1 PHARMACEUTICAL COMPOSITION OF MICROSPHERES FOR PREVENTING DIABETIC FOOT
AMPUTATION. Technical field 5The present invention is related to a pharmaceutical composition that
comprises polymeric microspheres containing epidermal growth factor (EGF) for the application, by the
parenteral route, into the lower limbs of diabetic patients with cutaneous chronic ischemic ulcerative
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complication of the Diabetes with &ni/BBTHFcdeTi cRMRgNTIR SLPENOr to 2% (Abbott C.A., et al (2002)
The North-West Diabetes Foot Care Study: incidence of, and risk factors for, new diabetic foot 15
ulceration in a community-based patient cohort. Diabet. Med. 19(5):377-84). At least 15% of diabetic

patients Teyklgp @hiiemt ulcers in their feet throughout their lifetimes (Reiber G.E. (1996) The

epi%emic@c_gy of dia e.tic%c{)ﬁt prablems %i bet. Mgd. 13 Sl{gtpl 186'113%6‘9% rtoximaterlélo%-BO%
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patients whg suffered an amputation, of lower limbs is, about 50-60% (Reiber G.E. (1996) The
eidermbibgy BB TooP BT, aBRr A5 LT E s, 1y SaseliR GHRBUS e been
used fordhetriedtoieatdd diabetidveatientslwitbrquiavedusychicdradi dsibinenaic pldekative wounds. They
include a rigorous metabolic 25 control, prophylaxis of the modifiable risk factors, surgical

debridements, use of dressings, antimicrobial treatment of the infections, elimination of the pressure of
thé injurldeareaisisetof skin grafts, growth factors and the use of revascularization methods in case of

indication, After the metabgplic contrpl, the surgical debridement is_the most ortant treatment 30 for
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injured region, as well as the surrounding callous tissugs, .2 IThe use of dressi for diabetic foot
ulcers is\}\v’g\i('gewlIaensfaarf)r?i{éﬁ'eitrjw,c};lnefpz?ﬁhsgli@g%%!\ges\l/J Al 5r:[ sélc%9 é?é?“%,%?r%g r‘%\’/ee %ae%eiﬁ% l@ﬁ%lgg‘g tﬁ\ﬁe)oég\"/antages
of each KiresoDirbssamgFadr Treothedaradsioeknov, Bedides, siotesfodiesondisdete fadressings
h been few, and they have been direct inl ow-grade r I idences from 5
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collagenmatrix), algin r I hyal tha ub-at heric
oressurd BT b B0 e S b e R e S e e o foor
ulcers: &egmprehénsiVe seview pbemierginly trtaimeitstritdhiess DQiabenvear 2 By 12161 73).
Several method hee d Ki ti Uleer, For
example'[:lqubnr% %Qgﬁé%e?o%@@ﬁ § %)&/5 ie@ﬁ%ﬁgfblg@? %? M%nﬁz%%agr%?sn%ﬁ %%s*y%t %%ei\tégsﬁ% old of
bi@&bsoibiblinmedzin ThidaidviCeshadts fowpitd i 05-dHactMetialowigrdtie dcgeswitbfatgreater
proporti al'wgi ler fime in . , et ) labetic Foot
Ulcer St%%g?%}r%up. %ﬁ%@cggnﬁgﬁyﬁ [%fr‘ﬁz\t}g falt irf?? m%rg\l/)iél%pt%? F%gﬁggéf%%ueg%diabetic

foot ulcdiE3¥8sulectriqroEplgivefrdidmhiziapribiDiabetéd @t PMed 703 -BYyrphé Aptigfar consists
ofalay%g&é:!%r[nyﬁe(iﬂg@gs}ggv%f %Eﬂn Jj@égblﬂ:ﬁ'tstﬁba%{%&%i of diabetic patients with
cutanecus chronic ischemic ulcerative wounds. They include a rigorous metabolic
25 control, prophylaxis of the modifiable risk factors, surgical debridements, use of
dressings, antimicrobial freatment of the infections, elimination of the pressure of the
injured area, use of skin grafts, growth factors and the use of revascularization
methods in case of indication.
After the metabolic control, the surgical debridement is the most important treatment
30  for the healing of the diabetic uicer and should be carried out before any other local
therapeutic modality. The surgical debridement consists of removing all dead and
infected tissue (including bones) from the injured region, as well as the surrounding

calious fissues.



20 bovine colagen type | and one epidermis layer formed by human keratinocytes. In a similar way,
this substitute of skin has shown to produce a significantly greater and faster healing of injuries when it
is applied in neuropathic low-grade and not infected ulcers (Veves A., et al (2001) Graftskin, a human
skin equivalent, is effective in the management of non-infected neuropathic diabetic foot ulcers: a
prospective 25randomized multicenter clinical trial. Diabetes Care 24:290-5). In a phase Il
randomized, double-blind, placebo-controlled clinical trial, a gel formulation of Platelet Derived Growth

Factor (PDEI®) & icisstsfectirbatia st ioptmis teknriabitheshand pihesed wheelve
neuropathigiwieess wibgaadsanopingoys eRHusiRN0)4ermansTof «gERIHAN frlinigad efficacy of
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this study ﬁ%@@%@@r?%iﬁ%% MG SERPIARD SIS GING RS (e BGalPRiehBGSnER &y B&hplermin
gel 100 pofgvincanpayisevavitbgplagebassignificanily incigased thereompleieigaling:ofthe injuries in
43% (50 vs,,.35%, p.= 0.007) and decreased the time, required to achieve this, effect in 32% (86 vs. 127
oy, 3 SO TR BTIss (B i PBCE AR AR J88 10 e
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of several injections (WO 03/053458). But it has a clear disadvantage: it is very traumatic for the
patienPsiné8the/eq5plicafiomBiaRfIbhS N BIE FhiBRE B BRI HIsHAT 8achBasinEd several
injections rpyst-be applied and the patient must receive the treatment in alternating days during

several weeks. Considering. the disadvantages of this method, the use of a sustained release
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problem in the treatment of diabetic foot ulcers is to determine the effective dose of a drug that
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to be administrated by parenteral route’ “description of the invention In'general, the
present inveatisgaeeis tofa phadiiactasticapoorpbsiioniabaticontsihsusiRivsphepersiperide with

Epidesmal GrawhiFaCiRliehe-AdmiRisienss PY-pass e omiegn. Be lower limbs of diabetic patients

who have cutaneous chronic ) ‘ o _
in a phase Il randomized, double-blind, placebo-controlied clinical irial, a gel

formulation of Platelet Derived Growth Factor (PDGF) showed o be effeciive and
safe for the treatment of diabetic patients whe have neuropathic ulcers with good
sanguineous perfusion (Wieman T.J., et al (1888) Clinical efficacy of beclapermin (rh
30 PDGF-BB) gel. Diabetes Care 21(5):822-7). Most of the patients (85%) included in
this study have ulcers with an area s 10 cm® according to the evaluation by
planimetry. Becaplermin ge! 100 ug/g, in comparison with placebo, significantly
increased the complete healing of the injuries in 43% (50 vs. 35%, p = 0.007) and
decreased the fime required to achieve this effect in 32% (86 vs. 127 days, p =



4 ischemic wounds, with the objective of preventing the amputation of these members. In the present
invention, the term microspheres includes microspheres and nanospheres. The encapsulation of
EGF in microspheres allows: (0 the slow release of the drug 5 and 00 protection of EGF against
degradative processes such as the protein digestiof by the proteases located in the site of action. In
this invention, the microspheres can be described like polymeric spheres with the drug
homogeneously dispersed in all their volume, which is released in a controlled form. 10In the context
of this invehfids) tHe e Arirtapietil sestdie assh iRCiafe s theaeideseinf Regirmgin Eadritntieirs,

discontinugipe0gafopi Ao MARAIRIRY & Abizdp aesomBaR O ALTGIEN comanailiang from the

polymeric matrix, inclusion of excipients that modify the release profiles an Ition of polymer

degradatich@REnEate BisotNBICH SefREAtIGRE! Wi chubratiarstareli(ierisyCorosmbifs® prertlice 15the

expected effagt ip therprapestiag o thecompositinemThe neigraspheres agg,ghtaingd,byshedouble
emulsion/sglvent e\{g oration me{ho as described by Okada et al. (US 4,652,44]%\; The polymers
I

