1 PHARMACEUTICAL COMPOSITION OF MICROSPHERES FOR PREVENTING DIABETIC FOOT
AMPUTATION. Technical field The 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
wounds for preventing diabetic limb amputation. 10Previous art The Diabetes %}t [ main
mon-traunHARI ORI 10k e SIBLEARSHT 5o WHER GERE R R TR R B e oINSt
complication of the Diabetes with ppsgERTatipedsnoskgitlsarerior 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 pleyglor shiemic ulcers in their feet throughout their lifetimes (Reiber G.E. (1996) The
epidemioglogy of diabetic foot problems, O/abet. Med. 13 Suppl 1:56-11) and, a proximate,lg 10%-30%

of these PAtichiE S dSMRIAIRR €5 AR IdR et IRRBRARBEHRR QITROHAT (S8 45 MM & S treatment

of diabetig fpaka@ ieignseel BoniasinDis pRR SyahRWiOkdd): (Matliyrtnthefpieansof the
patients who suffered an amputation of lower limbs is about 50-60% (Reiber G.EVPn(1996 Th!e
epidemi@%g@?%f%ﬁ’é%@?ﬁf%(f?ﬁf%bl@ﬁ%.tbf’atﬁ%‘f‘.’%j@.“i% S ?R%'@-igﬁ?‘%e}“éﬁ EHiBHEMive been

used fordhrHrRADRBRAE didbelip/RaliBlisdwitbrartananlis ehisgritdIshemiaptieariative 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
the injuredarraudige:of skin grafts, growth factors and the use of revascularization methods in case of
indication, After the metabglic control, the ,surgqical debridement is the osttE)nportant treatment 30 for

the healihgoRtPaIEB SIS Bnteh BRI HEVEHRIARHD SR AR ofi7er AT S TR Codality .
The surgisabrabiisienmert arsisiswfdemeviogtal desiatiidanfectedjirsuplinsudin@kanes} from the

injured region, as well as the surro ‘Egi%n callouys tissues, .2 T se of dressj digbetic foot
ulcers is%%]l%%l%fﬁfﬁ‘éﬁg ,Cé%'ﬁﬁf%l Egé’\‘fé’r%ﬁ'%riasgff &?é&?%%@r&vétbﬁémfg@etﬁé’ I55'(‘H‘vantages
of each kinskpDisgssingravsy tirotbrisanadotkoewsn. Besides faittoessiudieswrdtbbatkefobtiressings
haye been few, and they have been directed mainly to low-grade ulcer re.eviden from 5
el (RIS BT LA AP B R3S PPN MR RFL GF e RaaL i 58 een
studied ingginigatidisdsicineiticethosedhasetionia seroipeminabléspolymerghmenibsandsimanogram (a
collagen, matrix), algin rboxymethylcellulose, hyaluran nd those thatuse sub-atmqspheric
pressuré%]ﬁ’lI 84) I@;%‘[ Z%%(@O%%e%'&%&né BQMn?én%ﬁ aef&i{égﬁ&é? qﬁ@ﬁm%ﬁ%ﬁd&ﬁ&icq%gfoot
ulcers: aSirppreiSmgive mdevepiexergiaty tre@issotstudtehies Pabien iy eate? beliatbel] 123).
Several methods have been develgped,ta create ski titutes that are placed on the ulcer. For
examp'lerﬁ%tlﬁ? B%Wigrﬁ%oﬁﬁ]@égag 8¢ ﬁ&igrgblg@sld %? M?ﬁé%qd%ﬁ%y A %Ogyéﬁ{%bﬁ?&cs%gﬁold of
bigabsorhibletimader@inT Higatevithsha30s Savepit@ [ 046 e chive timitowiay thde bl yerssvith dhgreater
proportion of healing in a_.smaller time interval. rston W.A., et al. (2003) De raft Diabetic Foot
Ulcer St ETouB e L B OF G ATl S B0 (e RO SR Ghrisie ciabetc
foot ulcers9 gy Ulitseodpigsaspgivefrdidmtitzid tiabiabetésdDare /F6d 708 S pPhe: Bplighaf consists
of a layer, of dermis composed of human fibrablasts jn a matrix of, 20.bqvine.colagen type |.and one
epidermi efgﬁ%omrﬁé%qo é%’ hﬁ?ﬁ’gn greé}in%%?/%es%fn glgirrgﬁ%%{wgﬁtth(% sgdggtel’ttfj e%)%%si'i%/%avg@hown to
produce autagisificantlyrgréatechachfasiérchetliagraiunfsie¥ ivaye mitlisiapplisgarone ursggatiiédow-grade
ang.not infected ulcers (Veves A, et al (2001) Graftskin,.a human ski ivalent, is. effective in the
m ageﬁ?erhf%f r%ﬁﬁﬁ AR H(f:\l}zr’loepa%(%'g ?;%%tigs%ﬁa&té%: %u[g 6%%%&8%&"@%?%%%1‘%%%% roﬁulticenter
clinical tdatsBinpetesTarer@diA05iment 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

callous tissues.



In a phase IlIl randomized, double-blind, placebo-controlled clinical trial, a gel formulation of Platelet
Derived Growth Factor (PDGF) showed to be effective and safe for the treatment of diabetic patients
who have neuropathic ulcers with good sanguineous perfusion (VVieman T.J., et al (1998) Clinical
efficacy of beclapermin (rh 30 PDGF-BB) gel. Diabetes Care 21(5):822-7). Most of the patients (95%)
included in this study have ulcers with an area s 10 cm2 according to the evaluation by planimetry.
Becaplermin gel 100 pg/g, in comparison with placebo, g‘seiginificantly increased the complete healing of

the injuriesTine439 ¢50ressBEMR{q diahetizyeriditesrda sl erahliehed arshalhassfesevenal effect in
32% (86 V%-iH&H?%s&rfg&%@%be%&&@%f%%%éé@i@f BRGRAPIFIIRLND Ragranex)

lead to their approval for the treatment of neuropathic ulcers Igcated in the inferior members of diabetic

patients, Wi 1P BaER S RSTHIMO WL BESHRLS S IFRAR teahie A d s e REESnguineous
flow (Brengfévk; Sh@qh@)ga ﬁav@@?%ndﬁcsbté&o@é)df fﬂ@tm@b@weﬁwf , r?ﬁél@ab.@@ﬁ@%g ﬂl@ﬁrj- Am.I J.
Surg. 187(5A):1$-10S). Recently a method for the adminisfration o ealing agent like Epiderma
Growt Fa8@fc(§§ﬁ%vﬁgepfﬁﬁfg%,t9v ﬁ‘:ﬁ'%ﬂéﬁ% fh(?%ha?ﬁt%tioﬁ%‘fva "E%I’—gfgliﬁfc?w the injury
by means ofhsevéraldrijeetiosis iAD 10 ADBSATERIB ub i s thadedratisddvartagenipdésweaplraumatic for
the patient sipce the application of injections.in..10 the injury | mel inful. In eatment
several injggt[%nﬁgr}ﬁust %é%‘gg ied 'and%igenﬁ%%grﬁ‘ mu té rece?\%gtﬁg%reatﬁ%%lﬁgh alte??@a%%tg ‘days
during sevessbnokeihgionbidesthgryridissaivanadbesst thitl rMeehsubtBtMisebRACSDERAMNE release

formulationahEGE cauld reshice e retiieneyohiagidrug ARt R syich woWd sieatly

enhance patient convenience and compliance. 15There is a patent gU.S. 6,086.863) in which
reguldfing 1] GlesiEh faetone EReSHadMaVCRbRIRSTABH IR BRTIAHRIGSEH Bfaéﬁw@ﬁc or
therapeuti@@pmpqggmgpontaining microspheres of polystyrene or other non-degradable polymers, to
improve the repair process of wounds such as djabetic foot ulcers ﬁkgg means of the local application of

