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1 USE OF A TOPI CAL COVPQSI TI ON CONTAI NI NG EPI DERVAL
GROMH FACTOR (EGF) FOR DI ABETI C FOOT AMPUTATI ON
PREVENTI ON. Field of the invention 5 The present
invention is related to topital fornulations that
contain epidernal growth factor (EG) encapsulated in
or associated to defornmable or conventional I|iposqQnes

RSB OR ATTOBIE b COMPORITION CaNERNBEGERIDERMAL SROWTH
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Mellitus and its corrpllcatlons is the main

.hon-traumatic cause of lower linmb anputations. This is
F'eigﬁégh%mv%\tl%\ em of increasing inportance, since the :
Thé ArA SRR ﬁ'ﬁ‘lenﬂ@ﬁ |s°|re1‘é’téﬂ & fpicHl fethitions tﬁé!%ﬂn@alh RBIRARA! growth

a result of population aging and sedentary
fadtcprf(Eﬁﬁalemapsw!ate@lastor wepciateditatseformabia Demweaaomldlposomes

roni.c Ice s in their 15 feet h
to &t BPblkel ohok, Srreritcl it elfind KpEYEL fknehl skip tesions, for
prév%ﬁtirhg Gldb@ﬂ@fooﬂahfﬁlltéﬂﬂwt ation (Reiber GE., Boyko
E.J,, Smith D.G (1995) Lower extremtyfoot ul cers
and anputations in diabetes. In: Harris M1., Cow e
ko E. Stern M, Bennett P.,
Bagggf W&bgﬁ{%ﬁvfegﬁ?ﬁ Amerl ca, Washi ngton DC. US

Didbatey matitis arﬁhl itﬁbomhﬁtfdnses thédBadionMpasmaticcausd &filower limb
R, Kl ei n_BE. The reval ence and 20 incidence of.
ATISIRONE  THE 1§ & FaHAl PRORIBR 0f Toaap AP artasisu FLaGP df Mcidence

anf" p&Pvélgﬁ?éVFcﬂ‘ dlalgégs Géh%u@ c%é?réé deddimdsr Bap@alieeaging and

o the eat nent o betic foot patients
sedemtbndifestylesr At feast ti atobl diabetin patients Hevelep shydris Lisets in their

el ke LSS, 45 35 A tower

Imﬂndeﬁ@%Hr(Re%r%ESt ®B.J. hsmithea. 3 f (1055) Lmepextremﬂ;y foot

in inplants, growt factors and reya % r|z on‘k
uloges hod emputations ip liabetese yn:diarms M.c Gowie C ng oyko E.,

t ' ¢

StRfa dernafids, Elors! ApBH¢ %WQE%"’W?S‘?%Q%"O%?;Q”é’%ﬁ".vs:?mf""

Priziihg @ffioes, 84091280Mme5 Srﬁda{lehprKldlm&E (Y292) et prevalence and
consi sts of the repoval of, dead or, inf.ected,tissu

inqdaTEUal 1R HIoREES, AMPIFIR) e @ dEpiFRORVIRtRD: fren (gf Med

15@Qﬂgu§3|on and the surrounding callous tissue. The use
Ssings for diabetic foot ulcers is well
Seastaibinetitoels, havel beerhapplied dodhal treatmant off dinbelis iegt patients

mtﬂyégg gﬁg?aqspté och c‘onttroF tﬁéj \F/,raor%a%g% o(? &ﬂﬁgblg 'nEQ ,fé)cftors, debriding,

use of dressings, anti-microbial treatment of infections, elimination -of any pressure
existing on the area of the lesion, use of skin implants, growth factors and

revascularizatioh methods in case that they are indicated.

Upon strict metabolic control, the more important step to heal diabetic ulcers is
debriding, and it has to be carried out before any other modality of local treatment. it
consists of the removal of dead or infected tissue (including bones) that may exist
within the area of the lesion and the surrounding callous tissue.

The use of dressirigs for diabetic foot ulcers is well established, and although several
kiﬁds of dressings have been studied, the advantages of each kind .of dressing over
the others are not known. Besides, since studies on the use of dressings have been

few, and they have been directed mainly to low-grade ulcers, more evidences from
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the others are not known. Besides, since studies on the

use of dressings have been few, and they have been

directed mainly to | ow grade ul cers, nore evidences

from2 clinical trials are 2equi red to denonstrate

their efficacy. New kinds of dressings, which have

heen studied in clinical trials,, include those hased on,
clincal drialspaientaauired t9oferenstatadheir &%ﬁca% ohlBYr 'é{ﬂg? o dressings,
wh I]\é'\%eﬁbéwgfug?@dhlnaélﬁicﬁﬁr%is u?élhc%o H%E.bﬂ Il &s88# permeable

yal uronan an ose that use s at no eric pressure

poEn{ﬁcdonnﬁmbraneal pranogjanNew (and ealpagenrrentnmtnx) alginate,

co BB RS TRB  FFAFRrclnf YRR e sboh b g ressure
(E@bﬁhet et {20(?45 (Né‘)’ amGéXP@l)ﬂen’l’ﬂl approacticset figdtirenh aF diabetic

al so been enpl oyed, such ‘as the henorrheol ogi c and
foat aderiat A wempehensives revigw oh emereing toatment stiategies. Diabet Med.
effect no only in the 10 chronic stage of
21Pﬁ2qﬁbig§ but also in its re-aggravations, however,

AdjUvant tleatragme nhavehalse hedn kawmioygenaushi zethg betoerheologic and
treatment of the djabetic foot. The he

rr r%% olgi, C .
vaggactivgtheraping avhish have arowisies: same sy get PR enfe in the
ch n‘i”cbgttagé FRahd el¥er ?;Jt als8TR'its Eoigpgé\}én@hé e}‘i@ﬁ @QQ treatments

el r enhancing effect on in I ons
ha’memdt bedre generalized teethehteeatmenh abthigediabetioeidot. nTHeamrhorrheologlc

hEBRY oS o RS Gy ne: HeTRNEHAIEE o SyABOERN 40 2UABIC peent of

heFﬂo?ﬁl%ﬁigrc bﬂé@uon?'aﬁ‘ﬁe{h%ir é’rﬂﬁr\%ﬂ'@t eﬂébtlérhluﬂébtﬂfn% Ot the other
thronbolyti c agents have been used fo

hacdnitetvaspactivent ranyduasebeemhsﬁ mH@caléxﬁgyé@Paﬁltemiqr@nwhlch are
oo B b5 o PRERSEL, O okt Bt a th utr
ledppl i cable to all 20 péatl ents. Its indication is very

limted, just as_is the epdovascul ar ery
Plalgishraogredstion: iphibiters apd 6h§>mh9§w'°oﬁ$%ﬁst H%t"ﬁebee" u§8a 5% some

coh8itibfs.! Una L!{l)h«?r'agﬁnd N & f&%@faﬁkat?&P'téél'ﬁﬁ’cﬁue M ttﬁé' i8&hemic

sectors, e€to ca cification and I ncreased
paktiest (Ihalﬁmi or |nnatd1atuet|c)Amcrtsh¢,r expansive, andr isr nph@ppllcable to all

treat pent .of. extensive. acute ski [Melp! .
pajighisuds indicatioD is gDy |l 'tjﬂgt' '33?49 %ﬁdg\’g cruf T SULgey, which has
shBW‘aﬁiﬁy MnfitaBehs, tridt @iy ihaMeReFo-lidtebutdise nfmerﬁﬂmmml Bapliteal

their application to ischemc diabetic -foot ulcers is

arleriai tsegioranatiributablende C@@'ﬂ@@l%@mé {nesRasede desion o%ﬁ?&r@am"

AL P 4 DR e it MEECBLERS s vonous

uléers. h@g\f@evpmmatmnBobladg” ctazhlhur@n iskidu bl stitutees Howeyar, the.
De L1 134: 344-

mfon{wgt?c;noon tr(iqeguz'3 aprﬁlcaﬁon to lscpnem:c diabetic foot ulcers is limited, and it is not

conceivable that these products can control the ischemic process that underlies as a

cause of the failure of cicatrisation (New Skin for Old. Developments in Biological

Skin Substitutes. Arch Dermatol. 1998 134:344-348).

Another alternative has been the application of growth factors. Recentiy, the United
States Food and Drug Administration (FDA), approved the use of the human
recombinant platelet-derived growth factor (PDGF), to stimulate the cicatrisation of

diabetic neurophatic foot ulcers.
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Anot her alternative has been the application of growh
factors. Recently, the United 30 States Food and Drug
Adm ni stration (FDA), approved the use of the human
reconbi nant pl atel et-derived3growth factor (PDGF), to
stinmulate the cicatrisation of diabetic neurophatl c
foot ulcers. 3 However, the nost recent random

However.cthel Mast Teoent eansosyized, | doublg-bling, amultit:ﬁntam;lwaé trial, in
f
WI-‘Iﬂ‘“ZJsi O%efm*og@#%ﬁso T f?&ﬁ gﬁ?%\'a@'p%@ ﬁél’;hcodﬁta Hée(?@H% Iv.élc&f ‘?ef:smns

deﬁtfojistrat‘ésj erhl}/ an]l.e'ﬂ?qac‘ﬁwaSO%leN%)-narEﬂ'fJ p&meﬁthnﬂMs,aSaty (1998)
Effiigy oA S6TaM 8 dOBIaOR faEturtioBsot ReaBbORR Bpmap platelet
deﬁﬁé FHwith %&Br—BE (?égﬁpl?ﬁ'Hh H?‘bﬂl&tg M"tﬁ ?Hr@nlc Weﬁﬁfp%thlé\dlabetlc

Il rando ace controll doubl e-b
ulczersu dyphamlbleaadomed pla@b(OSQQMHeCV)ioubla biiod istucyn D!aheées Care.

