4
7.22 Composition of Example 7.4 |72 h CO, 5.7 94| 659 28.3
7.23 Composition of Example 7.4 | 0.5 h air 5.8 9.2| 89.0 4.5
7.24 Composition of Example 7.4 |1 h air 57| 12.4| 859 4.4
7.25 Composition of Example 7.4 |2 h air 59| 18.0] 80.5 4.3
7.26 Composition of Example 7.4 |3 hair 56| 20.7| 77.9 4.3
7.27 Composition of Example 7.4 |24 h air 5.8| 24.3| 69.3 9.1
7.28 Composition of Example 7.4 |48 h air 57| 25.4| 64.3 13.9
7.29 Composition of Example 7.4 | 72h air 5.7| 26.8] 62.2 14.3

As can be seen from the results in Table 1 the compositions of the invention, wherein

the oxygen carrier is charged with CO, not only can be stored for a long time without

forming methemoglobin, but further are able to replace the bound CO by O, when it

is offered to the charged oxygen carrier. If exposed to 100% O, (examples 7.9 to

7.15) the O, saturation of the hemoglobin increases very fast.

If the composition is exposed to COz, representing the situation inside of mammalian

pathway-active tissue, an increased amount of methemoglobin is formed (examples
7.16 to 7.22).

The O partial pressure in air is only about 21%, thus according to the O; saturation

curve of hemoglobin shown in figure 1, the maximum possible O, saturation of

hemoglobin with oxygen under air is about 29%. Considering Examples 7.23 to 7.29

the surprising result is that within 3 hours the composition exposed to air is charged
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with 20.7 % oxygen, but still has a very low methemoglobin content. When external
wounds are treated, the composition is sprayed to the (cleaned) wound surface and

remains in contact with air.

These results show that a composition according to the invention comprises a
stabilized oxygen carrier which after several months of storing provides high oxygen

transport when it is in contact with air.
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crosslinking agent(s) .

2. Composition according to claim 1 characterized in that the composition is an

aqueous or organic solution.

3. Composition according to claim 1 or 2, characterized in that at least 50%,
preferably at least 60 %, more preferred at least 70%, even more preferred at
least 80%, particularly preferred at least 90% of the oxygen carrier is provided

in ligand-charged form.

4. Composition according to any of claims 1 to 3, characterized in that the ligand

is selected from carbon monoxide and nitrogen monoxide.

5. Composition according to any of claims 1 to 4, characterized in that the
oxygen carrier is hemoglobin or myoglobin , preferably naturally occurring
hemoglobin or myoglobin of human or animal origin, or is artificially treated,
crosslinked or modified hemoglobin or myoglobin of human or animal origin.

6. Composition according to any of claims 1 to 5 provided in sterilized form.

7. Composition according to any of claims 1 to 6, provided in an aerosol can,

preferably in a pressure pack aerosol can.
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11. Use of hemoglobin or myoglobin charged on its oxygen-binding site with a
non-O, ligand for the preparation of an agent or composition for the external

treatment of wounds.

12.Hemoglobin or myoglobin charged on its oxygen-binding site with a non-0-
ligand for use in a method for the external treatment of wounds.

13. Composition according to claim 8 or use according to claim 11 or 12,
characterized in that the wounds to be treated are chronic wounds, operation
wounds, injury wounds, wounds after trauma, open wounds, chronic wounds,
wounds with poor healing or hypoxic wounds, wounds arising from
degeneration or stenosis of arterial blood vessels, wounds arising from
diabetes disease, wounds arising from chronic venous insufficiency or
decubitus ulcer wounds or burn wounds of heat burn, chemical burn or

freezing burn or scalding wounds.

14. Process for purifying an oxygen carrier, which is hemoglobin or myoglobin
from whole blood comprising the steps:
a. separating plasma of the whole blood
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wounds, wounds witR PQYarG§idd tHoKigdh Barief fréfiaag nondssiredaslosd ng from
degeneration or stenosis of arteri agf bl ood vessel s, wounds arising from

di abet es di sease, wowwmspaneéntsng from chronic venous insufficiency or

decubi t I b d hem cal b
fr eezi ng. bur noberebaer o RobAss 2 NSsCong BB ten s FVi N’ an uygen

carrier, which is henogl obin or nyogl obin from whol e bl ood conprising the
steps: a. separating plasma of the whole blood 30 b. sing the red bl ood

. . ! I
cel | s c. 16nRrogess acordingde ¢laimy 14.avhefeimthe igand.ig Qi’.rb‘ﬂ'ggfq 148" sanpl e to
a tenperatur.ge | e of 40 to 85C e. separating the oxygen carrier
from any norﬁﬁaég??@%m%d conponents, wherein step (e) includes at |east
one filtration step. 15. Process according to claim 14, wherein the |igand
i s carbon_npnoxi de or nitrogen oxide.  16.. Process. accordi to claim 14
or 15, wABr Erecesfeatqarding:ty 'thﬂgpéﬂg( wﬁe&%ﬁﬁﬁ?ﬁﬁ?ﬁmé”ﬁ%’ Q‘% a sterile
filter and/gfmgriddd 2 tidd &4 sterile filter and/or a virus filter.