a suspensiBh ‘6T thEIMRS J@fePES S e P ED SPopRAtE Sy HIESI BBbACEMRIFCEF Fligs has the
limitation refatagdder teopenmeanty ol thegrasashatnasie s fheesitingf fistisizsiscefseverat factors
can interfere with the drug, absorpti ng them the presen f necrotic tissue and,local exudates,
mpaitmenbBBIAH ot LBy e A Begrae SR el e . o 28 Ther e
important wbbhting imthetweaitecnicefdiabet foesigcersisticdeté rmaaihénefentiadeddisacof a drug
that provokes the regenerati f the isc Tel ¥ A [ icdi ation. Many
other pate r'f'?sts “é%"eﬁg%‘lﬂsgé%‘ gg '§t‘hegrF %§ét%j§§dt§§gﬁ%%@%§e e?atﬁﬁgqtg!g%gzﬁ%rﬁg%évertheless,
none of théBeenséinads Ang pedvnab BeriamBiteiettiveviwibeaheaings oyt tiahalention In

general, the, present INeNHoRT & BradRARRAMALRLca  AamBRIINASs hale optains migrasgheres

loaded with Epidermal Growth Factor, to be administered %%(cﬁarenteral route in the lower limbs of

diabetic pafielesalReNHE SlRMBEICERIINGS FHRRRFRIE WAtHBENfRAREE SLAEdIs_Uenting the
amputgtion,githese mrmbass. 1aibepEcepRIdMRNEQS; IbeembnitiesphRsestinslytas migrospheres

d heres. The er |lati f EGF in mi h Il (D 1k I the d
21t 00 protdEi 1 5P AP EALL B To RO R A e PO BT e -

proteases lagtdeddnlhe sitmjotiactions dnitthisinieationnéoeopatnas pvegradaa i eesofduset|ike
polymeric SPSIeR/MILS e L% RITYREERERN, RG] (iR LIAlaIGhMS HbldsAslppsed in 2
management of non-infected neuropathic diabetic foot ulcers: a prospective
25  randomized multicenter clinical trial. Diabefes Care 24:290-5).
In a phase lli randomized, double-blind, placebo-controlied clinical friai, a gel
formulation of Plaielet Derived Growth Factor (PDGF) showed fo be effective and
safe for the treatment of diabetic patients who have neuropathic ulcers with good
sanguineous perfusion (Wieman T.J., et al (1988) Ciinical efficacy of beclapermin (th
30 PDGF-BB) gel. Diabetes Care 21(5):822-7). Most of the patients (95%) included in
this study have ulcers with an area s 10 cm® according to the evaluation by
planimetry. Becaplermin get 100 pg/g, in comparison with placebo, significantly
increased the complete healing of the injuries in 43% (50 vs. 35%, p = 0.007) and
decreased the time required to achieve this effect in 32% (86 vs. 127 days, p =



10In the context of this invention, the term "controlled release" includes the release of the drug in a
continuous, discontinuous, linear or nonlinear form. This is accompanied by using different
compositions from the polymeric matrix, inclusion of excipients that modify the release profiles and/or
the addition of polymer degradation enhancers or gther modifications, which made of individually or
combined, produce 15the expected effect in the properties of the composition. The microspheres are
obtained by the double emulsion/solvent evaporation method as described by Okada etal. (US
4,652,441)) The)paiysessisfeefieme cetanih evde eiipmentetdpisrnieitegrareiidsedhat thyirtheir
properties, arerbioF?mQ ti Iesiand Pio%jegrada e. The la tcogudcgtipnﬁi}s of Fxtr?,ngneer%%ém 8Trtance _
since it all&v8 f?l\"eapaor'én grarfagpmpﬁegat?onno%’ {Re or'r%gfgﬁg’n ?/%% inhItatidN M the Ifjury. Especially the
homopolymierissdt ghadiglicsordduitic exidrandmtietbepolpmdedevvdgftmmobatiopolyeeply and
(Iactide-co]% olid @P eyi s g{ ) eeferred. T ymer sg, ct istics that
have turne tiger% ggi:e e%rt g%{g%{g%?a g\sf%?a tﬁie manlﬂ‘éctgﬁ%%or?%utﬁré? %gg%@n%ﬁﬂhag%i%gﬁg devices

and 25 pol{iséeiechiatrireaimed eiEiRiEosystisers (ABhammeRhi K (2f sl ©06%) Developments in

Craniomaxillofasip) SurashidUse pleSelhiaitfarerdRioaksmbablrRisiraliatinnRaisesdRast.
Reconstr. Surg. S&emal Topic: 167-80; Eppley B.L, (2005) Use ot resorbable plates and screws in
#al '

pediatric fdt (el WrsoraPliRAR flord¥cl GRyseEsyiEs YitrRiRM §icaretoP tSItiRtHIBS, they are

biocompatiile BQand biodeskasdaplesbeslemfcensaffefng thspassibdity Bivarying the ¢rlgase profiles
of the drug based on the composition of theéJoI meric r[gatrix, the molecular Wei,%}ht of the polymer and

the additiofl S DYRBFSRCiBiENYE TS YTRUDEHRIRE M RAURISFICHE B CEREARE PHEIFRERESWIN similar
propetties tike biaop i padilelity lanstbidde gnaskadtilityeetmbeusede T4 apjactittapolyeapeotagibe®, 5
polyhydroxybutyrate-polyhydr aleratecopolymers lacticacid- pol alac opalymers,
polyorthoedoe e S e e 1 HeaheRRTt i ARSAIE Y Sl i REr At aeY
pharmaceiicascenippsiie ndirary anthgerete! the isihhd, rdnk bistveénal susdaioeipreiantkthe EGF

constiutesigiifubiva d1ecebinedole AR DS GARRNBFaRe iARP LI IEIFTRH, mpadiment, the

EGF encapsulated in the microspheres is released, after the first day of its infiltration, in amounts
between 5 Wadd 0'egthes iananPatiesh serHas bre AMLRAMEIEMRal and biological properties during

14 days. ArQHlar RSRESLRIHNGPEESEMAR\RIYOR raiRth ifiadipglrarst glonehemtetajuries of 10 a
diabetic patient, through the administration by means of the local infiltration, in the local tissue that
includes thERIHGER3ANEEBHEM BRHY InjGR! oPfhe DREAMACATEXPROMBTS ot abBt@ R ioned. The
microencapsWiaiien ShPretRitafiings regritemsnacial agentiondngemtianitortheactiviiabthese
biomolecuies after th%microenc sulationgprocess.fThis isddue t?] 15 tg.e fag&tpaéfpdpgeisrlsbare, in its
majority, sé’r%Yﬁ%r?o dW?éﬂYﬁe fUEtha ?Feecf‘&e%tl\fy%% gse?l%cr;atga |HE{R% ’engapsu?atrio’n Hrocesses
and to the erganic sblvient nsed tppdissHEivingftte pebpaesgrOnfthibasbenticnodpbearts piotaim exhibits
its owr,behavior in the micrpencapsulati oce : ideri e lishment
Mt i R T e e LT
activity unctariggdf rdguitessohah rerithastive sitripfindieesiocsectererrbiapisisprridaianatsod,

polymer, Qe adgHNes, 1o i NG GG RGN 41 BBBHEA A IS AR TRRSIOM galbcgntain EGF

. 1on, . : >
obtained from natur urces, by means of chemical synthesis or by the recombinant DNA

techno|ogyexudates, impairment of biood flow, enzymes thai degrade the EGF can be
mentioned.

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

Many other patents have focused on other methods designed for accelerating the
healing rate. Nevertheless, none of these methods has proven to be widely effective.