21(5582300 06 Guten. Theslore, re4i6d i dhhcinifR] Eidf et Byt o 1o @

gr&dePBf Yl andr M kit aenoii dridrial ®lood SGpply CRGharaReée VB rate of

in this:study (30%in three nonths) was hi %h 10 The
requstance sbservadiio thyis stusly| (88%on thnee menthshwas high

Th? é& %%[ Q&E %?&%bt's %n t 8 ttreﬂlrﬁgrg%b%g%ﬂaﬂﬁﬁ g%rbgﬂ& fc?ft Odels with

een escr

ep(MnaD@/rcﬁﬁtha&tdkl JEGMhihasi mﬂﬁeemrlbwmgslemlm al. hetghl (WO
efflcacjgn reater t han 509 . of
a

03/53ref Bis inyeatien gemopsirates atwfﬂtgﬁt eff gwefaée@@e tan 80%) of
treﬁﬁﬁ%’rﬂrb?'?ﬁ herYtade ?Wé&loﬂé ARty &Je?@ﬁsc‘ﬁ@ﬁ% ééﬂnﬁﬁnent thus

|n|ca was Infiltrated in th
prévesiting Sliztredicafootiadputationbyin tisis reginieab kb BGE weednﬁdtgated in the

Th filt t hod ffect f
el And eraund InegB kg PvpandG BeoRS i, i ethod is
veKCEtfedlive S6F E‘GF adﬁmstvatmhl lfedauss WecarHiaumes ra higheamount of EGF
,injection has the disadvantage that it causes

dirgstlya i dheiviakle tigsuen F@W%ebaWBe'ﬁt@“%waémeGﬁ;aﬂﬁ@l‘tage that it
cah{:%saégﬁnﬁs PRl tor WS 50%e ada;fiﬁnféfma{( QBUREES tﬁeepéhg?erﬁpand it

ones™ havé been proposed tor use’in a varie
hak dine fisk obgelduciayisepsissi nce they facilitate the

'R%%Eg{egéﬁg tgée@g;grggs t EDS? u gﬁégﬁpﬁéb&f tgp@éli%i:ﬁ?iﬁggons since they

faéllﬂ%fegt?l aefﬁso Aotiesof GHJ tﬁr@ﬂ?ﬁ"thé’@ﬁth odectbadd BRig-dd¥dciated toxicity

properti e osomes, which determ ne
andrm'omddrm gustainedpraieases ¢fi drugaégr a,)longe@ pesigd caf| time.o e colloidal

o SRS e R LMY, LT 5 By B i

ro@t@”ﬂébéﬁ&i tofa pdrge abhd slaony dtisdrefactoss,how ehéxed:prd tcmpdsutton
G@%ﬁ@r@ E@%@Eﬁp&ﬁé cazlo:tarlnic)}Irri]seoc}c oP {arlfgssphtoll]&%ggahndt Isﬂlt(caarc?is have been
found to modulate the penetration of drugs through the skin since these vesicles,
although not capable of penetrating the viable skin, may accumuiafe in the stratum
corneum and other layers Jocated closer to the surface of the skin (Barry B.W. (2001)
Novel mechanisms and devices to enable successful transdermal drug delivery. Eur
J Pharm Sci. 14(2);101-14; van den Bergh, B.A.l., de Vries, |.S., Bouwstra, J.A,,
(1998) Interactions between liposomes and human stratum corneum studied by
freeze-substitution electron microscopy. /nt. J. Pharm. 167, 57-87). When
tensoactive agents, such as detergents, are included in liposomes, these vesicles
display a greater deformability (deformable liposomes) which can penetrate, in an
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al though not capabl e of penetrating the viable skin,

may accunul ate in the stratum corneum and other | ayers

| ocated closer to the surface of the skin (Barry B.W

(2001) Novel mechani snms and4devi ces to enabl e

successful transdernmal drug dellvery Eur 30 J Pharm

Sci. 14(2).:101-14; van den Ber de Vri
mtaogfomaamgm effzpmﬂy trougiythe 991’8% PBEF% %}rﬁéuweq%%lﬂm Thto deeper

wa#:l'epé:iaﬁ %:‘I N §<[t¥'|r I & OTRISRERISE A . e@obi) Uitradeformable

reeze Fon hicroscopy.
hpldGYresﬁlésmoan Vﬁmetratensthmcskme angentber ssemi- aermeable barners

unpagrdleda Eyidice: Mae soibls fate) GOSN premTRSn o Bad et size
me‘é??r‘é%éiﬁé‘ BBEsH, gl&p hysNA8# 1564(1)i2C80; Géve @ngomay Elpld vesicles

iciently, trough the pores of the stratum corneu
and nther dokgids as drughtarrierd on theyskin ﬂ(dzds'}@g@ehvs‘aﬁ\atfrﬂ(@u 6175-71 1).

o L. of 150 HE, afbiped F hosprtios n

steiScﬁQ1 f&ebﬂﬁﬂhb@nhﬂ EGPT by thaf foip@:mnb&té heg| He@teje‘mcmstrated in
doubl e I abel experinments and direct

applisations thatt rotaldy gdiflenin theipnatyre Kemathpéezsf%ﬁr ibed 4n the present
mvgﬁﬂc?n s %?t% r B%ﬁqrdP‘Sﬁsét%ll ng ﬁﬂgquf‘épd?@d Rhfthe3Sssociation

PR S o
of »"EGS) 1&75 fpckpme Hhs'mellon phehigh eﬁlat:mmtys coﬂldt rpmlptlg ofhwl local

RS B B A 1 A e o
rﬂﬁfﬂii&ﬁt SOERSE ;vﬂh SQWU (i Oélswhl%ﬁtlldb%bﬁi@ 1 thef fridin lcﬁmponent

I'r nature m t hose described i'n the present
enhanvee, B wompaned iy EGFLalang, thie healingofgrade !gburnorwnds in patients

4944948 ted h
AN R AE e 622G T 9% 21, FR09 3, Bopparne
stdd?céﬂl buﬁ@@ﬁﬁmﬁfﬁéalm@ l@éat&ﬁby&ﬂﬁéi@t «’m&thodﬁtuf meccmbleanhhuman
bits. Also, it has been shown that at, t-’P 8f
epidermal grinweh FaplorPZhGrOgsO S FdhChP’Eﬂaé'a Ak k8 2 708 2.
oF A5 e 8 o S R g i o
i @@ﬂheﬂbrmpm)h@g EGF tapically lmecr(rnmaoscheml@mta_neoua Ie@gons of h|gh

o s B STESRS s AR BB, A B e
1|p§§’6r§§§ gﬁéd ?ﬁghhaét%tzﬂfmlp?ég’ﬁﬂﬁﬂ%éﬁ EGH cahopehaliate tthormal

he ot her hand it has nﬁ
skhremmreieéfamemwd ltomarmomb@s@eﬂucnd frare theselexpeiiRnaes whether these

vesiglRa o0, T4aBs HEE, B BRBLATE ot 0! 2eplns degp below

neufophiakl %Qsémmcmmmatcatan@ee@nasmrtsmrtgrade Hdsorbeen as to allow

shown that th I | oad
mw mm 30 dteerevanian oot amppeHer r Sge e TGPt of the skin

& bf |&é|ﬁﬂé oy ergﬁlﬁé?é}ﬂWoanméﬂ of HeRallskit Ishasmeeivable
experlen es whe
that the penetrability and mtegrlty of liposomes within such kind of lesions might be
appreciable affected. Also, since the tissue of those kind of diabetic foot lesions
contain a level of proteolytic enzymes much higher than that of normal skin (Yager
D.R., Chen S.M., Ward S.1., et al. (1997) Ability of chronic wound fiuids to degrade
peptide growth factors is associated with increased levels of enastase activity and
disminished levels of proteinase inhibitors. Wound Rep. Reg. 5:23-32) the active

pharmaceutical compositions may be enzimatically degraded to a larger extend.
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onovesiclesacoul d.otransport - EGE. . w.Lh enqugh: ef-ficagyato. .o i s

regi ons deep bel ow neurophatic and ischem c chronic
cut aneous | esions of grade IV or V so as to allow 25
their healing and the prevenii on of foot amputation.
Since the structure of the skin wthin those types of
lesions is very different fromthat of normal skin it

Th+r§f098ngﬁ'e\ft%%t ife fbrithatl iﬁetr%? %ﬁhtl'éﬁl%' EGEY f&”ﬁei @éeéiﬁ{én‘t Yof Shronic

oS'ones W S ueh esi ons’ m
|sclaemrced||abbilce fadtf @lcemg whitts achieves a -high moamjlabiﬁty oh&GF in the

