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Tra. 11 PATENTEIYII 
Act. 523 RESPUESTA

Dep. 2020 DIR.NUEVASCR 
E ve:378  FASENACIONALI 
Folios: 49

Re: Expediente No. 12-154.938
Solicitud de patente a nombre de UN IV ER SITY  OF SO U T H E R N  
CALIFORNIA

Yo, SILVANA MARIA LO PEZ D IA Z identificada como aparece al pie de mi firma, 
domiciliada en la Carrera 11 No. 86-53, piso 6, obrando como apoderada sustituta de 
acuerdo con la sustitución presentada el 11 de julio de 2013 de la sociedad 
UNIVERSITY O F SOUTHERN CALIFORNIA, domiciHada en CaHfornia, Estados 
Unidos de América, solicitante de la patente de la referencia, en respuesta al oficio No. 
6333 notificado por fijación en lista el 3 de junio de 2014 relacionado con concepto 
técnico de fondo, y teniendo en cuenta el memorial presentado el 21 de agosto de 2014, 
mediante el cual se solicitó una prórroga de 30 días para dar respuesta al referido oficio, 
me permito manifestar:

1. Con fundamento en la facultad que confiere el artículo 34 de la Decisión 486 al
solicitante para modificar la soHcitud de patente en cualquier mom ento del trámite, 
presento junto con este memorial nuevo capítulo reivindicatorio, el cual consta de 8 
reivindicaciones y reemplaza completamente el capítulo presentado anteriormente. En 
el nuevo capítulo reivindicatorio se realizaron las siguientes modificaciones:

1.1 Como primera medida, se modificó la antigua reivindicación 1, con el fin de 
definir el péptido por su estructura, es decir por el número de secuencia

1.2 Asimismo, se eliminaron las antiguas reivindicaciones 2, 7, 8 y 9, con el fin de 
dar concisión al capítulo reivindicatorio.

En cuanto a estas modificaciones, me permito decir que las mismas no amplían de 
ninguna manera la materia objeto de la presente solicitud y se realizaron con el ánimo 
de superar las objeciones de claridad y nivel inventivo planteadas por el examinador en 
su concepto técnico.

En cuanto al número de reivindicaciones, atentamente nos permitimos decir que no se 
adjunta tasa por reivindicaciones adicionales, toda vez que el nuevo capítulo 
reivindicatorio tiene menor número de cláusulas que el originalmente presentado y en 
esencia es el mismo objeto pero más limitado y definido con mayor claridad.
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1. Claridad de la solicitud

Respecto a las objeciones de claridad, el solicitante manifiesta que mediante la 
presentación del nuevo capítulo reivindicatorio quedan subsanadas la totalidad de las 
objeciones, de modo tal que las nuevas reivindicaciones proporcionan claridad y 
concisión a la invención descrita, siguiendo las recomendaciones realizadas por el 
examinador en su concepto técnico.

Como primera medida, es deseo del solicitante aclarar que el capítulo reivindicatorio 
que se debe ser considerado corresponde al presentado en el radicado No. 12-154938- 
00005-0000, presentado el 11 de juUo de 2013 en respuesta a la oposición de la sociedad 
PROCAPS S.A., el cual contiene 12 reivindicaciones. La anterior aclaración 
considerando que, aunque el examinador en el oficio No. 6333 notificado por fijación 
en lista el 3 de junio de 2014 informa que se evaluarán 12 reivindicaciones, y no 18 
reivindicaciones como se presenta originalmente, en la sección 4 del mismo documento 
indica objeciones a términos que ya se encuentran en dicho capítulo reivindicatorio. La 
presente respuesta al referido oficio se realizó considerando que el examinador evaluó 
el capítulo reivindicatorio correcto, y cometió únicamente un error al indicar el número 
de radicado de la solicitud.

Habiendo aclarado lo anterior, el solicitante aclara que la nueva reivindicación 1 fue 
modificada de tal forma que se incluyó el número de secuencia del péptido. 
Adicionalmente, como podrá notar el examinador, el presente capítulo reivindicatorio 
no contiene términos ambiguos, tales como “aproximadamente'' y “almenos”, de tal forma 
que es posible distinguir la invención del estado de la técnica.

Por otra parte, se indica al examinador que se eliminaron las antiguas reivindicaciones 2, 
7, 8 y 9, con el fin de dar concisión a la materia reclamada.

En relación con la falta de concisión del capítulo reivindicatorio, en cuanto a la materia 
reclamada en la nueva reivindicación 1, que indica que la formulación farmacéutica 
comprende (a) y “(b) un péptido que comprende Nle3 A (1  -7) (SEQ ID N 0 : 1 / ’, y la materia 
reclamada en la nueva reivindicación dependiente 2, que describe que “elpéptido consiste 
de Asp-Arg-Nle-Tyr-Iíe-His-Pro (SEQ ID NO: 1J\ es deseo del solicitante aclarar el 
término “comprende” c?, un término no limitativo, es decir con este término se indica p o r " 
ejemplo que el péptido puede incluir aminoácidos adicionales. Por su parte, el término 
“consiste de” es un término limitativo, indicando que el péptido no contiene aminoácidos 
adicionales. De esta forma, la nueva reivindicación 2 hace referencia limita las 
características de la formulación farmacéutica descrita en la reivindicación 1, y por tanto 
tiene un alcance distinto. A este respecto, es relevante citar la GUIA PARA EXAM EN 
D E  SOLICITUDES D E  PA TEN TE D E  IN V EN C IÓ N  Y M O D ELO  D E  
UTILIDAD emitida en enero de 2014:

“Cuando una reivindicación comprenda una expresión de transición de tipo “cerrado ”, el 
examinador interpretará que los productos o procedimientos tan sólo comprenden los elementos 
expuestos en la reivindicación. Así, si una reivindicación trata de “un producto consistente
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únicamente en A , B v  C ”. el examinador interpretará que el producto tan sólo comprende los 
elementos A , B j  C; de manera que un producto del estado de la técnica que tiene A ,  B, C j  
D o cualquier otro elemento no anula la novedad, y  por tanto, la considerará nueva.

- Cuando una reivindicación comprenda una expresión de transición de tipo “abierto ”, el 
examinador interpretará que los productos o procedimientos incluyen también elementos no 
mencionados en la reivindicación. Asi, si una reivindicación trata de “un producto que 
comprende A . B y  C ”. el examinador interpretará que el producto comprende los elementos A ,  
B, C y  cualquier otro elemento no mencionado en la reivindicación; de manera que un producto 
del estado de la técnica que tiene A , B, C y  D o cualquier otro elemento anula la novedad, y  
por tanto, la considerará no nueva” (paginas 74-75, sección 2.6.5.2) (El subrayado es 
nuestro)

De esta forma, es clara la diferencia que existe entre el alcance de las presentes 
reivindicaciones 1 y 2.

En relación con el título de la solicitud, el cliente manifiesta una modificación de este a 
“FO R M U LA C IO N E S TIPO H ID R O G E L Q U E  C O M P R E N D E N  E L  PÉPTIDO  
Nle3 A(1-7) E N  C O M BIN AC IÓ N  C O N  H ID R O X IE T IL C E L U L O SA  ”.

En consecuencia, nos permitimos informar que las nuevas reivindicaciones 1 a 9 se 
ajustan a las disposiciones del artículo 30 de la Decisión 486.

2. N ivel Inventivo

El examinador establece en su concepto técnico la falta de nivel inventivo de las 
antiguas reivindicaciones 1 a 12 a la luz de los documentos “Rodgers E t  al. 2005Journal of 
Peptide Research, Blackwell publishing Ltd. Oxford, 66 (1), 41-47’’ (DI), “U S-NIH  2009, 
NTC00796744” (D2), y “Matusiemka et al 1994. Pharm. Res. 11(1), 65-71” (D3).

De este modo, nos permitimos indicar que el artículo 18 de la Decisión 486 establece
que “Se con.úderará que una invención tiene nivel inventivo, si_ para una persona del oficio 
normalmente versada en la materia técnica correspondiente, esa invención no hubiese resultado obvia ni 
se hubiese derivado de manera evidente del estado de la técnica”.

Lo anterior significa que el análisis de nivel inventivo N O  es una comparación de los 
objetos de las anterioridades y la solicitud en estudio. El análisis de nivel inventivo 
debe  dem ostrar la obviedad de la invención y establecer cómo ésta no contiene un 
salto cualitativo, que demuestre su altura inventiva, teniendo en cuenta que se hace 
necesario  dem o stra r que la invención analizada carece de nivel inventivo y hubiese 
sido obvia para una persona versada en la materia.

Considerando la anterior definición, es deseo del solicitante presentar argumentos que 
demuestran el nivel inventivo de la presente invención a la luz de las anterioridades 
citadas.
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El examinador indica en su reporte técnico que ‘"̂ dentro de la descripción no hay ningún 
ejemplo que muestre un efecto técnico inesperado al usar como vehículo H E C j  no C M C ’. A este 
respecto, es deseo del solicitante indicar que en el capítulo descriptivo originalmente 
presentado se indica claramente que “proporcionó un aumento de 10 veces en la liberación del 
péptido durante un periodo de 24 horas a partir de formulaciones tales como los que comprenden 10% 
de carboximetilcelulosa (CMC), un resultado que seria inesperado para los expertos en la técnica. 
Además, los datos muestran que las matrices de H E C  son más biocompatibles que las formulaciones 
probadas de H PM C y C M C ’.

