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 surgica debric&?men i the most artant treatment 30 for
the ealiniFof 17L SAbaE LIS: B Ehd il b e e B belote AP bty 1ORar i BPABLE e oty
The surgicedidébricenidrt crssts of sbthevingtalt deatharidarfe ciau pisstig(incfudiad babes)sfrom the
injured region, as well as the surro n%]n callous tissyes, ;2 The us of%r [ for diabetic foot

ulcers is\}\v’g\i('gewlIaensfaarf)r?i!"éﬁ'eitrjw,c};lnefp('?lf%hsgliL§3gLdges\l/J Al 5r:[ sélc%9 é?é?“%,%?r%g r‘%\’/ee E§§r’1§' l@ﬁ%lgg‘g tﬁ\ﬁe)oégvantages
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h been few, and they have been direct inl ow-grade r I idences from 5
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bi@Absorbibleinreste o THidaikviCdshasSsowpita Bg1 04-14). Mortality to the 5 years of the
patients who suffered an amputation of lower limbs is about 50-60% {Reiber G.E.
(1996) The epidemiology of diabetic foot problems. Diabet. Med. 13 Suppl 1:56-11).
Several methods have been used for the freatment of diabelic patienis 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.



15 effective in low-grade ulcers with a greater proportion of healing in a smaller time interval. (Marston
W.A., et al. (2003) Dermagraft Diabetic Foot Ulcer Study Group. The efficacy and safety of Dermagraft
in improving the healing of chronic diabetic foot ulcers: results of a prospective randomized trial.
Diabetes Care 26:1701-5). The Apligraf consists ofza layer of dermis composed of human fibroblasts in
a matrix of 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 wheRStY8ppHEP e (ro shaRR B iRl e are wet pstandahaderpaioyah, savargool)

Graftskin, &iRuganskinpguivalanbds eacdive imbednanagedentatroarafectrdapyopathic
diabetic foot ulcers: a ro%)pective 25randomized multicenter clinical trial. Diabetes Care 24:290-5). In
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who have neuropathic ulcers with d sanguineous perfusion (Wieman T.J., et al (1998) Clinical
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patients, which extend until the subcutaneous tissue or more deeply and have a suitable sanguineous

flow (Btem 2t 8KEERh B TBIRIIRIF NG ressuu PPEotsEd b IFaiRBheERtaSE LHebelEE. Am. J.
Surg. 187(5A)13$4403)7Recently a method for the administration of a healing agent like Epidermal
Growth Fagtor (EGF) wa blished, which consists of the infiltration.of an EGF solytion jn the injury
by oSBT TOR R G A Re AR SRl R L2 S, RV oot for
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manufacturs Rf- A medicameakiar thetaaineHebiiesiapgausdligic ischemic wounds of the lower

limbs of diabetic patients and to prevent the amputation of said members, wherein the medicament is
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present inviertiamtterst teiaplkarmacadicaicompasiton HaGeo ndainsaniesosphefesinaded with

Epidermal sGarf%V\gt}q 'i:i?ec tgg,at[%%%tag{n cﬁ?a! teetlcrg dpta)%{ents who 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 =



parenteral route in the lower limbs of diabetic patients who have cutaneous chronic 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 digestion 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 voliE3whieh setisfesissy rasute mitiiddDiaime isinaplercontdRegfransihveatidn, therterm

rcontrolleCiglease cldaseLHeass eLIBEARD hercapinuons, dRealmp asliieg g nonlinear

form. This is accompanied by using different compositions from the polymeric matrix, inclusion of
excipients #aRep dRfiaTEscleHsh Froans artldheneukauiasrerpdisere: degramatinerihanters or
other modifigationsswihish madgehindividualy @réamiinegsaseduce 15the smupested efiggkin the
properties gf the cogfosition. T%fénicrospheres are obtained by the double e

mulsion/solvent
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composition of the olgmeric matrix, the molecular weight of the polymer and the addition of other

excipients YPHIR FEHY SN TRANLSRET 5 TREVSTSASS B FRBIDHASEwith similar properties like
biocompatibiiyeardeiqargradabdityscopbagss did heistclusigpativaiatagieneh Stactors (e
polyhydroxybutyrate-palyhydroxyvaleratecopolymers,pglylacticacid- polycaprolactone copolymers,
polyorthoe)%/%gsg%aqp gyg%ﬁwy d%gi{?rg can 09% mciBge% n  prop y%c’ng or therapgut&/:
compositions containing microspheres of polystyrene or other non-degradable

poiymers, to improve the repair process of wounds such as diabetic foot uicers, by
means of the iocal application of a suspension of these microspheres in an
appropriate vehicle. Topical application of drugs has the limitation related 1o the poor
conirol 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,