preferred f FRfRe gE%WBP & iR 5}@{50@@%{3@3{7% %50%6@@%? e biocompatibles
and biodegtadaile.  hestastichndiiomisrahextstiore @0imagnianegsmand alows the pawoteral
application.of the lation by its infiltration in the injury, Especially the ho ymers of glycolic or
lactic acidrgﬁa%?ﬁégggzlgﬁse%u NS Pr%‘rlr?%dct%nﬁt k?@iéﬁge’%%%@ 88n€afe?g§§%%\ﬁ3iﬁﬂqﬁﬂ A) are
preferred. Fieeseipylypye rsegprssess sehamad temistitioth af\vay eQBHFEsL 58BmM Bxtall emtbiamstarales for
the manufag res, fixati ic i nd 25 polymeric matrixes for drug delivery
Sytoms (AT e A T e e R T e e
Self-ReinféféetiBigapsoribzibrR \OmtatikafionsDbicesrRRisseRewo isiecsung. 'Spetiz Eopiezdl 67-80;
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Surg. 63(3):385-91). Taking care of its properties, they are bioc biodegradable;
besides fron? BHEECHED SEEASINBNEISRE Y ATg e raihsd pibRicdssr M arsyBainas ofeipese

compositio o g BRMetsFmalii, 1agiRelestlayeight obihedelmekaniHiae additigpelother

excipients to the particles. In addition to the PLGAs, other polymers with similar properties like

biocompatii A EBIRIYIARSH RR) ERh BRSNS A0 FSEVIRaBrolactone, 5
po:yhy?]roxymgrmdeepp%wrgmaterl?emlxme?imlgk%maaﬁ@-?@ygm }ﬁ%mrgor?wmers,
olyorthoesters an anhydrides. . In a preferred e iment, the microspheres of the .
ghgrmaceué[%gs?ggraf{é)%ﬁ%a 3C§O&?arﬁ§fgr %%t i‘?cfr]'%’r{}r]%? ralfk t?éRﬁE‘él?it%mgoioé Eﬁﬁdnfhe EGF
constitutesc:Etheoﬁ.@@@ﬂ%@ftﬂieimgtaimamsaﬁam mtr@wamel nc&nm_th@p_m‘fa{mmdiment, the
EGF encapyeindnangiosRReIas s isisased ARG TUstHax ol indallirate o amounts

[
between 5 and 10 pg per day and it g‘gﬁse eir physical-chemical and biological properties during
14 days. A d8pétt obgie rerrinvesfion rersestsitre wéalheseat ohistrahiresjuinesof 10 a
diabetic pajignlssREAHG g2 dminisiratiphRymeans-aidnelonal infilicalion,dnstag lagaLtissye that

includes the edges and bottom of the injury, of the pharmaceutical composition above mentioned.
control of the dose that reaches the site of action since several factors can interfere

with the drug absorplion, among them the presence of necrotic tissue and local
exudates, impairment of blood flow, enzymes that degrade the EGF can be
mentioned.

Therefore, an important problem in the treatment of diabetic foot ulcers is fo
determine the effective dose of a drug that provokes the regeneration of the ischemic
tissue and prevents the diabetic limb amputation.

Many other patenis have focused on other methods designed for accelerating the

healing rate. Nevertheless, none of these methods has proven to be widely effective.

Summary

In a first aspect, there is provided the use of a pharmaceutical composition that contains microspheres
of Epidermal Growth Factor in the manufacture of a medicament for the treatment of the
cutaneous chronic ischemic wounds of the lower iimbs of diabetic patients and to

prevent the amputation of said members, wherein the medicament is to be

administrated by parenteral route,



The microencapsulation of protein drugs requires special attention in relation to the activity of these
biomolecules after the microencapsulation process. This is due to 15 the fact that proteins are, in its
majority, sensitive to high temperatures that frequently are generated in the encapsulation processes
and to the organic solvent used for dissolving the polymers. On the other hand, each protein exhibits
its own behavior in the microencapsulation proé‘ésses. Considering these aspects, the establishment
of a methodology for the preparation of microspheres loaded with 20proteins with their biological
activity unchanged, requires of an exhaustive study in order to select the appropriated method,
polymer, salvent, additives, etc. As the active agent, the pharmaceutical composition can contain EGF

obtained frotRALRT SlgRHPEO LY THRaAR W RMical synthesis or by the recombinant DNA
technologyiR5jdi: pharmacpriicalicompesition caralse eontaknas-a Parhofdbevebicie, seme
additional drugs of the foIIO\gin groups: antimicrobials (penicilling, cephalosporins, quinolone,
metronidazote efiTa AT @5%%&%5&?1 Eﬁfé@ﬁ?‘ QYIS 2Bt dRath SHERTRIREHDY
anestheticy@mpalgesics fterim the: deowp dfibe nonistervidat@atidsniiammaleresaetgs withcangiogenic
action (vascular endothelial 30growth factor, fibroblast growth factor), other growth factors
(granulocyte colony stimulating factor) or erythropoietin. Cutaneous chronic ischemic ulcerative wound
of lower limbs of diabetic patients is the pathology treated with the pharmaceutical composition that is
the object of this invention. Depending on both: the conditions of the injury and the characteristics of 6
the patient to be treated, the microspheres included in the pharmaceutical composition could require
the coencapsulation of another molecule. These additional therapeutic agents belong to the group of
antimicrobials, anesthetics, analgesics from the group of the non-steroidal anti-inflammatory drugs,
drugs with angiogenic 5action, and other growth factors. The pharmaceutical composition, previous to
its administration to the patients, should be suspended in an appropriate vehicle, which can be either a
saline solution containing viscosity enhancers such as carboxymethylcellulose,
hydroxypropylmethylcellulose and detergents such as polysorbates or a 10 thermosensitive hydrogel
of the PEG-PLGA-PEG type or a derivative from chitosan or dextran. The pharmaceutical composition
object of this invention allowed reducing the administration frequency during the treatment and
unexpectedly increased the therapeutic benefit by reducing the total time of the treatment, since the
healing of




15 the injuries was faster than that of injuries treated with equivalent amounts of non-encapsulated
EGF. The improved therapeutic effect of our formulation was not expected, because the slow release
profile achieved produces low EGF concentrations. Unexpectedly also, another formulation in which
some excipients were used in order to accelerate the EGF release and thus to obtain greater
20concentrations of the drug did not have the therapeutic effects of the formulation of this invention.
Brief description of the figures Figure 1. Scheme that represents the location of the ulcers induced
in the aninfaFP8MiBAEPUERRUNY T thaghintbrams provertia thaanmmiatien midimyheresitmeed with
EGF by thardayblesaudeioneatiant avaesaon etefefl ch Seanplifuaiohlias miggparaph of
a microsphere loaded with EGF. Figure 4, Release profile of EGF from PLGA microspheres. The
X-axis sholWd T H65n days and the Y-axis represents the quantity of EGF released which is

expressed HsasperoenilofshectoBBE G eantaipee:in thgonicrapnhersiakwese usaddndhe
experlgen%rgé,z.fastr lease fo%mép on an%éopéslow elease formulation. 7 Figure 5. Reverse-phase

high-pérforman "é)liairﬁ 8l?8m%tograph§3%i ALY Vi SRFRSIRSUSYEP dffer iRt dYRiToNs. A:
Control, B:tfresiiBEG by CieBEftansapbuiated im Pt Gite miciogpheres, D: EGF mixed with empty PLGA

microsphe R Examples In.o resen re_complete.description of the inventjon, the
following e@?rﬂ%les areﬁ’ é&%’sﬁl eo‘afgg @f&é’%ﬁ% pigé%ir.gérggg?g |tf)e|@|it %%( %g%‘ﬁg?rﬁ%@g&%gﬁc%@p%&ion
containing PG AGTicEss|soeEy WkRESHE. iPrebiratiornbitse whitbsphecesdohied withBIGE
Polymeric goiytion (PLGA 50:50 (Sigma, St. Louis, Missouri, USA) 10% (w/v)) was prepared by
dissolving 1 g of the polymer in dichloromethane (DCM). One milliliter of 15 the PLGA solution was
depodfied iA gﬁ‘&l&?@ @ikBisdnRvertioni GeadteariesusdindisieasE Groldes fng/malertsadded. This

mixture wagsogicRiethdying-3@sesenduRvMeaNs anddliasepiGRIgbe AIKASANIGHA2Q0 S control
(IKA Labortechnik, Geg&a&nﬁé The first emulsion was added to 40 ml of 1% polyvinyl alcohol and the
[

second enftiSISARFAE Gy ISR BPERAGEIDUS Heftatish RAIPOIEHE PraEssiaEiAB0®Tpm using

a T8 Ultratexapi¢tda thaboreitiyrike Goseanyiolbe dewdietaensdrianwas msigedtadd@aakeh0.1%
polyvinyl alcchhol 30.000-70 000 L Mis and stirred jn a homogenizer (IKA

igma, St. Louis, ouri, USA e
Labortechiik, Gaftham) Ar 308" ép?% cﬁftr?r?gs ‘1‘“{%%% JAVEN %r%%ti‘r‘i‘&'ﬁl H r}%ﬁre?ﬁm%%a‘ﬁ@?%ﬂf@rospheres
weredollettedclpdittretiofieviastibd priprrtasitlf 5G&rbofdistited water
The microspheres are obtained by the double emulsion/solvent evaporation method
as described by Okada ef al. (US 4,652 441).