Lo anterior significa que, contrario a lo indicado por el examinador, si hay evidencia en 
el capítulo descriptivo originalmente presentado en relación con el efecto técnico 
inesperado que se logra a través de la elección de HEC en lugar de CMC.

Adicional a lo anterior y con el fin de aportar evidencia a la afirmación incluida en el 
capítulo descriptivo en relación con el efecto técnico inesperado, se incluye a 
continuación datos experimentales en los que se compara el HEC con el CMC.

Durante estudios para determinar el vehículo de liberación óptima, se encontró que el 
HEC manifiesta una cinética de liberación que permite diez veces más fármaco liberado 
en un periodo de 24 horas. Se calcularon las tasas de liberación, como una medida de la 
potencial biodisponibüidad, siendo significantemente diferente las tasas de liberación 
para diferentes vehículos. La liberación acumulada (fCumulative amount per unit area 
(¡xg! cm )̂” fue significativamente mayor para 2% HEC (106 ± 4 . 7  \yg/croP) que para 10% 
CMC (10.1 ±  1.2 )jg/cm2) en un periodo de 24 horas.

< c

5  100-

Time (h)

10% CMC 
2% HEC

Así, en la figura anterior se muestra una comparación de la liberación de péptido 
(“fármaco”) en un periordo de 24 horas usando dos formulaciones que comprenden 
distintos vehículos, específicamente 2% HEC (Knea azul) y 10% CMC (línea negra), 
respectivamente. Como se observa claramente, la formulación que comprende 2% 
HEC presenta una tasa de liberación de 106 ±  4.7 i^g/cm^, mientras que la formulación 
que comprende 10% CMC presenta una tasa de liberación de 10.1 ±  1.2 lag/cm^. Por lo 
tanto, las formulaciones que comprenden HEC proporcionan una liberación del
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fármaco diez veces mayor en un periodo de 24 horas que las formulaciones que 
comprenden CMC, como las del estado de la técnica. Particularmente, es relevante 
indicar que las formulaciones inventivas de H EC proporcionan una diez veces mayor 
tasa de liberación con una concentración que es únicamente una quinta parte de la 
concentración de HMC en las formulaciones que lo contienen (2% H EC  vs. 10% 
CMC). Consecuentemente, concentraciones menores de HEC en las formulaciones 
deben mostrar mayor liberación de fármaco. Para una persona del oficio normalmente 
versada en la técnica es evidente que la formulación reclamada puede usarse en todos 
los rangos reclamados. Estos resultados son sorprendentes e inesperados.

Considerando todos los anteriores argumentos, es claro que la materia objeto de la 
presente invención no resulta obvia a la luz de los documentos del estado de la técnica 
citados por el examinador y del efecto técnico demostrado anteriormente.

Por lo tanto, se demuestra que la presente invención tiene nivel inventivo en 
concordancia con los lincamientos del artículo 18 de la Decisión 486/00.

Adicional a los argumentos anteriormente presentados, es deseo del solicitante indicar 
que las solicitudes correspondientes en Estados Unidos de América y en Europa han 
sido concedidas (US 8,536,231 B2; US 8,207,233 B l; US8,207,234 B l; EP 2536422). 
Copia de las patentes US 8,536,231 B2, US 8,207,233 B l, US8,207,234 B l y EP 
2536422 se presentan como anexo al presente memorial.

Así, aunque el solicitante reconoce el principio de independencia de cada Oficina de 
Patente, resulta sorprendente que otras Oficinas hayan reconocido el cumplimiento de 
los requisitos de patentabiüdad de la presente invención, mientras únicamente la 
Oficina de Patentes en Colombia se aparta de dicho criterio unánime, sin considerar 
que las definiciones de novedad, nivel inventivo y aplicación industrial son conceptos 
universales.

Habiendo atendido cabalmente las objeciones presentadas por ese despacho, 
atentamente solicitamos se conceda el privilegio de patente de invención a la solicitud 
en estudio o si el señor examinador considera que subsisten razones para objetar la 
presente invención, rogamos expedir otro examen de fondo con los debidos motivos y 
razones que sustenten su objeción con el fin de que nuestro mandante tenga la 
posibilidad de exponer sus argumentos con base en la interpretación de los artículos 45 
de la Decisión 486 -el cual otorga la facultad al examinador para emitir los exámenes de 
fondo-, 35 y 59 del Código Contencioso Administrativo que señala que: “habiéndose dado 
oportunidad a los interesados para expresar sus opiniones, j  con base en las pruebas e informes 
disponibles, se tomará la decisión que será motivada al menos en forma sumaria si afecta a 
particulares”'̂  deberá proferirse la decisión definitiva. Esta se motivará en sus aspectos de hecho y
de derecho,y en los de conveniencia si es el caso”, respectivamente (El subrayado es nuestro).
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En consecuencia, solicitamos a ese despacho pronunciarse en relación con todos los 
argumentos presentados en este memorial dando estricta aplicación al principio del 
debido proceso consagrado en el artículo 29 de la Constitución Nacional.

Señor Superintendente,

'SIEYANA^MARIA LO PEZ DI
C.C. 22.468.787 de Barranquilla 
T.P 147463 del CSJ 
notificaciones@clarkemodet.com.co
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ANEXOS

Patente US 8,536,231 B2 
Patente US 8,207,233 Bl 
Patente US 8,207,234 B l
Concesión Patente EP 2536422 y reivindicaciones
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REIVINDICACIONES

1. Una formulación farmacéutica, que comprende:

(a) de 0.5% a 4% de HEC sobre una base en peso (mg)/volumen (mi), o 

sobre una base peso/peso  (mg); y

(b) un péptido que comprende NIeS A(1-7) (SEQ ID N0:1): 

caracterizada porque el péptido está presente en una concentración de 0.03 % a 

1% sobre una base en peso (mg)Zvolumen (mi), o sobre una base de peso/peso  

(mg).

2. La formulación farmacéutica de la reivindicación 1, caracterizada porque el 

péptido consiste de Asp-Arg-Nle-Tyr-lle-His-Pro (SEQ ID NO: 1),

3. La formulación farmacéutica de la reivindicación 1, caracterizada porque 

comprende de 1% a 3% de HEC sobre una base en peso (mg)/volumen (mi), o 

sobre una base de peso/peso  (mg).

4. La formulación farmacéutica de la reivindicación 1, caracterizada porque

comprende 2% de HEC sobre una base en peso (mg)Zvolumen (mi), o sobre una 

base de pesoZpeso (mg).

5. La formulación farmacéutica de la reivindicación 1, caracterizada porque la 

formulación comprende una formulación de hidrogel.

6. La formulación farmacéutica de la reivindicación 2, caracterizada porque 

comprende de 1% a 3% de HEC sobre una base en peso (mg)Zvolumen (mi), o 

sobre una base de pesoZpeso (mg).

7. La formulación farmacéutica de la reivindicación 2, caracterizada porque

comprende 2% de HEC sobre una base en peso (mg)Zvolumen (mi), o sobre una 

base de pesoZpeso (mg).

8. La formulación farmacéutica de la reivindicación 1, caracterizada porque la 

formulación comprende una formulación de hidrogel.
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M E T H O D S  EO R T R E A T IN G  D IA B E T IC  FO O T  
U L C E R S

CROSS REFERENCE
5

Tliis application is a continuation o f  U .S. application Ser.
No, 13/364,061 filed Feb. 1, 2012 w hich claim s priority to 
U.S. Provisional Patent A pplication Ser. No. 61/438,780 filed 
Feb. 2, 2011, incorporated by reference herein in their 
entirety. lO

B A C K G R O I W D

Diabetes is commnn, disahling and deadly. In tbe U.S., 
diabetes lias reaclied epidem ic proportions. A ccording to tlie 15 
A m erican Diabetes Association, aboiit24 m iliionpeople (8% 
o f  the total U.S. population) have diabetes, and nearly two 
m illion new ca.ses are diagnosed in people aged 20 years or 
older each year. I f  current trends continué, 1 in 3 Am ericans 
will develop diabetes a tso m e p o in tin  their lifetim e, and  those 20 

with diabetes will lose, on average, 10-15 years o f  life expect- 
ancy. Iniportantly, up to 25% o f  people w ith diabetes will 
develop a diabetic foot ulcer, resulting in 3 million diabetic 
foot ulcers annually in the U.S. alone. More than h a lf o f  all 
foot ulcers will bccom c infected, thus rcquiring hospitaliza- 25 
tion. and I in 5 will reqnire an amputation that carnes a high 
risk o f  mortal ity.

W ithout question, diabetes puts trem endous econom ic 
pressure on the U.S. healthcare system. Total costs (direct and 
indirect) o f  diabetes have reached $174 billion annually, and 30 
people with diagnosed diabetes have m edical expenditures 
that are over two times higher than m edical expenditures for 
people w ithout diabetes. Hospitalization costs alone are $16,
000 to $20,000 for a patient with a diabetic foot ulcer, and 
direct and indirect costs o f  an am putation range from  $20,000 35 
to $60,000 per patient. A recent study by researchers at the 
University o f  Chicago suggested that treatm ent costs for dia­
betes in the United States would reach $336 billion by the 
year 2034. Advancíxl, cosl.-effeclive treatmeni m odalities for 
diabetes and itsco-niorbidities, including diabetic foot ulcers, '>0 
are in great need, yet in short supply, globally. A ccording to 
the Am erican Diabetes Association, by the year 2025 the 
prevalence o f  diabetes is expected to rise by 72% to 324 
m illion people worldwide.