In a preferred embodiment, the microspheres of the pharmaceutical composition have a diameter that
is in the rank between 1 and 100 pm and the EGF constitutes 5the 1.6-2.4% of the total mass of the
microspheres. In another preferred embodiment, the EGF encapsulated in the microspheres is
released, after the first day of its infiltration, in amounts between 5 and 10 pg per day and it conserves
their physical-chemical and biological propertie%aduring 14 days. Another aspect of the present
invention refers to the treatment of ischemic injuries of 10 a diabetic patient, through the administration
by means of the local infiltration, in the local tissue that includes the edges and bottom of the injury, of
the pharmaceutical compaosition above mentioned. The microencapsulation of protein drugs requires

special attenBBH R ERFFPBANSRERGIN BRI biomolecules after the microencapsulation process.
This is dueitp §bribesfachthaiipeaiginsaeantiprits-anaiornity, sensitivededighieppeipbiaesthaldrequently
are generated n.the encapsulation processes and to the organic solvent used for dissolving the
polymers. ﬁﬁ”ﬁ%@&ﬁaﬁﬁi%sﬁ?@c%?&%w@ IS BWA BEHAGBFIATHE e ASERERPETRtBh
processes. faonsigeringithesetaspeis; thetestabiisherentafienmeihadelogy fordhepiepanatian of
microspheres loaded with 20proteins 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. 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-inflammatories, 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 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 compaosition, 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.
Unexpected§RE Waois: i dnaiobiastivaioh meventing thentsnputatioscd itheseanesrimrelerate the
EGF releasg and thiedereblaiareaterrocipentiationppiibe %‘éﬂ:&&”%i&%ﬁ&é@ewum
effects of the formulation of this invention. Brief description of the figures Figure 1. Scheme that
represents%@%@%ﬁfﬁ%of the ulcers induced in the animal 25model. Figure 2. Diagram of the process

for obtaininththemigpespiveresicadedininidsabHydbestdontleprmdsinny salent eyapgratign method.
Figure.3. Scann'rjg erlgf:ég% mict):{ h of a mi%%é %h%e loaded with EGF. Figure 4, Release profile
S

of EGF frof PL A icrossRefds TThie RERNES O PIORIREENTUHR FSailerdyidgints the
quantity of @R retehs ttbvwinithdsexpressddratha perasiafdhe total EGF contained in the
microsphergsthat vere keedd rment,. (4..) rele formulation and (0) sl elease
formulation. 7 Figure 5. R’g\géérgék}gﬁgé%%%%w%gr%erré%ég ?qaﬁfﬁgecr%%im%grggﬁy?%%é’égﬁ@ested with
trypsin und&rdifersagenrelitdn sishesistrol = tFebevBIBMmeCWEGK iencdgatdatén inddhGdlied
microsphefgsyD: EGF mixed with empty PLGA microspheres. 5 Examples In order to present a more
complete description of the invention, the following examples are described: 10 Example 1.

Prepafhtiol'dfthe PHarhridElRidar2oirpo ol EBn AR P Crerperobshuies rreame of

the drug in a continucus, 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 other modifications, which made of individually or combined, produce
15 the expected effect in the properties of the compaosition.
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,