The polymers preferred for the development of this invention are those that, by their

properties, are biocompatibles and biodegradable. The last condition is of extreme
20 importance since it allows the parenteral application of the formulation by its
infiltration in the injury. Especially the homopolymers of glycelic or lactic acid and the
copolymers derived from both poly (lactide-co-glycoiide) {abbreviated PLGA) are
preferred. These polymers possess characieristics that have turned them excelient
biomateriales for the manufacture of sutures, fixation orthopedic devices and
25 polymeric matrixes for drug deiivery systems (Ashammakhi N., et al (2001)
Developments in Craniomaxillofacial Surgery: Use of Self-Reinforced Bicabsorbabie
Osteofixation Devices. Plast. Reconstr. Surg. Special Topic: 167-80; Eppley B.L.
{2005) Use of resorbable plates and screws in pediatric facia! fractures. J. Ora/
Maxillofac. Surg. 63(3):385-81). Taking care of its properties, they are biocompatible
30 and biodegradable; besides from offering the possibility of varying the release
profiies of the drug based on the composition of the polymeric matrix, the molecular
weight of the polymer and the addition of other excipients to the parlicles.
In addition to the PLGAS, other polymers with similar properties like biocompatibility
and biodegradability, can be used. They include polycaprolacione,



25and dried by freeze-drying in a lyophilizer (Edwards, UK). Dried microspheres was stored at 4C until
they were used (Figure 2). The microspheres of EGF with excipientes were obtained following the
same procedure but with the addition of Pluronic F-127 (10 mg) and NaCi (0.5mg) in the internal
aqueous phase. 30 Characterization of microspheres containing EGF The efficiency of the
microencapsulation process and protein loading of the particles were calculated, by means of the
determination of EGF concentration by the microBCA assay, in the resulting solution from the

digestion opplatticiesxyiitiiyiaidNathydniclyvetseaeeutralizegawithdrd) HCI beigradhe detergigation. 8

Microparticm@ ical f btained,as a result from the microencapsulation process. They
exhibited a regu%gr@gégie%%%%%F%%@rﬁ? té%% rﬁ%r%@%ﬁ@@ﬁ%@% obtained with a yield of
about 85%!Nt wvasHRRSHHleNPREGTPaNatbeimiscomibmsphefeticb etwenm thelH608mplibisdotal
protein maggginiradirseinibeens : icles exhibite rotein loading
between 1.6 and 2.4%. The sizei of t%%érﬁﬁﬁggﬁbgéégsﬁvﬁaégsgmga%%tﬁthaaﬁn 5%%%g%g?é} Qﬁs%%tgﬁacteristics

of rnicfosphtdstentéirhy e stahRasnalfiemitressipteass did not vary, in a significant way, the
characteristica @btthe rpieresRie@s saNAHN RS E G &¥EE§&%€Q§%M%A%§%€%§%}§$§ Fifty mg
uid (0.001%

of microspheres I(ggzq?géyv'th EGF was suspended in 1 milliliter of receiving ween 80

and 0.1% <oHiaRT NP EE 53, Pyl taipan i sesaean & 3¢ thdemgenkdy stirring.

At specifiedriimedotenrats (thab (Bhhidibdiahicd shd AR did ARYShe3aBALSIMERS canfifuged for 5
min at 5009‘58{%9;3‘3 185C;:]§?tt,gﬁh table centrifuge (Tuttlingen, Germany), the supernatant was collected
and equal volume of Fash-recaiving fuid WALREJELTHE BambEmvatoh Srebemicas @hfirawn

samplé wag disbedisaiathi thermigroBE AdmsaytrThenreleaseapotiieief RGH emmaasylaterie the PLGA
microspheggéa%g' ' which_happenped during the first and another stage in

which the EGF 20%‘2%@%%@3% %gﬁ%neu\ggueéslya %pr%%g%g %ﬁlﬁ%iﬁ@ﬂ’dﬁﬁ%ﬂﬁgﬂ@%ﬂ% first stage
approximaféiResAiIen HeouRanentapedlated protein was released in both preparations, whereas in the

rest of the enMaluation pesiad hsselsasainfilesavere.di Jiberation.of EGFE from microspheres
with excipients reached aklgh%st 65% (in an appr(%}gimérsﬁgé‘(gf%ftgé%}o@71E %Z %‘éﬁ’? a{{})'”%g]a Y 18 Yo was

released GTAPERIRRSS MBSk AR cHisT(InermippreaRaLintiate DITE pdhitaly (Riguce 4). 9
Charegterigasicadf h#6Foreler8eGiR ViliOits majority, sensitive to high temperatures that

frequently are generated in the encapsulation processes and to the organic solvent
used for dissolving the polymers. On the cther hand, each protein exhibits its own
behavior in the microencapsulation processes. Considering these aspecis, the
establishment of & methodology for the preparation of microspheres loaded with

20 proteins with their biological activity unchanged, requires of an exhaustive study in
order to select the appropriated method, polymer, solvent, additives, etc.

As the active agent, the pharmaceutical composition can contain EGF obtained from
natural sources, by means of chemical synthesis or by the recombinant DNA
technology.

25  The pharmaceutical composition can also contain, as a part of the vehicle, some
additional drugs of the following groups: antimicrobials (penicilling, cephalosporins,
guinolone, metronidazole, clindamycin, vancomycin, macrolides, tetracyciing,
aztreonam and imipenem), anesthetics, analgesics from the group of the non-
steroidal anti-inflammatories, drugs with angiogenic action (vascular endothelial

30 growth factor, fibroblast growth factor), other growth factors (granulocyte colony
stimulating factor) or erythropoietin.

Cutaneous chronic ischemic ulcerative wound of lower limbs of diabetic patients is
the pathology treated with the pharmaceutical composition that is the object of this
invention. Depending on both: the conditions of the injury and the characteristics of



This experiment has the objective of demonstrating that the encapsulated EGF conserves their
physical-chemical and biological properties. The properties of the EGF, released during the incubation
period (14 days), were evaluated. 5The EGF released during the first day, until the 7 and 14 days was
characterized by means of several analytical techniques: reversed-phase high-performance liquid
chromatography (RP-HPLC), slab-sodium dodecyl Sulfate-polyacryiamide gel electrophoresis
(SDS-PAGE), enzyme-linked immunosorbent assay (ELISA) and in vitro antiviral activity bioassay. The

results appbar ipetabie 20 104 ableafedhyisécah Q@d,hm@mgal;@rqngrt@ﬁé}ﬁ%@@{@@ased in

vivo, AnabiioiEh eloasEs i Baie enss BT PN LS SENE L ALl g0 5 pres:

SDS-PAGE
therapeutic agents belong to the group of antimicrobials, anesthetics, analgesics

from the group of the non-stercidal anti-inflammatory drugs, drugs with angiogenic
5 actlion, and other growth factors.
The pharmaceutical composition, previous to its administration to the patients,
should be suspended in an appropriate vehicle, which can be either a saline solution
containing viscosity enhancers such as carboxymethylcellulose,
hydroxypropyimethyiceliulose  and  detergents  such  as polysorbates or &
10 thermosensitive hydrogel of the PEG-PLGA-PEG type or a derivative from chitosan
or dexiran.
The pharmaceutical composition cobject of this invention allowed reducing the
administration frequency during the treatment and unexpectedly increased the
therapeutic benefit by reducing the total time of the treatment, since the healing of
15 the injuries was faster than that of injuries treated with equivalent amounts of non-
encapsulated EGF. The improved therapeutic effect of our formulation was not
expected, because the slow release profile achieved produces low EGF
concentrations. Unexpectedly also, another formulation in which some excipients
were used in order to accelerate the EGF release and thus to obtain greafer
20 concentrations of the drug did not have the therapeutic effects of the formulation of
this invention.

Brief description of the figures

Figure 1. Scheme that represents the iocation of the uicers induced in the animal
25  model

Figure 2. Diagram of the process for obtaining the microspheres loaded with EGF by

the double emuision — solvent evaporation method.

Figure 3. Scanning electron micrograph of a microsphere icaded with EGF.

Figure 4. Release profile of EGF from PLGA microspheres. The X-axis shows time
30 in days and the Y-axis represents the quantity of EGF released which is expressed

as a percent of the total EGF contained in the microspheres that were used in the

experiment, (¢) fast release formuiation and () slow release formulation.



RP-HPLC (%) 195 94 [ 94 95 1 Specc activity (Ul/mg) 7.0 x 105 ,7x 105 6,8 x 105 7.2 x 105 a Percent
of EGF that was immunorecognized with respect to the mass which was quantified by microBCA
assay. Percent corresponding to the main band detected at 6000 Da. Percent corresponding to the
main specie. 15d EGF used to obtain the microspheres These results allow affirming that the released
EGF has physical-chemical and biological charactéristics similar to the EGF used to obtain the
microspheres. Effect of the microencapsulation in the stability of EGF against to the action of

proteases 200ne of EGF was prepared independently, in three different condition. (i) dissolved in 1

ipealer: i B R e e e T e

weight) andiguspgreled imdem| 0F496Nalk@@Biamd (i) niixedrulithi50 Mgof &Gty PLGAGF

microsphe endeg,in-1,ml of 49 03-A at, 100 pl of. 200 _pg/m| trypsin in 4%

Naheo3 v%@%%é%?é% e'éi h%[tﬁA Al F3NRRC O Afterdhat, 100 pl 9f:200 g/ trupsin
microspheres.