45
SUM M ARY OF TH E IN VENTION

In a first aspect, the present invention provides methods for 
treating diabetic foot ulcers, com prising adm inistering to a 
human patient suffering from a diabetic foot u lcer an am ount 50 
o f  a peptide o f  at least 5 contiguous am ino acids o f  Nle3 
A(1 -7), or salt thereof, effective to treat the diabetic foot ulcer.
In One em bodim ent, the peptide com prises Asp-Arg-Nle-Tyr- 
lle-H is-Pro (SEQ ID N 0 :1 ), or salt thereof. In another 
em bodim ent, the peptide consists o f  Asp-Arg-Nle-Tyr-Ile- 55 
His-Pro (SEQ ID NO: 1), or salt thereof. In various.em bodi- 
ments, the diabetic foot ulcer is onecaused, at least in part, by 
neuropathy and resulting pressure; the diabetic foot u lcer 
com prises onc or m ore calluses; and the diabetic foot ulcer is 
a chronic ulcer. In a further em bodim ent, the chronic foot 60 
ulcer has not responded to any other treatment.

lii another em bodim ent, the peptide is admini.stered topl- 
cally. In a ftirther em bodim ent, the peptide is adm inistered as 
a topical form ulation form ing a continuous film covering the 
entire area o f  the diabetic ulcer. In a still further em bodim ent, 65 
the peptide is adm inistered in a hydrogel formulation. In 
another em bodim ent, the peptide is adm inistered at a concen-

tration o f  about 0.03%  to about 1 % on a weight (m g)/volum e 
(mi) basis, or on a weight/weight (mg) basis. In a further 
em bodim ent, the peptide is adm inistered in a gel form ulation 
that about 0.5%  to about 4% hydroxyethyl cellulose (HEC) 
on a w eight (m g)/volum e (mi) basis, or on a w eight/w eight 
(mg) basis.

All em bodim ents o f  the first aspect o f  the invention can be 
com bined unless the context dictates otherwise.

In a second aspect, the present invention provides pharm a­
ceutical form ulations, comprising:

(a) about 0.5%  to about 4% HEC on a w eight (m g)/volum e 
(mi) basis, or on a weight/weight (mg) basis; and

(b) a peptide o f  at least 5 contiguous am ino acids o f Nle3 
A(1 -7), o r salt thereof;

wherein the peptide is present at a concentration o f  about 
0.03%  to about 1 %  on a w eight (m g)/volum e (mi) basis, o r on 
a w eight/w eight (m g) basis.

In one em bodim ent, the peptide com prises A sp-Arg-Nle- 
Tyr-Ile-His-Pro (SEQ ID N O :l) , or salt thereof. In another 
em bodim ent, the peptide consi.sts o f  Asp-Arg-Nle-Tyr-Ile- 
His-Pro (SEQ ID NO: 1), or salt th e reo f In a further em bodi­
ment, the pharm aceutical form ulation com prises about 1 % to 
about 3% HEC on a weight (m g)/volum e (mi) basis, or on a 
weight/weiglit (mg) basis. In a still furtlier em bodim ent, the 
pharm aceutical form ulation com prises about 2% HEC on a 
weight (m g)/volum e (mi) basis, or on a w eiglit/w eight (mg) 
basis. In another em bodim ent, the form ulation com prises a 
hydrogel form ulation. All em bodim ents o f  the second aspect 
o f  the invention can be com bined unless the context dictates 
otherwise.

BRIEF DESC RIPTIO N  OF TH E FIG URES

FIO. 1 is a graph show ing the ulcers healed by visit in the 
Per Protocol (PP) patient population taking N orLeu^-A (l -7).

FIG. 2 is a graph show ing the percentage o f  fully healed 
ulcers (100%  wound closure) in the patient population taking 
NorLeir’ -A (l-7 ) (also refe rra i to as “D S C I27”).

FIG. .3 Is a graph show ing the median tim e to fully healed 
ulcers (100%  wound closure) in the patient population taking 
N orLeu^-A (l-7) (also referred to as “DSC127").

DETAILED D ESC RIPTIO N  OF TH E IN V EN TIO N

All references cited are herein incorporated by reference in 
their entirety. W ithin this application, unless otherw ise stated, 
the techniques utilized m ay be found m any o f  several well- 
known references such as: M olecular Cloning: A Laborator): 
M anual (Sarabrook, et ah, 1989, Coid Spring H arbor Labo- 
ratory Press), Gene Expression Technology (M ethods in 
Enzymology, Vol. 185, edited by D. Goeddel, 1991. Aca- 
deraic Press, San Diego, C a lif) , “G uide to Protein Purifica- 
tion” in M ethods in Enzym ology  (M. P. Deutshcer, ed., (1990) 
Academ ic Press, Inc.); PCR Froto cois: A G uide to M ethods  
and Applications  (Innis, et al. 1990. A cadem ic Press, San 
Diego, C a lif) , Culture o f  A n im al Cells: A M anual o f  Basic  
Technique, 2”‘‘ Ed. (R. I. Freshney. 1987. Liss, Inc. New York, 
N.Y.), Gene Transfer and  Expression Protocols, pp. 109-128, 
ed. E. .1. Murray, The Humana Press Inc., Clifton, N..h), and 
the Amhion 1998 Catalog (Am bion, Austin, Tex.).

As used herein, the singular foniis "a” , “an” and “ the” 
include plural referents unless the context clearly dictates 
otherwise. “A nd” as used herein is interchangeably used with 
“or” unless expressiy stated otherwise.

All em bodim ents o f  any aspect o f  the invention can be  used 
in com bination, unless the context clearly dictates otherwise.
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In a first aspect, the present invention pro vides methods for 
Irealing diabetic foot ulcers, com prising adm inistering to a 
human patient suffering from a diabetic foot u lce ran  am ount 
o f  a peptide o f  at least 5 contiguous am ino acids o f  N1e3 
A(1 -7), or salt thereof, effective to treat the  diabetic foot ulcer. 5

As dem onstrated in the exam ples that follow, the inventors 
have dem onstrated that the methods o f the invention can be 
used to treat diabetic foot ulcers, and provide substantial 
iinprovement over standard therapies.

N le3A (l-7 ) (or N orI,eu '-A \(l-7); also referred to as in 
“DSC127") is a peptide consisting o f  the amino acid 
sequence Asp-Arg-Nle-Tyr-lle-His-Pro (SEQ ID N 0 :1 ). In 
various em bodim ents. the peptide adm inistered to the hum an 
patient may com prise or consist o f  Asp-Arg-Nlo-Tyr-Ile 
(SEQ ID NO:2), Asp-Arg-Nle-Tyr-Ile-His (SEQ ID NO:3), 15 
or most preferábly Asp-Arg-Nle-Tyr-lle-His-Pro (SEQ ID 
N O :l) , or salts thereof. N le3A (l-7 ) or salts thereof may be 
chem ically synthesized or recom binantly expressed, each o f  
w hich can be accom plished using standard methods in theart.

lii one em bodim ent, the peptide, or salt thereof, is adm in- 20 

istered at a concentration o f  about 0.03%  to about 1% on a 
weight (mg),'volume (mi) basis, or on a weight/weiglit (mg) 
basis. In various fiirther em bodim ents, tlie peptide, o r salt 
thereof, is adm inistered at a coneentration o f  about 0.03%  to 
about 0.75% ; about 0103% to about 0.5% ; about 0.03%  to 25 
about 0.25% ; about 0.03%  to about 0.1"/o; about 0.03%  to 
about 0.075% ; about 0.03%  to about 0.05% ; and about 
0.03% ; all on a w eight (rag)/volum e (mi) basis, o r on a 
weight/w eight (mg) basis.

Tlie human patient may be suffering from  Type I diabetes 30 
o rT ype II diabetes, and has a foot ulcer, defined as an open 
wound any\vhere on the foot (heel, m id-foot, and forefoot).

As used herein, “treating" a diabetic foot ulcer includes
( a )  l im it in g  th e  p r o g r c s s io n  in  s iz e , a re a , a n d /o r  d e p th  o f  th e  

fo o t u lc e r ;  35
(b) reducing size, area, and/or deptli o f  the foot ulcer;
(c) increasing rate o f  healing and/or reducing tim e to heal­

ing;
(d) healing o f  the foot u lcer (100%  epithelialization with 

no drainage); and . 40
(e) decreased incidence o f  am putation or slowing in time to 

amputation.
Tlie foot u lcer may be caused by any underly ing pathology, 

including but not limited to neuropathy, trauma, deformity, 
high plantar pressures, callus form ation, edema, and periph- 45 
eral arterial disease. In preferred em bodim ents, the hum an 
diabetic foot ulcer is one caused, al least in part, by neuropa­
thy and resulting pressure (weight bearing on the extrem ity 
d u e lo  lack o ffee ling  in the foot). As isknow n to tlioseofsk ill 
in the art, human diabetic foot ulcers tend to be due to neur- 50 
opathy and pressure, w hich diífers significantly from, for 
example, m urine acute w ounds. In a further preferred 
em bodim ent, the diabetic foot u lcer com prises one o r m ore 
calluses.