Preparation of the micros pheres loaded with EGF Polymeric solution (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 deposited in a glass container and 200 pi of an aqueous
solution of EGF at 20 mg/ml was added. This mixtuge was sonicated during 30 seconds by means of
an ultrasonic probe (IKASONIC U 200 S control (IKA Labortechnik, Germany). The first emulsion was
added to 40 ml of 1% polyvinyl alcohol and the second emulsion was obtained by means of a vigorous

agitation oft2dythelioxabetyaie 4000 yprmuysingraid 8 Ultradsma(cd Labogigghnike Germagy). The
double emullsi d of 0.1% polyvinyl alcohol 30,000-70 000 (Sigma, St. Louis,
Missouri, Sé,&g%#d%%%%(% if? 33 %@’?ﬁn%sérﬁz] & fgﬁ\e\é\é %@é"éﬁﬁﬁé?%ﬁfﬁa ??at 300 rpm during 1 h for
evaporatingdiMEtEiethaneb ettty nticeosptromsaere oblibetgehbyflitativnaveshed Stimes with
50 ml of distiled waterRand.gri r ing.| lizer (Edwards,LIK). Drie
microaheres was stored artiﬁag ?nﬂ?%éj%%%ﬁ%ﬁ%oggﬁﬁé h%%\gfsté % S 8?%%%%

excipiehted Wiet&shiamebithaitimhgans sithe priscediresst with the addition of Pluronic F-127 (10

mg) and NaChbfmoprsbednteislahientsbassr g chasiazalion of miergspheres fontaining

EGF The efficiencg of the migroencapsulatlon process and protein loading of the particles were

calculated, BFREAnaTBRtHE dBR GRnalish B Eaiotoiicamattn bstrremicRIBCIR assag! fathe
resulting seluticrcinerethe digespovsaipayigiasvind NidaeEVh W@@m&y@a{@%y@h 1N HCI
before the }g%%%@j%%ti%& 8 M%c}rogarti?es of spherical form were obtained as a'result from the
microencapsulations process. ThRy exAea Y B JHErsitie SR per o tagtire ) mkeses of
micrdsphe fedialericamiimedtivitghyibi afraibot=AE% o wasipessitie lodacHpaEeninihge
microsphe betwee -60%,0f the total protein mass Sintraduced in the encapsulation process.
The pa\?ticlgegga?é{xhibi_tecfh ag%p?r(ﬁ;gi‘r% %&?/atcﬁ%é %%?c\)%/eaéﬁélj %8 And E? 5, THES E}?%@hﬁﬁ@‘&%ﬂf&%ﬁs \E)vas
smaller th&it P PHICTEHISVE DRAHAERistics of rnicrospheres containing EGF, The inclusion of

excipients gigng j i fi t jsti 1 icrospheres,containing EGF. 10
In vitro reIease_oiEC gﬁ%&%ﬁﬁi@éé@ﬁ E?g/éfr%gg %ﬂfﬁ g?é%ég%%éé‘%égggg JJ‘??H“EE I'—R:\"/qi/aété0 uiopré’}?ded in1l
milliliter of 76T ISR BOROIETWEE ey dhe oriopetarnaLiigs, MaeBS:pitis2)s The $uspension

was irubaiied a3 AangritgipRti g &iMngidtappaied duneilerva! %@J& , 3, 7 and
14 days), §am8Ie were Cgentrifu ed for 5 ntlin at 5&(%89 rpérgpiﬁ!gmﬂ\{lges&%hﬁg le cé‘%\%{%g?(\ﬁjttlingen,
Germany), the"SU grﬁ'ﬁﬁﬁ%ﬁ%@%”@% PrPRHIAI08 MR B3RS AN dBiliRy TTaRNvaROARISd. The

concentratisedfEGHssobag tihssynresaripaashesessed wilbihaRimaBEARSTRYoIRE release
profile of Eb%ﬁa%%aﬁ)ﬁ’ u{%ednglpmt_ggn%lég@!ggggos rg%re%Sseeé(.hl I})%(jsi et%s ' these aspects, 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



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
encapsulated protein was released in both preparations, whereas in the rest of the evaluation period
the release profiles were different: liberation of EGFE.from microspheres with excipients reached almost
65% (in an approximated rate of 26 pg per day) an(? up to 30% was released from 25particles without
excipients (in an approximated rate of 7 pg per day) (Figure 4). 9 Characterization of F_GF released
in vitro Thihexperirntthadthetakisstivaref deangiraiisg thalitieensapsidatelmieansgrves their