30
Detailed description of the invention
in general, the present invention refers to a pharmaceutical composition that
contains microspheres loaded with Epidermal Growth Factor, to be administered by

parenteral route in the lower limbs of diabetic patients who have cutaneous chronic



25The pharmaceutical composition can also contain, as a part of the vehicle, some additional drugs of
the following groups: antimicrobials (penicillins, cephalosporins, quinolone, metronidazole,
clindamycin, vancomycin, macrolides, tetracyclins, aztreonam and imipenem), anesthetics, analgesics
from the group of the non-steroidal anti-inflammatoyies, drugs with angiogenic 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 patiehtsnis teypatdh oloipytie ateeoiivi cherphentivar thdi eatpuaipositidhehatiethbabject of this
invention. %e%gdlg%gé]ﬂppm@%m Gon tions of thﬁi&?&ér gp&thﬁ&ﬂg@ctﬁq é;%ﬂgr%;h%@tlent to be
treated, the microspheres inclu egln the pharmaceutical composition could require the
coencapsul@issiiaiAbther molecule. These additional therapeutic agents belong to the group of

antimicrobipd, aRestieliffRRnlgesich AR BBHIRLPAbIRe ToTrYRidaMIsntamBaiary drugs,

drugs \évith angiogenic 5action, and other growth factors. The pharmaceutical comi;_::ositionhprevious to
its adminisf&fioflorintestinent, SouIdeRSispertF iy antpResrREYRhieR, WhidH S  be either a
saline solutipReaMaining VeseskyrCRIANSES suchirstadiy/ methylcellulose,

i\ﬁe hydrogel

hydroxypropylmethylcellulose and detergents such olysorhates or a 10 thermosensit

ot the PGB ATER o, B tERUL A ot Ch OSSAH R L RV B SRRl Eormpostion
object of thisLipventiopsadely ridpeingdie alllhizstation freqictnisyrelsmisgdhie seatnierfiednd
unexpecteTI 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-éritapSulard®GR! Ththimimeusid théhapentic etfelco bt d ieirasal aubidaatwoliegre@d, because
the slow rejgaseyprofile aghigyed-producesslominEE conGeatratians, dMAXRECISHY atprisanother

formulation in which some excipients were used in order to accelerate the EGF release and thus to

obtain grez6FPDEBREENRPANEIRY HifesaifLRPEIRTRHHINS Bark e PabalBEEER o HESSRilation of

this inventigneiBrptdasarintiamohbecficnyesrofibigsngdr fehsdmithab epipsrRitsdhednartion of the
ulcers induced in the animal 25madel. Fi%ure 2. Diagrampgf,the rocess for obtaining the microspheres

loaded witfPEEERISHE GO EORURRBANSsS0ER BRYSoPAIBRANIABACF Beg RIrfHG%lectron
microgsaphied expeeteapitese: ipadedwite & ofigutehoBstease profile of EGF from PLGA

microspherqeﬁémgr%(égggesg %\{“\éscgggaemed by the double emulsion/solvent evaporation meathod
as described by Okada ef al. (US 4,652 441).
The polymers preferred for the development of this invention are those that, by thelr
properties, are biocompatibles and biodegradabie. The last condition is of extreme
20 imporiance since it allows the parenteral application of the formulation by its
infiltration in the injury. Especially the homopolymers of glycolic or lactic acid and the
copolymers derived from both poly (lactide-co-glycoiide) (abbreviated PLGA) are
preferred. These polymers possess characteristics that have turned them excellent
biomateriales for the manufacture of sutures, fixation orthopedic devices and
25 polymeric matrixes for drug delivery systems (Ashammakhi N., et al (2001)
Developments in Craniomaxillofacial Surgery: Use of Self-Reinforced Bioabsorbabie
Osteofixation Devices. Plast. Reconstr. Surg. Special Topic: 167-80; Eppley B.L.
(2005} Use of resorbable plates and screws in pediatric facial fractures. J. Oral
Maxillofac. Surg. 63(3):385-91). Taking care of its properties, they are biocompatible
30 and biodegradable; besides from offering the possibility of varying the release
profiles 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 particles.
In addition to the PLGAs, other polymers with similar properties like biocompatibility
and biodegradability, can be used. They include polycaprolactone,



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
formulation and (e) slow release formulation. 7 Figure 5. Reverse-phase high-performance liquid
chromatography of EGF digested with trypsin under different conditions. A: Control, B: Free EGF, C.
EGF encapsulated in PLGA microspheres, D: EGF mixed with empty PLGA microspheres. 5
Examples In order to present a more complete description of the invention, the following examples are
described: ddi/bycumple ity Rteparigtioarokfhelglatsmaceutipalgasrpositiomopndativng PLASA-
microsphere V?\%la_ GE. Preparation of the micros pheres loaded with.EGF Polymeric solution (PLGA
50:50 (5190 S LR o e R A s e o Y ing 1 g of the polymer
dichlorométhanergeiy. embartitikat, dheSmirsaepBAsootidhewzisadmposiididah eoglpssittontainer and

200 pi of ap agueeks LR 0L EGR AL Z0aipLyas agdesh E%r%??g%% ‘%%%585}‘}%9{5%9”””9 30

seconds by means of an ultrasonic probe (IKASONIC U 200 S cont KA Labortechnik, Germany).
The firet eff@isidhantts atithedtesal0afcoPtEgBIgRARPNIEMIEShol and the second emulsion was obtained

by means ¢f aigespys srgiaiveabaaiheRhane sairl 4 A0SR esing ankS Hikralyraredid
Labortechnik, Germany). The double emulsion was added to 140 ml of 0.1% pola/vmyl alcohol 30

000-70 006 8R5h, AL LGESr MRRG 6t SRy aHa st 8l AR SRS 2R UK AL BRRANIK,
Germany) ah3@Q-opaedwingdi-bfvsreppaeting disblbromstaneofdnaly dunesphrias were
collected b fil\%ation, wash g)Stimes ith 5q.ml ofdist'llegéw ter 25a dfdri d by freeze-dryingina
yophilizer (VRIS R) COREPRETBLENETEE R L R Rd R HEATARIHE, AR GBS Fe 2). The
microSpheredieb &G Batitinie Xoipiaritdbavadeottaiteeh follondag shef Haereqaidoédashutrntith the
addition of Py Ic E- ( in theipternal aq '
Characteriiz%‘f%ﬁ[}’o r%i?:rr?gé %@éﬁ%gﬁﬁgﬁ% é@%ﬁﬁ%ﬁ%& i\f %1e% ?n%ﬁ?o%ﬁ%@%%ﬁ%ﬁgﬁl process
and proteirc{Gapisdion gloparmelaionete calculated, by means of the determination of EGF

concentralion. 8 RISiBRAG SR B dRRiag srRlutignsam. s dioeslip akparges with LN

NaOH which were neutralized with 1N 1-I1CI before the determination. 8 Microparticles of spherical

form were 8Biledf d8a8PeRiIGNREIRUES Fieok1scHPSIRaNeRRSPEHeE. ATREGSXhiBife i LHSyitar surface
and pages {figuse3indh@reiENe osRheIRSIWerRpiainadMaitie Welthpfakeripgpdturiavasapossible to

incorporate, in the microspheres, between the 40-60% of the total protein tgmss 5in,trodtllced in the

encapsulatﬁ’{ﬁgﬁ‘cr’fﬂgg%fe PRl dRiBREEPS PRIRIPIGSETREB Al & 1'% YREDUERVARE size of
the microspletetwaisssheigtzapcimprs. Tablehé . dharaetedistiestopmiwiospkigés denteining EGF.

behavior in the microencapsulation processes. Considering these aspects, the
establishment of a 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 {penicillins, cephalosporins,
guinolone, metronidazole, clindamycin, vancomycin, macrolides, tefracyciing,
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 diabelic 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



icrps_,pheres of EGF Microspheres of EGF with F127 and NaCl Yield (%) 83 283 3 Encapsulation
efficiency (%) 54 348 4 Protein loading (%) 1.98 0.05 1.72 0.06 Particle size (pm) 19 324 4

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
5 action, 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 sciution
containing Viscosity enhancers such as carboxymethylceliulose,
hydroxypropylmethylceliulose  and detergents such as polysorbates or a
10 thermosensitive hydroge! 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 treaiment 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 formuiation was not
expected, because the siow 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
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 location 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 emulsion — 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

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

experiment, (¢) fast release formulation and (e} siow release formulation.