In  a f i i r th e r  e m b o d im e n t ,  th e  d ia b e t ic  fo o t u l c e r i s  a c h r o n ic  55 
u lc e r . .As u s e d  h e re in , a  “ c l i r o n ic "  fo o t u lc e r  is o n e  th a t h a s  

b e e n  p re s e n t  fo r  al lea.st 7 d a y s  w ith  n o  re d u c t io n  in  s iz e ; 

p re fe rá b ly  a t le a s t 14 d a y s ; ev e n  m o re  p re fe rá b ly , p re s e n t a t 
le a s t 21 o r  28 d a y s  w ith  no  re d u c t io n  in  s iz e . In  a fu r th e r  
p re fe r re d  e m b o d im e n t  th a t c a n  b e  c o m b in e d  w ith  a n y  o f th e s e  60 
e m b o d im e n ts ,  th e  c h ro n ic  fo o t u le e r  h a s  n o t r e s p o n d e d  (ie : n o  
r e d u c t io n  in  s iz e , a re a ,  a n d /o r  d e p th  n f  th e  fo o t u le e r ;  n o  
h e a l in g  o f  th e  fo o t u le e r )  to  a n y  o th e r  tre a tm e n t .

Tlie peptide o r salt thereof m ay be adm inistered by any 
suitable route, preferábly via topical administration. In one 65 
em bodim ent, the methods o f  the invention can com prise 
adm inistering a topical form ulation as often as deemed

appropriate, ie: once per day, twice per day, etc. The methods 
may further com prise adm inistration o f  the peptide, or salt 
thereof for as longed as deem ed desirable by an attending 
physician, for exam ple, until healing o f th e  ulcer. For adm in­
istration, it is preferred that the topical form ulation form a 
continuous film covering the entire area o f  the uleer, includ­
ing the margins. In a preferred em bodim ent, the topical for­
m ulation is applied with a thickness o f  approxim ately 0.25 to 
2 mm; preferábly 0.5 to 1.5 imn; preferábly about i mm in 
thickness.

In one em bodim ent, tlie topical adm inistration com prises 
adm inistration in a form ulation seleeted from the group con­
sisting o f  hydrogels, cream s, ointm ents, pastes, and  lotions. 
The form ulations m ay be applied in any suitable manner, 
w hich may include any w ound dressings to seal in the form u­
lation deem ed appropriate by the hum an patient or earegiver. 
Exem plary such dressings, include, but are not lim ited to, 
sem iperm eable films, foams, hydrocolloids, and caleium 
alginate swabs.

The methods may ftirther com prise debridem ent in and 
around the wound in com bination w ith adm inistration o f th e  
peptide and form ulations thereof. Debridem ent o f  all 
necrotie, callus, and fibrous tissue is typically earried for 
treatm ent o f  diabetic foot ulcers. U nhealthy tissue is sharply 
debrided back to bleeding tissue to allow full visualization o f  
the extent o f  the u lcer and to deteet underlying abseesses or 
sinuses. Any suitable debridem ent technique can be used, as 
determ ined by an attending physician. The wound can  then be 
thoroughly flushed with sterile saline or a non-eytotoxie 
eleanser follow ing debridem ent.

In another em bodim ent, the topical form ulation com prises 
about 0.5%  to about 4%  hydroxyethyl cellulose (HEC) on a 
weight (m g)/volum e (mi) basis, or on a w eight/w eight (mg) 
basis. In various further em bodim ents, the topical form ula­
tion may com prise aboul 1% to about 3%  HEC, or about 2% 
HEC, on a w eight (m g)/volum e (mi) basis, o r on a w eigltt/ 
w eight (mg) basis. These form ulations com prising low per­
centage HEC (ie: 2%) m atrices provided a 10-fold increase in 
peptide release over a 24 hour period from  form ulations such 
as those com prising 10% carboxym ethylcellulose (CM C), a 
result that would be unexpected to those o f  skill in the art. 
Furtherm ore, the data show that the HEC m atrices are m ore 
biocom patible than HPM C and CM C  fonnulations tested.

The peptides, or salt thereof may be adm inistered together 
with one or more (a) a lyoprotectant; (b) a surfactant; (c) a 
bulking agent; (d) a tonieity adjusting agent; (e) a stabilizer;
(f) a preservative and/or (g) a buffer. In som e em bodim ents, 
the buffer in the pharm aceutical coraposition is a Tris buffer, 
a liistidine buffer, a phosphate buffer, a citrate buffer o r an 
acétate buffer. The peptides m ay be adm inistered with a lyo­
protectant, e.g. sucrose, sorbitol o r trehalose. In certain 
em bodim ents, the peptides m ay be adm inistered w ith a p re­
servative e.g. benzalkonium  chloride, benzethonium , chloro- 
hexidine, phenol, m -cresol, benzyl alcohol, m ethylparaben, 
propylparaben, chlorohutanol, o-cresol, p-cresol, chlorocre- 
sol, phenylm ercuric nitrate, thim erosal, benzoic acid, and 
various mixtures thereof. In other em bodim ents, the peptides 
may be adm inistered w ith a bulking agent, like glycine. Inyet 
other em bodim ents, the pcptidcs may be adm inistered w ith a 
surfactant e.g., polysorbato-20, polysorbate-40, polysorbate- 
60, polysorbate-65, polysorbate-80 polysorbate-85, polox- 
am er-188, sorbitan m onolaurate, sorbitan m onopalm itate, 
sorbitan monostearate, sorbitan m onooleate, sorbitan trilau- 
rate, sorbitan tristearate, sorbitan trioleaste, o r a com bination 
thereof. The peptides m ay be adm inistered w ith a tonieity 
adjusting agent, e.g., a com pound that renders the form ula­
tion substantially isotonic o r isoosm otic w ith hum an blood.

l
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E x e m p la ry  to n ie i ty  a d ju s t in g  a g e n ts  in c lu d e  s u c ro s e ,  s o r b i ­
to l. g ly c in e . m e th io n in e , m a n n ito l ,  d e x l ro s e ,  in o s i lo l ,  so d iiim  
c h lo r id e .  a rg in in e  a n d  a rg in in e  h y d ro c h lo r id e .  In  o th e r  
e m b o d im e n ts ,  tb e  p e p t id e s  m a y  b e  a d m in is te r e d  w ith  a s ta ­

b il iz e r , e .g .,  a in o le c u le  w h ic h , w h e n  c o m b in e d  w ith  th e  p e p -  5 
t id e  s u b s ta n t ia l ly  p re v e n ís  o r  r e d u c e s  C h em ica l a n d /o r  p h y s i-  
ca l in s ta b i l i ty  o f t h e  p ro te in  o f in t e r e s t  in  ly o p h i l i z e d o r l i q u id  
fo rm . E x e m p la ry  s ta b i l iz c r s  in c lu d e  s u c ro s e ,  s o rb i to l ,  g ly ­
c in e , in o s i to l ,  s o d iu m  c h lo r id e ,  m e tli io n in e , a rg in in e , a n d  
a rg in in e  h y d ro c h lo r id e ,  p a r a b e n ,a n d c o m b in a t io n s o f  m e th y l 10 

p a ra b e n  a n d  p ro p y l p a ra b e n .
In  a l l a s p e c ts  a n d  e m b o d im e n ts  o f  th e  in v e n tio n , s u i ta b le  

a c id s  w h ic h  a re  c a p a b le  o f  fo rm in g  s a lts  w ith  th e  p e p t id e s  
in c lu d e ,  b u t a re  n o t l im ite d  to , in o tg a n ic  a c id s  su c h  as  h y d ro -  
c h lo r ic  a c id . h y d ro b ro m ic  a c id , p e r c h lo r ic  a c id , n it r ic  a c id . 15 

th io c y a n ic  a c id , s u lfu r ic  a c id ,  p h o s p h o r ic  a c id  a n d  th e  lik e ; 
a n d  o rg a n ic  a c id s  su c h  a s  fo rm ic  a c id , a c e tic  a c id , p ro p io n ic  
a c id , g ly c o lic  a c id , la c tic  a c id ,  p y ru v ic  a c id ,  o x a l ic  a c id , 
m a lo n ic  a c id ,  s u c c in ic  a c id , m a le ic  a c id ,  fu m a r ic  a c id , a n th ra -  

n i l i c a c id ,  c in n a m ic  a c id , n a p h th a le n e s u l f o n ic a c id ,s u l f a n i I i c  20 

a c id  a n d  th e  lik e . S u ita b le  b a s e s  c a p a b le  o f  fo rm in g  s a lt s  w ith  
th e  p e p t id e s  in c lu d e ,  b u t a r e  n o t  l im ite d  to , in o rg a n ic  b a s e s  
su c h  a s  s o d iu m  h y d ro x id e ,  a m n io n iu m  h y d r o x id e ,  p o ta s s iu m  
h y d ro x id e  a n d  th e  lik e ; a n d  o rg a n ic  b a s e s  s u c h  a s  m o n o - ,  d i-  
a n d  tr i - a lk 7 l a n d  a ry l a m in e s  ( e .g .,  tr i e th y la m in e ,  d i i s o p ro p y l  25 
a m in e , m e th y l a in in e ,  d im e th y l  a m in e  a n d  th e  lik e )  a n d  
o p tio n a l ly  s u h s t ifu tc d  c th a n o l- a m in c s  ( e .g .,  e th a n o la m in c ,  
d ie lh a n o la m in e  a n d  th e  lik e ).

Tlie peptides o r salts thereof can further be derivatized to 
provide enhanced half-life, for example, by linking to poly- 30 
ethylene glycol. The peptides or salts thereof may com prise 
L-am ino acids, D-amino acids (which are resistant to 
L-am ino acid-specific proteases in vivo), a com bination o f  D- 
and L-am ino acids, and various “designer” am ino acids (e.g., 
(I-methyl am ino acids, C a-m ethyl amino acids, and N a-m e- 35 
thyl am ino acids, etc.) to convey special properties.