physical-c ical. ' ' roperties. The properties of the EGF, released during the incubation
period (14%%%%?%\?@%%%%%&&%&%%% i éaisae%&ﬁﬁé‘ eﬁ@?&e‘%};‘ Binti ?g%a‘ci%ﬁays was
characteriZB8rByaHBarkoenteestingn ity tical geohimiqiesnieversbidiphasestightiperfarmiaase:diquid
chromato F -sodium . | - |amide gel electrophoresis
(SDS-PAg ?ﬁg@g’ﬁ‘ﬁﬁk@dﬁﬁrﬁﬁ%ﬁ&%@@%@ l?%ﬁ%%?éﬁg %ligﬁfréd?al“ iral ach f&igg%gssay. The
resultsSap&é%’Pfh #Blethergmamie B Hgsical-chemical and biological properties of EGF released in

vitro, ' Anaisis biRaelansad 2RalBEee’ braviays TRy ShidAasbELISARED) 88nts

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.



83 8788: | SDS-PAGE (%)b 98 100 99100 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

Figure 5. Reverse-phase high-performance liquid chromatography of EGF digested
with trypsin under different conditions. A1 Control, B: Free EGF, ¢ EGF
encapsulated in PLGA  microspheres, [ EGF mixed with empty PLGA

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.



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 characteristics similar to the EGF
used to obtain the microspheres. Effect of the micgoencapsulation in the stability of EGF against to the
action of proteases 200ne mg of EGF was prepared independently in three different condition (i)
dissolved in 1 ml of 4% sodium hydrogen carbonate (NaHCO3), (ii) encapsulated in PLGA
microsphefsqpstiiriageidhit) aptisiispeniost in waig ofP8iNatHCEs and (iEpwiixetiowith B8 mg of
empty PLE aicrosphirias Aprhsuspender bl tedia COm Aftaranal J0B-RlL290 po/mi

[ were incubated at 37C during 4

trypsin in 4% NaHCO3 was added to each 25 preparation and the
hours with §BRRISRFARE R WY DIEEINarssvked el PhiFSToN B R AR5 SEEaB control.

The reaCfﬂﬁBﬁg@%ﬁ&@P@ﬁ%Eym@%é@ﬁ&&,Ob@fgﬁlé‘élfﬁ@ﬁécé%@ﬁ@‘@aﬁﬂmﬁé @%@fka@ﬁiﬁtﬁimiﬁf@h?% were
10 centrifuged during 10 minutes at 6000 g and supernatant was separated from the pellet. The EGF
microbncAETER of 2o fSA R R BFOCER R A iR Sth S & BUR S5 S extraction
with dichlakemetihane/asetc4aiditRuizz2. & thetral((1R88 Micvoancanpsisiaticm @éphice: a study of the
phase separation of poly (DL- 5 lactic acid-co-glycolic acid) copolymers 50/50 by silicone oil. J. Pham.
Sci, 49:69t2@)e All Hesapiptisive vf miakoeiisyREHPAD HolldWatg the procedure described by Han

et a/. (Hanmmrwmmdfwdégrmmammmmbmﬁmmpidermal
growth factor (thEGF) in the rat gastrointestin&f"ﬁmﬁggﬁ?%ﬁ%. PRSFREPIEESRY. £9%). WHe results
(Figure 5) show that both non- 10 encapsulated EGF%ind the EGF mi&éaz/\ﬁt’PfiMﬂ/ micrcgspheres
was comp e%‘?@(ddf raded. However, the encapsulaied EGF wgs protecteg;against the proteolysis and
its chromatographic profile was similar to the one of the control. ___Example 2. In vivo effect (in animal
model) of em@@%,ﬁgﬁc\@ggyzq@e 15 EGF Experimental mode/ of cgntrelled acute injuries The
experiment.-described-here- ith-the objective of evaluating the healing-effect,-in acute
injuries of satisfaciasydirgomesis, of the new phatré&celtital formulation withindi©®spheres of EGF to
be used for-infiltration-or-parenteratty;-by-201means-of-injections-in-the-wotind-ecges-and-bottom.
Experiment&lBictastist:(Male VVVistar rats with a bddy-weight of 225-250 giémé. Animals were
maintained-imcontrotied-areas of the animat facitity at CIGB under-a constant itumination schedule of

12 x 12 hdlirg, Hhksihgbeironanisridae yareds pHisebrantrHavdie o FstaURitaI dRised into 13
boxes withsieplasesmentehtbving EGF.

10 In vitro refease 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 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).



