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In anot her preferred enbodi nent, the |iposone of the topical pharnaceuti cal
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liposomes for applying EGF topically on chronic ischemic cutaneous lesions of high
20 amputation risk in diabetic foot patients. Despite that it has been shown that these
liposomes, loaded with active principles other than EGF, can penetrate the normal
skin more efficiently, it cannot be deduced from those experiences whether these
vesicles could transport EGF with enough efficacy to regions deep below
neurophatic and ischemic chronic cutaneous lesions of grade IV or V so as to allow
25 their healing and the prevention of foot amputation. Since the structure of the skin
within those types of lesions is very different from that of normal skin it is conceivable
that the penetrability and integrity of liposomes within such kind of lesions might be
appreciable affected. Also, since the tissue of those kind of diabetic foot lesions
contain a level of proteolytic enzymes much higher than that of normal skin (Yager
30 D.R. Chen S.M., Ward S.1, et al. (1997) Ability of chronic wound fluids to degrade
peptide growth factors is associated with increased levels of enastase activity and
disminished levels of proteinase inhibitors. Wound Rep. Reg. 5:23-32) the active
pharmaceutical compositions may be enzimatically degraded to a larger extend.
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Detailed description of the invention.
The present invention solves the aforementioned problem by the use of topical
10 formulations that contain EGF encapsulated or associated to -deformable or
traditional liposomes, which provide a high bioavailability of EGF in the tissue deep
below the cutaneous lesions, similar to that obtained by infiltrating EGF with
hypodermic needles. These ‘topical formulations are applied on the surface and
around chronic ischemic cutaneous lesions and have the advantage that they avoid
15 the pain of injection and the associated risk of infection.
Ancther aspect of the present invention is related to a topical pharmaceutical
formulation, which contains an effective amount of EGF encapsulated in or
associated to deformable or conventional liposomes, wherein the liposome is
comprised of one or more pharmaceutically acceptable lipids. When EGF is applied
20 by using these formulations it is efficiently transported to the viable tissue deep

below the lesions and successfully protected against protease-mediated

degradation, this is very important as these enzymes are in high levels in this kind of

diabetic foot lesions.

In a preferred embodiment the effective amount of EGF is from 0.025 t0 0.075 mg /
25 gram of substance. These formulations allow the irreversible cicatrisation of chronic

cutaneous lesions, thus preventing amputation practice which otherwise would be

the only alternative for the ischemic extremity.

In another preferred embodiment, the liposome of the topical pharmaceutical

formulation is comprised by one or more pharmaceutically acceptable lipids selected
30 from the group consisting of a neutral lipid, a negatively charged lipid, a positively

charged lipid, a lipid conjugated to polyethyleneglycol or a lipid conjugated to a
carbohydrate. Such liposomes may also be comprised of one or more
pharmaceutically acceptabie lipids.and one or more non-ionic, zwitterionic, anionic or
cationic surfactant agents.
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75 2520mi cbld@radrsameWEé?r T@ﬂ%ﬁﬁﬁiﬂ"%@ﬂ%‘ﬂés sloped @H“&) tﬁé‘ls?y Each group
consisted of 10 rats; therefore 60 wounds per group were studied Treatnents
were perforned daily, after sedation of animals with di azepam adm ni strated

by the i nMapuRRItUFABSFIEGPU6sied deformable liposomes.
A total of 85.8 mg of phosphatidylcholine and 11.7 mg of sodium deoxycholate were
dissolved in 100 pL warm absolute ethanol, diluted ‘with 800 pl phosphate buffer,
25 and vortexed until a homogenous suspension of milky appearance was obtained.
This liposomal preparation was to several extrusion passes through a 100-nm-pore-
size polycarbonate membrane until the average size of the vesicles was about 100
nm. To load EGF into the deformable liposomes, 100 ut of the liposomal suspension
were mixed with 25 pL of a solution containing different (230, 500 or 1000 pg)
30 amounts of EGF and the mixtures were incubated for 24 h at 4°C.

Example 2. Determination of the encapsulation efficiency of EGF into

liposomes.