50 MRS it WA T PSR L St i
hyp%ﬂggg;c\(ﬁgéﬁle@m%dﬂ rvRRTs f-ie'V'ampY}?éﬂénsoﬂ the %B(tréi'mty and at the

ron|c wound " f ds to 2
sameﬂmejeavg:ldama wamtamsthesus&sﬁom‘eahcwasaqqiatedu @Q@gmectlon has

%aﬁﬁfﬁ ase activity and dismnished |evels of
"OH?EE?F 'ésf Bftors. weund Rep. Reg. 5:23-32) the
active phar maceutl cal conpositions may be

enzimatically degraded to a | arger extend. 5
Detilededescription ef Wﬂaﬂﬂﬂr mul ati on that : cont ai ns EGF,

b bl (ERIOE IS U S Srel RO ol i 1ot opica
forﬁig?gloﬂgzmk?e E%Fﬂasrﬁﬁtle?/r g?t?dwmtm orzlassggatddo to hdeformable or
waqhpoR IpPEoRRBS A RIROEA NG bipa(alBbbR SohetyMaiA tste deep
belolf tr'i_’e% SRIENddUEE e dﬁmﬁlﬁﬁ t93inAt afuialhee By shﬁtﬁéung EGF with

I nfe I ON assocCl a 'to the | nj ect | on, has not been
hypkmdmmm medbsyamesaemalcabcﬂordwamnpt argnappliechen the surface and

or RS e B S b A B4R B, bgriog hat ey v
the Paifek ﬁ?écﬁi@ﬁa éﬁme%eb@a@dﬁﬁ Anegtion, at ed or

associ afed to defornmabl e or tradltlonal li

An@thechaqﬂoﬁl?@t/ iafethe RTepenbilaweMionalsi relalpdoto a i6a| phasmaceutical
T, R S e F°Sc Bbgias o o

assesigtedsto Hmanatm@l@alcohmnmhal liposoraes w@preladtmn lippgome is
surface_and around chronic ischer n n

coRPESBh B OPAOT ABYER %wapﬁatecadhﬁéw%ﬁ}aﬁ'&c' Sﬁﬁg%giﬁ* By Soplied

by &nlggtthégb ?ﬂ'gndlé‘ﬁorésﬁ%'élﬁ&é'nt fhnsfortedf ﬁﬁ‘th@@aab@@tb@é deep

present 1 nventi Is related to a topical
bepdwar e e lgsionsd  ahdr relcgessiully mrmepte@nt@a@tarprotease -mediated

Al t
oebiadiBob B YA iR TR HhAE e BFgRSh Bl o
d,éﬁegg?r@g{q?g@ns conpri sed of one or nore pharmaceutically

In gﬁ,;; tﬁ%&éml)'gé’.}r‘é?g tf\/ggﬁgcﬁgrefq'\%? qlfiﬁeéjF Eﬁ%&@' @égqgom mg/
grim st s(ibdfnte! TRSHUE tdlfiftlations allow the imeversible cicatrisation of chronic
cutaneous lesions, thus preventing amputation practice which otherwise would be
the only alternative for the ischemic extremity.

In another preferred embodiment, the liposome of the topical pharmaceutical
formulation is comprised by one or more pharmaceutically acceptable lipids selected
from the group consisting of a neutral lipid, a negatively charged lipid, a positively
charged lipid, a Iipid conjugated to polyethyleneglycol or a lipid conjugated to a
carbohydrate. Such liposomes may also be comprised of one or more
pharmaceutically acceptable lipids.and one or more non-ionic, zwitterionic, anionic or
cationic surfactant agents.
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Detailed figsoriptten,gf thee

bel ow . the |esions and successfully protected agai nst
prot ease-nedi ated degradation, this is very inportant
as these enzynmes are in high levels in this kind of
di abetic foot lesions. In a ®referred enbodi nent the
effective amount of EGF is fromO0.025 to 0.075 ng / 25
gram of substance. These fornulations allow the

Brief deseription of the drawingdsi on of chronic cut aneous

Figf o7 Rfcagfl ] R PBhePn e A Al T2 CF TR

ischemc extremty. In another preferred enbodi nent,

the |iposone of _the topical maceuti cal formul ati on
'BB°F’HF%“§H¥%B'&?| cal ly acceptable

Exhipé's, mﬁhﬁfédpqﬂrunﬁ%ffﬁéml+£& iPo%orAeEsi sting of a

nedt egatively charged |ipid, a positively
Photm"rajldsdlcholmer;l ataal ¢qnicaniratigru ght18dmgémbomast digseived iy cﬁhSOIUfe

et Grpfh 050, 60 85 i oS8 RPN v by ot

evﬁﬁﬁéfaf%msl R drigdaisiaPting ! wad ifBintisd ard m@ewsus whre flask. To

I onic Zzwi tterioni c, anl oni ¢ or cati on
encapsuiate £OF anfenligpsomese thezdried ligids§lm pqasdwd@atepﬁgith a buffered

ol P oo S ot ol NS o eape e

.squX@f'TﬂieeSiesuEleEXm@zsﬁeanuﬁéscsubjen@dofo E@erlabmt&dswn passes

| i posonmes. Phosphatidylcholine, at a c entration of _
throubiig) H0-NmHROTE Sl POVBTDRNAIBS B TOEAN UG BE 44era0% Bizgof the
veéu‘?lkégdvs)agt LEGRI 1oba Rk, TH? §19§(§)‘é?1§ nV@p EGFHM&d’edJWposomes was

-“evaporation unti ried lipid filmwas forned
ceﬁmfageel #al06 000 % he fdrl 4G knin Tt 4°€ntmpe|naratea namenpapwlated from

enwﬁggs%égﬁnggbggg{g}t It% ang grrﬁ rag{r;sq'h ar?d the pellet
w30 e&g;aérmhw pfSAdrihd-Blifertd SAREATH tm Thé Zeneffugdton step

esli ensi on was subj ected to several
waX fepesitath qmesemretUnd@ugheasame) aemditions- ang dhe supernatant was

nelpBlefde desnutt Sapa ke Mg sOHERBRi Y e flst csRiugaton

: Bt (EhtaiARGIEGF UsRibdaipotoMetPWas rgsdspend@dm phesphate-
'StéPC tooﬁsaé axag)t%ealno% encagsul at ed from 15 e gsull?t ed

buffered aaiieealipé‘r'ﬁat This fiRakpreparalios wassterpda
and the pellet was resuspended in phosphat e-buffered
saline at pH 7.2. The centrifugation step

Manufacturing of EGF-loaded deformable liposomes.

A total of 85.8 mg of phosphatidyicholine and 11.7 mg of sodium deoxycholate were
dissolved in 100 pL warm absolute ethanol, diluted ‘with 900 pl phosphate buffer,
and vortexed until a homogenous suspension of milky appearance was obtained.
This liposomal preparation was to several extrusion passes through a 100-nm-pore-
size polycarbonate membrane until the average size of the vesicles was about?100
nm. To load EGF into the deformable liposomes, 100 uL of the liposomal suspension
were mixed with 25 pL of a solution containing different (250, 500 or 1000 pg)

amounts of EGF and the mixtures were incubated for 24 h at 4°C.

Example 2. Determination of the encapsulation efficiency of EGF into

liposomes.
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was repeated once nore under the sane conditions and
the supernatant was transferred to a fresh tube and
m xed with the supernatant of the first centrifugation
step. The pellet (containing7EG--1|oaded |iposones) was
resuspended i n phosphate- 20 buffered saline at pH 7. 2.
This final preparation was stored at_4C until use. .

To vdeteraineurtheg ingorpesation agdigiensy ophdePE Nt odperamesy liposome

-_suésﬁéet&@!%%wﬁ%‘ n'ﬁ%u@éd Qpﬂgﬂmﬁeigg@n@ggé:ﬂ;&fgggiﬂlégtz?nmeqblained

eoxycholaté” wer
peldiS(EGR-padelalippsoniis) wnddsuperhatanD (flee EHhwas detérined. The
25 and vortexed until a honmobgenous suspensi 02 of m| a&y%
sugpaRsianaplk Bpospmes, was rantrifpged at 1090 g fepaPdninoat didfs The

' , 1 - S y
oS04 0k, TP AR MUY e RS0 Bl
phusphatd-baffees sdlimet A0PH MR The terstrifug@tion rdtep tWes repeated once
Ol YRGS PN AT s Supemmasatvad fFapsBed to a fresh tube

ang ?ﬂ%@izwgﬂghgis%@fn%ﬁnt@% firsP BertFifuBHeh Slep. %eﬁi&;{éﬁ%ﬁtaining

_ he"m Xtures were incubated for 24 (
EGQBcmarbe liposdresirwas esusperndded: ih 06nd apmsphateshuffered saline at pH

efficienc f, EGE int | i posonps. .7 . To determne the,
7.5 o B Drabrin T Pefle e e At Wi EBfiedod Bnd séparated
froginig@fl ﬁiﬂ% by? HEMRG . SRIVNFTAOROH DD e SROsAhples %{i%@ﬁ&.@ting them

e protein“content” of the obtained 'pellet _ .
to (&@Fsé-phass highpparforesncariquisupromategraphy (RB-HRES). e protein
determ ned., The ,suspensi,on.of .l i.pos S :
Coefgﬂfr\[v%g@%legpinfso gt sy, of M S8R B the curve of the
chmb9%@6btakﬁéd by RBHPLCESt Awabsdrbande ivabeleagith 4226 nm. The

pel |l et was_resuspended in_ phosphate-buffered saline at

inqoFparation Bificiensiyt ofi EGFanto firasampsas dsterined @cibe rafpof the
oA Ep . 3 e FAOPLIEGF 08 it GobrliEprotin contn

addeg at thal beyinmihg ohthef encapsulatiom pfoggas kd086.ep. The
pell et (containing EG--I|oaded |iposones) was
resuspended in 500 L phosphate-buffered saline at pH 10

Tabié 1. [NeBRporfdtR rPEMcRintydf RGP il ligdsoMed.ne super nat ant
was extracted and separated fromthe |ipids by adding

0. 53?%% [sifton X- 100 [reofgtraticrefieienen@pubj ect i ng
I

t he to rever|se-phase hi gh-perfornmance |iquid

chr oriE®beaddsdy, (RP- HPLC) .  TA¥e protREY, nTont ent was

det ¢rm ped on fphebasts-—of—the—area eyt ' f
t he @?ﬂ omat ograFﬁ'%fﬁﬁ%{?ﬁme/ R HPL[%rgﬁh %l’%lﬁg‘lggg?rﬁg%gl

wave Th of (226 nmy gheq 5 T ncorjpor at i @g.2ef fisci ency.