T lie  p o ly p e p tid e s  m a y  b e  th e  s o lé  a c tiv e  a g e n t  in  th e  p h a r ­
m a c e u tic a l  c o m p o s i t io n ,  o r  th e  c o m p o s i t io n  m a y  fu r th e r  
c o m p r is e  o n e  o r  m o re  o th e r  a c tiv e  a g e n ts  s u i ta b le  t r e a t in g  
d ia b e t ic  fo o t u lc e r s , s u c h  a s  a n t ib io t ic s .  T h e  m e th o d s  m a y  b e  40 
u s e d  in c o n ju n c l io n  w ith  o th e r  f o o t  u lc e r  th e ra p ie s , in c lu d in g  
b u t n o t l im ite d  to  n e g a tiv o  p r e s s u re  w o u n d  th e ra p y , to ta l 
c o n ta c t  c a s ts , r e m o v a b le  c a s t w a lk e rs ,  h a l f - s h o e s ,  b e c a p le r -  

lu in , in fe c tio n  c o n tro l ,  a n d  h y p e r b a r ic  o x y g e n  th e ra p y ,
T lie  m e th o d s  m a y  in c lu d e  a n y  o th e r  e m b o d im e n ts  a s  d is -  45 

clo .sed  in  th e  e x a m p le  th a t fo llo w s . S u c h  e r a h o d im e n ts  m a y  
b e  u s e d  in a n y  c o m b in a t io n  in  th e  m e th o d s  o f  th e  in v e n tio n , 
u n le s s  th e  c o n te x t c le a r ly  d ic ta te s  o th e rw is e .

In 3 s e c o n d  a s p e c t ,  th e  p re s e n t  in v e n tio n  p ro v id e s  p h a rm a ­
c e u tic a l fo rm u la t io n s ,  c o m p r is in g :  50

(a) about 0.5%  to about 4%  HEC on a w eight (m g)/volum e 
(mi) basis, o r on a weight/weiglit (mg) basis; and

(b) a peptide o f  at least 5 contiguous am ino acids o f  Nle3 
A(1 -7), or salt thereof;

wherein the peptide is present at a concentration o f  ahout 55 
0.03%  to about 1% on a w eight (m g)/volum e (mi) basis, o r  on 
a w eight/w eight (mg) basis.

T lie  p h a r m a c e u t ic a l  fo r m u la t io n s  a r e  d e m o n s t r a te d  h e re in  
to  b e  p a r t ic u la r ly  e f fe c tiv e  fo r  t r e a t in g  d ia b e t ic  fo o t u lc e rs , 
su c h  a s  c h ro n ic  d ia b e t ic  fo o t u lc e r s  th a t  a r e  n o t c f fe c tiv c ly  60 
tr e a te d  u s in g  s ta n d a rd  th e ra p ie s .

In  o n e  e m b o d im e n t ,  th e  p e p t id e  co m p ri.s e s  A s p -A rg -N le -  
T y r - I le -H is -P ro  (S E Q  ID  N O : I ) ,  o r  s a l t  th e re o f . In  a n o th e r  
e m b o d im e n t ,  th e  p e p t id e  c o n s is ts  o f  ,A sp -A rg -N le -T y r-I le -  

H is -P ro  ( S E Q  ID  N O : 1), o r  s a l t  th e re o f . 65
In one em bodim ent, the peptide, o r salt thereof, is present 

in the form ulation at a concentration o f  about 0,03%  to about

1% on a w eight (m g)/volum e (mi) basis, or on a weight/ 
weight (mg) basis. In various further em bodim ents, the pep­
tide, o r salt thereof, is present in the form ulation al a concen- 
tratinn n f  about 0,03%  tn about 0.75% ; about 0.03%  to about 
0.5%; about 0.03%  to about 0.25% ; about 0.03%  to about 
0.1% ; about 0.03%  to about 0.075% ; about 0.03%  to about 
0.05% ; and about 0.03% ; all on a w eight (m g)/volum e (mi) 
basis, o r on a w eight/w eight (m g) basis.

in  a further em bodim ent, the pharm aceutical form ulation 
com prises about 1% to about 3% HEC on a w eight (m g)/ 
volum e (mi) basis, or on a weight/w eiglit (mg) basis. These 
form ulations com prising low percentage HEC (ie: 2%) m atri­
ces provided a 10-fold increase in peptide release over a 24 
hour period from form ulations such as those com prising 10% 
carboxym ethylcellulose (CM C), a result that w ould be unex­
pected to those o f  skill in the art. Furtherm ore, the data show 
that the HEC m atrices are m ore biocom patible than HPM C 
and CM C form ulations tested. In a still further em bodim ent, 
the pharm aceutical form ulation com prises about 2% HEC on 
a weight (m g)/volum e (mi) basis, o r on a w eight/w eight (mg) 
basis. In another em bodim ent, the form ulation com prises a 
hydrogel formulation.

In one em bodim ent, the form ulation is topical gel-based 
form ulation seleeted from  the group consisting o f  hydrogels, 
cream s, ointm ents, pastes, and lotions. The form ulation is 
adm inistered so as to form a continuous film covering the 
entire arca .o f the ulcer, including the margins, w ithout run- 
ning off. In a preferred em bodim ent, the topical form ulation 
is applied w ith a thickness o f  approxim ately 0.25 to 2 mm; 
preferábly 0.5 to 1.5 mm; preferábly about 1 mm in thickness. 
In another non-lim iting em bodim ent the form ulation is 
applied at approxim ately 0.075 mL per cm^ surface area.

In all aspects and em bodim ents o f  the invention, suitable 
acids which are capable o f  form ing salts w ith the peptides 
include, but are not limited to, inorganic acids such as hydro- 
chloric acid, hydrobrom ic acid, perchloric acid, nitric acid, 
thiocyanic acid, sulfuric acid, phosphoric acid and the like; 
and organic acids such as formic acid, acetic acid, propionic 
acid, glycolic acid, lactic acid, pyruvic acid, oxalic acid, 
m alonic acid, succinic acid, maleic acid, fum arle acid, anthra- 
nilic acid, cinnam ic acid, naphthalene sulfonic acid, sulfanilic 
acid and the like, Suitable bases capable o f  form ing salts with 
the peptides include, but are not lim ited to, inorganic bases 
such as sodium  hydroxide, am m onium  hydroxide, potassium  
hydroxide and the like; and organic bases such as m ono-, di- 
and tri-alkyl and aryl amines (e,g,, triethylam ine, diisopropyl 
amine, methyl am ine, dim ethyl am ine and the like) and 
optionally substituted ethanol-am ines (e.g., ethanolam ine, 
diethanolam ine and the like).

The phannaceutical form ulations m ay further com prise (a) 
a lyoprotectant; (b) a surfactant; (c) a bulking agent; (d) a 
tonieity adjusting agent; (e) a stabilizer; (f) a preservative 
and/or (g) a buffer. In  som e em bodim ents, the buffer in the 
pharm aceutical form ulations is a Tris buffer, a histidine 
buffer, a phosphate buffer, a citrate buffer or an acétate buffer. 
Tlie pharm aceutical form ulations m ay also include a lyopro­
tectant, e.g. sucrose, sorbitol o r trehalose. In certain em bodi­
ments, tlie phannaceutical form ulations includes a preserva­
tive e.g. benzalkonim n chloride, benzethonium , 
chlorohexidine, phenol, m-cresol, benzyl alcohol, m ethylpa­
raben, propylparaben, chlorobutanol, o-cresol, p-cresol, 
clilorocresol, phenylm ercuric nitrate, thim erosal, benzoic 
acid, and various mixtures thereof. In other em bodim ents, the 
pham iaceutical form ulations includes a bulking agent, like 
glycine. In yet o ther em bodim ents, the pharm aceutical for­
mulations includes a surfactant e.g., polysorbate-20, polysor- 
bate-40, polysorbate-60, polysorbate-65, polysorbate-80
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polysorbate-85, poloxam er-188, sorbitan monolaurate, sorbi­
tan m onopalm itate, sorbitan m onostearate, sorbitan 
monooleate, sorbitan trilaurate, sorbitan tristearate, sorbitan 
trioleaste, or a com bination thereof. The phannaceutical for­
mulations may also include a tonieity adjusting agent, e.g., a 5 
compound that renders the formulation substantially isotonic 
or isoosm otic with human hlood. Exem plary tonieity adjust­
ing agents include sucrose, sorbitol, glycine, metliionine, 
mannitol, dextrose, inositol, sodium chloride, arginine and 
ai^inine hydrochloride. In other em bodim ents, the pharma- 
ceutical fonnulations additionally includes a stabilizer, e.g., a 
molecule which, when com bined w ith a protein o f  interest 
substantially prevenís or reduces Chemical and/or physical 
instability o f  the protein o f  interest in lyophilized o r liquid 
form. Exemplary stabilizcrs include sucrose, sorbitol, g ly­
cine, inositol, sodium chloride, methionine, arginine, and 
arginine hydrochloride.