Examples
in order fo present 2 more complete description of the invention, the following

exampies are described:

10 Example 1. Preparation of the pharmaceutical composition containing PLGA
microspheres with EGF,
Preparation of the microspheres loaded with EGF
Polymeric solution (PLGA 50:50 (Sigma, St. Louis, Missourl, USA) 10% (wh)) was
prepared by dissolving 1 g of the polymer in dichloromethane (DCM}. One milliliter of
15 the PLGA solution was deposited in a glass container and 200 upl of an agueous
solution of EGF at 20 mg/ml was added. This mixture was sonicated during 30
seconds by means of an ulirasonic probe (IKASONIC U 200 S control (IKA
Labortechnik, Germany). The first emulsion was added to 40 mi of 1% polyvinyl
alcohol and the second emuision was obtained by means of a vigorous agitation of
20 the phases at 14 000 rom using a T8 Ulraturrax (IKA Labonrechnik, Germany). The
double emulsion was added to 140 mi of 0.1% poiyvinyl aicohol 30 000-7C 000
{Sigma, St. Louis, Missouri, USA) and stirred in a homogenizer (IKA Labortechnik,
Germany) at 300 rmm during 1 h for evaporating dichloromethane. Finaliy,
microspheres were collected by fitration, washed 5 times with 50 mi of distilied water
25  and dried by freeze-drying in a Ivophilizer (Edwards, UK). Dried microspheres was
stored at 4°C until they were used (Figure 2).
The microspheres of EGF with excipienies were oblained following the same
procedure but with the addition of Pluronic F-127 (10 mg) and NaCl (0.5mg) in the
internal agueous phase.
30 Characterization of microspheres containing EGF
The efficiency of the microencapsulation process and protein loading of the particles
were calculated, by means of the determination of EGF concentration by the
microBCA assay, in the resulting solution from the digestion of particles with 1N
NaOH which were neutralized with TN HC! before the determination.



25 preparation and they were incubated at 37C during 4 hours with gentle stirring. One mg of EGF
dissolved in 1.1 ml of 4% NaHCO3 was used as control. The reaction was stopped by adding 10 pl of

“trifluoracetic acid. Samples containing microspheres were 10 centrifuged during 10 minutes at 6000 g
and supernatant was separated from the pellet. The EGF microencapsulated or adsorbed on the
microspheres was separated from the polymer by an extraction with dichloromethane/acetic acid (Ruiz
J. M., et al (1989) Microencapsulation peptide: a study of the phase separation of poly (DL- 5 lactic
acid-co- gl%@lwaﬁiébe@opéfymﬁ%mo BorsilicovRrail. Shiringe. St 49:69¢BR) Afrdhe sﬁiﬁples were
analyzed W%M%&wn EH K é@@sp%%%i%%@r@?@gmaﬁé{}rﬁéﬁ a@s‘!ﬁﬁd?e’se(‘}-

Site-specific degra ansport of recombinant human epidermal growth fac or (r GF) in the

rat gastroim&sfnBl HRRIG eV P RAHN 26 8¥Bo21 97)¢ THeaaw 18 g drevsF show it Both non- 10
encapsuIm@r&&&t@n%th@eE@Emmmh IEpBLeMigiOsNherss w&%@m@t@m@@ raged. However,
the e capsul ated EGF rotected against the p eonS|s and it romato raphlc rofile was
Simi 1 B GHEDH e TSR D= IS A SEPSoTH RS SR I o) B eted EGF

versus free:tbceG . Experimentalimades of t¢entrol edsloutesi maaesnﬁﬁer&haerﬁﬁem described here
was made with the objective of evaluating the healing effect, in acute injuries of satisfactory prognosis,
of the new phierdebativaieiinhomtd mivith spicesepiaretsbiiBEG E®be used for infiltration or
parenterally, by 20 means of injections i the wound edges and bottonT. EXperimentaBiomodel: Male
VVistar rats with a body weight of 225-250 grathe'RRIIRSIE Fer WWQWW@@&%FO%%‘ reas of the
animal fac Iity at CIGB under a constant illumination-s¢hedule of 12 X %Brﬂiyo%r’l’é‘i ?gﬁ‘céhange cycles, and
free access % iet. The rats were individually heyged into 13 boxes w@@ teglacement f the
25bedding (Drew ly sterilized) every 48 hours, Induction of ulcers: Animals were anesthetized by

intraperiton@{dgm%gf&ﬁmw(gyyamne The bBackf rats comprising4he-area from the

retroscapular-space-up-to the sacrum was mechanically and chemically depilated.- This-region was
asept|5|zedi withet gohitlian @b povidone-iodine arrd@@opfb@@l aldohol. The. @kea@®ér 30 the, skin

selected fd,r the-induction-of tleers-was-marked-with-Chinese-ink-in-ordertocreate-ctretlar, total width
lesions withtadiakd 9 fimsdiameter biotomes (Ac?ﬁ)ie?n El, USA). As indfcatéd in Figure 1, six
symmetric andequidistant injuries wert dwith a sterile
saline solUtisn aHestRBI PTG WA YEeiihasea iRambemtaiient akaseritircaldiftion of
wound ar@@,(gggm@%}{%m@g@mf all animals were hygienized daily with 70% ethanol and sterile

saline solution before the application of any treatment. Experimental groups:
10 In vitro release mp gnc&psu?&m y €§F‘a P group

Fifty mg of microspheres loaded with EGF was suspended in 1 milliliter of receiving
fluid (0.001% Tween 80 and 0.1% sodium azide, in PBS pH 7.2). The suspension
was incubated at 37°C under gentle stirring. Al specified time intervals {0.25 (6h}, 0.5
(12h), 1, 3, 7 and 14 days), samples were centrifuged for 5 min at 5000 rpm in &
15  Hettich table centrifuge (Tuttiingen, Germany), the supernatant was collected and
equal volume of fresh receiving fiuid was added. The concentration of EGF in each
withdrawn sample was assessed with the microBCA assay.
The release profile of EGF encapsulated in the PLGA microspheres exhibited a burst
release, which happened during the first day and another stage in which the EGF
20  release occurs continuously during the following 14 days. Throughout the first stage
approximately 20% of the total encapsulaied protein was released in both
preparations, whereas in the rest of the evaluation pericd the release profiles were
different; fiberation of EGF from microspheres with excipients reached aimost 65%
(in an approximated rate of 28 ug per day) and up fo 30% was reieased from

25  particies without excipients (in an approximated rate of 7 ug per day) (Figure 4).



The ulcers created in the animals were randomly assigned to the following experimental treatment
groups by using an input order/group cross-matching table: Group I- no treatment. It is a control for the
spontaneous evolution. Group lI- placebo (vehicle used to suspend the microspheres: 0.3%
carboximethylcellulose, 0.1% Tween 20 and 0.9%godium chloride which is locally 10infiltrated). Group
[1lI- infiltration of microspheres (without excipients) containing 675 micrograms of EGF, which was
suspended.in 1 m]| of the vehicle designed for this formulation. Infiltrations were performed on the
wound ed SEEHF YR 9GRSt 1Rl ¥Pmicrospheres (with excipients) containing 675
microgran®hef daf&imevhiciwassusperided it tanaidhetvghigleidesigeaddesdhirfomtation.