Determ nation of the |evel of wound closure. Histologic processing: 30 The
| esions were traced on transparent acetate sheets for calculating the

ki netics of the wounds contraction over the following tinmes: Tinme O-
represents 100% of opened | esion area dand 0% wound contraction, Tine 1- 72
hours after the induction of lesions, Tine 2- five days after the induction
of lesions, Time 3- seven days after the induction of |esions, Tinme 4- nine
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5.3 1.8 Joaevdrse-ase hig-pedfosnance iguidishramatography (RFSHBLE).7The ppoteing 6123
Group IIIconte_nt was determined on the basis of the area under the curve of the
chromatogram obtained by RP-HPLC at an absorbance wavelength of 226 nm. The
15 incorporation efficiency of EGF into liposomes was determined as the ratio of the
protein content of the pellet (EGF-loaded liposomes) to the total protein content

added at the beginning of the encapsulation process x 100%.

Table 1. Incorporation efficiency of EGF into liposomes.

20 Amount of- Incorporation efﬁt:ienéy (%)
EGF added (Ave + STDEV, n=3)
(ug) Traditional liposomes | Deformable liposomes
250 T 76%12 T182%15
500 104£08 T 257:33
1000 [ 821 234152
25 — - ,

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

Liposome samples were analyzed by transmission electron microscopy to determine

thé size and morphology of liposomes, Liposomes were visualized by negative
30 staining with uranyl acetate. The negatively stained samples were observed under a

transmission electron microscope Jeol-JEM 2000EX operating at 80 KV. The

electron micrographs corresponding to each liposome preparation were digitalized
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averaged over the total number of liposomes present in each micrograph and was
expressed as the mean t the standard deviation of three independent
determinations. |

The preparations of deformable or traditional liposomes loaded with EGF were
comprised of a homogenous population of vesicles of spherical or ellipsoidal shape.
The average size of vesicles was 130 + 7 nm and 123 + 4 nm, for traditional and

deformable liposomes, respectively.

Example 4. Manufacturing of a gel formulation containing EGF-loaded
liposomes.

The suspension of deformable or traditional liposomes loaded with EGF was diluted
1.5-fold in phosphate buffer pH 7.2, and Carbomer (Carbopol-940) buffered at pH 7.2
was added at a final concentration of 1.25% {w/v). This formulation also contained

0.02% (wiv) Butyl hydroxytoluene (BHT), 0.1% (wfv) EDTA, 0.25% (w/v) methyl

parahydroxybenzoate, 0.526% (w/v) benzylic alcohol, 0.2% (p/v) sodium hydroxide
and 3% (w/v) glycerol. '
Gel formulations of traditional and deformable liposomes had a viscosity of

approximately 840 mPa s and 730 mPa s, respectively.

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

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

o16.1 1.7*b 35.4 2.5** 81.7 3.6** 90.5 1.3" Goup VII

_ 1.9** 85.2 4.1** 94. 8 1.8** (") This nmeans a statistical
difference of p<0.05 with respect to groups | and Il. (*0) This nmeans a
statistical djifference of p<0.05 with respect to groups I, Il and I]1I.
20(**) Thiky weiagsa sscenaer antlcthe dinmelarcel ipasomesowas measuredskie csingothgr oups

anleldleT Version 3.3 software (EICISOFT, Havana, Cuba). The particle size was




Mann-\Whitney U test. 12 As shown in Table 3, fiposone-based fornul ations
provi ded the nost potent contraction effect on wound borders, in other
words, it means that |iposomal formulations produced the nost favorable
enhanC|ng effect on total cicatrisatio® since the contraction represent the
convergence of several consolidated events that 5 approximate the wound to
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Tabla 2. EGF remaining after its incubation with biopsies of foot ulcer tissues
10 from diabetic patients.

Remalmng EGF (%

20 min 40 mm 60 '.min |

EGF encapsulated in traditional 95111 834+47 586+34

liposomes

EGF encapsulated in 934+21 80.6+38 559125
deformable liposomes _
Free EGF 825+25 66.9+t36 37.8+13

Example 6. Demonstration of the efficacy of EGF-containing formulations in
experimental models of acute and controlled torpid lesions.

Experimental model of controlled acute lesions.