T lie  p e p t id e s  o r  .salts th e r e o f  c a n  f u r th e r  h e  d e r iv a tiz e d  to  

p ro v id e  e n h a n c e d  h a l f - l i f e ,  fo r e x a m p le ,  b y  l in k in g  to  p o ly -  20 

e th y le n e  g ly c o l. T h e  p e p t id e s  o r  s a lts  th e r e o f  m a y  c o m p r is e  

L -a m in o  a c id s ,  D -a m in o  a c id s  (w h ic h  a r e  r e s is ta n t  to  

L -a m in o  a c id - s p c c i f i c p r o te a s c s  in  v iv o ) , a c o m b in a t io n  o f D -  

a n d  L -a m in o  a c id s ,  a n d  v a r io u s  “ d e s ig n e r”  a m in o  a c id s  (e .g .,  

(3 -m ethy l a m in o  a c id s , C a - m e th y l  a m in o  a c id s ,  a n d  N a - m e -  25 

th y l a m in o  a c id s , e tc .)  to  c o n v e y  s p e c ia l  p ro p e r t ie s .

Tlie peptide may be the solé active agent in the pharm a­
ceutical com position, or the com position may further com- 
pri.se one or more o ther active agents suitable for treating 
diabetic ulcers.

’lhc  form ulations may include any other em bodim ents as 
disclosed in the exam ple that follows. Such em bodim ents 
may be used in any com bination in the fonnulations o f  the 
invention, unle.ss the context clearly dictates otherwise.

30

EXAM PLE

Randomized, Parallel-Group, Double-Blind, 
Placebo-Controlled Phase 2 Clinical Trial to . 4Q 

Evalúate the Safety and Effectiveness o f 
N orLeu^-A (l -7) in Treating Subjects with D iahetic 

Ulcers

'Ihe  study w as designed as a random ized, parallel-group, 45 

double-blind, placebo-controlled, m ulti-center trial. After 
14-days o f  best-of-care to evalúate ulcer healing and ensure 
the wounds w ere chronic, four-weeks o f  active treatm ent 
w ere then followed by eiglit w eeks o f  observation and assess­
ment. The study com pared the effects o f  two concentrations 50 
o f  NorLeu'’-A (l -7) and placebo, m easuring both clinical effi­
cacy and safety, Sustaincd tissue integrity was evaluatcd for 
all subjects during a follow -up period lasting 12 w eeks after 
com plete w'ound closure.

Subjects were random ized in a 1:1:1 ratio to one o f  the 
three treatment groups:
Group 1: Placebo Vehicle Control w ithout NorLeu^-A(l -7) 

(also referred to as “D SC127”) (2%  Hydroxyethyl C ellu­
lose (HEC) with 0.1%  methyl paraben, 0.02%  propyl para- 
bcn)

Group 2: 0.03%  NorLcrri-A(I -7) in Vehicle 
Group 3: 0.01%  N orLeu^-A (l-7) in Vehicle

Tlie four-week treatm ent period required daily application 
o f  the treatm ent to the wound site. The first application each (,$ 
week was at the clinic and for the remainder o f  the week the 
patient self-adm inistered Ihe treatment.

I f  w ound healing occurred during the treatm ent o r assess­
ment periods a final assessm ent visit was conducted and the 
integrity was assessed 4 and 12 weeks later (usually w eeks 16 
and 24 o f  the study).
Inclusión Criteria

The follow ingpatients w ereconsidered  elig ib leforpartic i- 
pation in the study:

1) M ale or fem ale am bulatory subjects w ho w ere at least 18 
years o f  age at screening

2) A t start o f  Screening Period andupon  enrollm ent into the 
study, had at least one chronic non-healing W agner 
G rade 1 o rG rade 2 (ulcers o f  partial or full thickness and 
not involving bone, tendón or capsule (probing to tendón 
or capsule), and that have no sign o f  infection or m yeli- 
tis) plantar neuropathic diabetic u lcer betw een 1.0-6.0 
cm^ on the m idfoot o r forefoot, including the toes but 
excluding the heel. N on-healing is defined as present for 
a m inim um  o f  one month but not longer than ten months 
with less than 30%  reduction in size in response to 
treatm ent (non-study treatm ent, but including off-load- 
ing) during the Screening Period. If  m ore than one ulcer 
is present that m eets the inclusión criteria, the larger was 
studied and treated according to the protocol. N on-study 
ulcers w ere treated according to institutional best p rac­
tico, using per protocol offioading.

3) Have an A nkle Brachial Index (ABI) greaterthan  0.7 for 
neuroisehem ic or greater than 0.8 for neuropathic DFU.

4) Have a Tissue Oxygen Pressure (TcPO j) greater than 40 
mm H g or great toe systolic pressure greater than 50 
mml-Ig to ensure healing potential.

5) Have Type I orT ype II diabetes under metabolic control 
as confirm ed by a glycosylated hem oglobin (H bA lc) o f  
Icss than or equal to 12%, and a serum  creatinine level o f  
no greater than 3 m g/dL  obtained witliin 3 m onths o f  
study em ollm ent.

6) Assess the baseline level o f  neuropathy o f  the foot using 
Semmes-W einstein filaments. Patients w ere considered 
to have site specific neuropathy sufficient for loss o f  
protective sensation (LOPS) if  they w ere unable to feel a 
#5.07 monofilament applied to at least 5 o fth e  following 
7 sites (28) on the study foot:
plantar to toes and m etatarsals 1, 3 and 5 (3 sites) 
plantar to m idfoot medial and lateral (2 sites) 
plantar heel (1 site) 
dorsal distal first interspace (1 site)

7) Fem ale subjects o f  child-bearing potential m ust have 
negative pregnancy test at the tim e o f  initiation o f  study 
therapy.

8) Fem ale subjects o f  child-bearing potential m ust have 
been w illing to use a m edically acceptable m ethod o f  
birth control, such as Essure® , horm onal contraception 
(oral pills, im plantable device o r skin patch), intrauter- 
ine device, tubal ligation o r double barrier, during the 
treatm ent and assessm ent period o f  study participation.

9) Ability and w illingness to understand and com ply with 
study procedures and to give w ritten infonned consent 
prior to enrollm ent in the study or initiation o f  study 
procedures.

Exclusión Criteria
I f  a subject m et any o f  the follow ing criteria, he or she was 

excluded from the study:
1) Has a known hypersensitivity to any o f  the study medi- 

cation components.
2) Exposure to any investigational agent w ithin 30 days o f  

entry into study.
3) Fem ales who are pregnant or nursing.

\
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4) Females unw illingto  use a m edically acceptable method 
o f  birth control, such as Essure®, hormonal conlracep- 
tion (oral pills, implantable device or skin patch), intrau- 
terine device, tubal ligation or double barrier, during the 
treatm ent and assessm ent period o f  study participation.

5) Active m alignant di.sease o f  any kind A subject, who has 
had a malignant disease in the past, was treated and is 
currcntly disease-free, may be considered for study 
entry.

6) Chronic renal insufficiency (sem m  creatinine during 
screening is greater than 3.0 gJáL  ohtained w itlun 3 
months o f  study enrollment).

7) Chronic liver dysfunction evidenced by transam inase 
Icvcls greater than tw icc nomial.

8) Rccciving hem odialysis o r chronic am bulatory pcrito- 
neal dialysis (CAPD) therapy.

9) Resting blood pre.s.sure (at the time o f  the initial visit o f  
the Screening Period) wluch exceeds 160 sy,stolic and/or 
90d iasto lic  m m llg o n  3 con.secutive readings at least 15 
minutes apart.

10) Prior radiation therapy o f  the foot with the u lcer under 
study.

11) Current use n f  corticosteroids (within past 8 w eeks), 
im niunosuppressants (w ithin past 8 weeks).

12) K.nown to be FllV positive.
13) Subjects w hose u lcer was primarily ischemic in etiol- 

ogy as diagnosed by an ABI o f  <0.7 or great toe systolic 
pressure <40 m rhH gorT cP O 2< 40  m m Hg in the supine 
position and <40 m mHg while sitting, m easured on the 
forefoot with electrode set at 44 C.

14) Sickle-cell anemia, R aynaud’s or other peripheral vas­
cular disease.

15) C urrent history o f  drug abuse.
16) Subjects rccciving a biologic agent to include growth 

ftc to rs and skin equivalents (Regranex™ , A pligraft™ , 
o r D erm agraft™ ) in the past 30 days.

17) Subjects with uncontrolled diabetes defined as a g ly­
cosylated hem oglobin (HbAlc)>12% , or a serum crea­
tinine level o f  greater than 3 g/dL obtained within 3

30
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addition to best standard o f  care (which included debride­
ment). T liedrug  was w ell-tolerated and there w eren o  signifi- 
cant adverse events associated with N orL eu^-A (l-7) treat­
ment.

In the Intcnt-to-Treat (ITT) population (all subjects rccciv­
ing any study m edication and from whom  any post-baseline 
data are available): Results show that 54%  o f  the diabetic 
wounds treated w ith 0.03%  (liigli dose) o f  NorLeu^-,A(l-7) 
achieved 100% closure in 12 w eeks o r less, com pared with 
33%  o f  patients receiving placebo control, and 30%  o f  
patients receiving the 0.01%  dose (low dose) o f  NorLeu^-A 
(1-7). Based on odds ratio analysis, patients treated with 
N orLeu^-A (l-7) 0.03%  w ere 2.3 times m ore likely to have 
their wounds heal com pletely as com pared to patients treated 
with placebo/standard o f  care.

In the Per Protocol (PP) population (all patients that d id not 
have a m ajor protocol violation affecting efficacy); Results 
show that 65% o f  the diabetic wounds treated w ith 0.03%  
dose o f  N orLeu^-A (l -7) achieved 100% closure in 12 w eeks 
o r less, com pared w ith 38% o f  patients receiving placebo 
control, and 28% o f  patients receiving tlie 0.01%  dose o f  
N orLeu^-A (l-7). See FIGS. 1-3. Based on odds ratio analy­
sis, patients treated w ith N orLeu^-A (l-7) 0.03%  w ere 3.0 
times more likely to have their wounds heal com pletely as 
corapared to patients treated with placebo/standard o f  care.