Infiltrations were performed on.the wound edges and hottom. Group Vs Free EGE (75 ml) in 0.9%
saline SOl PR A 0L S SO TS AIC, RIRAOR oREUts poP PSRRI S,
TreatmenfstWere:perochdedmtaily: inaniaials reated Withetre fernulatiensiwithout 20 microspheres,
inserting t g%QFLe ! finjuries..Prior. t imals were
sedatg]d wit é:(lzl‘l%lzepg:';légriﬁgyg #eﬁﬁ%@%ﬁo&ﬁggésﬁgmﬂ%iﬂa s%%%t%%yﬁv%ﬁgge pié% %Eig}f%%%ﬂtions
containindﬁﬁ@ﬁésﬁﬁeﬁ%@@éo@@ﬁ@ﬂiﬁ_%@hﬂ@ﬁéﬁiﬁfﬁé%ﬂ%%%@ﬁ%eh@@téﬁﬁﬁﬁtﬁfﬁ%f iHeitevel of
wound clogissiplogigal qrpoasaing: 25LheRieS WSBdRCed RAdIBRRRAISRISREC S dPT

[ llowing ime

calculating the kinetics of the wounds contraction over the fo times: 0 - represents 100%
of openedSIiEHPRISEERJ B Wl boRfEETIBHIMRHd O YBORBIRE HiRITRE (Rdibormtt ifjuries, Time
2 - five daygafignithe:inductionohiyivies,d 1Be.8s Seves daysmafter the induction of injuries, Time 4 -
nine days after the induction of injuries. The ninth 30 day was set as the end of this study, on which
the arimalbavier e shoritices -slesoridisigatedpnbyious ek pevipacis:on S Kinelicsotitire Wirantaneous
healing of these tesions—The-images-with-the-borders of injuries-were-digitized,Fhe-areg-of injuries
and the petcentoficontraction were calciilated by ushie iSRRI analysis s RGNS IPAT.
Statistical analysis of each parameter were pggggmed withsthe SPS&E dzygackage by using the
non-paramgtric Mann.Whitney. U.test,.a significationjlevel-of p<0.05.was-assumed.-Animals were
sacrificed Qy&hkﬁa@em%ﬁoneal injection with an&¥erdose oﬁSodiuﬂn periiébarbital (256 mg/kg). Injuries
were dried tp from-the-panpiculus-carnosus-and-5-fixed-in-16% reutral-formatin-for-fater-inclusion in
paraffin. Th ﬁ@f%%&?li@%osin, van Giesson®and Masdéi¥s tric}hron%g stains wer@¥sed. |For each
group, the n 0 als with 1T00%; epithelization of the injury, and with a strafified and
differentiatieg& @E%%%%%i%ﬁas determined. Tr%g values fof‘é the kirletic of wound conﬁgction jlare shown
in Table 3 (coptragtiortAayalugadn mm ére_@wméiudriﬂ terms df pescenbehangexgf yesund size with
respect to,\ size-at-1] : : ‘ )t ulcer contraction. (). This means-a-statistical
difference of P05 With FREpERt (OTHEBTREIGRIUPE MERSA'VOHItREYRER taRieh was quantified by

microBLA assay.

" Percent corresponding to the main band detected at 6000 Da,
© Percent corresponding to the main specie.
15 YEGF used to obtain the microspheres

These results aliow affirming that the released EGF has physical-chemical and
biological characteristics similar to the EGF used to obtain the microspheres,

Effect of the microencapsulation in the stability of EGF against to the action of
profegses

20 One mg of EGF was prepared independently in three different conditions: {))
dissolved in 1 ml of 4% sodium hydrogen carbonate (NaHCOs), (i) encapsulated in
PLGA microspheres (2% in weight) and suspended in 1 ml of 4% NaHCO; and (/i)
mixed with 50 mg of empty PLGA microspheres and suspended in 1 mi of 4%
NaHCOs. After that, 100 pl of 200 pg/mt trypsin in 4% NaHCO; was added fo sach

26  preparation and they were incubated at 37°C during 4 hours with gentle sfirring. One
mg of EGF dissolved in 1.1 mil of 4% NaHCOs; was used as control. The reaction was

stopped by adding 10 i of trifluoracetic acid. Sampies containing microspheres were



15 Unexpectedly, the formulation that contains microspheres of EGF with slower release profile
(without co-encapsulated excipients), exerted the most powerful of the effects of contraction of the
wounds edges, which, in other words, means that it exerts the most favorable effect in the acceleration
of the total healing. The 20contraction represents fie convergence of several consolidated events that
approximate the wound to the remodeling phase. In Table 4 appears the percent of area occupied by
mature and organized granulation tissue of the ulcers in each experimental group. The calculations
were madeeniirifiiged|ibgind J8npiedias FnfOah dantify iupeiaatanberoeositried Femerbiscopic fields

coincidenthydththe KIFGIRSSeR SRR MAS LS LHANBEBIC 3 FRACUBRAS 1B:5050 S8MARIR.J WO

pathologists made the evaluations independently and in a blind form. ‘Table 4. Percent of granulated
area at Tifie™ fo? EREASXJutifeRARGHID Y SixHVBIRAE hérnegrestinhtdl Grop wireStddied by
means C;:‘ W%&@@Hﬁ@@ﬁ@lﬁ@%@ﬁw@ sth8lJaexpeciedlys thedaramiationdased on
microgpheres of EGF with slower release profile (without coencapsulated excipients) d the most
poweriul JFELE EREEES AV RSB EIRERH NP B RS i SF 76 anTERor tssue. which
correspond$ with shemgiescrigtiornabgvednisnitinetPiol thei proee ko inwaunils<caatsadtion. ;R0The effect
of the treatments w o stydied in relatign,to epithelialization process of the injuries. The
microsco;}%?’igsﬁ‘egct&sdf pﬁﬂellum %agieveglgg dtgg?{s%{r;f#g the {aaic'té%%?i%li%i‘izcgat%%ﬁno ﬁfe Srcer, the
presence Uilcslrgﬁﬁim%p‘_itmﬁunamm existéhcénofa totat kératin [HyerrFogastroibeetinsipic study a
central longifudinal hemisestion waspragtioestohg falkies Angue spLHIRPLRICESHVSISh-

10 encapsulated EGF and the EGF mixed with emply micrespheres was completely

degraded. However, the encapsulated EGF was protected against the proteolysis

and its chromatographic profile was similar to the one of the control.

Example 2. In vivo effect (in animal model) of encapsulated EGF versus free
15 EGF

Experimental mode! of confrolled acute injuries

The experiment described here was made with the objective of evaluating the

healing effect, in acute injuries of satisfactory prognesis, of the new pharmaceutical

formulation with microspheres of EGF to be used for infiltration or parenteraily, by
20  means of injections in the wound edges and bottom.

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

Animals were maintained in controlled areas of the animail facility at CIGB under 2

constant illumination schedule of 12 x 12 hours, air change cycies, and free access

to the diet. The rats were individually housed into T3 boxes with replacement of the
25  bedding (previously sterilized) every 48 hours,

induction _of ulcers: Animals were anesthetized by intraperifoneal injection of

ketaminefxylazine. The back of rats comprising the area from the retroscapular

space up to the sacrum was mechanically and chemically depilated. This region was

aseptisized with a solution of povidone-iodine and isopropyl alcohol. The area over
30  the skin selected for the induction of ulcers was marked with Chinese ink in order {0

create circular, total width lesions with the azid of 9 mm-diameter biotomes

(AcuDrem, Fi, USA).

As indicated in Figure 1, six symmetric and equidistant injuries were induced in each

animal. injuries were washed with a sterile saline solution and their inner border was



25 included in the same paraffin block. A total of 120 histological cuts by experimental group were
studied, which represent 60 injuries. The results are expressed in Table 5 14 Table 5. Effect of the
treatments on epithelialization of wounds. No. of wounds 100% epithelialization No. of wounds mature
Group 132 28 Group If 56 45 Group Ili 81* 73* Grypo IV 64 56 , Group V 60 51 10* This means a
statistical difference of p<0.05 witn respect to the other groups. Mann

delineatad with permanent ink for later calculation of wound area at time zero. The
lesions of all animails were hygienized daily with 70% ethano! and sterile saline
solution before the application of any treatment,

Fyparimentsl aroups:

n

The ulcers created in the animals were randomly assigned to the foliowing
exparimental treatment groups by using an input order/group cross-matching table:
Group - no treatment. It is a control for the spontaneous evolution.
Group |- placebo (vehicle used to suspend the microspheres: 0.3%
carboximethyleetiulose, 0.1% Tween 20 and 0.9% sodium chioride which is focally
10 infiltrated).

Group - infiliration of microspheres {without excipients} containing 675 micrograms

of EGF, which was suspended in 1 mi of the vehicle designed for this formulation.

Infiitrations were performed on the wound edges and bottom.

Group IV- infiltration of microspheres {with excipients) containing €75 micrograms of
15  EGF, which was suspended in 1 m! of the vehicie designed for this formulation.

infilirations were performed on the wound edges and bottorm.

Group V- Free EGF (75 mg/mi) in 0.8% saline solution.

Each group consisted of 10 rats; therefore 80 wounds per group were studied.

Treatments were performed daily, in animals freated with the formulations without
20  microspheres, inserting the needie (271/2) on the edges and bottom of injuries. Prior
to each treatment animais were sedated with diazepam by the intra-peritoneal route.
Animals treated with vehicle or formulations containing microspheres lcaded with
EGF, were infilirated only once.