14

of BEG- Into lijposones was deternined as the ratio of
t he | 500 104108 25.7+3.3

1000 [ 821 234152

Example 3. Determination of the size and morphology of liposomes.

Liposome samples were analyzed by transmission electron microscopy to determine
thé size and morphology of liposomes, Liposomes were visualized by negative
staining with urany! acetate. The negatively stained samples were observed under a
transmission electron microscope Jeol-JEM 2000EX operating at 80 KV. The

electron micrographs corresponding to each liposome preparation were digitalized
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protein content of the pellet (EG-Ioaded |iposones) to
the total protein content added at the begi nning of
t he encapsul ati on process x 100% Table 1.
| ncorporation efficiency of BG- into |iposones. 20
Amount of Incorporation efficiency (%) EG- added (Ave
STDEV, n=3) (g) Traditional |iposones Deformable

byl ugieg ehesanmEgoark dhe ziargeter of lipgeomes. was gneasured by using the

OB ef i BRI, e A AT 188 e oo

aversgedzaer tve totahaainder of ligdstmigsopresent inseaghy micrograph and was
deternine the size and norphaol ogy of |ipos ml?\s. .
expiasesdnas \ibee MeLati 2R BipnAakhi 9ewation of of Fihgingependent
deH{)rﬁ‘\riWAtiogg.et ate. The negatively stained sanples were
observed under a transm ssion el ectron m croscope
ThéepiepaEtlop806Eefqrmahble g teeditRmakVipoJorees dbaded ovith EGF were

oS8y e e 86 R e,
The %Jégg Qm%son(%%%@@%%d% HAidnd ?gsTiﬁhCirﬁ%r\{lamm and

3. war e T, Havana, e particle
deforzmbleliposomes; exppectivaly. t he total nunber of |iposones
present in each m crograph and was expressed as the
mean the standard deviation of three i ndependent 5
Exafh e, Mirasturiitfola Paﬂfoﬂﬂm_aﬁom:oﬂa‘iﬁm@ecs-leaded
~traditional Iiposones [loaded with EG- were conprised
lipgsomeasenogenous popul ati on of vesicles of spherical or

T B 1 e B B 535Sl PR e

1.%@?@@%@5?% rm?spd@dm@hgr (Ceibépel rg4i0% buffered at pH 7.2
nuf acturi ng of a ge _ i ni . .
waScRIdeshaba T Seasariation it Leakundno N toqBhGtinn e gontained

oGRSy SRl Sade) 01 3 BT 1035 (uh) ety

paf &larchopyblengdate, BUFX586 éel/vatbepeylit. @lcohol, 0.2% (p/v) sodium hydroxide
and 3% (w/v} glycerol. '
Gel formulations of traditional and deformable liposomes had a viscosity of

approximately 840 mPa s and 730 mPa s, respectively.

Example 5. Demonstration of the protecting effect of EGF encapsulation into
liposomes against EGF enzymatic degradation in vitro.

This experiment was aimed at evaluating if the encapsulation of EGF into traditional
or deformable liposomes is advantageous to preserve the integrity of EGF .in the
proteclytic environment of the diabetic foot tissue. To this aim, biopsies that had
peen taken from foot ulcer fissues of diabetic patients after local anesthesia-were
resuspended in phosphate-buffered saline pH 7.2. A total of 25 pg of free EGF or
EGF encapsulated into liposomes was added to the samples and incubated for 20,
40, 0 60 min at 37°C. Then, 50% (v/v) acetic acid was added to stop the reaction.
After adding 5% (Wv) Triton X-100, the samples were centrifuged at 4000 rpm for 15
min and filtered through polycarbonate filters with a pore size of 0.2 or 0.45 um. The
content of EGF of the samples was quantified by correlation with the area under the




10

15

20

25

15 was added at a final concentration of 1.25% (wv).
This fornul ation also contained 0.02% (w v) Butyl
hydr oxyt ol uene (BHT), 0.1% (w v) EDTA, 0.25% (w V)
nmet hyl par ahydr oxybenzoat e, 90. 525% (W v) benzylic

al cohol , 0.2% (p/v) sodium hydroxide and.3% (W v)

cugrlg%/ ethgkﬁhéompﬁgg%rﬁueéb tﬂllgg 352@”013? yyhgrﬁl!i‘bé f}he percent of EGF

rerﬁ&hﬁ%ﬁﬂ%‘ Hey w&ﬂ:gaf@ﬁv\%sa&icmﬁ’l@d“ﬁ’@tﬁe ratRs BE Ghd %htént of EGF

Denonstration of the protecting effect
rerpaRingnindpe samyplem aften the incybationde theyeontent @‘CEGErfzidedtmmally X

1ORFATEERYAE FrbShnfed i a7 eFRBCe PR oMo ERER A st foo

biopBiee! tikefsafipidd eohtalis BSF iepcapbiidted dRtU ipdsonidse fteddittonal or
the integrity of EG-F in the proteolytic environnent of
deformagledHereselveoat highels agount QfHﬂ@Chlé/@F thapsthat of Hhe samples

coﬂ%ﬁ,,ﬁﬁgn_gb?éﬁqigtggrgépot ul cer tissues of diabetic

ocal arnesthesia were resuspended in
phosphat e- buf f er ed sallne pH 7.2. A total of 25 g of

Tably £, ECE samalning, alter irineubaton v blipeies of e ficar dissues

from ia f'pa (viv) acetl c acid was added to stop the
reactiﬂgn W adding 5% (v/v) Triton X-100. the

sanpl es were centrifuged at 4000 rmamrﬂiEgp(l%)and
filtered through polycarbonate filters wi a pore.size

of O 2 or 0. 45 m The ontentzmlfmlEGF oﬁOtmm san'psoamm

CLEGE mfcaplsulathdonmtadgﬁlmlobt&ﬁ h&d ft 8361 ﬂmey 586+34
RP HPLC. The percent of EGF remaining after the
IRASAMES was cal culated as the ratio of the content

CEBhenBRAOHERTRG caded | ETa | xBORGBRE TSRS
Pr @sformatld ipdgbmes?2 , evi dence that, after exposure to

di abetic foot 5 biopsies, the sanples containing EG-

entresEBEt ed i nto |iposones (82%di25o0n86. 036 37.8+1.3
q ! :

that of the sanpl es cont ai ni'ng non- encapsul at ed EG-.

g, & DEorbUARGH, 8 ol gL ECERABIa formulations in
expetimental miaeels of agute@nd e9ntedlied torpid Iasmolm mn EGF

encapsul at e tr n 5.1 1.1 83.4 4.7 58.
_@enm%% al moddel of cont?oqlleala%u{ae Ieg:gns. 83 °8.6

The following experiment was performed with the aim of evaluating the cicatrisation
effect of the new pharmaceutical formulation for topical use, which is based on EGF-
loaded (deformable or traditional) liposomes, in acute lesions of satisfactory

prognosis.