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

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

20  Animal were maintained in controlled areas of the animai facility at CIGB under a

constant illumination schedule of 12 x 12 hours, air change cycles, and free access
to the diet. The rats were individually housed into T3 boxes with replacement of the
bedding every 48 hours after its sterilization.

induction of ulcers: Animals were anesthetized by intraperitoneal injection of

25 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



25Study of 60 wounds per group using collagen-fibers positive reactions. As
shown in Table 4, the treatment of |esions with |iposone-based fornul ations
exert the nost potent effect on the process of maturation and establishnent
of the granulation tissue, this result1@s in agreement with that already
descri bed on the 30 contraction of wounds. The effect of the treatnents on
the process of Qe‘gifghel i zation of |esions was al so studied. The aspect of the
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paraffin block. A total of 120 histalogical. sections were studi ed,.which
cor r esporifeabiam.do. HSé)ofs inag eﬁjé%gfﬁ”ge gf S'Ftﬁy@rg?*ﬂﬁfrgr@%‘B'@@Eﬁ%@ﬁ’"?n Tabl e
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Group || tBéir dherbmuger was dgliasatad ovith parmEent ink: fon tater salcylation ¢f yound

area at time zero. The lesions of all animals were hygienized daily with 70% ethanol

and sterile saline 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 crossmatching table:
Group I- no treatment.

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

15  Group llI- infiltration of an EGF solutibn containing 75 micrograms per milliliter by
using hypodermic needles. Infiltrations were performed on the border and the
bottom of wounds i
Group V- treatment with the formulation of traditional liposomes containing 25
micrograms of EGF per gram of substance applied topically

20  Group V- treatment with the formulation of traditional liposomes containing 75
micrograms of EGF per gram of substance applied topically
Group Vi- treatment with the formulation of deformable liposomes containing 25
micrograms of EGF per gram of substance applied topically
Group VIiI- treatment with the formulation of deformable liposomes containing 75

25 micrograms of EGF per gram of substance applied topically
Each group consisted of 10 rats; therefore 60 wounds per group were studied.
Treatments were performed daily, after sedation of animals' with diazepam
administrated by the intra-peritoneal route.

Determination of the level .of wound closure. Histologic processing:

30 The lesions were traced on transparent acetate sheets for calculating the kinetics of
the wounds contraction over the following times: Time 0- represents 100% of opened
lesion area and 0% wound contraction, Time 1- 72 hours after the induction of
lesions, Time 2- five days after the induction of iesions, Time 3- seven days after the
induction of lesions, Time 4- nine days after the induction of lesions. The ninth day




48 Group VIl 57 50 As shown in Table 5, groups |V, V, VI
with |'iposomal fornulations displayed the best
response, given by the total re-20epithelization ,and maturity of the
epithelium It can be concluded theretbre that the treatnent of |esions
with the |iposomal fornul ations favors (0 the process of contraction of

acute controll ed wounds; ii) the granul ation process and its maturation;

t he epi dayasesetas- @Bletﬂﬁ’eq’ft 5t stady, éHUWBiChftB? @ﬁt"i‘%{ﬁ weke sasuficed, apeerding)iot hese
f t t

P ot hrdib, befsness Shothel Ridklies 'l R athiériodls SRANIGARbn 6Cdsst on

cut aneoudesibethe Me‘soivitmwangd degims mdusvwereadlgmedx The aremof legionke

cicatrisation effect of the,. new phar ical f mJIatlon of t caI
Char | & mnddhe Gercant af CPBAItoBwelB TR by g Meamadi allabain,®

chronisc | gg&s i I n i tic
pati er?t S. m%‘g@?l %ﬁ? geélBlg'g del of ﬁg&@ %ﬁg?g{r@#r\gétrg é\ﬁ@d{f&ﬁ'&aéél gntb t\l}gf%ﬁ?sof
225- 250 ¢raekage hyiusing the sonpararaetiedMann ¥Ydritney| Y destaacsignificationdeveli ofal
facility ato GB under constant illum nation schedule of 12 x 12 hours,
air chande (gcYV@aS%WB Tee access to the diet. The rats were individually

housed | MHmaRk Reresadhifided Bp!ingaperitonel! inectiohdwhirdsh wYerioseyofddodianr s
after its sterilization. The ani nals had reV| ously been treated for tvvo

and VI
i ndi cators of the epithelial

treated

use

mont hs wipemtebanbital 4252 mg/kag). exien weye drieshup frogt the pannighlys §37osus SR
’ =OMUA .
cvol D oresi i 1978 nshftel tneff W I orniiaih, TRE! Athaiylfdhin, 2, T

granul at iveam @ir;hsiSnrseandeMassmﬂs cthciwominista(u&nﬂremgasen Fali bachargraup, ﬂae aI