Determination of the level of wound closure. Histological processing:

25  The injuries were traced on transparent sheets for calculating the kinetics of the
wounds contraction over the foliowing times: Time 0 - represents 100% of opened
injury area and 0% wound contraction, Time 1 - 72 hours after the induction of
injuries, Time 2 - five days after the induction of injuries, Time 3 - seven days after
the induction of injuries, Time 4 - nine days after the induction of injuries. The ninth

30 day was set as the end of this study, on which the animals were sacrificed, according
to previous experiences on the kinetics of the spontaneous healing of these lesions.
The images with the borders of injuries were digitized, The area of injuries and the
percent of conftraction were calculated by using the image analysis software

DIGIPAT. Statistical analysis of each parameter were performed with the SPSS



Whitney U test Group lll, treated with the formulation based on microspheres of EGF of slow release
profile (without coencapsulated excipientes), surprising showed the best indicators of 15epithelial
answer, supported by the total re-epithelialization and the maturity of epithelium. Experimental model
of chronic cutaneous ulcers The following experiment was aimed at evaluating the healing effect, in
chronic lesions of poor prognosis that simulate lesions in diabetic patients, of the new
20pharmaceutical formulation that is based on microspheres containing EGF, to be used for infiltration.
ExperimepitakBasnivdepingalesy/vestaerarostith sy iy of 208, 256igratastinhileias tere
maintain%@@@%gl%m of the animal facility at CIGB under a constant illumination schedule of
12 x 12 hours, air change cycles, and free access 25 to the diet. The rats were individually housed into
T3 boxesAWIH#pIHBEMERE FTaRe B¥duiie BSFEoRRRIESHT A8y &Y F8TE0PE. Pheiltihls had
previouslﬁ&%@éfﬁ@mﬁfm EW@!W@@.”&H@@N@%%%%@Q@W%&W%M'@&@Oﬁ@@@@ @hﬁosylaﬂon
envirgnment similar to that occurring. in a diabetjc patjent of long_term.evaolution. Among other organic
damages i Batid"fonE iR %Wﬁqg’f fre gtah m&%&%dﬁ Wﬁ%ﬁfb%i’ﬁ%ﬁ@%ﬁ?&%@%@gﬁanga J.,
Cibrian Dvzet alid2008} Methyighrexal adrmihistradiondinduces«liabetesHike asicroyascu)athehanges and
perturbs the healing process of cu ous wounds. Clin Sci (Load). 109(1):83-95).... Induction of
ulcers: Aﬁ?%&e\r/v ?eggln 3 é”fl’%&l %@%}nﬁgﬁ?ﬁ%ﬁé% iﬁ?e%ieor&j @f%‘ef’eﬁ%ir\%%y%agﬁ%ﬁ?ﬁe ﬁeci}ck of rats
comprisingjffhecatiedeticmiteernetrogeapritnrTdsspace up to the sacrum was mechanically and
chemicallyglenified Shepiaias dareetinediinpsoliian of pavidoneaiadiae i isopropy!
alcohol. The area over the skin selected for the induction of ulcers was marked with Chinese ink in
ordéiCto indliees ditdurar AEtaPRiRs fasibristiithoihecate Bf ThaTraed R HEteR b ESHEE (REaRSFém, FI,
USA). Sixsymmetric.angd @gHéd@ﬁgant injuries were induced in each animal. Injuries were washed with
a sterile saline solution and their' inner border was delineated with permanent ink for later calculation of
wound arda et 26ie8 PhEHRE Y EAIaRmals were hygienized daily with 70% ethanol and sterile

saline solution before the application of any treatment. Experimental Groups: 10The ulcers created in
] mly assigneg e deadeliovsng Expatirotatabtaatmentgfoups by using an input
ching-table:-Group--—no+t s a-contralforthers -evolution.
Group Time 0 | Tit_’}ﬁ?ﬁ "*’ i e g
Group | 0 6.1+2.1 9.3+£2.2 376433 567+ 3.8
Group H G 8.3+2.2 11424 415x2.7 674 +45
Group Il 0 114£33 | 225:38 | 69.8+48% | 86.8+3.5
1
EGroup v 0 8.9+ 1.1 128+ 14 524 +31 [ 69.6+45
= "
| Group V 0 06+12 116115 515427 | 67445 |

¢*} This means 3 statistical difference of p<0.05 with respact fo the other groups. Mann Whitney U
test.

15
Unexpectedly, the formulation that contains microspheres of EGF with slower

release profile (without co-encapsulated excipients), exerted the most powerful of the
sffects of contraction of the wounds edges, which, in other words, means that i
exerts the most favorable effect in the acceleration of the total healing. The
20  contraction represents the convergence of several consolidated events that
approximate the wound fo the remodeling phase.
In Taple 4 appears the percent of area occupied by mature and organized
granuiation tissue of the ulcers in each experimental group. The calculations were
made on the coliected samples in Time 4 gquantifying the number of posifive

25 microscopic fields coincidently with the van Giesson’s and Masson's trichromic



Group IlI- placebo (vehicle used to suspend the microspheres: 0.3% carboximethylcellulose, 0.1%
Tween 20 and 0.9% sodium chloride which is locally 15infiltrated). Groupinfiltration of microspheres
(without excipients) containing 1 mg of EGF, which was suspended in 1 ml of the vehicle designed for
this formulation. Infiltrations were performed on theswound edges and bottom.  Group IV- infiltration of
microspheres (with excipients) containing 1 mg of EGF, 20which was suspended in 1 ml of the vehicle
designed for this formulation. Infiltrations were performed on the wound edges and bottom. Group V-
Free EGFEASTREALPRFD 8958l o RAIGA TR Hasis berrialoatisneondenahdeetbra®d wounds
per group iwereisitidieg: Treatments were performed daily, in animals treated with the formulations
without 25’5‘{% rospheres. Prioy to each treatment animals were sedated with diazepam by the

0

intra-perit rou egﬁ%ﬁﬁaﬂgtﬁgﬁﬁtﬁ%ﬁﬁ VEREI80r 16 (1 dBE ReGEH RiRRL HRtISS &R l0aded
with EGF,Stete infiltnatad paly enseribeiemmingtion ole eakniwaund:glosiiesHistaledic
proce singé%&? igéugies i(]-:-re trafcgmqun transparent sheets for calculating the kinetics of the 30

! &

wounds cORfraction over aé@'!s?orfloﬂwlng times: Time O - represents 100% of opened injury area and 0%

wound contraction, Timg- injuries, Time 2 - five days after the
induction of injuries, Ti paafinjpesidiore 4 - nine days after the
induction of injuries ang en days after thedadygtion of injuries. The fourteenth day was
set as the end 16 of th ady, oW ' ificet ing to previous
experiences on the kin ;fﬁ:@BPthe spontaneous healiﬁ‘é»gfi’*{lfege lesions. The images with the borders
of in{ltéries were digitize{jd[gg iea of jnjuries and the yeent f contraction were calculated by using
the image analysis software-DIGIPAT. 5 Statistical-analysis of each parametey were performed with
the SPSS package by using.thdinon-parametric ManBAhitdey U test, a signification level of p<0.05

was assumed. AnimalsWWmemmrdose of sodium
pentobarbital (250 mg/hk fc?Hﬁuil s were dried up fron@%ﬁe*p riniculus carnosus and 10 fixed in 10%
neutral formalin for later @gggign in paraffin. The hergatgxylndeosin, van Giesson's and Masson's
trichromic stains were useé: -group-the-number-of-animals-with-100% epithelization of the

injury, and with a stratified and differentiated epidermis was determined. The values for the kinetic of
wouhll cohirastientadéy stimviohmTiercbassTabtaréicReptinactiorokiBatic withiasoefavesiedsauring the

evaluatiorb%hingﬁgd'g{y%g%g&qig{égirg%&%fﬂ?gr%%cngg%se (z%lcéosppowerful of the effects

on the process of establishment and maturation of the granuiation tissue, which

=)

corresponds with the description above mentioned for the process of wounds
contraction.

20 The effect of the treatments was also studied in relation to the epithelialization
process of the injuries. The microscopic aspect of epithelium was evaluated
considering the re-epithelialization of the ulcer, the presence of stratified epithelium,
and the existence of a fotal keratin layer. For the microscopic study a central
longitudinal hemisection was practiced to the injuries and the resullant pieces were

25 included in the same paraffin biock. A total of 120 histological cuts by experimental
group were studied, which represent 80 injuries. The resulis are expressed in Table
5.

30



1 Group Time 1 Time 2 ITime 3J Time 4 ITime 51, Group 113.18 1.1 5.31 1.15!115.8 1.37121.8
1.54140.82 4.41i;1 Group 11414 2.27.631.12117.31.8123.81 1.53139.753.6311

14

Tabie 5. Effect of the treatments on epithelialization of wounds.

No. of wounds 100% | No. of wounds with 2
4 epitheiialization mature epithelium
~ Group | 32 28
:) ;
!
Group It 56 45 |
- Group 1il 81" | 73"
' Grupo IV G4 56
i
Group V | 60 51 ]
10 * This means a statistical difference of p<0.08 with respect to the other groups. Mann

Whitney U test

Group il treated with the formulation based on microspheres of EGF of slow releass

profile (without coencapsulated excipientes), surprising showed the best indicators of
15 epithelial answer, supporied by the folal re-epithelislization and the maturily of

epithelium.