The high dose o f  N orLeu’-,A(l -7) well exceeded the tria l’s 
primary endpoint m easurem ent target o f  an iniprovement o f  
15 percentage points in com plete healing o f  wounds within 
the 12-week duration o f  the study for both the ITT (21% 
increase) and PP (27% increase) populations com pared with 
placebo.

The trial was not pow ered for statistical significance, how- 
ever there. w as a statistically significant (p=0.049) 50% 
improvement in the rate o f  healing in the PP high-dose popu­
lation through 12 w eeks o f  treatm ent com pared w ith  the 
control arm, as m easured by depth o f  u lcer using covariate 
analysis.

The wound healing rates for patients on N orL eir-,A (l-7 ) 
were rem arkable with the ITT analysis show ing a 21%

months o f  study enrollment determ ined on two sepárate 40 increase and the PP analysis show ing a 27%  increase over the

45 1

occasions at least 3 weeks apart
18) Subject with an ulcer which is determ ined to be clini- 

cally infected and requires topical antim icrobials or 
agents known to affect w ound healing o r has been taking 
system ic antibiotics for m ore than 7 days for any reason.

19) Subject w ith a W agner G rade 3 or higher DFU, deep 
abscess or infection o f  the jo in t or tendón, or gangrene or 
osteoniyeltitis.

20) An EKG with a marked haseline prolongation o f  
QT/Q Tc interval (e.g., repeated dem onstration o f  QTc 
interval >450 m illiseconds (ms))

A total o f  80 .subjects were enrolled in the study; 27 were 
random ized to the 0.03%  dose o f  N orLeu^-A (l-7), 25 were 
random ized lo placebo and 28 w ere random ized to the 0.01%  
dose. All subjects also received best standard o f  care, w hich 
included debridem ent, wound cleansing, application o f  an 
occlusive dressing and standardized proper off-loading.
Results

Rcccnt results from a Phase 2 clinical trial w ith NorLeu^- 
A (l-7 ) in patients with diabetic foot ulcers showed that the 
proporlion o f  smdy ulcers healed by 12 w eeks as defined by 
100% epithelial¡zed with no drainage, as well as all secondary 
endpoints. The double-blind, placebo-controlled, m ulti-cen- 
ter clinical trial random ized 80 subjects to receive one o f two 
doses o f  N orL eu’-A (l -7) (0.03%  and 0.01% ) or vehicle pía- 65 
cebo (2%  hydroxyethyl cellulose in phosphate huffer w ith 
0.1%  m ethyl partthen and 0.02%  propyl paraben) control, in

placebo arm.
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SEQUENCE LISTING

<160> NtWBER OF SEQ ID NOS: 3

<210> SEQ ID NO 1 
<211> DENGTH; 7 
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence 
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic 
<220> FEATURE:
<221> NAME/KEY: MISC.FEATURE 
<222> LOCATION: (3)..(3>
<223> OTHER INFORMATION: Xaa is Nle

<400> SEQUENCE: 1

A ,
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Asp Arg Xaa Tyr lie His Pro 
1 5

<210> SEQ ID NO 2 
<211> LENGTH: 5 
<212> TYPE: PRT
<213> ORGANISM; Artificial Sequence 
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic 
<220> FEATURE;
<221> NAME/KEY; MISC...FEATURE 
<222> LOCATION: (3)..(3)
<223> OTHER INFORMATION; Xaa is Nle

<400> SEQUENCE: 2

Acp Arg Xaa Tyr lie 
1 5

<210> SEQ ID NO 3 
<211> LENGTH: 6 
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence 
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic 
<220> FEATURE:
<221> NAME/KEY: MISC.FEATURE 
<222> LOCATION: (3) . . (3)
<223> OTHER INFORMATION: Xaa is Nle

<400> SEQUENCE; 3

Asp Arg Xaa Tyr lie His 
1 5

We claim:
] .  A pliarraaceiitical fom iulation, comprising;
(a) 0.5%  to 4% HEC on a w eight (m g)/vokim e (m!) basis, 

nr 011 a weight/w eight (mg) basis; and
(b) a peptide o f  at least 5 contiguous amino acids o f  Nle3 

A(1 -7), or a salt thereof;
wherein the peptide, or salt thereof is present at a concen­

tration o f  about 0.03%  to about 1% on a weight (mg)/ 
volum e (mi) basis, o r on a w eight/w eight (mg) basis.

2. Tlie pharm aceutical form ulation o f  claim 1, wherein the 
peptide, or salt thereof com prises .4sp-Arg-Nle-Tyr-Ile-His- 
Pro (SEQ ID NO: 1) or a salt thereof.

3. Tlie pharm aceutical fom iulation o f  claim  1, wherein the 
peptide, or salt thereof consists of.Asp-Arg-Nle-Tyr-lle-His- 
Pro (SEQ ID N O '.l) or a salt thereof.

4. The phannaceutical form ulation o f  claim 1, com prising 
1% to 3% HEC 011 a weight (m g)/volum e (mi) basis, or on a 
w eight/w eight (mg) basis.

5. The pharm aceutical form ulation o f  claim  1 com prising 
2%  HEC 011 a w eight (m g)/volum e (mi) basis, or on a w eight/ 
w eight (m g) basis.

6. Tlie pharm aceutical form ulation o f  claim  1, wherein the 
form ulation com prises a hydrogel formulation.

7. Tlie pharm aceutical fonnulation o f  claim  1, wherein the 
peptide, or salt thereof, is present at a concentration o f  about 
0.03%  to about 0.5%  on a weiglit (mg)/voIume (mi) basis, or 
on a w eight/w eight (mg) basis.

8. Tlic pharm aceutical form ulation o f  cláim  1, w herein the 
formulation is seleeted from the group consisting o f  a cream. 
an ointm ent, a paste, and a Intioii.

9. Tlie pharm aceutical form ulation o f  claim 1, wherein the 
form ulation further com prises one or more o f  (a) a lyopro­
tectant; (b) a surfactant; (c) a bulking agent; (d) a tonieity 
adjusting agent; (e) a stabilizer; (f) a preservative.and (g) a 
buffer.
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10. The pharm aceutical form ulation o f  claim  1, further 
com prising one or m ore other active agents suitable for treat­
ing diabetic ulcers.

n .  T he pharm aceutical form ulation o f  claim 4, wherein 
the peptide, o r salt thereof consists o f  Asp-.Arg-Nle-Tyr-Ile- 
ITis-Pro (SEQ ID  N 0 :1 ), o r a salt thereof.

12. T he pharm aceutical form ulation o f  claim  5, wherein 
the peptide, o r salt thereof consists o f  Asp-Arg-Nle-Tyr-Ile- 
His-Pro (SEQ ID N 0 :1 ), or a salt thereof.

13. The pharm aceutical form ulation o f  claim  6, wherein 
the peptide, o r salt thereof consists o f  Asp-Arg-Nle-Tyr-Ile- 
H is-Pro (SEQ ID NO: 1), o r a salt thereof.

14. The pharm aceutical form ulation o f  claim  7, wherein 
the peptide, or salt thereof consists o f  Asp-Arg-Nle-Tyr-Ile- 
H is-Pro (SEQ ID  N 0 :1 ), or a salt thereof.

15. Tlie pham iaceutical form ulation o f  claim  8, wherein 
the peptide, or salt thereof consists o f  Asp-Arg-NIe-Tyr-Ile- 
His-Pro (SEQ ID  N 0 :1 ), o r a salt thereof.

16. T he pharm aceutical form ulation o f  claim  9, wherein 
the peptide, or salt thereof consists o f  Asp-Arg-Nle-Tyr-Ile- 
His-Pro (SEQ ID  N 0 :1 ), o r a salt thereof.

17. The pharm aceutical form ulation o f  claim  10, w herein 
the peptide, o r salt thereof consists o f  Asp-Arg-Nle-Tyr-IIe- 
H is-Pro (SEQ ID  N 0 :1 ), or a salt thereof.

18. A m ethod for treating diabetic foot ulcers, com prising 
adm inistering to a human patient suffering from  a diabetic 
foot ulcer an am ount o f  a pharm aceutical form ulation accord­
ing to claim  1 effective to treat the diabetic foot ulcer.

19. The m ethod o f  claim 18, wherein the peptide, or salt 
thereof. com prises Asp-Arg-Nle-Tyr-Ile-His-Pro (SEQ ID 
N 0 :1 ).'

20. The m ethod o f  claim  18, w herein the peptide, or salt 
thereof. consists o f  Asp-A rg-N le-Tyr-Ile-H is-Pro (SEQ  ID 
N O :l).'

VO
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21 .T he m etliodof claim  18, wherein the diabetic foot ulcer 
is one caused. al least in part, by neuropathy and resulting 
pressure.

22. The method o f  claim  18, wherein the diahetic foot ulcer 
com prises one or more calluses. 5

2.1. The method o f  claim 18, wherein the diabetic foot ulcer 
is a chronic ulcer.

24. Ihc method o f  claim  2.1, wherein the chronic foot ulcer 
has not responded to any other treatment.

25. Tlie metliod n f  claim 18, wherein the peptide, or salt tn 
thereof. is adm inistered topically.

26. Tlie method o f  claim  25, wherein the peptide, or salt 
thereof, is adm inistered as a topical form ulation forming a 
continuous film covering the entire area o f  the diabetic ulcer.