25bedding (previously sterilized) every 48 hours, Induction of ulcers: Animals were anesthetized by
intraperitoneal injection of ketamine/xylazine. The back of rats comprising the area from the
retroscapular space up to the sacrum was mechanically and chemically depilated. This region was
aseptisized with a solution of povidone-iodine andgsopropyl 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 9 rim-diameter biotomes (AcuDrem, El, USA). As indicated in Figure 1, six
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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

25

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



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 contraction were calculated by using
the image analysis software DIGIPAT. Statistical agalysis of each parameter were performed with the
SPSS 12 package by using the non-parametric Mann Whitney U test, a signification level of p<0.05
was assumed. Animals were sacrificed by intra-peritoneal injection with an overdose of-Sodium
pentobarbieni{@eoangikgndn]drisinvias dritalipdrentithensanaisiiuyaasrsie@sd B ixddEn 10%

neutral forgmalin ferdaiesAnclusion in nariati. dhesbemaloxy ine ATt YARCRISS AN spfMasson's

trichromic stains were used. For each group, the number of animals with 100% epithelization of the
injury, andRAthBeskalified AcPdifshaniad Epiche I derifriiErciThiavaldd (6 e kinetic of
wound commi)o?w@@ﬁw@mﬁbIge%ﬁ@@ntéagtmf1& Wﬂ@%%@)@kéﬁﬁ&%ﬁ; Qﬁf@ﬁi&ngtﬁ,&ms of

percent change of wound size with respect to wound size at Time 0), Table 3. Values er
oot ol I FEANCE SAHCh AP HEIZCR 0r D b AR Plape e B BYoLis. Mann
Whitney Uatieshel beldnexpacied ytiestaf oy &iomirial colitaihsgnicrospherh s o fde6driveth isjower
release prpfile (without cp-engapsuylated ipients), exerted the most, powerfyl of the effects of
contractior% %’Fth“eg V\§‘g‘urggfs‘%”édgzjls,e\l/{vhﬁ?h,<‘i?ir)1é Fgg}eg\/’%rs s?%%:angse rg%%tg)xﬂer s”%e?ﬁ%% %évocrtible effect
in the acceteratibmsfthisitoth healiiegrBhey2Beintiacton reptéserits the cahvergtnitdesiisaleral

consolidated,eyents ihay approximaie the wayncindhe eporaling.rbase.p fiahle ganpears the

percent of area occupied by mature and organized granulation tissue of the ulcers in each

expetfinerkargesupianhdtalicalations ek miders ofith2oamyc e SEppREss N B e Y qiaiRiifying the
number of positive;25Mmigisconic fiskdacainaidenty it ihe van-GlessprsprdMasaasgdichromic

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



13 reactions in each sample. Two pathologists made the evaluations independently and in a blind
form. Table 4. Percent of granulated area at Time 4 for each experimental group. Sixty wounds per
experimental group were studied by means of positive 5reactions to collagen fibers.
15Unexpectedly, the formulation based on microspheres of EGF with slower release profile (without
coencapsulated excipients) exerted the most powerful of the effects on the process of establishment
and maturation of the granulation tissue, which corresponds with the description above mentioned for
the prch@@ﬁﬁﬁ%a’ IR SO T HECH TH TR h YRR & 8 8 SWTfe?fiT rel4fion to the
eplthf‘;|a|l@iﬁkﬁ%p&%%ﬂfﬁ@siW&@Shﬁl@rﬁz@ﬁo&@ﬂpiwmﬁpmb’@fmliwmjV\ﬁ&sﬁuakﬁitmj
considering the re-e ithegj}alizati n of the, ulcer, th resence of stratified epithelium, and the existence
of a total ﬁ%*létﬁ‘?ﬁ%ﬁgﬁ %ﬁ@‘ﬁ&%@%@@%@%ﬁwgﬁ%}mm longitudinal hemisection was practiced to
the injuriesardithetesattanipieces were 25 included in the same paraffin block. A total of 120
histolggicg] cuts by experimental p tL{ng , \whi r injurigs, T ts are
expresse E‘he Tgl?%r% g@%é?ei%. ecef\%o%[‘t%lg tre‘%%h;prgiﬂtsagf@ e%i%%e%%ﬂ%%tirgﬁ oﬁf’%voi&rﬁgfﬁ%o. of
wounds 168gsrapithislidtizaitiorn No: s GNdgSNh e et UPa32rBIGTeEp-Tiatching 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