Experimental model of chronic cutaneous ulcers

The foliowing experiment was aimed af evaiuating the healing effect, in chronic

lesions of poor prognosis that simulate lesions in diabetic patients, of the new
20  pharmaceutical formulation that is based on microspheres containing EGF, to be

used for infiltration.

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

Animals were maintained in controlied areas of the animal facility at CIGB under z
constant illumination scheduie of 12 x 12 hours, air change cvcles, and free access

25  {o the diet. The rats were individually housed intoc T3 boxes with replacement of the
bedding (previously sterilized) every 48 hours. The animals had previously been
treated for two months with & 0.01% methylglyoxa! solution to create a glycosylation
environment similar to that occurring in a diabetic pafient of long term evolution.
Among cother organic damages, this leads to & slow down of the granulation and

30 remodelation of wounds (Bertanga J., Cibran D., et al (2005} Methylgiyoxal
administration induces diabetes-like microvascular changes and perturbs the healing
process of cutaneous wounds. Cfin Sci (Lond). 109(1):83-85}.

Induction_ of ulcers: Animals were anesthefized by intraperitoneal injection of

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

35  space up io the sacrum was machanically and chemically depilated. This region was



11 Group 111 6.55 1.14* 25.33 4.1 35 3.51 43.15 3.66"167.2t144" 1 Group IV 6.25 1.517.31.51 191
2.129.92.8548.16 114 Group V ,6.67 1.815.4 1.6318.8 3.8 ,28.1 3.31145.72 3.551 (*) This
means a statistical difference of p<0.05 with respect to the other groups. (-) This means a statistical
difference of p<0.01 with respect to the other grougs. Mann Whitney U test. ~ Contraction values in
mm are expressed in terms of percent change of wound size 20with respect to wound size at Time 0.

Unexpectedly, the formulation that contains microspheres of FCE with slower release profile (without
co-encapSABRIEEREIMERS)SeERR PHROWNIPIRFEIUEDE RO Holtrati® #ERI Hounds

edges, whigh,Jrohaemaids; Meanaibabi sxgrshamaskiavaraiie cHacdde thr mcsrlgragon of the
total healing, The 25contraction represents the convergence of several consolidateg' events that
ifduce circuiar, total width lesions with e aid of § mm-diameler bictomes
(Aculrem, Fl, USA). Six symmetric and equidistant injuries were induced in each
5 animal. Injuries were washed with a stetile saline solution and thelr inner border was
detineated with permanent ink for later caicuiation of wound area at time zero. The
injuries of all animals were hygienized daily with 70% ethanol and sterile saline
sclution before the application of any treatment.

Experimental Groups:

10 The ulcers created in the animals were randomly assigned to the following
experimental treatment groups by using an input order/group cross-matching tabie:
Group |- no treatment. !t is a control for the spontaneous evolution.

Group M- placebo (vehicle used {0 suspend the microspheres: 0.3%
carboximethylceliulose, 0.1% Tween 20 and 0.8% sodium chloride which is locally

15  infiitrated).

Group Hi- infiltration of microspheres (without excipients) containing 1 mg of EGF,
which was suspended in 1 mi of the vehicle designed for this formulation. infiltrations
were parformed on the wound edges and bottom.

Group V- infiltration of microspheres (with excipients) containing 1 mg of EGF,

20  which was suspended in 1 mi of the vehicle designed for this formulation. Infiltrations
were performed on the wound edges and bottom.

Group V- Free EGF (75 mgfml) in 0.9% saline solution,
Fach group consisted of 10 rats; therefore 80 wounds per group were studied.
Treatments were performed daily, in animals treated with the formulations without

25  microspheres. Prior to gach treatment animals were sedated with diazepam by the
intra-peritoneal route. Animals treated with vehicle or formulations gontaining
ricrospheres loaded with EGF, were infiltrated only once.

Determination of the leve! of wound closure, Histologic processing:

The injuries were traced on transparent sheets for caiculating the kinetics of the
30 wounds contraction over the following times: Time C - represents 100% of opened
injury area and 0% wound contraction, Time 1 - 72 hours after the induction of
injuries, Time 2 - five days after the induction of injuries, Time 3 - seven days afier
the induction of injuries, Time 4 - nine days after the induction of injuries and Time 5

_ fourteen days after the induction of injuries. The fourteenth day was set as the end



approximate the wound to the remodeling phase. It is remarkable that these wounds 17 simulate the
biochemical microenvironment of the diabetic wound in which the contraction mechanism is
pathologically abolished in a partial or total form. In Table 7 appears the percent of area occupied by
mature and organized granulation tissue of the chygnic ulcers in each experimental group. The
calculations 5 were made on the collected samples in Time 5 quantifying the number of positive
microscopic fields coincidently with the van Giesson's and Masson's trichromic reactions in each
sample. SEvfds patHElogiRts Aitch cBifs R Ffadedffe 665IIKRShs FvdepdnRde My RISy blind

form. TablgeficdRercent alaianeiated areaspbligR UL R AR exPRERe Habg UMsLPHabdy wounds
per experimental %ouc%}vegjg studjed ?@l meegn_s.%;cpo_ﬁitive react\lo,ns to coll%ﬁe Tibers. **g This means
b statisticdl HifCroREs B 20 BA-NEh Kot ot es GToipd BRI AR d) URESEURSkpectedly,
the formulationseased warmicraisphetes of EGHwithhelowergeleass yprefilecfivitheut Boeigapsulated
excipients), exerted the most powerful of the effects 25 on the process, of ishment and maturation
o the gt TR SR TV hich Eoh GSRRUE i 16 ST Bov e bt TPt rocess o
wounds cestrgction nPhepeffsoebftHdareatiioins wistadsomsridietbrtirsldtual tofthe@pithetialization
process Ofag%%r% ries. The microscopic aspect of epithelium was evaluated 30 considering the re

epithelialization of the chronic ulcer, the presence of stratified epithelium, and the existence of a
keratin lay&hirFaisthiecrrictostbems shudinlicceatitineayittianaariiseaticiyves it aeticedittithe injuries

and the resulfantpipces ware Delided indbesame parafinblackeAioialkel 12 0histelagical cuts by

experimerl't%%?r‘oup were studied, which represent 60 injuries. No injury was eliminated by 35bacterial
contAknindtii. Fhétéstifstare GRpreEsder iR rAbIRC YS9 PaBRBIEHERE SR HREANERER N
epithelializafiomefchoRicauigerBasson's trichromic stains were used. For each group, the

number of animals with 100% epithelization of the injury, and with a siratified and
differentiated epidermis was determined.
The values for the kinetic of wound coniraction are shown in Table 6.

15  Tabla 6. Contraction kinetic values of wounds during the evaluation period.

;‘ Contraction kinetic of chronic ulcers (%;

Group Tire 1 Tme2 | Times3 Time 4 Time 5
Group | 3.18 & 1.1 531+ 115 ! 158+ 1.37 2182154 40.82 £ 441
Group i 414+22 | 7.63x 112 17.3+1.81 2381+153 | 39.75 1 363 |
i Group lll | B.55+1.14% | 2533+ 4.1 | 352351 | 43.16£3.66™ | 67.23.44™
E;Up Y 6825+156 1734151 197221 298+ 285 48.16 £ 5.14
iGreupV | 66718 @ 1541163 1! 16.86:3.8 | 28.1+3.31 ! 4572 + 3.55

%y This means a stafistical difference of p<0.05 with respect to the other groups. () This means &
statistical difference of p<0.01 with respect to the other groups. Mann Whitney U test.