The inclusion of excipients did not vary, in a significant way, the characteristics of the microspheres
containing EGF. 10 In vitro release of encapsulated EGF 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 37C under gentle stirring. At 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 a 15 Hettich table
centrifuge (Tuttlingen, Germany), the supernatant was collected and equal volume of fresh receiving
fluid was added. The concentration of EGF in each withdrawn sample was assessed with the

microBCAMABYES STIREYEE SR BRI BT RRS IO EHRARR SR BB P i o Sitie 888k bited a
burst releagig; whigbihappeeedditieing thedistiday and agethasistage Fravhichdhe EGH=28Frelease
occurs continuously during the fQllowing 14 days. Throu t the. first stage approximately 20% of the
total encasgﬁ?g{%‘&%%%eifﬁwﬁé’i{éagggn%s %% E:’rep ‘ra%ﬁ'g, wiiefgas i\ﬁ]%lne gé%? f?%‘%éaluation
period thermetezgengresiles were different: liberation of EGF from microspheres with excipients reached
almost 65% (in an approximated rate of 28 pg per day) and up to 30% was released from 25particles

without excipients (in an approximated rate of 7 pg per day) (Figure 4), 9 Characterization of EGF
released iBX@rorTess experiment has the objective of demonstrating that the encapsulated EGF

conserves theilyahysicalshamicaland biglagical BaRRRIRT: bRaiopeaiarnR! Bk EGlbwislpased

during the incubation period (14 days), were evaluated. 5The EGF released during the first day, until
the 7 and $4PIRIE/RIE EREFEERRIzZed by means of several analytical techniques: reversed-phase
high-performance liquid chromatography (RP-HPLC), slab-sodium dodecyl sulfate-polyacrylamide gel
electrophaoresis (SDS-PAGE), e,n;gme-linke immunosorbent assagliééELISA) and.in v('kt)rg&a tiviral

- I I

activity bi ek RERRT AR iR MgSaHiiEs . BHPRRSILAR HRAIBIAIE;
propertiesafdebdpreiaaseditn &d®, EGF releasedReferenced 1 1 1 days 7 days 14 days | ELISA (%)a
189 83 Preparation of the microspheres loaded with EGF
Polymeric solution (PLGA 50:50 (Sigma, St. Louis, Missouri, USA) 10% (wfv)) was
prepared by dissolving 1 g of the polymer in dichloromethane (DCM). One miiliiliter of
15 the PLGA solution was deposited in a glass container and 200 pl of an aqueous
solution of EGF at 20 mg/ml was added. This mixture was sonicated during 30
seconds by means of an ultrasonic probe (IKASONIC U 200 S control (KA
Labortechnik, Germany). The first emulsion was added io 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 Ultraturrax (IKA Labortechnik, Germany). The
double emulsion was added to 140 mi of 0.1% polyviny! alcohol 30 000-70 000
(Sigma, St. Louis, Missouri, USA) and stirred in a homogenizer (IKA Labortechnik,
Germany) at 300 rpm during 1 h for evaporating dichioromethane. Finally,
microspheres were collected by filtration, washed 5 times with 50 mi of distilled water
25 and dried by freeze-drying in a lyophilizer (Edwards, UK). Dried microspheres was
stored at 4°C 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 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 particies
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 1N HC! before the determination.



87 88 | SDS-PAGE (%)b 98 100 99 100 1 1 RP-HPLC (%)5 |_ 95 94 9495 Specific 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 maingspecie. 15 EGF used to obtain the microspheres

Microparticles of spherical form were obfained as a result from fthe
microencapsulation process. They exhibited a regular surface and pores (Figure 3).
These microspheres were obtained with a yield of about 85%. It was possible 1o
incorporate, in the microspheres, batween the 40-60% of the total protein mass
5 introduced in the encapsulation process. The particies exhibited a protein loading
between 1.6 and 2.4%. The size of the microspheres was smaller than 25 pm.

Table 4. Characteristics of microspheres containing EGF.

Wiicrospheres of [ Microspheres of EGF with
EGF F127 and NaCl
Yield (%) 8312 8323
Encapsulation efficiency (%) 54 +3 48 = 4
Protein loading (%) 1.98 £ 0.05 1.72 £ 0.06
Particle size (um) 193 24 + 4

The inclusion of excipients did not vary, in a significant way, the characteristics of the
microspheres containing EGF.
10 in vitro release of encapsulated EGF
Fifty mg of micrespheres 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. At specified time intervais (0.25 (8h}), 0.5
(12n), 1, 3, 7 and 14 days), samples were centrifuged for 5 min at 5000 rpm in a
15  Hettich table centrifuge (Tuitlingen, 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 period the release profiles were
different: liberation of EGF from microspheres with excipients reached almost 85%
(in an approximated rate of 28 pg per day) and up to 30% was reieased from

25 particles without excipients (in an approximated rate of 7 pg per day) (Figure 4},



These results allow 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 proteases 200ne mg of EGF was prepared independently
in three different conditions: (/) dissolved in 1 ml o§ 4% sodium hydrogen carbonate (NaHCO3), (ii)
encapsulated in PLGA microspheres (2% in weight) and suspended in 1 ml of 4% NaHCO3 and (iii)
mixed with 50 mg of empty PLGA microspheres and suspended in 1 ml of 4% NaHCO3. After that,
100 pl of Zvepapiarigasion w LG Neaieesdiasdtded to each 25 preparation and they were incubated
at 37C during, Ae@lsafmﬁb A80te SUHRGHRNS M Fs=aiss alvad iRel dnbt i A3 blattfzO3 was

used as control. The reaction was stopped by adding 10 pl of trifluoracetic acid. Samples containing

microspheieasiRiRs rtcRtRIRCHERIEE L BTRIMIBRILEE RIBRLISS st permaersr IRssYelbarated from
the pellet. Gbe, k&Enpiigrognsaessiates siadsered on dhgynisaspheieswas separated from the

polymer by an action with dichloromethane/acetic acid (Ruiz. J M , et al (1989) Microencapsulation
peptﬁ: aﬁ?ﬁcﬁ% i eﬁﬁﬁ@@ﬁ@%&éﬁgﬁ %ﬂ%%ly%ﬁ?ﬁ%%e%gﬂ%iéd%%vﬁl‘ﬁy@gh% B tecr([)zp%f/brﬁers 50150
by siliconeraibrk RPhasav&el. 49:8@H7F). tddHhgsamplaewedepiuaaly Zligipp KFxiARDC: dlipwing the
procedure described by, Ha I n K,, et al, (1998), Site-specific.de I ng. trgnsport of
recombinaf F%W%pgﬁrgé%rglﬁg%{/&@fac%@%(wﬁg)lg@% inb%%eg ?gf gggltf%%ﬂ%é naﬁh%%o%a. nt. J. Pharm
168:189- 192t ins pesstiftd PEIGLr & SEShevesmae ioken dnmioenedissiil ass £ GBI tHedEGF mixed
with emp%&p&cgﬂﬁglp&rgétwtggggglgge%gqg%daﬁagm%%g@efncapsuIated EGF was protected
di