Experimental Biomodel: Male Wistar rats with a body weight of 225-250 grams,

Animal were maintained in controlled areas of the animai facility at CIGB under a
constant illumination schedule of 12 x 12 hours, air change cycles, and free access
to the diet. The rats were individually housed into T3 boxes with replacement of the
bedding every 48 hours after its sterilization.

induction of ulcers: Animals were anesthetized by intraperitoneal injection of

ketamine/xylazine. The back of rats comprising the area from the retroscapular

space up to the sacrum was mechanically and chemically depilated. This region was
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| i posomes EGF encapsul ated in 93.4 2.1 80.6 3.8 55.9
2.5 deformable |iposones Free EGF 82.5 2.5 66.9 3.6
37.8 1.3 Exanple 6. Denonstration of the efficacy of
EGF-contai ning formul ati ons10n experi nental nodel s of
acute and controlled torpid | esions. Experinental nodel
of controlled acute lesions. 15 The foll ow n
aseptisizedwith aeetutioaraf ovislengrieding ged dWﬁf@PY'é\}%ﬂql%t iThg area over

o . ) o o ' = e
e 3 7 e g 16 ARG g inorer o
indue@deitbufatef totarawidth oleslonadinvth otrel Jaid i gfo o mera;diametee ubietomes
~lesions of satisfactory. |pronsi.s. Experi nment al . .. .
(Al 61 USA). dsvinstcated i idouié h S BUBTIEHkA B egridistant lesions
ol B 45 . Bl 181 3 0 1l SR i ana
theiirl innei berdeo wasctaliheatedowitth permagentdok $or later asteulation of wound

cycles, and_free ,access, to the diet.. The.r . B0
argagh a1y Hedesons Phab ahhdls fete By gintPag i BlE il g ethanol
anf] Egrn@&aﬁie%fs&%é apPlikHtiohof ahy fealrhéntst eri | i zat i on.

nduct1 on of ulcers: Animals were anesthetized by

Expetimeptai gtosideal i nj ecti on of 25 ket am ne/ xyl azi ne. The
back of r c |, Sj e M, t he: c I ;
Tngoilef, sroaien B She AL Sudter Tarldofiy | SE5ig e 6784 fdlowing
expéithbatabreatiient gra sy wesg 40 inpat oer/gragrcrossrhatehing table:
'solution of povidone-iodine and isopropyl alcohol. The

Gravek npvlegatmené skin sel ected for the induction of

s B, Pigbo TRLHEh P e BBy el postrfias yout b upole
topitallgi aneter biotones (AcuDrem Fl, USA). As indicated

e ol eabian o a0 e e <CoBMig e PR qaERisaPE; fiizer by
uSﬁgeﬁkﬂ)ﬁde‘?ﬁJid HMee8RsUt ilgMratitths WBRI petformed o des baeder and the
dél 1 heated with permanent ink for |ater cal culation of

bottoomef waunsls at tinme zero. The lesions of all aninals

wer e, hygi i dai 1 0% et , i .
WP A Y, P 8B s v 2
miERRAMEONEBF geyram of sub$tancelapplied topeatled in the

Gra@;rqnprer\?!r S&@wﬁr&gn{ 3@&{’ Mtfgéﬁ’@%%dg;q@f@fagh{p%%ﬂn?s containing 75
midFFAing 0P BB HOSGERT S ¥uBStanRElaPplied topically
Group VI- treatment with the formulation of deformable liposomes containing 25
micrograms of EGF per gram of substance applied topically
Group VII- treatment with the formulation of deformable liposomes containing 75
micrograms of EGF per gram of substance applied topically
Each group consisted of 10 rats; therefore 60 wounds per group were studied.
Treatments were performed daily, after sedation of animals with diazepam

administrated by the intra-peritoneal route.

Determination of the level of wound closure. Histologic processing:

The lesions were traced on fransparent acetate sheets for calculating the kinetics of
the wounds contraction over the following times: Time 0- represents 4100% of opened
lesion area and 0% wound contraction, Time 1- 72 hours after the induction of
lesions, Time 2- five days after the induction of lesions, Time 3- seven days after the

induction of lesions, Time 4- nine days after the induction of lesions. The ninth day
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Goup I- no treatnment. Goup Il- placebo (fornulation
of enpty deformable.liposones- w thout EGF) applied
topically. 15 Goup Ill- infiltration of an EGF

sol ution containing 75 mcrdgrans per nmilliliter by

usi ng hypoderm c needles. Infiltrations were perforned
on the border and the bottom of wounds G oup, | V-

wag sehafdhir end of thinstydys envdiicly theoanimalrivere sagrificedoacaeeding to

:Preglppﬂg gbé}%pl 2s) % ‘%Egg@%cgobf Frﬁf Q{e%%oﬁlcﬁgéﬁtﬂp%? these

lesfomsrrﬂfhetmnagesfmwmahd:d Ies@hslbopmsmeabgmmmlm area of lesions
t
{ 415 B4 tveda ERleniensid B UERG T8 RasS Enalysigrsoftware

ang &4 . @f Q)QJ'E agpg

Dl@ﬁf/ﬂf ”§l%|t|§?é | RetRAyERS &Oé‘écfﬂ Ehfh@néfér wWEré oA O.fntrE@Ee SPSS

per gram of subst'ance app d topi cal lJ G oup V
packaget by nsingi the ndreparametiicaMagn bhitoey & tashl @ s:grufto:abqeéevel of

taining 75 25 microgranms of EGF per gram of
p<§§§ %"%gﬁﬂ ied topically Each group consisted of 10
Anfrd4i§ wér@eﬁﬁér%@dﬁl@ Wkﬂiﬁérltbﬁéalghf&ﬂowlﬂl ahudverdose of sodium
Treatnments were perfornmed daily, after sedation of

peatobaritel (330hmgiken ebesion aere rdir@fi g Bempietpapniculus camosus and
t; t t |

g 300 BLPR PP BT FEULBR g el s,

vatebies§ores eak'ldnmllaswnéaoMMm@C stairtse wehe atsedf dior each group, the

Wi e . i S o
@E‘Qﬁ%ﬂﬁdfﬁﬁbﬂﬂ's %\gﬂnﬂéﬁv‘@h@ fing86d bAGBLAN corftrdRioh-is shown

ter t uction of lesions, Tine 2- five
in araple 311(¢cm‘trachenmad.m5tlndnrmarel exressed i tesms.-of pajesntrbpsge of

er i nduction o Time 4- nine days
WOHPF él'zet‘ﬁ'g‘ r%ﬁ!?&sﬁ o“ﬁo‘l'_ﬂJ ?'5%?%2&1 Phe ninth day 11 was
set as the end of this study, on which the animls were
sacrificed, according to previous experlfnces on the
Tablm@t%@trat:tlw &inglisyalnes o contrallpd agute HIGerst hese
The images with traced |l-esions borders were

d. The area of lesig Eﬁtraefignt(%‘i percent of
1tion wer e calculated y using the i mge anal ysis

' éfw‘g;f [;g\rlf 6rﬁhet " qirﬂgaaSIPééespg@iagghby Time 4
T T T B T Uy T sonaat
Growpll | O 61:12 | 9307 | 30.2%16 | 612+3
Group I 0 123124% | 23£27° | 67.5£31% | 765£2.2"
Group IV 0 | 1462187 | 31.6£12" | 745424 | 862417
; Group V 0 | 15915 | 33219 | 782£4.1" | 886¢ 22"
Group VI 0 161 217% | 354£25% | 81736~ | 9051.3"
Growp VIl | 0 | 165£16® | 36.7:1.9% | 8522417 | 943+ 18"

(**) This means a statistical difference of p<0.05 with respect to groups | and 1. (*")
This means a statistical difference of p<0.05 with respect to groups |, Il and Il
(**)This means a statistical difference of p<0.01 with respect to groups I, N and it

Mann-Whitney U test.
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Animal s were sacrificed by intra-peritoneal injection
with an overdose of sodium pentobarbital (250 nglkg).
Lesi on were dried up fromthe panniculus carnosus and
10 fixed in 10%neutral forrm@in for later inclusion in
paraffin. The hematoxylin/ e03| n .van G esson's and

ROV dPDBY o ARPGIETA36 01 ST DIOUHAC 1 P poten

coﬁt‘?a?déﬁﬂ eftéd %tﬂoﬁnétﬁ géfs' ‘%H r ﬂélﬁ&erlﬁ%éaﬂse%at liposomal

epraerms was det er m ne netlcs of wound
forowilaticast produced dhevnosti ﬁavcnablee eahammmg reffect on tptalueicatrisation,

SR e o 86 Presbpl e CoRlre I s Vel St gt the
apﬁroxﬁ%%tbrtﬁéwo@hdkbwé tefnotrling phase. cont rolled acute
ulcers. Contraction (%9 Goups Tinme O Tine 1 Tinme 2

Thginascers ofi argascoveres, py roatgresang ogganized gramation tissue for each

o syl & T, 8RR o mter v

carriedbout lustidp thEl sémples2Zdliedtéd at Bmé™ g, tﬂﬁcéhntihgm*eacﬁ sample the
0 15.91,5*b 33.21. 9** 78.24.1** 88.62. 2* G oup V

nugwer of micrescape fields siultageoysly gogitive gbvq;n Giesgon's @ql) sson's
trlcﬂ[tSTQTﬁ ?’e@ctloﬁs 3Pwé palh@logug@ﬁc%ne& okt tﬁe@é‘e%lu&ti@ns in an

ans a. statistical ference of p<O0.

indepepdent 2l jindupanmerand 1. (*b) This neans a
statistical difference of p<0.05 Wth respect to groups
[, I'l and Ill. 20 (**)This means a statistical

Taﬁlaf &em%e of g%ﬂslﬂﬂed/\aﬁeh dtFmR fdreaghaxperimental grsup,
_ Wirtney Utest. 12 As shown in Table 3,

f(%rarehabuelml yrmoefused {he nost potent
ct on vyound bor ders,s in other words, it
poson&ranwﬁ"%\%ﬂ"ﬁe ns produced t he nost

anci ng e . total cicatrisation,
tracti on%'?g %qgnt the convergence of

sqV onsal| dat ed hat 5 approxi mate the

Lﬁ'{?ﬁbé‘ct he {r enpdel i ng p%asée The percent of area
CC\(%I’O fy nmature andegr-;gf\glzged granullation tissue for
xperinmental group is presented{in Table 4. The

cal(g,ld,lugtwon of this pggwgqu was ﬁf\rri ed out using
tHe_sanples dollected at Tine 6 hy"counting in each

Sarmﬂo@ptwe 91.2 £ 1.63
Group VI B 94.8 + 2.08
Group VII 96.1+1.75

Study of 60 wounds per group using collagen-fibers positive reactions.