56 45 Group Ili 81* 73* Grupo IV 64 56 , Group V 60 51 10* This means a statistical difference of
p<0.05 witn 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 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 peigirge dftheneviiEophararisaritsl iamulativih eyat/isasdsaedsismifteissplasadontaining
EGF, 10 be.y 05 was assumed.
Antmals were sacrificed by intra-peritoneal injection with an overdose of sodium
pentobarbital (250 mo/kg). Injuries were dried up from the pannicuius carnosus and
5  fixed in 10% neutral Tormalin for later inclusion in paraffin. The hematoxylin/ecsin,
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
differgntiated epidermis was determined.
The values for the kinetic of wound contraction are shown in Table 3 (contraction
10 wvalues in mm are expressed in terms of percent change of wound size with respect
to wound size at Time 0).

Table 3. Values of ulcer contraction,

Contraction kinetic of controlled acute ulcers (%)

Group Time 0 | Time‘? .

e

15

20

25

Group |

61+2.1

93+£2.2

376+3.3

567 + 3.8

Group H

8.3+22

11424

41527

67.4+£45

Group

11.4+£3.3"

22.5+£3.8"

80.8+48"

86.8 + 3.5

| Group 1V

86+11

128+ 14

524 + 3.1

896+49

i Group V

[ 20 S o T (N oo I B o B )

g6+12

116+ 1.5

S S

51.6+27

674145

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

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
contraction represents the convergence of several consolidaled 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

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



used for infiltration. Experimental Biomodel: Male VVistar 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 cycles, and free access 25 to the diet. The rats were

individually housed into T3 boxes with replacementof the bedding (previously sterilized) every 48
hours. The animals had previously been treated for two months with a 0.01% methylglyoxal solution to
create a glycosylation environment similar to that occurring in a diabetic patient of long term evolution.
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wounds (Bedanga dorieibrian D., et al.
Fpﬁrturbs the healing process of cutaneous wounds. Clin Sci (Load).
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on the process of establishment and maturation of the granuiafion tissue, which

corresponds with the description above mentioned for the process of wounds

coniraction,
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
25

practiced to the injuries and the resullant pieces were

included in the same paraffin biock. A iotal of 120 histological cuts by experimental

group were studied, which represent 80 injuries. The resulis are expressed in Table

5.

30



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. Histolodic processing: The injuries
were traced on transparent sheets for calculating the kinetics of the 30 wounds contraction over the
following times: Time O - represents 100% of opened injury area and 0% wound contraction, Time 1 -
72 hours after the induction of injuries, Time 2 - f|ve days after the induction of injuries, Time 3 - seven
days after thB!m8ublitasbefjeiés atmrenis: oinepdtipdiafentibe infiuetiendst injuries and Time 5 -
fourteen days after the i ductlon of injuries. The fourteenth day was set as the end 16 of this study, on
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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
Cibrdan D., et al (2005) Methylgivoxal

administration induces diabetes-like microvascular changes and perturbs the healing

30 remodetation of wounds (Berianga J.,

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



,Group113.181.15.31 1.15!115.8 1.37121.8 1.54!140.82 4.41i;1 Groupll 414 2.27.631.12

117.3 1.81 23.81 1.53139.753.631 | | | Group 111 6.55 1.14* 25.33 4.1 35 3.51 43.15 3.66"167.2t
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15

aseptisized with a solution of povidone-iodine and isopropyl alcohol. The area over
the skin selected for the induction of uicers was marked with Chinese ink in order o
induce circular, fotal width lesions with the aid of ¢ mm-diameter bictomes
(AcuDrem, Fi, 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