(2005) I\/EMI gl%oxal Eh\é“tﬁé;lto @?%% uce iEQEt es- Ilkﬁ?]assqragli\cla cuI ar

changes A en 8 38 G5\ fY &4

(Land) . nl)\ |§§d%?derh1rsd% 'd@{brﬁﬁné& cr%%ne‘msram)u\ﬁarc@nﬁaemmstsham by
|ntraper|tonea I'njection o ket am ne/ xyl azi ne. The back of rats corrprl si ng
the area ifiriable Be(coenra@miaymues inL0ne e expiessed imteraisceLipewant ahangsrneical |y

and chem cal | at ed his r septisized wth a solution of
povi dﬁne-‘?’?ﬂﬂq&;ﬂ ’E%%"rcél?/r""é{r'@gkg%‘ﬁﬁ%%zfr ea over the skin selected for

t he i nducti on of uI cers was marked with Chinese ink in order to induce
circular, total width lesions with the aid of 9 mmdi aneter biotonmes

(Aci . , Dr fable; Contractiag kinatie yalues; of ‘F‘?"ﬁ[ﬂ“?dlac'gf*ﬁqﬁffmmt ric and

equi di stant |lesions 15 were induced in each animal. Lesions were washed Wi th

a steril olution and their | 'ﬁ?ﬁftr&?oﬂ l%vvas delineated with
per manent later calculation of wound area at tine zero. The |psions
of all a _ 1) Y ef{ ha d Ster sal | ne
before tHh ré?b‘B?i ch Tgﬁgh an?ﬁﬂdﬂ .ﬂ%%gze/ri ental "groups -ﬂ"gg‘;The ul cers
created imthe—ammats , assLgneq 1o t fOLT O ripent al
t r eat ment %ﬁ%‘ﬂﬂs Dy U |ng B%‘bﬁrg §Pg‘iiﬂp (rogi‘%%hi g gﬁfge‘ Q oup | -
no treat neat otp—tHk—pte cuU\IUIIILId.LIUII y gef priebLe I I posSpnmes-
wi t hout E@I)Ouadbl ed Popi dal Byt ii‘é'Grc,upQI:"I 0% n1 iﬁofg of g‘ﬁQé—ég spl ution
cont ai ni g—/5 MG O g 5—Pef m!!:lél Yy 4St Ag—Ti ottet 'h' tITeeatE Y
Infiltrat]i@rspilr b pebf or ned2@nt RHA Hor2ket 2450 f h%?lg pf 768 drfuls Group
| V- treat nent \[\_jf Nt he fnl‘mﬂ_a_t_!_ on nf_fr:u'hflnn pcscnr‘e:\ eortat 2 ms
ni cr ogr ansGiupE@F| per Ogr am a8 estib S| cal.8ppl 284 t%ﬁda?-#v zacﬂ@d:ubﬂ/
treatnent| with the formilation of trdditional |.ljposorss—cont-ai-ni-ng—7#5
i cr ogr anEGRIupEEF| per 0gr am a%. 4l arc83 2ppt BEd |t HHRad.NY Gr&fu@ 22
treatnment| with the fornulation of deflormable |iposones containing 25
m crogr ansgRfupREF| Per ogr am ab tsuhstar|cgs apppised [t &hirasd. by 90.5 + 1.3**

Group V! | 0 | 165+ 1.6% | 36719 | 852+4.1 | 943+ 18"

20

(**) This means a.statistical difference of p<0.05 with respect to groups | and |I. (*b)
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25  Study of 60 wounds per group using coliagen-fibers positive reactions.