As shown in Table 4, the treatment of lesions with liposome-based formulations exert
the most potent effect on the process of maturation and establishment of the
granulation tissue, this result is in agreement with that already described on the
contraction of wounds.

The effect of the treatments on the process of epithelization of lesions was also
studied. The aspect of the stratified epithelium was evaluated, considering the re-
epithelization of the ulcer, the presence of a stratified epithelium, and the existence

of a keratin stratum. To study the lesions under the microscope, they were subjected
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nunber of m croscope fields sinmultaneously positive to
van G esson's and Masson's 10 trichrom c staining
reacti ons. Two pat hol ogi sts carried out these
evaluations in an independeh® and blind nanner. Tabla
4. Percent of granul at ed.area at Tinme 4 for each
experinmental group (% area covered by matu

tog Igngqtqﬁlnai eenira gh@mlsggtlorga@q, @qudgg in-thg sgme@qygﬁ n hlock. A total

I

of 13 isloicoiol Behufie wers Yodied §peh, AftBohiied b Iight. The
re&ﬁtsloftﬁis'eﬁldaﬁarétprésemwﬁﬂTahialﬁds per group using

col |l agen-fibers positive reactions. As shown in Table

4, the treatnent of |esions wth.liposone-based

b i oW teith on the

Td;?%gggbg?aﬁtaﬁ?éa%m%@nd egy ggl [ shr?g%éegﬂfi t he

granul ation tissue; this result is in agreenent with

that dy described on the 30 contraction of

Wouls CtN@dethstvflfha‘mU?/E‘t 5 ONJ I uREHS WAthsa Of

epi f lesions was al so | studi ed. The aspect
of d epi epithelizationas evpl udn@igre epithaligey i ng
t he zattomrof—the—tutceri—the CbCIIbC of —a
st r g®reurd epi t hel i um an®f the existence of 24 kerati n

st r.déum To—stody the tespns under e T crg5cope,

t helyGiR4Re! 'subj ected 13 %é)a | ongi t pdi nal cefPr al

he éecu o and | ncl aded $.‘n the sang par arrlg prock. A
120 hijstol ogi cal” sections|jwere stu ?ed, whi cl
corfgsi d to 60 Tesion The repults of I's study
§f‘5e{&n ted inl Table 5. Tabl e 5] Effect g? t he
tre g on wound epithetization.|No. woungdg with
%K@“H\\?\rnunds With a e%%.thelizat on mature
epi [ aghig 10 Group 1 27582 Goup L1 29 26 48

Group '\_-/-II | 57 50

As shown in Table 5, groups 'V, V, VI and VIl treated with liposomal formulations
displayed the best indicators of the epithelial response, given by the total re-

.epithelization and maturity of the epithelium.

It can be concluded therefore that the treatment of Iesuons with the liposomal
formulations favors (/) the process of contraction of acute controlled wounds; (i) the
granulation process and its maturation; the epidermal re-epithelization and
differentiation process and (iv} these processes were not associated to the formation
of aberrant granulation tissue, granuiomas or foreign bodies.

Experimental model of chronic cutaneous ulcers.

The following experiment was aimed at evaluating the cicatrisation effect of the new .
pharmaceutical formulation of topical use that is based on traditional or deformable
liposomes containing EGF in chronic lesions of poor prognosis, which simulate
lesions in diabetic patients.

Experimental Biomodel: Male Wistar rats with a body weight of 225-250 grams.
Ahir_ﬁal were maintained in controlled areas of the animal facility at CIGB under a
constant illumination schedule of 12 x 12 hours, air change cycles, and free access
to the diet. The rats were individually housed into T3 boxes with replacement of the
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Goup Il 37 25 Goup IV 53 45 Goup V 55 47 15 G oup

VI 55 48 Goup VII 57 50 As shown in Table 5, groups

IV, V, VI and VIl treated with |iposonal fornulations

di spl ayed the best indicatorikt of the epithelial

response, given by the total re- 20 .epithelization and

maturity of the epithelium It can be concluded _
beddiag eavery: 4thaournhafter dst sterilizaiion] dbpoarimals thadnhpreviously been
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ketagnine/xylaaige: | Ahgi kagk: pt rajatdomRrisingEtise arem Hom the retroscapular
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thex5iin g ieciaifor da ndistian of HGers e mark kedrpih CAiass in order to
mc{d%g' }I‘iﬂ}l%lé dg)t{ﬂo\ﬁﬁ&ﬂ \ Z@ST%VI °¥ﬁ?téﬁ4:lt Br I DhafgiaRidterobiotomes

I'ng every hour Its sterilization.
(AdUeream)i FipUS A.odls p'rchcatedm Figuese, sixsyamesiric @ndrequidigtanhlesions

wth a 01% met h I oxal sol ut| t
welh {RlisBorl it Pach SOIRAIS LESERE vere fasheq in L 8lE fhine soution and
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area ahunnatziem ﬁmiequémﬁ@@laammelﬁ vmre\na.mgze(dsgqliygwﬁ‘gg % ethanol
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Ex @hmhbﬂ fdpgdneal i ng process of cutaneous wounds. Cin

L 1 1
The ulc;ersl,J Increatedo?n(th)e ammeliri‘)s were randomly assngned to the following

experimental treatment groups by using an input order/group crossmatching table:
Group i- no treatment.

Group !I- placebo (formulation of empty deformable liposomes- without EGF) applied
topically.

Group ili- infiltration of an EGF solution containing 75 micrograms per milliliter by
using hypodermic needies. Infiltrations were performed on the border and the
bottom of wounds _
Group V- treatment with the formulation of traditional liposomes containing 25
micrograms of EGF per gram of substance applied topically

Group V- treatment with the formulation of traditional liposomes containing 75
micrograms of EGF per gram of substance applied topically

Group VI- treatment with the formulation of deformable liposomes containing 25

micrograms of EGF per gram of substance .applied topicaily
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I nduction of ulcers: Aninmals were anesthetized by
intraperitoneal injection of ketam ne/xylazine. The
back of rats conprising the area fromthe retroscapul ar
10 space up to the sacrum wd® nechanical |y and

chem cally dep| | ated. This region was aseptisized with
ut| 0

Gréd Ut dieatment Siehafomolatiat: & detarmatie IpRaaRER PriAining 75
mitogfins H‘PEGFﬁJéf%%n*Q"tdfqu}hﬁé‘éﬁe&!ltéﬁ thgicayler to induce

_ cular, total I'esi ons did of 9 _
Eanmg_roaprmomnslsmmmw& ratg Atheeforg 60 woumg PeAsgronpli wereestudied.

[ ure 1, si nd e d| st
Trdimentiotergy ARHOLRER Baita Ao cetghieh ohf HoBRL 30 (gidzepam
adﬁﬁrﬁét\rétéd%@'th@mt@;béﬁtbmlme their inner border was

del i neat ed W t errmnent | nk for I at er _ caI cuI atl on of

T 5 e R P s
thebwpeardsearitadction oupstheZolicwing timesr Tinwy datepriesents h@0% of opened
lesiparaamanaas Yo WOUDREATTGURDS By 16 172 nas: Al the induction of
lesErLe rirdé 9“ ﬁ\é g§ %ifié‘rt B Mﬁt@ﬁ'oﬁeméﬁso Fnd 3- B@ven days after the

treat nent f or mul atlon of _E
:nchheﬂm malelsmria b’osemesuna/\daymﬂerﬁhmmhwpbnaﬂ Iealtma c ahe pinth day

wa it anm gneetifis sin Batn 1Yl et S8t fcsg, according to

préww e&aeﬁem%dbﬁsmel Riheticy @F ithess amenmsf cmamamn tdfethese
border and the ottom of wounds I V-‘ﬁé 'F

lesinsh ThedmageVith Traset lesianshareavers ﬁ!is% e Grea of lesions

anﬁcm% %'eﬂﬂe{ﬁg I?ggﬁ\tféﬁlégqu}gﬁzaﬂ{vlﬁg bg%l rlﬂ@l&%gé%‘ﬁ%ﬂwam

app - tre

DIGIPAT Statnsncaif analyxdast oioaad:h Ipapameneegveremerfoimeg WBh the SPSS
m crogranms of EGF am st an an

paEKAIa BY PG B8 DAt AT PRPER S FoRt S Ttigp lovel o

rhé@osomes contai ni ng 25 mcrograrrs of EGF
p%gsqgram&# substance. applied topically 15 Goup VII -