Contraction values in mm are expressed in terms of percent change of wound size
20 with respect {o wound size at Time 0.
Unexpectedly, the formulation that contains microspheres of FCE with slower
release profile (without co-encapsulated excipients), exeried the most oowerful of the
affects of contraction of the wounds edges, which, in other words, means that it
exerts the most favorable effect in the acceleration of the total healing. The
2%  contraciion represents the convergence of several consolidated evenis that

approximate the wound to the remodeiing phase. [t is remarkable that these wounds



No. of wounds with 00% of epithelialization No. of wounds with a mature epithelium Group 11813
Group H1612 Group lii7469 Group 1V6244 Group V5942 10Group ill, treated with the formulation
based on nnicrospheres of EGF having a slow profile (without excipients), surprising showed the best
indicators of epithelial answer, supported by the tatal re epithelialization and the maturity of epithelium.
Example 3. in viva effect (in patients with cutaneous chronic ischemic 15 ulcerative wounds) of
encapsulated EGF vs free EGF. The formulation based on microspheres of EGF of slow profile
(without extipiists)wasiaeiramistredsropaticanswinth dfabiwicisbelitcevs iy skblighafbeamputation.
A dIabetleéﬁmg&ﬁﬁ'@&h@hm%agétﬂﬁggwyh@&quN'&%Jamamﬁ Hgat f9ek, of an area of 30.5

cm2 and evidences of ischemia of the affected member was treated with 20 the formulation object of

the preséfit ihG&lftion, ARRSARUIDStRIGER R, FEToPREHRIBR Viith MRS pREF.SEIEEEWith slower

release pigfie was-asiviRisiernd, ONERIS eIy 4 Jrdays-duing :aront BBy fnaars-afdnfitration of the

wou%d edges and bottom. The fast f rmatizn of u,?eful ranulation tis&ue wa obS(%ered_sigce the first
weeK aftef e W@gﬁn%fﬁt ’?aﬁ?lljgﬁ nsgafgp BVer 1068 BriHRLREER %@H@Wﬁéﬁ BYRI8veek. The
patient shoived @ patisfaictorgenokition, withhconaplete claisigofthearit)juisasehavaidingthie need to

indicate amputation. The pharmaceutical compasition was well tolerated n verse, effects were
detected.rﬁ‘%'%{ésrilégioﬁg angaimPi és?gﬁ\é %%nﬁﬁ%éla%ﬁ%f%ﬁgofoarmgﬁgﬁéﬁa a%\)/(ﬁ%dg ?hg r??)rmation of
granulatienalsstiersnddipancentlycioslie awiich farmexpectedly promoted 30 the ulcer healing process

to occur i teg time. intesval wi 0 i tati
AR %é%g@gaﬁé&jt AWLRSPEeLIO Areviqusdreaiments and s e %50 %ﬂ%&;tzr']‘t’iglwas

avoided, This modality ent turned out to have better tolerance by virtue of the su
red(iBtionTrtHevifjesionger experimental group were studied by meane of positive

reactions to collagen fibers.

Area covered by mature
granulation tissue (%)

.5 Group | 31.78 £ 3.25

Group 1 2885+ 2.28

Group il 816+ 3.55*

Group IV 68.12 £ 2.55

Group V 65.72 + 2.98 |
20 (**} This means a statistical difference of p<0.01 with respect fo

the other groups. Mann Whitney U test

Unexpeciedly, the formulation based on microspheres of EGF with slower release
orofile (without coencapsulated excipients) exerted the most powerfut of the effects
25 on the procass of establishment and maturation of the granulation tissue, which
corresponds with the description above mentioned for the process of wounds
gontraction.
The effect of the treatments was also studied in relation to the epithsiialization
process of the injuries. The microscopic aspect of epithelium was evaiuated
30 considering the re-epithelialization of the chronic uicer, the presence of stratified
epithelium, and the existence of a keratin layer. For the microscopic study a central
longitudinal hemisection was practiced to the injuries and the resultant pieces were
included in the same paraffin block. A total of 120 histological cuis by experimental
group were studied, which represent 80 injuries. No injury was eliminated by

35  bacterial contamination. The results are expressed in Table 8.



19 CLAIMS 1. Use of a pharmaceutical composition that contains microspheres of Epidermal Growth
Factor in the manufacture of a medicament for the treatment of the cutaneous chronic ischemic
wounds of the lower limbs of diabetic patients and to prevent the amputation of said members, wherein
the medicament is to be administrated by parentggal route. 2. Use of pharmaceutical composition of
claim 1, wherein epidermal growth factor is encapsulated into polymeric microspheres or nanospheres.
3. Use of pharmaceutical composmon of claim 2, whereln microspheres are made of a polymeric
material s FUHR Fﬁ’g‘-”ﬁf%ﬁl‘?@ﬁi frrdiarophRiacHeierg@isacid and the
copolymer derived_ from. hoth
(lactide-cogiyc

ctonspaly ey bty rate-palyhystraxsnraieraie eopolymers, polylactic
acid-polycaprol ; sg,cmp,lyqﬂlmﬁ@r@@ggbpplyan@ygﬂ'gi@eép@ﬂmm pharmaceutical
composition of ¢l ) Tsaict-microspheres-have-a-diameter-in-the-range-of- pm to 100 pm. 5.
Use of pharmac&fﬁ*é*@l ‘composn on of claim 2&wherein epidermal growt# factor constitutes the
1.6-274% of the t@%h ss of the, mlcrospher 5 6. Use of pharmaceuthﬁl composition of claim 1,
wherein the release r.'-n“p of epidermal growth factor,_after the first day, is’between 5 and 10 pg/day, 7
Use of pharmacéirtical i@bmposn on of clalm I4wherein the epldermal ggwth factor released during 14
days conservesits physical-chemicatand biotogicat-properties 8 Useof the pnannqceutlcal
composition acc @fd’iﬁ% any of the preV|ou§ laims, wherein the comﬁﬁt_‘f%ltlon is to beé administered by
means of the lacalpfiltiation in the tissue thajjncludes the edges and hettom of the iesmns 9. Use of
the pharmaceu ical Cgmpnelhnn r\r\nrrling to-claims-1-to & wherein-the mir\rnenhprp are Suspended

in awt@ernmse@sauveéwmﬁhoﬁn@%Bﬁ@ﬁbﬁ&d%@@d&ms@fa@m%@twﬁmm ansprdextran. 20
PHARMAC TIC MPOSITFJSOE OF MICROSPHERES FOR PREVENTING DIABETIC FOOT

AMPUTATTS! ﬁAé‘i“ﬁ%%” s SHIRMTEIGH PETEEE ST a J5HRASLERTRER orfBBERIBH that
compnsesr}miwmeup;mmedstphﬁrregcctahrtamm‘gielpadmﬂwi grovitie factonr {6 gihslierapplication, by the
parenteral route, into the lower limbs of diabetic patients with cutaneous chronic ischemic ulcerative
wounds. The pharmaceutlcal composition described 10 herein, in contrast W|th the state of the art, is

useful beExaseniedce ithevddemimSaatiolrfrarpitandy dwiidy tetaesement hnelddoves ferttie healing of

the yécerq}iy@99@%9@@5}%@&%@@@@@@& Jespgstde;he injection of equivalent quantities of
non-encapsulated
J?he formulauon based on microspheres of EGF of slow profile (without excipients)

]

was administered in patients with diabetic foot ulcers and risk of major amputation. A
diabetic female patient of 58 years of age with a chronic uicer, in the right foot, of an
area of 30.5 cm?® and evidences of ischemia of the affected member was treated with
20  the formulation object of the present invention. After iniury debridement, the
formuiation with microspheres of EGF with slower release profile was administered,
once every 15 days during a month by means of infiltration of the wound edges and
bottom. The fast formation of useful granulation tissue was observed since the first
week after the treatment start, reaching to cover 100% of the affected area by the
25 third week. The patient showed a satisfactory evolution with complete closing of the
injury and avoiding the need to indicate amputation. The pharmaceutical composition
was well tolerated and no adverse gffects were detected.
The perilesional and intralesional administration of this formulation favored the
formation of granulation tissue and the wound closure, which unexpectedly promoted
30  the uicer healing process to occur in a shorter fime interval with respect to previous
treatments and the need of amputation was avoided. This modality of treatment
turned out io have better ifolerance by virlue of the substantial reduction of the

injections.



15(No suitable figure) 20 25
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CLAIMS

1. Use of a pharmaceutical composition that contains microspheres of Epidermal
Growth Factor in the manufacture of a medicament for the treatment of the
cutaneous chronic ischemic wounds of the lower limbs of disbetic patients and to
prevent the amputation of said members, wherein the medicament is {0 be
administrated by parenteral route.

2. Use of pharmaceutical composition of claim 1, wherein epidermal growth factor is
encapsulated into polymeric microspheres or nanospheres.

3. Use of pharmaceutical composition of claim 2, wherein microspheres are made of
a polymeric material selected from the group consisting of homopolymers of
glycolic or lactic acid and the copolymer derived from both (poly (lactide-co-
giycolide), polycaprolacione, polyhydroxybutyrate-polyhydroxyvaterate
copolymers, polylactic acid-polycaprolactone copolymers, polyorthoesters and
polyanhydirides.

4. Use of pharmaceutical composition of claim 2, wherein said microspheres have a
diameter in the range of 1 pm to 100 um.

5. Use of pharmaceutical composition of ciaim 2, wherein epidermal growth factor
constitutes the 1.6-2.4% of the total mass of the microspheres.

6. Use of pharmaceutical composition of claim 1, wherein the release rate of
epidermal growth factor, after the first day, is between 5 and 10 ug/day,

7. Use of pharmaceutical composition of ¢laim 1, wherein the epidermal growth
factor released during 14 days conserves its physical-chemical and biological

properties.

8. Use of the pharmaceutical composition according to any of the previous claims,
wherein the composition is to be administered by means of the local infitration in the
tissue that includes the edges and bottom of the lesions.

9. Use of the pharmaceutical composition according to claims 1 to 7, wherein
the microspheres are suspended in a thermosensitive hydrogel of the PEG-
PLGA-PHG type or a derivative from chitosan or dextran.