As shown in Table 4, the treatment of lesions with liposome-based formulations exert
the most potent effect on the process of maturation and establishment of the
granulation tissue; this result is in agreement with that already described on the
30  contraction of wounds.
The effect of the treatments on the process of epithelization of lesions was also
studied. The aspect of the stratified epithelium was evaluated, considering the re-
epithelization of the ulcer, the presence of a stratified epithelium, and the existence
of a keratin stratum. To study the lesions under the microscope, they were subjected




6.3t .1.13 12.2 1.04 18.6 1.6 Goup IIl 6.55 1.14 10.25 3.1* .251 2.7*
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2,12- Goup VI 15.3 2.3" 27.3 1.1" 333 2.5" 70.52 2.2" 83 3.14" Goup
vil 16.7 t 1.8" 28.6 t 0.95" 35 3.8" 73.7 2.15"

to a longitudinal central hemisection and included in the same paraffin block. A total
of 120 histologicat sections were studied, which corresponded to 80 lesions. The
results of this study are presented in Table 5.

4
-

5 Table 5. Effect of the treatments on wound epithelization.

No. wounds with 100% |  No. wounds witha_

epithelization mature epithelium

0 Group | - 27 22; -
{ Group I 29 26
Group Il 37 [ 2
‘Group IV | | 53 | 45
Group V 55 47
B GroupVl | 55 48
Group'\_-/-ll | -57 50

As shown in Table 5, groups 1V, V, VI and VIl treated with liposomal formulations
displayed the best indicators of the epithelial response, given by the total re-

20 .epithelization and maturity of the epithelium. »
It can be concluded therefore that the treatment of lesions with the liposomal
formulations favors (/) the process of contraction of acute controlled wounds; (i) the
granulation process and its maturation; the epidermal re-epithelization and
differentiation process and {iv) these processes were not associated to the formation
25  of aberrant granulation tissue, granuiomas or foreign bodies.
Experimental model of chronic cutaneous ulcers.
The following experiment was aimed at evaluating the cicatrisation effect of the new .
pharmaceutical formulation of topical use that is based on traditional or deformable
liposomes containing EGF in chronic lesions of poor prognosis, which simulate
30  lesions in diabetic patients.
Experimental Biomodel: Male Wistar rats with a body weight of 225-250 grams.
Animal were maintained in controlled areas of the animal facility at CIGB under a

constant illumination schedule of 12 x 12 hours, air change cycles, and free access
to the diet. The rats were individually housed into T3 boxes with replacement of the
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the skin selected for the induction of ulcers was marked with Chinese ink in order to

induce circular, total width lesions with the aid of 9 mm-diameter biotomes
(AcuDrem, Fl, USA). As indicated in Figure 1, six symmetric and equidistant lesions

15 were induced in each animal. Lesions were washed with a sterile saline solution and
their inner border was delineated with permanent ink for later caiculation of wound
area at time zero. The lesions of all animals were hygienized daily with 70% ethanol
and sterile saline before the application of any treatment.

Experimental groups:

20 The ulcers created in the animals were randomly ass‘igned to the following
experimental treatment groups by using an input order/group crossmatching table:
Group |- no treatment.

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

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

30 Group V- treatment with the formulation of traditional liposomes containing 75
micrograms of EGF per gram of substance applied topically
Group VI- treatment with the formulation of deformable liposomes containing 25

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

Each group consisted of 10 rats; therefore 60 wounds per group were studied.
Treatments were performed daily, after sedafion of animals with diazepam
administrated by the infra-peritoneal route. |
Determination of the level of wound closure. Histologic processing:

The lesions were traced on transparent acetate sheets for calculating the kinetics of
the wounds contraction over the following times: Time 0- represents 100% of opened
lesion area and 0% wound contraction, Time 1- 72 hours after the induction of
lesions, Time 2- five days after the induction of lesions, Time 3- seven days after the
induction of lesions, Time 4- nine days after the induction of lesions. The ninth day
was set as the end of this study, on which the animals were sacrificed, according to
previous experiences on the kinetics of the VSpo‘ntaneou's cicatrisation of these
lesions. The images with traced lesions borders were digitized. The area of lesions
and the percent of contraction were calculated by using the image analysis software
DIGIPAT. Statistical analyses of each parameter were performed with the SPSS
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
pentobarbital (250 mg/kg). Lesion werée dried up from the panniculus carnosus and
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 lesion, and with a stratified and
differentiated epidermis was determined. The kinetics of wound contraction is shown
in Table 3 (contraction values in mm are expressed in terms of percent change of

wound size with respect to wound size at Time 0).
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Table 6. Contraction kinetic values of chronic ulcers.
. Contraction (%)
roups -Time 1 Time 2 Time 3 Time 4 Time 6
| Greup1 31211 41+115 | 52313 | 115126 16.8+2.4
["Group 1 41422 377¢16 | 63£113 | 1221104 186216
Grouplll | 655:114 | 1025£31% | 25427 | 535835 | 617£2.44"
GrouplV | 137:00" | 242+078™ | 30324 | 68.6%1.08 | 80.3%1.87*
| Groupyv | 148116* | 2581081 41807 | 60.5434™ | B32z212”
GroupVl | 153:23% | 27.3:11* | 33125 7062£22" | 83314
| Groupvii | 167+ 18 | 2861095 | 35:38" 7372157 | 8641

10

15

20

25

(*)This means & statistical -difference of p<0.05 with respect to groups | and ll. (**) This means a
statistical difference of p<0.01 with respect to groups {, Il and HI. Mann-Whitney U test.

As shown in Table 6, liposome-based formulations provided the most potent
contraction effect on wound borders, in other words, it means that liposomal
formulations produced the most favorable enhancing effect on total cicatrisation,
since the contraction represent the convergence of several consolidated events that
approximate the wound to the remodeling phase. Note that these experimental
wounds simulate the biochemical microenvironment of diabetic wounds in which the
contraction mechanism is partially.or. completely abolished pathologically.

Determination of the concentration of EGF_in the viable tissue located deep below

the cutaneous lesions
To determine the concentration of EGF, histological cuts of the tissue deep below (1

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

-
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Tabla 6a. Concentration of EGF in the viable tissue deep below cutaneous
lesions.

F

EGF concentration (ug/mi)
Groups 20 min 1h “ah 8 h 16 h 24
Group! | 001£0003 | 0012 0.008 0000t | 0007+ | 0008+
: | 0.005 0.002 0.003 0.002 0.003
Groupll | 0013 | 001% 0012¢ | 0009+ 001t | 00084
1 0002 0.001 0005 |  0.002 0.003 0.001
[ Groupll | 27.66%0.14" | 5.47£01% | 155£01° 026£004 | 007% | 002%
| | 0.01* 0.005"
[Grouptv | 11204 | 28202* | 3802 | 91 0a~ | 20% 0.08%
0.1* .01
GroupV | 56107 | 82 103" | 113506~ | 201+16 | 96t 023t
| ; |1 0.05*
[GroupVl | 15%03" | 4307 | 7.7402% | M4z 08~ | 46¢ |01£003*
| 0.2**
[Groupvil | 88204 | 127211" | 1952207 | 286%16% | 1323 042+
| 24 0.06**

(*)This means a statistica! difference of p<0.05 with respect to groups | and II. (**) This -héans a

5 gtatistica! difference of p<0.01 with respect to groups |, Il and NI Mann-Whitney U test.

In Table 7, the percent of area covered by mature and organized granulation tissue
for each experimental group is presented. The calculation of this parameter was
carricd out using the sampies coliected at Time 4, by counting in each sample the
10 number of microscope fields fsimuttaneouél_y positive to van Giesson’s and Masson’s
trichromic staining reactions. Two pathologists carried out these evaluations in an
independent and blind manner.
As shown in Table 7, the treatment of lesions with liposome-based formulations exert
the most potent effect on the process of maturation and establishment of the
15 granulation tissue, this result is in agreement with that already described on the

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

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

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

25 _ epithelization mature epithelium
Group I | 0 - 0
Group._ll 0 | | 0
 |eroupm T 16 | 11
30 Group IV - | 29. o 24
Group V | 31 27
Growp VI 33 28
Group VIl - ' 35 | 30
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microenvironment of diabetic patient ulcers; (i) the granulation process and its
maturation. Remarkably, the treatment allows the establishment of a neoformed
vascular

network and (i) stimulates the epidermal re-epithelization and

differentiation process of lesions that are usually resistant to re-epithelization.