Group IV 6.25 1.517.31.51191 2.1 29.9 2.8548.16 114 Group V ,6.67 1.8 15.4 1.6318.8 3.8 ,28.1
3.31145.72 3.55 1 (*) 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 expressed in terms Qf 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-encagsulated excipients), exerted the most powerful of the effects of
contractiofi’ of te WeddsBUERIGHNIER, iBBERBIBWSIRIS MBEHCATt iFeXii dheltodiddoYPable effect

in the ﬁgctetgr@ﬁ&ﬁb@f%tlbf t@@iﬁ@ﬂ&@tq}ﬁﬁ@%ﬁﬁ%af@fﬂ@mé@@ggw ;égli@v%rgmﬁ?%@aeralh
consolidateq eyents that approximate the woun remodeling. phase. It IS remarkable that these
wounds 1S HTARE e DGR HER CURNFSHmARE e oLt R T bontraction

mechqnismﬁm&t@iog&aﬁly@oﬁmeﬁi ia paitigl ehdotimhform dnalaide {odippearsithieipértent of area

occupied by mature and rgagized granuladion TR LIRS SRIPNIGH PR BSachL KR Imptal oroup.
using the non-parametric Mann Whitney U test, a signification level of p<0.05 was
assumed.
Arnimals were sacrificed by infra-peritonsal 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 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 siratified and
differentiated epidermis was determined.
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 (%;

!
=
i
]
i

| Group Time 1 Time2 | Time3 Time 4 Time 5

i i

i !

' Group! | 348%1.4 | B31x115 | 158£1.37 | 21.8%154 | 4082£441 |
Group f | 414222 | 763£112 | 17.34181 | 23.81%153 | 30.76+ 363

| Group Ill | 6.56% 1,14 | 25.33£4.17 | 35+ 351" | 43.15% 3.66™ | 67.2£3.44™ |

[E——

| Group IV | 62515 | 1731151 | 197x21 | 208+285 | 481613194

' GroupV | 667£1.8 1541 1.63 1 16.8+3.8 | 28.1%331 @45.7‘2&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



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. Several
pathologists and a consultant made the evaluations independently and in a blind form. Table 7.
Percent of granulated area at Time 5 for each expgrimental group. 10 Sixty wounds per experimental
group were studied by means of positive reactions to collagen fibers. **) This means a statistical

difference of p<0.01 with respect to he other groups. Mann Whitney U test Unexpectedly, the
formulatisitvbégied 08 e spnses BicREGPUWRASRWerTrdlaastigneite woitheutrconshplifated

excipients) exereshthe MesiRaweriiei iR afeats 25,09 e Roasssabestailishment and maturation

of the granulation tissue, which corresponds with the description above mentioned for the process of

wounds ¢Bntr&étfon’ ThePSRESt BrtnBRieaiinShtS{Rds aISoRIERIY i teldtR it the epitkeralization
prQ%esl_s ;g{rﬁa@im%ﬁfﬁssﬂwmw i e hﬁ @&ﬁ;&@ts@f@f@ﬁ@wf éwéﬁtﬁwigmaéed“ﬁ@héﬁmii@ﬂﬁﬁg thfe re
epl'[ ellalization of the chronic ulcer, the presence, of stratified e lt eli m, and the xistenceo a
o e Cr B G SR Gk R CIEsrs: T e TS ATERES, AL RESS the mries
and the resuitantpiecésiweresincitdathinitie sameparéifiadiock. #ntbtlzaktaq histdlagidal cuts by
experimental group.were studied, which represen injuries. Np injury was_elimipnated by 35bacterial
i e B el SRS PO IC R N N EITREIERS e

. T . ?ﬂ ﬁf‘% 1]
contamination. S are expréssed n able of the treatments on

epithelializegloatishehraispandersly amMbinof wigthtismwith 00% of epithelialization No. of wounds with a
mature eRURGIUM peycent of granuiated area at Time 5 for each experimental group.
10 Sixty wounds per experimental group were studied by means 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.



Group 11813 Group H1612 Group lii7469 Group 1IV6244 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 total re epithelialization and the
maturity of epithelium.  Example 3. in viva effegg(in patients with cutaneous chronic ischemic 15
ulcerative wounds) of encapsulated EGF vs free EGF. The formulation based on microspheres of EGF
of slow proflle (without excipients) was administered in patients with diabetic foot ulcers and risk of
major ampatifich BAF %lﬁt&‘%ﬁ%@n@%ﬂ%@@ﬁ@%ﬁ%@% RitRr e enioHIGETEer, in the right foot, of
an area of 30.5.cm?2 ces of ischemia of the affected member was treated with 20 the
formulation ob . nventiost, vidtetdaieny; debridesaent, waedagmutation with microspheres
of EGF with sloy e10a% aoMpisieRanARGe eveny:dfdaysMaing a month by means of
infiltration of thér“ iC d-bottom-—Fhe-fast-formatiorr-of-useful-granutation-tissue was
obsegved since tﬁéoﬁ%%ﬂ week after the treatniént start, reac hing to cover’100% of the) affected area by
the 25 third wee g F atient showed a satl%actory evolution with con;l Iete closing jof the injury and
avoiding the n¢ putation. The pharmaceutical compasition was well folerated and no
adverse effects Wwepegétected. The penlesm"ml and intralesional admnalgtratlon of this formulation
favored the formation-of granutation tissue and-the woundclosure; whichunmexpectedly promoted 30
the ulcer healing%% to occur in a shortétime interval with respec‘?‘f’o previous treatments and the