Arfimalst were sectificedhby fiotrarpetitoneal meqﬂl@ﬂowmatﬁne opeigess rfssodium

pedfiharalf e sugKy° LESKA g bl uf EpnfiRrb ey as caftRus and
fixbH R €096 cdBtalWoiIdsin Fer lagéoinplusionenspardffiad The Tharaatowylindeosin,
\ira\cj/:.e éi@gg;}rso;ggdmgglsénys’ tﬁérﬁrggmg % aa}rt\sI %ergfus?ec‘ nl]-aclnrsee\f\\éﬁ hgroup, the
number of animals with 100% epithelization of the lesion, and with a stratified and
differentiated epidermis was determined. The kinetics of wound contraction is shown
in Table 3 (contraction values in mm are expressed in terms of percent change of

wound size with respect to wound size at Time 0).
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5 adm nistrated by the intra-peritoneal route.
Determ nation of the | evel of wound closure. Histologic
Processing: The | esions were traced on transparent
acetate sheets for calculatilfg the kinetics of . the
wounds. contraction over the following tinmes: Tinme O-
represents 100% of opened _|esion area and 0% wound
Tablefi.(Gentragtion kinetic-values, of ehraftie dlcare i nduction of 10
Time 2- five days after the induction of
¢ Time 3- seven days G@nastont(fe i nduction of
‘ i - nine S aft e [ nd iL,on pf
_I"gs"lil%ns Th@ﬁnfnt dasq‘%v%@s **e?’rné“] e eﬁ&%gf t hi qumeS
EScBrichtyl pn whizaht t He anizrielss f/\mzs:ts‘a‘i:rl thEthZBaC‘OﬂﬁiB_lﬁgA

il L

In Les . -
t-otrS—eXpPetr e CesS— o NeE_ Kl IICLI CS Ul1bllc

js(\é’e'l‘ﬁ'!an soul-tdi2dat rfi satT $A%0f | t9bEL13 I;e§12c3?r% “rhe i1HBYdS
Mol i 10@%5'12?1‘40”3 ROE4arS Vi, sl-gift | ze4l 3 30e| 319a Dfar
| esi ons and thel percent of contradtion were

cabapival edd by 0081 o 26he 0iTBHg P 3D ARYS, |s 6BHEIWEFe| 803+ 187

PP b TR EA el GPRE D3 F AT B o T | Wedare-
NGBoPAr AMBE B LS. 3Mann Wi ney U dsmstseq sogpkbieeati gk 3,14~

S ac-c-urmrl Anl nnnl Sh-wer-e oanr- Fi cad
UUUUUUU N

b§roumYt a- ﬂ@i’#ﬂ@ﬁ*e I 2ﬁﬁj¢é’@@| oh WinIBan GoErdISE of 86+41"
‘sodium 20 pentobarbitar {250 ng/ Kg). [eston were dried
up fromthe panniculus carnosus and fixed in 10%
("ThsUheamb af oatistidai diffdrence lofp€0.08 with respecntoigroupalt afid |.n(**) Thie means a
Stﬂﬁ%?%%*%% GO i, A8 B P S DR SRRy st
nunber of animals with 100% epithelization of the

o U 1, SRR ARE s HOIBAEIPY ot o

cofadtionc effect o ngd Borders, Tabbthed Wworst rinanéans tbatu igosomal
in mMmare expresse I N of ercent

fowmr@. Dtodkhed, thedpast TEvarahs SaRENOHS afor Al lal igatrisation,

snr%%t\t\r Jot Ptr (rg ﬁ{?éﬁht Ithe Eéh\iéryéﬂdéeéf Stlvefd) IcOnb6lidateE Eents that

oups Ti ne Time 2 Tine 3 Tine 4 Tine
approx@natgpthes wiount th the IenEdehI\glPBa§QSEOBi thatsthesg experimental

Bt b ol dbbd it Bhob Slis o

coﬁfrﬁétibn' Meéﬁar? sms Barﬁéﬂy grl c@gmfa’%ge!yggbalshédépa‘thcﬂ&gmaliyl 08"
_gg__ggmgtum of 111e oor?cmtrataon of EGF_in the \nable tl ssue I%cated deep below

U

the cutaneous lesions

To determine the concentration of EGF, histological cuts of the tissue deep below (1
cm) the cutaneous lesions were performed 20 min, 1 h, 4 h, 8 h, 16 h and 24 h after
the induction of lesions. The tissue was homogenized into @ phosphate-buffered
saline solution. The concentration of EGF was determined by an Enzyme Linked
Immunosorbent Assay (ELISA). As shown in Table 6a, liposome-based EGF
formulations provided the transport of high amounts of EGF (experimental groups
IV, V, VI and VII) to tissue regions deep below the lesions, similar to those cobtained
by infiltrating EGF with the aid of hypodermic needles (experimental group IH).
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In Table 7, the percent of area covered by mature and organized granulation tissue

for each experimental group is presented. The calculation of this parameter was
carried out using the sampies coliected at Time 4, by counting in each sample the
number of microscope fields simultaneously positive to van Giesson’s and Masson’s

trichromic staining reactions. Two pathologists carried out these evaluations in an

independent and blind manner.
As shown in Table 7, the treatment of lesions with liposome-based formulations exert

the most potent effect on the process of maturation and establishment of the

granulation tissue, this result is in agreement with that already described on the

contraction of wounds.




0.002 0.001 0.005 0.002 0.003 0.001 Goup Il
27.560.14* 5.47 0.1 ° 1.550-1* 0.2610.04* 0.071 0.02
0.01' 0.005" Goup IV 1.10.4* 2:80.2° 3.90.2" 9.10.3"
2.9 0.081 0.1" 0.01" G oupV&. 60.7* 8.20.3* 11.310.5"
20.111.6" 9.6 0. 23 1.7" 0.05" Goup VI 1.510.3'

VI |

4.310.7" 2" 0, 8** 4.61 0. 03" 0.2"
Table{cParcens of granulatayl areagt Timeck foxieath extisrimental Group.

0.06** (')This _a statist i_cal difference of

p<0. 05 wi t gr(&umalcoaatedlby maturg Thi s means
a 5 statis ence <O 0 vvltE respect to
groups | ., b I\/Iann l{'ﬂta}" t. In{Table 7,
t he percent (?0 @rea cgvered by “and or gafi zed
granul at i or i§' or each ex imental group is

5 present ed. ) cul at1on of S aneter was
carried out_@usPEg'the sanpl es c@ Iegtqéd at Ting 4, by

counting in @,%gémanpl e the 10gpgnbgpgof m crogcope
fields simjltaneously|positive to van Gesson $ and

Masson' s trGlQ,laqu c §taining m@agkizans. Two

pat hol ogi sti{s_carried qut these evaluations in an
i ndependent| GradpV i nd jmanner. &S thavh in Tabl¢ 7, the
treat nent gflesions—Wth ations
exert the |MBouppdt ent ef fect mihéz)rocess of

10 mat ur at i on rard—establ-Hshrepnt—of—the—15—granul ¥ti on

.T(D

tissue, thi Lot i 9 in re@&@ntt‘l\?lﬁt h that already
descri bed A—the—eonttact i'un of—wotrtds—3I8—Tabl e 7.
Per cent Sifidyg e0mwbimtiepkr gfogfusiig caagm-ﬁbefscnosiﬁ\&crbactions.
experinmental group. (% area covered by mature
granulation tissue) !'GQOup | 33.1t 4 .5 upll

TheSeffdot 16t the Pedtrients 4h. thet prdcdss offepithelizktiod .o} lefols was also
15 studied. The aspect of the stratified epithelium was evaluated, considering the re-

epithelization of the ulcer, the presence of a stratified epithelium, and the existence
of a keratin stratum. To study the lesions under the microscope, they were subjected
to a longitudinal central hemisection and included in the same paraffin block. A total
of 120 histological sections were studied, which corresponded to 60 lesions. It was
20 not necessary to eliminate any lesion due to bacterial contamination. The results of
this study are presented in Table 8.
Table 8. Effect of the treatments on wound epithelization,

“No. wounds with 100% No. wounds with a

25 _ epithelization mature epithelium
Group I | 0 - 0
Groupill 0 | 0
 [Grown T | BRE
30 Group IV - 29 ) 24
Group V | 31 27
GroupVI 33 28
Group VIl - ' 35 30
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Goup V65.1 1.8 Goup VI 68.7 2.2 10 Goup VI
69.6 1.15 Study of 60 wounds per group using

col l agen-fibers positive reactions. The effect of the
treatments on the .process ot9 epithelization of |esions
was also 15 studied. The aspect of the stratified

epi t hel i um was eval uated, consi deri ngét he

Asoghewal iz 2abien BofOToHBS Ve cY, Wi henth b dirdledwith liposome-based
forgriL{I%[&d{sr: cﬁ%%lgg%& Eﬁé ot frm?até#@,e bsé:ﬁﬁlgﬁal @‘sgagﬁg@émby the

esi ons un m Cr
totah@yepithetization ared mdturkpoﬁhb@pghelum“ nal

|
I e concligea frat he 158 meS wilh i iosoat TR favdrs () the
prédesd] & Gonttabiidh GPérerﬁEWﬁQi shphiy al:@ﬁrbﬂégﬁ sm‘ndlafé’@tﬁe@ochemmal

not necessary t I mnate any .1 esion e to bacterial
mlcmnmmmnembnf diasticepatiant weerst Kisther grgnulationp peaness eand its

mallieliAR) RERarbaDlY N JaTEn, Alows Fus (RBHoTR A RaE B, Hefformed

va@én&upl héﬂdrzatan@n (mt Lﬁtﬁmmbbhqhe urgpidermiap le@plhéhzation and
Goup Ili 30 GroupIV 29 24 Goup V
dl@lelznatlommqpem ofégslqr@ tr@t alepusually sgsigantiio re;@'tgﬁlbmwnn
Table S, groups 1V, V, VI and VII treated with
| i posome-based fornul ations displayed the best