Example 7. Demonstration of the efficacy of EGF-loaded liposomal topical
formulations in patients with advanced diabetic foot ulcers.

The administration on grounds of compassion of the traditional or deformable
liposome-based topical formulations containing 25 or 75 micrograms of EGF per
gram of substance in patients with advanced diabetic foot ulcers has shown results
that are similar to those obtained by EGF infiltration with the aid of hypodermic
needles, while advantageously avoiding injection-associated pain and risk of
infection.

The new formulation of deformable liposomes containing 75 micrograms of EGF per
gram of substance was applied to a patient with a diabetic foot ulcer, with evidences
of compromised blood flow and major amputation risk. The product was
administrated topically after complete debriding of the ulcer. The lesion was covered
with a dressing and a sterile bandage during the time elapsing between these two
treatments. The evolution of the lesion was satisfactory, with evidence of formation
of granulation tissue and contraction of ulcer borders from the first week after the
start of the treatment. The pharmaceutical product was effective in achieving a
complete epithelization of the lesion and preventing foot amputation. There were not
side effects associated t¢ the treatment.

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

epithelization of the |l esion and preventing foot anputation. There were not
side effects associated to the treatnent. Another diabetic patient with

i schem ¢ cutaneous lesions inits lower linb wwth an 30 area exceedi ng 20
cn?2 and a depth conprom sing the periosteumwas treated with the traditional
| i posome- based fornul ation containing 75 m crograns of EGF per gram of
substance. The product was applied topically, three tines a week, after
conpl ete debriding of the ulcer. The | esion‘was covered with a dressing and
a sterile bandage during the time elapsing between treatnents. 20 After the
fourth adm nistration of the fornulation, a substantial change in the aspect
of the |l esion was observed, a productive granulation tissue started to
prevail, which in few days was covered by epithelium At the end of the
treatment and total 5 epiderm zation, the patient was released fromthe
hospital and evol ved satisfactorily w thout any recurrence. On the other
hand, another diabetic patient with advanced ulcers that could not tolerate
| ocal injections of EGF and abandoned the infiltration treatnent after the
third adm nistration, started the adm nistration of the new formul ati on of
def ormabl e 10 | i posomes containing 25 micrograns of EG-. This patient could
continue under this treatnent with a satisfactory evolution until achieving
the conplete closure of the Iesion. This patient did not report any
-conplication related to its illness or any side effect associated to the
treat nent.




15 21 CLAMB 1. Use of an effective anount of epi dermal grow h fact or
encapsul ated in or associated to deformabl e or conventional |iposones
for manufacturing a topical pharnmaceutical formulation for the
treatment of grade IV and V diabetic foot ulcers in diabetic
patients. 2. The use of claim1l, wherein a high bioavailability of
epidermal growth factor is achieved i2ithe tissue deep bel ow t he

| esions. 3. The use of claim1l and 2, for preventing diabetic foot
anputation, wherein the formulation s agpl ied onto the surface and
around chronic ischenic skin | esi onSTAMSyse of a t opi cal
pharmaceutical fornulation that contains an effective amount of
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agents. pharmaceutically acceptable lipids, provides a high bioavailability of epidermal

growth factor in the tissue deep below the diabetic foot ulcers, in the
manufacture of a medicament for preventing diabetic foot amputation.

5. Use according to claim 4, wherein the effective amount of epidermal growth
factor is in the range from 0.025 to 0.075 mg/gram of substance.

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

7. Use according to elaim 4, wherein the liposome is comprised of one or more
pharmaceutically acceptable lipids selected from the group consisting of a
neutral lipid, a negatively charged lipid, a positively charged lipid, a lipid
conjugated to polyethylene glycol or a lipid conjugated to a carbohydrate.

8. Use according to claim 4, wherein the liposome is comprised of one or meore
pharmaceutically acceptable lipids and one or more non-ionic, zwitterionie,

anionie, or cationic surfactant agents.