against the proteolysis and its chromatographic profile was similar to the one of the control.
Exeafm.@'? % 4B1MiY0 pHpstin snimat Mede b rIfeRPYIISErIST OfE SIS fspsat b dEfa E/E»gperjmen]}al
model of controlled-acute-injuries-The-ex tive o
evaluating the healing effect, in acute injuries of satisfattoriepeegnosis, of the Ref@igharmaceutical
formulation, With ﬁfcs:rospheres of EGF tojbe; %éfo i[lf-}iIéegi.gn 1% alty, by 20 means of
injections in the wound edges and bottom. Expérimental Biomodel: Male VVistar rats with a body
weight of 22@@5@ grarns. Animals were mainggined in coggolled|areagf the animgg facility at CIGB
under a co ntillumination-schedule-of-12-x-12-haursr-air-change-eyeles;apdfree aeeess to the diet.
The rats weBHdRAMRRIFNDUSEd into T3 box@s with repement of tAB 25beddinddpreviously

sterilized) éve?rﬂ%ﬂmugsﬁnducﬁorrof—mkew. Animats were anesthe ?Sd‘by intrap§§itoneal injection of
ketamine/x@ rﬁg%éﬁﬂack of rats (_:orﬂorisir?éthe a_:_eq f%m the retr scap_u_lar space up to ;[_he f
sacrum was n mica Thi n w. size ssolution o
povidone-itféﬁ%@r%ﬁ%%%éfm alcohol. 'I'{le(?I %?git%?/ 21 25 t%\eg é_fki gﬁﬁgm& thqé?,mﬁtion of ulcers
was markédPwittnCHiiiEsethak irosttoreresiiessi it desrocalavickMasionyovite i raaidies oy
mm-.diamq;gcr{gg@mgg%_(AcuDrem, FI, U.SA). As indicated in Eigure 1, ;ix symmetric and equidigtgnt
injuries ware, %EC%H CeOOrIr é@p%%pgQQ{F@%BWMA@%%%{&%Q@gé’.\”th a sterile saline solution and their inner

border was _ , _
" Percent corresponding to the main specie.

15 Y EGF used to obtain the microspheres
These results allow affirming that the released EGF has physical-chemical and

biological characteristics simifar fo the EGF used to obtain the microspheres.

Effect of the microencapsulfation in the stability of EGF against to the action of
proteases

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

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

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



delineated with permanent ink for later calculation of wound area at time zero. The lesions of all
animals were hygienized daily with 70% ethanol and sterile saline solution before the application of
any treatment, Experimental groups: The ulcers created in the animals were randomly assigned to the
following experimental treatment groups by usingjzan input order/group cross-matching table: Group I-
no treatment. It is a control for the spontaneous evolution. Group II- placebo (vehicle used to
suspend the microspheres: 0.3% carboximethylcellulose, 0.1% Tween 20 and 0.9% sodium chloride
which is |azaityifl§etilthated) 1 G roinu ksl airfloatipraot migrosptierd ygsithepawierpisats)Bentaining
675 microgiams Al EGE Whishas Aunendsd il b gy shistsdrgiansdiotiis lpgulation

Infiltrations were performed on t ound edges and bottom. Group IV- infiltration of microspheres

(with excifientdhedsiampigs B Ridragiamyist dsbiomiaing/asalicpeitaditia 4 M oftib vehicle

designed foBHus iRnUAL dm{lgﬁtt%}ﬁaﬂ@r% Reriaynaedren shaswoshastaes sngdwttor. Group V-
Free EGF (75 mg/ml) in 0.9% saline solution. Eacz(b%roupponssted of 10 rats; there

) / ( i _ 'fo%r%%o wounds
per group i 2GR0 YRAMASHTS SRERYBE B MR RXiI5irPaRiRlare T Wiith e Yol flulations
without 20nmigresphesess insestingthesnepdlrp2AP12) adhengdies moddaniterdeddrifwdesy Prior to
each treatment animals were sedated, with diazepam by the intra-peritoneal route. Animals.treated with
vehicle or A5 Fatidns E6fka i*nge%i%/roégﬁ%i:ﬁ%as&%ﬁfﬁ I%&%r,g@%égqnﬁ?rategggﬁ?fr%ngé.
Determinatearabihenie velrodwamdsttosLigomistolagical(dr&caSsing 1R8 Tise ippsieinisiaalaced on
transparent sheets for calcylating kineti f oungds ct r follawing times: Time
0- represéwfg%"{) éf“gp%hgﬁn}hjij%r%‘gge%@;/cﬁ Oﬁ%wﬁeu%oﬁ@i%orf %’ﬁ%«g fw%ZQ %urs@éfter the
indudtion ehicipseiEinielr- ave taySaifembehadttieometinjiiceesahefes wae M Sbifter the
induction ofojues: TiRE. de: e axsaltpsde indbclign ghinius. Fhm-ainihe3fdmonas set as the

[
end of this se[% y, onw e animals were sacrificed, accordin%éo previous experiences on the
kinetics ofane pehtamstesy arbitre dittheae sEittsoTHe AREGELRBIEPIRE borders of injuries were

digitized. The area of injuries and the percent of contraction were calculated by using the image

analysis SeiyarsiP | RAVH S atlisaliAnakyis ohRAR) PSY ANEIRTURIG BEERMMREH iR fhe SPSS 12

package by using the non-parametric Mann Whitney U test, a signification level of p<0.05 was
assufved. Bfifinals were sacrificed by intra-peritoneal injection with an overdose of Sodium
pentobarbitaldahargdihdargscuateodeaduptidnjthiespanniculus carnosus and 5 fixed in 10%
neutral formalin for later inclusion in paraffin. The hematoxylin/eosin [ ' sson's
trichromic n?WgF@"ﬁg‘éa&%&fr‘thh %euﬁ\,’ ?ﬁenﬁ%mebgr!@‘/ g%m%?@ﬁ%%ﬁ%?’%%ﬂeﬁ%ﬁgn of the
injury, andnwithng siffatificid andtdiff¢uertatedaisiaetarnis mogrdsiereiribe. newHehaanreetdicie kinetic of
wound COQE{%‘%H%';‘.&E% oL i LaRle S é?%@%oﬂelﬁxé&*?&'mﬁ%%%ﬁ BxRyseRRe-njeuys of

percent change of wound size with respect to wound size at Time 0).
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 animat facility at CIGB under a

constant ilumination 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

25  bedding (previously sterilized) every 48 hours,
induction of ulcers: Animals were anesthetized by intraperitoneal injection of

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

space up o 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 to

create circular, total width lesions with the aid of ¢ mm-diameter biotomes

(AcuDrem, F!, 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



Table 3. Values of ulcer contraction. (*) This means a statistical difference of p<0,05 with respect to
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 effects of contraction of the wounds edges, wjyjch, in other words, means that it exerts the most
favorable effect in the acceleration of the total healing. The 20contraction represents the convergence
of several consolidated events that approximate the wound to the remodeling phase. In Table 4
appears tﬁeib@ﬁi@ﬁt@%@@@@@pk@%%@#@ﬁ@éfwféF@@nﬁé&l%lﬁ%ﬁtt%@@ez@f{ihg Rficers in each
experimental group. Jihe falsiatiens weskmade eaihesolleotedssnaiesra Suai¢ aupmifying the
number of positive 25microscopic fields coincidently with the van Giesson's and Masson's trichromic
13 reacti§A¥fivRasiria in@rPirs iR dgisteigR Mhe evaluations independently and in a blind
form. _ Tag;@iga;,lﬁgmgmg@ij@i@nulated area at Time 4 for each experimental group. Sixty wounds per
experimental group were studied t%g means of positive Sreactions to.collagen fibers. .
15Un%xpé@8df§2°ﬁ§é 5RO b ?e@BWﬁ?ﬁr&’?ﬁﬁngg%?’E FRTH S §v%g‘r’ r%‘?égaz%“B‘f"”ﬂ% (without
cogncapsai@@d@tﬁ@i@n&)@@dabe iyastippwe ifdufahiedifects orodseprtteng @héstablishment
and maturation of ¢ ranulation.tissue, whi r ' cription above mentioned for
the procesésr%tfg\)/\?éﬂlr? rs% g%’}",‘ﬁgiﬁghg igi? ﬁg%f%%% tﬁﬁ%ﬂ%ﬂ%%bﬁa@% aﬁ;sopstudied in relation to the
epithelialiféion 1l- piacebo (vehicle used to suspend the microspheres: 0.3%

carboximethylceliulose, 0.1% Tween 2C and 0.9% sodium chioride which is locally
10 infiltrated}.