E){dmléargmnﬁ?%étrﬂmlmdfhﬁie afficaxypofi EGF doaded Hipasomal topical
epithelization a th h
formutationsdnRattantgagth ﬁta‘fartq?é‘? Pgst ﬁ%ﬂ‘?{ GF?P t ﬁ'et el tum

THe! B8 ratidH 194 g?dtﬂﬂ% BP%gﬁa\%ﬁlbntBﬁthé RIS atf deformable

contracftion of cHronic woun accurately sinmulate
lupbmnbmsbenhopmbl formulationsi cantaining 25 ofi dhemicwgpRms aftEGF per

rﬁ'ﬁ‘t Qj:%{q Eﬂﬂc)e,:&tg I,}%tt%g% \&itﬁ%\hggqq%ggqc ﬁéﬁ{ca@g (\)Jbr\:%rst n%s shown results

th8s habkinsitrent theke aottainbarEEGF infiltration with the aid of hypodermic
needles, while advantageously avoiding injection-associated pain and risk of

infection.

The new formulation of deformable liposomes containing 75 micrograms of EGF per
gram of substance was applied to a patient with a diabetic foot ulcer, with evidences
of compromised blood flow and major amputation risk. The product was
administrated topically after complete debriding of the ulcer. The lesion was covered
with a dressing and a sterile bandage during the time elapsing between these two

treatments. The evolution of the lesion was satisfactory, with evidence of formation

of granulation tissue and contraction of ulcer borders from the first week after the
start of the treatment. The pharmaceutical product was effective in achieving a
complete epithelization of the lesion and preventing foot amputation. There were not
side effects associated to the treatment.

Another diabetic patient with ischemic cutaneous lesions in its lower limb with -an
area exceeding 20 cm? and a depth compromising the periosteum was treated with
the traditional ‘lipdsome-based formulation containing 75 micrograms of EGF per
gram of substance. The product was appliéd topically, three times a week, after
complete debriding of the ulcer. The lesion was covered with a dressing and a sterile
bandage during the time elapsing =between treatments.
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vascul ar network and (iir) stimulates the epidernal

re-epithelization and differentiation process of

| esions that are usually resistant to

re-epithelization. 10 Exanpl20 7. Denonstration of the

ef ficacy of EGF-|oaded tiposomal topical fornulations

in patients with advanced di abetic foot ulcers. The

adm ni stration on grounds of conpassion of the
AfEE B TP RinisHRBR RN for B cDBSERUAPEA Bl in the aspect
of #ie psiom whs sbbetvedca prodyciive @namulaticnhtissiesstaded i prayail cwhich

in JRvassI sy Borererr Y epansiiu e e ot The YAl F toal
epitifiition he! gatery dakaeraved Yo tethdipital and evolved satisfactorily

I'njection-associated pain and risk of  infection. The
withewt &y radusrenoe. of def or mabl e |i posones contai ni ng 75

' EGE . . i
orf i, it Barpd., mingF HisuBle HeRPhO i BleREGT bkt 308 £6dd not
tolefaté QhEH| QHjeéﬁéh§3 be CEGF !a@M’ soghdoned rthe ripfiltratiorotreatrsént after the
The product was adm nistrated toElcall%.after,co

|
thigb BT sigatism, Stastad teraaninSTAEED Ok BeW JORRAoH AL Aelgmable

. [ N L i during the time el apsing
"Pgéﬁﬁéiﬁg?ﬁﬁﬂﬁf?ﬁéﬁ&¥bﬁgﬁﬁgﬁ?§$'The evol ution of the )
THi€ patentiesuld aontihae wndgr this tizatuentewitke sobatisfactani evolaton until

of granulation .tissue and contraction of . ulcer
achieying e rGarapielge SIoSHre é’? thge eséqrhrth'ﬁf P?*f?é‘ttﬁ%sasﬁéﬁ%é“ any

- Fn?,{ FRsRHH Rl efebpaddocmtédtibbitRatmenta

Cdggﬁ% é e eplyﬁgﬁﬁgg??ggpg?y?%g I esi on and preventing

foot anputation. There were not side effects

associated to the treatnent. Another diabetic patient

with ischem c cutaneous lesions inits lower linb with

an 30 area exceeding 20 cn2 and a depth conproni sing

the periosteumwas treated with the traditional ,

| i posone-based fornul ati on containing 75 m crograns of

EGF per gram of substance. The product was applied

topically, three tines a week, after conplete

debriding of the ulcer. The lesion was covered with a

dressing and a sterile bandage during the tine

el apsing between treatnents. 20 After the fourth

adm ni stration of the fornulation, a substantial change

in the aspect of the |lesion was observed, a productive

granul ation tissue started to prevail, which in few

days was covered by epithelium At the end of the

treatnment and tota
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5 epiderm zation, the patient was rel eased fromthe
hospi tal and evol ved satisfactorily w thout any
recurrence. On the other hand, another diabetic patient
wi th advanced ulcers that c@&lld not tolerate |ocal
i njections of EGF and abandoned the infiltration
treatnment after the third admnistration, started the
adni ni stration of the newGlAMMS ation of deformable 10
| i posonmes containing 25 mcrograns of EGF. This patient
.could continue under this treatnment with a
USEAtORf Ac TOBICAL | COMROSITION CONTAINING tERIDERMARt SROWTH

FACaR (Eaf] 5K BIARER EORTARREtol PeRyenfiERL:  o0)

associated to the treatnment. 15 21 CLAIMS f USE OF A
TOPI CAL COVPOSI TI ON CONTAI NI NG EPI DERVAL GROWTH FACTOR
1. (Ui@:))fFameﬁeAEE'ImmoﬁmldmamrMVMOmncaﬁsdatEd in or

Use a ef fective amount of i der r
aRsagetsdiocderpinehie & Eeilbaftng Beosiay fdREhdpbERRGa opical
GPRYvRAE IRl fdrmRRRRAEST {Her tré@mienof raded\Veand Wi gHbnic ischemic
phar maceutical fornulation for the treatnment of grade

Iskirdgsions imdighetic patiendsi ¢ ski n lesions in diabetic

2. pl%gaggé %gﬁﬂﬂ?| mel oﬁgreegfg éﬁl%ll V\%tH"W{%jr (ﬁbri";hal1 pwth factor is

lalfthtdv@dtlmﬂawﬁssmeeieép&bmtmﬂelsmsons 3 The use of

~claim1 and . 2 vent ota tation

3. m@fmotmmf oo 21 b preveraipg dtis ol Binp it heRein the
ﬁnlﬂéf?é’rp[%l éé:g{h@? lohtd jae %lﬁl:i %rétﬂfd Sitenic |§Ghei’mb @Rind@sions.

ar maceu ormul ati on that contains an effective
4. aﬂnotoptcabfphbﬁn‘epedmiraﬂon'gukaﬂph that teantaing aps uefirclive; ampunt of

RidR o ¢ a@t‘fah 0 ] m%g:geg%ﬁel‘ag fiyf e a%%l:la{édo 15 Beformable or

of oné or

Fpﬂste@Wﬂ@r@h' tel lipogtmne nscnumtmsed bf ghe or more
bl oaval Iab| ity of epidermal growth fa%tor

tphasmaceieligaliy AoRPtAbIR APIES| Braitiasca gt Bicaval ‘}'*Va%fdeﬁ"ﬁe"“a'
B0 GG b5l Bina e KB gl o
4or M@bﬂtlﬁg dimbetit fouttampitation.

5. A topical pharmaceutical formulation according to claim 4, w_herein the effective
amount of epidermal growth factor is in the range from 0.025 to 0.075 mg/gram of
substance.

6. A topical pharmaceutical formulation according to claim 4, wherein the effective
amount of epidermal growth factor is 0.075 mg/gram of substance.

7. A topical pharmaceutical formulation éccordin_g'to claim 4, wherein the liposome
is comprised of one or more pharmaceutically acceptable lipids selected from the
group consisting of a neutral lipid, a negatively charged lipid, a positively charged
lipid, a lipid conjugated to polyethylene giycol or a lipid conjugated to a
carbohydrate,

8. A topical pharmaceutical formulation according to claim 4, wherein the liposome
is comprised of one or more pharmaceutically acceptable lipids and one or more

non-ionic, zwitterionic, anionic, or cationic surfactant agents.
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anmount of epidermal growth factor is in the range from
0.025 to 0.075 ng/gram of substance. 6. A topica
pharmaceutical fornulation according to claim 4,
wherein the effective amoum of epidermal grow h
factor is 0.075 ng/gram of substance. 25 7. A topica
phar maceuti cal fornul ation according to claim4,
wherein the |iposome is conprised of one or nore

phar maceuti cal | y accept agummaRys sel ected fromthe
group consisting of a neutral lipid, a negatively
charged lipid, a positively charged Iipid alipid
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i s conprised ,of one or _ nore pharnmaceuti cal
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