need of amputclt@{bwgg avoided, This modality of treatment turned outt9 have better tolerance by
virtue of the substantial-reduction-of the-injections—19-CLAIMS

MOt o

10 Group ill, treated with the formuiation based on microspheres of EGF having a slow

profile (without excipients), surprising showed the best indicators of epithelial
answet, supported by the total re-epithelialization and the maturity of epithelium.

Example 3. in vive 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 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.



1. Use of a pharmaceutical composition that contains microspheres of Epidermal Growth Factor in the
manufacture of a medicament for the treatment of thesgutaneous 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 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-cogiycolide),polycaprolactone,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 pm. 5.
Use of pharmaceutical composition of claim 2, wherein epidermal growth factor constitutes the
1.6-2.4% of the total mass of the microspheres. 6.gé\tif pharmaceutical composition of claim 1,
wherein the release rate of epidermal growth factor, after the first day, is between 5 and 10 pg/day, 7.

Use of pharmaceyti ition of.claim 1, wherein the epidermal growth factor released during 14
days conservgs ?ggg%ﬁi%ﬁ%%rﬁﬁ?a {gﬁ% BIOIBGRAT R B5E rfieialIs RGP SRR RarAh eidaR!

composition accdFaMgFaRiPofithéhgrevisusasirmsoivhersiditzeneompositieon s ieheadministered by
means of the localiafibtaiomiaiedinatte dhabinals des i %,edoss aod patiamoiie lesigns. 9. Use of

the pharmaceuti ar,l C mp%sition acce rding.to claims 1 to 7, wherein the microspheres are sugpended
in a thermosensitive | ﬂytdrtogef%?%éa%ﬁG L@Aﬁﬁpﬁngﬁfé'oi“’%i@ﬁ\/éﬁ@erﬂ@ﬁ%ﬁﬁ%dﬁ dpdextran. 20
PHARMACEUTIEXT ThmpOS THON'@RIMIGROSPHERES FOR PREVENTING DIABETIC FOOT
AMPUTATION. ABS BRAMaiERE REaseBHIRYE RN Felates 10 peutical composition that
comprises polymeei{i(:a mi r?sgheres iontai_n%ng epidermeﬁfbmg%qé%% éeé'ﬁ? Sf Wé%a%ﬁi%a{ﬁon, by the
parenteral route, Into TRe 15wer IS SIS BEGEopRbRsE QUi eetRRESs chronic ischemic ulcerative

wounds. The?ph&leaatieritiralammijusitomdestribed dShereihdregomaskpibae el the art, is

useful because redugentbeadminisirati y.during the treatment allows for the healing of
the ulcerative wounds in a shorter ti.melé?gé?\(glfwit trﬁi%péé%tIE 0 Ogsihsjr%%%oa*no%%ﬁﬁwg?ﬁrau%fntities of
non-encapsulaté#yﬁé&.TS{W&'(‘S@%%I@W%JF@ sppolymer 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 infiftration 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.
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PHARMACEUTICAL COMPOSITION OF MICROSPHERES FOR PREVENTING
DIABETIC FOOT AMPUTATION.

ABSTRACT

the present invention relates 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 diabsetic patients with cutaneous
chronic ischemic ulcerative wounds. The pharmaceutical composition described
herein, in contrast with the state of the art, is useful because reduce the
administration frequency during the freatment and allows for the healing of the
uicerative wounds in a shorter time interval with respect o the injection of equivalent

quantities of non-encapsulated EGF.

(No suitable figure)