Group - infiltration of microspheres (without excipients) containing 675 micrograrns

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

infiltrations were performed on the wound edges and bottom.

Group V- infiltration of microspheres (with excipients) containing 675 micrograms of
15 EGF, 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 mg/mi) in 0.9% saline solution.

Each group consisted of 10 rats; therefore 60 wounds per group were studied.

Treatments were performed daily, in animals treated with the formulations without
20  microspheres, inserting the needle (271/2) on the edges and bottom of injuries. Prior

to each treatment animals were sedated with diazepam by the infra-peritoneal route.

Animals treated with vehicle or formuiations containing microspheres lcaded with

EGF, were infiltrated 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 following 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 animais were sacrificed, according
to previous experiences on the kinetics of the spontaneous healing of these lesjons.
The images with the borders of injuries were digitized. The area of injuries and the
percent of contraction were calculated by using the image analysis software
DIGIPAT. Statistical analysis of each parameter were performed with the SPSS



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 total keratin
layer. For the microscopic study a central longitudinal hemisection was practiced to the injuries and the
resultant pieces were 25 included in the same pay ffin 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%No. of wounds
with a epigekalizatipnsiaty teepithetorarcaoigphiath 28/ Groey U 564 6GignifiddtBtr |#8si@fupo IV 64

56 Groupp\é&g?&ms assumed.
Animals were sacrificed by intra-peritonea!l injection with an overdose of sodium
pentobarbital (250 mg/kg). injuries were dried up from the panniculus carnesus and
5 fixed in 10% neutral formalin for later inciusion in paraffin. The hematoxylin/eosin,

van Giesson's and Masson's trichromic stains were used. For each 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 wound contraction are shown in Table 3 (contraction

10 values in mm are expressed in terms of percent change of wound size with respect
to wound size at Time Q).
Table 3. Vaiues of ulcer confraction.

156

20

25

Contraction kinetic of controlied acute ulcers (%)
Group Time 0. - T!mg 1 v
Group | 0 6.1t 21 93+2.2 376133 567+ 3.8
Group il 0 83+2.2 11.4+2.4 415+2.7 67.4£45
| Group il 0 114 £33 | 225+3.8 | 69.8+48" | 868357
Group [V 0 9.9+11 128+ 1.4 52.4 + 3.1 69.6£49 |
| Group V 0 96+12 | 116%15 | 515%27 | 674145 i

g“) tThis means a statistical difference of p<0.05 with respect to the other groups. Mann Whitney U
881

Unexpectedly, the formuiation 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 fotal healing. The
contraction represents the 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 uicers in each experimental group. The calculations were
made on the collected samples in Time 4 quantifying the number of positive

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



10* This means a statistical difference of p<0.05 with respect to the other groups. Mann 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 erﬁpithelium. 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
formulatioretdicissbaseatbsaniplespher estoonigisingbdtne bealisapherinfiatiesth@arimental
Biomodel;; Qlﬁi}ﬁ?? rats with a body weight of 225-250 grams. Animals were maintained in
controlled areas of the animal facility at CIGB under a constant illumination schedule of 12 x 12 hours,
air change’ éjdfed; dirreriet afcasamsatethaniet at NEatshwioe datitidugibrimestd igtoda boxes with

eplacemesial WbRAdKLiieMpyRhalel F0LE a0 diauia B Eale MCIENuSY beer

treated for two months w 0.01% methylglyoxal solution to create ycosylation environment
simila¥ to fRASSERIRF HiagREHERR Batient of long term evolution. Among other organic damages, this
leads to a slow down of the granulation and 30 remodelation of wounds (Berlanga J., Cibrian D., et al.

(2005) Methylglyoxal a ug@géj@;g@;%g-gm&%r@v %rﬂggar{ges and perturbs the
healing process of cuta Clin Sc! (Lanqass{ggégfg'S -95).  Indugction of ulcers: Animals
were anesthetized by in# ihjection j i of rats comprising the
area from the retroscapulEe8gspace ip to the sacrumfafas Méchanically and chemically depilated.
This region was 15 aseplisiZéd with g solution of povigone-iodine andisopropyl alcohol. The area
over'lthe skin selected fo%ﬁ%‘?ﬂ uction of ulcers was #a‘h&*ea'a/ith Chinese ink in order to induce
circular, total width lesiomsryyjghithe aid of 9 mm-diamgter bigtgmes (AcuDrem, Fl, USA). Six symmetric
and equidistant injurieswere-ingteed-in-each—5-animal—tnjuries-were-washed with a sterile saline
solution and their inner Jefele® Was delineated with pérfanént ink for later calculation of wound area at
time zero. The injuries 0 rIcl)ﬁ';m als were hygienized, ?Iyg 70% ethanol and sterile saline solution
before the application of any. freatment Experimenta G oﬁ - 10The ulcers created in the animals
were randomly assigned to the following experimental treatment groups by using an input order/group

crossgmatiags e G naeribrie BesHMRNed knaseriEphoRth @ SPelaRfR IR ViRRse

profile {without coencapsulated excipients} exerted the most powerful 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 {o the epithelialization
process of the injuries. The microscopic aspect of epithelium was evaluated
considering the re-epitheliaiization of the ulcer, the presence of siratified epithelium,
and the existence of a total keratin layer. For the microscopic study a central
longitudinal hemisection was practiced to the injuries and the resultant pieces were

25 included in the same paraffin block. A iotal of 120 histotogical cuts by experimental
group were studied, which represent 60 injuries. The resulis are expressed in Table
5.

30



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). Group Ni- infiltration 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 the wound edges and bottom. Group
IV- infiltration of microspheres (with excipients) co/h%aining 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. Gitaigde/5.Rite H GF thebiregimbins0o9Pe siahieRaiation. HFagbwigep consisted of 10 rats;
therefore 60 wounds per group were studied. Treatments were performed daily, in animals treated with

the formulation phere i treat t animals,were seddted with
ouﬁégri&%q%% i?eﬁgewin \ﬁ%ﬁ%ﬁ%&%uﬁa@éﬁs containing

diazepam by th ncie or lorhual
r? e'T‘eveI of wound closure.

4
microspheres | vere infillrated Galy once. Detefhainatio dF5
Histologic processingiplhe injuries were tracegpon transparent sheets fegcalculating the kinetics of the
30 wokinds contractiomoverthe-fottowingtimes—Fime 0=Tepresents-16096-of-opened injury area and
0% wound contra@ﬁ%‘l‘f? ¥ime 1 - 72 hours aftéthe inductioh of injuries,‘!’ﬁime 2 - five days after the
induction of injut ug‘?ﬁ 3 - seven days aftethe induction of injuries,-?'gime 4 - nine days after the

g0l
induction of injurie&andﬁme&buﬂeend&&%@ﬂiuﬁm@mw@&lhemjﬂeenth day was
set as the end 1&ofighisvstudy, on which the @&himals were!sacrificed, atording to previous

experiences on [he Kinetics of the spontaneoys healing of these fesions; The imagesfwith the borders
of injuries were digii?8d” The arela of injuries®hd the percent of contraction were calgulated by using
the iffage analysigisofessye BHGIRA Tif6rStatisticel ehalyisisofct acthoairametersviiramperformed with
the SPSS packdyf&y Hdfig the non-parametric Mann Whitney U test, a signification level of p<0.05
was assu imal e rifi intra;peritoneal injeci ith e of sodium
pentobarkﬁ?@%ﬂﬁ&sﬁ(@mﬁ&és (\%/‘vggnfew #é(rq up%f?gorﬁf?ﬁ’%gr%ﬁ%%és %fﬁ;tl%psﬁé%?%gg {%ef%(%d in 10%
neutral forpaalfite fovitaest wrsasikrsfiatedigfiniRTdasensatONg g edsiwevi Shest ordicaimds\isson's

trichcamic stains;we . g h I Al it ithelization of the
R e e e A
epithelium.

Experimental model of chronic cutaneous ulcers

The following expenment was aimed at evaluating the healing effect, in chronic

lesions of poor progriosis 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: Maie Wistar rats with a body weight of 225-250 grams,

Animals were maintained in contfrolied areas of the animal facility at CIGB under a
constant ilumination schedule of 12 x 12 hours, air change cycles, and free access

25  to the diet. The rats were individualiy housed into T3 boxes with replacement of the
bedding (previously sterilized) every 48 hours. The animals had previously been
treated for two months with a 0.01% methylglyoxal solution o create a glycosylation
environment similar fo that occurring in a diabetic patient of long term evolution.
Among other organic damages, this leads fo a siow down of the granulation and

30  remodelation of wounds (Bertanga J., Cibrian D., et al. (2005) Methyiglyoxal
administration induces diabetes-like microvascular changes and periurbs the heaiing
process of cutaneous wounds. Clin Sgi (Lond). 108(1):83-05).

induction of ulcers: Animals were anesthetized by intrapetitoneal injection of

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

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



The values for the kinetic of wound contraction are shown in Table 6. 15 Tabla 6. Contraction kinetic
values of wounds during the evaluation period. Contraction kinetic of chronic ulcers (/0) | Group Time

11Time 21 Time 3 Time 4 Time 511 1--1 Group 13,18 1.115.31 + 1.15j 15.8 1.37 21.8 1.54 40.82
441111 Group 114.14 2.2117.63 1.12 15

aseptisized with a soiution of povidons-iodine and isopropyt alcohol. The arsa over
the skin selected for the induction of uicers was marked with Chinese ink in order 1o
induce circutar, total width lesions with the aid of 9 mm-diameter biotomes
(AcuDrem, Fi, UBA). Six symmetric and eguidistant injuries were induced in each
5 animal. Injuries were washed with & sterile saline solution and their inner border was
delineated with permanent ink for later calculation of wound area at time zerc. The
injuries of all animals were hygienized daily with 70% ethano! and sterile saline
solution hefore 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 table:
Group i- no treatment. 1t is a control for the spontaneous evolution.

Group - placebo (vehicle used to suspend the microspheres: 0.3%
carboximethylceliuiose, 0.1% Tween 20 and 0.9% sodium chicride which is localty

15  infiltrated).

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 performed on the wound edges and botiom.

Group IV- infiliration 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 mg/ml) in 0.9% saline solution,
Each group consisied 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 each treatment animals were sedated with diazepam by the
intra-peritoneal route. Animals treated with vehicle or formulations containing
microspheres loaded with EGF, were infiltrated only once.

Determination of the level of wound closure. Histologic processing:

The injuries were traced on transparent sheets for caloulating the kinetics of the
20 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 and Time 5
- fourteen days after the induction of injuries. The fourteenth day was set as the end



17.3 1.81 23.81 1.53 3975 3.63 1,1 Group 111 6.55 1.14*1125.334.1 35 3.51** 43.15 3.66** 67.2
3.44**11jGroup IV 6.25 1.51117.3 1.51 19.7 21299 2.85H48.16 3141
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of this study, on which the animais 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
contraction were calculated by using the image analysis software DIGIPAT.
5 Statistical analysis of sach parameter were performed with the SPSS package by
using the non-parametric Mann Whitney U test, a signification leve! of p<0.05 was
assumed.
Animals were sacrificed by intra-peritongal injection with an overdose of sodium
pentobarbital (250 mg/kg). Injuries were dried up from the panniculus carnosus and
10 fixed in 10% neutral formalin for later inclusion in paraffin. The hematoxylinfeosin,
van Giesson's and Masson's trichromic stains were used. For each group, the
number of animals with 100% epithelization of the injury, and with a stratified and
differentiated epidermis was determinea.
The values for the kinetic of wound contraction are shown in Table &.

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

Contraction kinetic of chronic ulcers (%)

Group | Time 1 g Time 2 Time 3 Time 4 5 Time 5

Group | 318211 £31+1.15 15.8 +1.37 218+ 154 | 40.82+4.41
Grouplf | 4.14£22 | 763112 17.3 £ 1.81 23.81+1.53 | 39.75+£3.63 |

T ! ‘ :

| Group il | 555+ 1.14% | 25331417 | 35351 | 4315366 | 67.2£3.44"

[ Group IV | 825% 15 i 17.3+1.51 187221 26.9+285 | 48.16+£3.14

Group V 6.67+£1.8 % 15.4 £ 1.63 % 16.8£38 281 +£3.31 - 45.?2i3.55%

(*} 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 groups. Mann Whitney U test.

Contraction values in mm are exprassed in terms of percent change of wound size
20 with respect to wound size at Time 0.

Unexpectedly, the formulation that contains microspheres of FCE with siower

release profile (without co-encapsulated excipients), exeried the most powearful of the

effecis 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%  contraction represents the convergence of several consolidated events that

approximate the wound to the remodeling phase. It is remarkable that these wounds



| Group V 16.57 1.8115.4 1.63 16.8 3.8 128.1 3.31 1 45.72 3.55i (*) This means a statistical
difference of p<0.05 with respect to the other groups, *1 This means a 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 20with reiﬁect to wound size at Time 0. Unexpectedly, the
formulation that contains microspheres of FCE with slower release profile (without co-encapsulated
excipients), exerted the most powerful of the effects of contraction of the wounds edges, which, in
other worglg mganséhalidepxatiisaihenberaxsirlie: ebeehén dbaceelotation iof tigdetakbealing. The
25contraction re resentshthe conver enc%%@ivgr?l 0 SO"dateaf ﬁEvent% #ft approximate the wound
to the renQSHgﬁ‘ﬁgoﬁHg?@ RSP @ 3R gs2 PAY 8]%}8 Phibchemical
microenvironiaeid of thephabetihwouadentwhichiie cantraiEiibrommenbaursnars patheldeecally
ab0|'S.hecég'r%r?upa?{c%'r?ltigrsﬁ%t%lfft(%rmcr!P a0 cg{éﬁ’r‘%’%%%% t&pr%F%SR%a‘i’rfﬁ?a}Egﬁ%@%@9&%&%9re and
organized granulationtissué of the chronic ulcers in each experimental group. The calculations 5 were
madé on WeredlladtedrsdnepledietBineadglgantifyiigae auanbbling Pusitvebicospepitvields

comeiieneBt e vaRde eaanBiadi MaRsalks JaRh (O ERACIANS A SaBIfoRfY ora
pathologists and a consultant made thé evaluations independently and in a blind form. Tabla 7.

Percent oFgri9IRted feeatSHMES forevae eRpEIREINS FFotip 21CEREABumadsertBRperimental

group wes, sty dreanaLitRosiive reastigns:#e. collagen fibers.  Group V65.72 2.98 20rt This

means a statistical difference of p<0.01 with respect to .
Tabla 7. Percent of granulated area at Time 5 for each experimental group.

10 Sixty wounds per experimental group were studied by means of positive
reactions fo collagen fibers.

Area covered by mature
granulation tissue {%)
s Group | E 3178 £3.25
Group § 2985+ 228
Group i 816+ 3.556*
Group IV 68.12 £ 2.55
Group V 6572 + 2.98
20 ©*y This means a stafistical difference of p<0.01 with respect to

the other groups. Mann Whitney U tast

Unexpectedly, the formulation based on microspheres of EGF with slower reiease
profile (without coencapsulated excipients) exerted the most powerful of the effects
25 on the process of establishment and maturation of the granulation tissue, which
corresponds with the description above mentioned for the process of wounds
coniraction.
The effect of the freatments was alsc studied in relation to the epitheliaiization
process of the iniuries. 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 iayer. For the microscopic study a central
iongitudinal hemisection was practiced to the injuries and the resultant pieces were
included in the same paraffin block. A total of 120 histological cuts by experimental
group were studied, which represent 60 injuries, Ne injury was eliminated by

35  bacterial contamination. The results are expressed ih Tabie 8.



the other groups. Mann Whitney U test Unexpectedly, the formulation based on microspheres of EGF
with slower release profile (without coencapsulated excipients) exerted the most powerful of the effects
25 on the process of establishment and maturation of the granulation tissue, which corresponds with
the description above mentioned for the process.gf wounds contraction. The effect of the treatments
was also studied in relation to the epithelialization process of the injuries. The microscopic aspect of
epithelium was evaluated 30 considering the re epithelialization of the chronic ulcer, the presence of
stratified &pitheBuiffactichtieistetroedkokeepiifitdipdizaRprithe alicrogcagicestudy a central
longitudinal hemisection was practiced to the injuries and the resultant pieces were included in the

same paraffin b 0 higtplgeical, cuts i, experimgnial gsauRNeEs studied, which
represent 60 infi Jmigal rial inatian.: The results are
_ FEUM AL ARG C%E?é !ﬁ%‘i{%s;m e Cloers.

expressed in Tab
hulation bas#&d8 on microspheres of EGRhaving a slow profile (without

10Group I, treateduwgith the forn
exciprPents), surprising showed the bestindicators of epithetiat-answer, supported by|the total
re-epithelializaficg’lfg the maturity of epithefitim. _ Example 3.1n vivireffect (in patients with
cutaneous chr@n@&ghgmic 15 ulcerative wounds) of encapsulated EGJg vs free EGF. The formulation
based on microspheres-of EGHofslewprefile {(without-exgipients)-was-administered in patients with

diabetic foot ulcepscamd Yisk of major amputaidn. A diabetic female patfént of 58 years of age with a

chronic ulcer, i r%rl foot, ofian area of 30.5 cm2 and evidences of4 chemia of the affected
member was treag[ed@%:] 20 the!formulatio ' present | injury debridement,

the fymuigtion Wi?hr@eifé@%ﬂ‘?'iﬁé_%rﬁ@Ei%@b%@é\ﬁ%rﬁ%éﬁ?sm@!@s‘%@%@Wéﬂﬁ?rs%l&ﬂce every 15

days during a month by means of infiltration of the wound edges and bottom. The fast formation of

useful graifafdioMitaid HE8RBEE e G WIRIENHe TRV clhBftEEthc HdiaiReht StarRDBSERINg to cover
100% of thpsafieciedmiradiytie-Aalird- wasleithanatieplshrvagariptsiastanigvolution with

complete closing of the injury and avoiding the need to indicate amputation. The pharmaceutical
composition was well tolerated and no adverse effects were detected. The perilesional and

intralesiorsaiadFiwnigratipneléhis oo upiiopamyatedwith fogoratien 08 gurokitorigidsemiand the
woux;gl closggre, hich unex eciedI)é‘%)ronl%e%g%iI e u#cer ing process to occur in a shorter time
interval whiFFé8 3&‘%’5? §¢ LIRS e fedd% amputation was avoided. This modality of
treatmenttoeniarouistahmsbetter tolereswesmsvirti€soT tiestwb stenitial (véthmitomoiptRetijections. 19
CLAIMS

was administered in patients with diabetic foot uicers and risk of major amputation. A
diabetic female patient of 58 years of age with a chronic ulcer, in the right foot, of an
area of 30.5 cm?® and evidences of ischemia of the affected member was treated with
20 the formutlation object of the present invention. After injury debridement, the
formulation with microspheres of EGF with siower release profile was administered,
once every 15 days during a month by means of infiltration of the wound edges and
boitom. 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 compiete closing of the
injury and avoiding the need to indicate amputation. The pharmaceutical composition
was well tolerated and no adverse effects were detecied.
The perilesional and intralesional administration of this formulation favored the
formation of granuiation tissue and the wound closure, which unexpectedly promoted
30  the uicer healing process to occur in a shorter time interval with respect to previous
treatments and the need of amputation was avoided. This modality of treatment
turned out to have better tolerance by viriue of the substantial reduction of the

injections.



1. A pharmaceutical composition that contains microspheres of Epidermal Growth Factor to be
administered by parenteral route in the cutaneous chronic ischemic wounds of the lower limbs of
diabetic patients and to prevent the amputation of said members. 2. The pharmaceutical composition
of claim 1, wherein epidermal growth factor is encapsulated into polymeric microspheres or
nanospheres. 3. The pharmaceutical compositioﬂ f claim 2, wherein microspheres are made of a 10
polymeric material selected from the group consisting of homopolymers of glycolic or lactic acid and
the copolymers derived from both (poly (lactidetgsiggcolide), poiycaprolactone,
polyhydroxybutyrate-polyhydroxyvalerate copolymers, polylactic acid-polycaprolactone copolymers,
polyorthoesters and polyanhyd rides. 154. The pharmaceutical composition of claim 2, wherein said

migrosphereskf}&hm;aaﬁamlemrdnrﬂmsam@emmqmmamimeﬁaeTm phapitscaaticataetmposition of
claim 2, wheteln,epidegmalgrwid facior egnsiiies e, 4 O that s ol st of e
microspheres. 6. The pharmaceutical composition of claim 1, wherein the release rate of
20epidermal growtts fattbe afer thelfisseidaipbietioapaliamissaandte pyealyine Fmewatienateutical

composition QEQTHEréngQQrein the epidermal growth factor released during 14 days conserves its
physical-chemical and biological properties. 8. The pharmaceutical composition according to any

of the predioUd 61BN RRRAICHiSUEEE HiiReat et WS BRI SRR Datient. 9.

The pharmacgtical gepasition peraidintiaspme Rktbe Risyiptelaims, which is administered by
means of the local infiltration in the tissue that includes the edges, and bottom of the lesions. 10. The
pharmacettical BRABEGEH S SRITRP RICAMS ' 1T %;‘fm'ﬁ{:?f%s”%'ﬁgﬁ%ﬁlféﬁ%ﬁiﬁ 2 rﬁ?&ensitive

hydragel of the PR&HPLGAREGsyReten aderivait/efram cutasaimgr dexitanopolymers of
glycolic or lactic acid and the copolymers derived from both (poly (lactide-co-
glycolide), polycaprolactone, polyhydroxybutyrate-polvhydroxyvalerate
copolymers, polylactic acid-polycaprolactone copolymers, polyorthoesters and
polyanhydrides.
15 4. The pharmaceutical composition of claim 2, wherein said microspheres have a
diameter in the range of 1 ym to 100 pm.

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

8. The pharmaceutical composition of clam 1, wherein the release rate of

20 epidermal growth factor, after the first day, is between 5 and 10 pg/day.

7. The pharmaceutical composition of claim 1, wherein the epidermal growth factor
reteased during 14 days conserves its physical-chemical and biological
properties.

8 The pharmaceutical composition according to any of the previous claims, which

25 is used in the treatment of ischemic wounds of & diabetic patient.

8. The pharmaceutical composition according fo any of the previous claims, which
is administered by means of the local infiltration in the tissue that inciudes the
adges and bottom of the lesions.

10. The pharmaceutical composition according to claims 1 to 7, which is suspended

30 in 2 thermosensitive hydrogel of the PEG-PLGA-PEG type or a derivative from

shitosan or dextran.