27. The method o f  claim  25, wherein the pCptidc, or salt 15 
thereof, is adm inistered in a hydrogel formulation.

V
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M ETIIODS FOR TREATING DIABETIC FOOT  
ULCERS

C R O SS R E F E R E N C E

Tliis ap p lica tion  claim s prio rity  to  U .S . P rovisional Patent 
.A pplication Ser. N o. 61 /438 ,780  filed Feb. 2, 2011, incorpo- 
ra ted  by  refe rence  herein  in its entirety.

B A C K G R O U N D

D iabetes is com m on, d isab ling  and  deadly. In th e  U .S ., 
d iabetes has reached  ep idem ic  p roportions. A cco rd in g  to the 
.A m erican D iabetes A ssocia tion , abo u t 24 m illio n  p eop le  (8%  
o f  th e  to tal U .S . p opu la tion ) have  d iabetes, an d  nearly  tw o 
m illio n  new  cases are  d iagn o sed  in  p eo p le  aged  20 years o r 
o ld er each  year. I f  cu rren t trends con tinué , 1 in 3 A m ericans 
wi 11 develop  d iabetes at som e p o in t in  th e ir  life tim e, an d  those  
w ith  d iabetes w ill lose, o n  average, 10-15 years o f  life  expect- 
ancy. Im portantly , up  to 25%  o f  p eop le  w ith  d iabetes w ill 
develop a d iabetic  foo t ulcer, resu ltin g  in  3 m illion  d iabetic  
foot u lcers annually  in the  U .S . alone. M ore than  h a lf  o f  all 
foot u lcers w ill b ecom e in fected , thus requ iring  hosp italiza- 
tion, and  I in 5 w ill requ ire  an am puta tion  that carries a h igh  
risk  o f  m ortaiity.

W ithout question , d iabetes p u ts  trem endous econom ic  
p ressu re  on  th e  U .S . health care  sy stem . Total costs (d irec t and  
ind irect) o f  d iabetes have reached  $174  b illion  annually , and  
p eop le  w ith  d iagn o sed  d iabetes have m edical expenditu res 
tha t are  over tw o  tim es h ig h e r th an  m edical expenditu res fo r 
p eop le  w ithou t d iabetes . H osp ita liza tion  costs a lone  a re  $16,
0 0 0  to  $20 ,000  fo r a pa tien t w ith  a d iabetic  foot ulcer, and  
d irect and  ind irect costs o f  an am pu ta tion  ran g e  from  $20 ,000  
to $60 ,000  p e r  patien t. A  recen t study by researchers a t the 
U niversity  o f  C hicago  suggested  that trea tm en t costs for d ia ­
betes in the  U n ited  S tates w ould  reach  $336 b illion  by  the 
year 2034. .Advanced, cost-eíTective trea tm en t m odalities for 
d iabetes an d  its co -m orb id ities, inc lud ing  d iabetic  fo o t u lcers, 
a re  in g rea t need, ye t in  short supply, g lobally . A cco rd in g  to 
th e  A m erican  D iabetes A ssocia tion , b y  the  year 2025 the 
p revalence  o f  d iabetes is ex pected  to rise  by  72%  to 324 
m illion  p eop le  w orldw ide.

S U M M A R Y  O F T H E  IN V E N T IO N

In a first aspect, the p resen t invention  pro  v ides m ethods for 
trca ting  d iabetic  foo t u lcers, com p risin g  adm in istering  to a 
hum an  patien t su ffering  from  a d iabetic  foo t u lce r  an  am ount 
o f  a p ep tid e  o f  a t least 5 con tiguous am ino acids o f  N le3 
.A( 1 -7), o r  salt tliereof, effective to  treat th e  d iabetic  foo t ulcer.
1 n on e  em bodim ent, th e  pep tide  com prises A sp-A rg-N le-T yr- 
Ile -H is-P ro  (SE Q  ID  N 0 :1 ) ,  o r  salt thereof. In ano ther 
em bodim ent, th e  p ep tid e  consists o f  A sp-A rg-N le-T yr-Ile- 
H is-P ro  (SE Q  ID  N O :I) , o r salt thereof. In  various em bodi- 
m ents, the  diabetic  foot u lcer is o n e  caused , at least in part, by 
ncuropalhy  and  resu lting  p ressure; the  d iabetic  foo t u lce r 
com prises one  o r  m ore calluses; an d  the  d iabetic  foo t u lce r is 
a ch ron ic  ulcer. In  a fu rth er em bodim ent, the  cliron ic  foot 
u lce r  has not responded  to any o th e r treatm ent.

In an o th er em bod im en t, the  pep tide  is adm in iste red  topi- 
cally. In  a fu rther em bodim ent, the  pep tide  is adm in iste red  as 
a tópica! fo rm ula tion  fo rm ing  a con tinuous film  covering  the 
en tire  area o f  the  d iabetic  ulcer. In a still fu rther em bodim ent, 
the  p ep tide  is adm in iste red  in  a h yd rogel fo rm ulation . In 
an o th er em bod im en t, the  p ep tid e  is ad m in istered  a t a concen- 
tra tion  o f  abou t 0 .03%  to abou t 1 %  on a w eig h t (m g)/vo lum e 
(m i) basis, o r  on a w eigh t/w eigh t (m g) hasis. In a fu rther

em bod im en t, th e  pep tid e  is adm in istered  in a gel fo rm ula tion  
that abo u t 0 .5%  to abou t 4%  hydroxyethy l ce llu lo se  (H E C ) 
on  a w eigh t (m g)/vo lum e (m i) basis, o r o n  a w eigh t/w eigh t 
(m g) basis.

5 A ll em bod im en ts o f  the  first a spect o f  th e  inven tion  can  be 
com bined  un less the  con tex t d ic ta tes o therw ise .

In  a second aspect, th e  p resen t invention  p rov ides pharm a- 
ceu tical fo rm ula tions, com prising:

(a) abo u t 0 .5%  to ab o u t 4%  H E C  on  a w eigh t (m g)/vo lum e 
■o (m i) basis, o r  o n  a w eigh t/w eigh t (m g) basis; and

(b) a p ep tide  o f  a t least 5 con tiguous am ino  ac id s o f  N le3 
A(1 -7), o r  salt thereof;

w here in  the  pep tide  is p resen t at a concen tra tio n  o f  about 
0 .03%  to  about 1 %  on a w eigh t (m g)/vo lum e (m i) basis, o r on 

'5  a  w eig h t/w eig h t (m g) basis.
In  o n e  em bodim ent, the  pep tide  com prises A sp-A rg-N le- 

Tyr-IIe-H is-Pro  (SE Q  ID  N O :I) , o r salt thereof. In  ano ther 
em bodim ent, the  pep tide  consists o f  A sp-A rg-N Ie-T yr-Ile- 
H is-P ro  (SE Q  ID  N O : 1), o r sa lt thereo f. In  a fu rther em bodi- 

20 m ent, the  pharm aceu tica l fo rm ula tion  com prises about I %  to 
abo u t 3%  H E C  on a w eigh t (m g)/vo lum e (m i) basis, o r on  a 
w eig h t/w eig h t (m g) basis. In a still fu rth er em bodim ent, the  
pharm aceu tica l fo rm ula tion  com prises about 2%  H E C  on  a 
w eigh t (m g)/vo lum e (m i) basis, o r on  a w eigh t/w eigh t (m g) 

25 basis. In  an o th er em bodim ent, the  fo rm ula tion  com prises a 
hydrogel fo rm ula tion . A ll em bodim ents o f  the  second  aspect 
o f  th e  inven tion  can  b e  com b in ed  un less th e  con tex t d ic ta tes 
otherw ise.

30 B R IE F  D E S C R IP T IO N  O F  T H E  F IG U R E S

FIG . 1 is a g rap h  show ing  th e  u lce rs  h ealed  by v isit in the  
Per Pro toco l (PP) patien t popu la tion  tak ing  N o rL eu^-A (l -7).

FIG . 2 is a g raph  show ing  the  percen tag e  o f  fu lly  healed  
35 u lcers (100%  w ound  c losure) in  th e  patien t p opu la tion  tak ing  

N o rL eu ^ -A (I-7 ) (also  refe rred  to  as “ D S C 1 2 7 ”).
F IG . 3 is a g raph  show ing  the  m ed ian  tim e  to fu lly  healed  

u lcers (100%  w o u n d  c losure) in the  patien t popu la tio n  taking  
N o rL eu ’ -A (l-7 )  (a lso  refe rred  to as “ D S C 127”).

40

D E TA ILE D  D E SC R IP T IO N  O F  T H E  IN V E N T IO N

A ll refe rences cited  are h ere in  inco rpora ted  by  re fe ren ce  in 
the ir entirety . W ith in  th is app lica tion , un less o th erw ise  stated, 

45 the  tech n iq u es u tilized  m ay  be  found  in  any o f  several w ell-  
know n references such as: M o lecu la r  C lon ing: A  L a bora tory  
M a n u a l (Sam brook, e t al., 1989, C oid  Spring  H arbor L ab o ­
ra to ry  Press), G ene E xpression  Technology  (M ethods in 
E nzym ology, Yol. 185, ed ited  by D. G oeddel, 1991. A ca ­

so dem ic  Press, S an  D iego, C a lif.), ‘‘G u ide  to P ro te in  P urifica- 
tio n ” in M eth o d s in E n zym o lo g y  (M . P. D eutshcer, ed., (1990) 
A cadem ic  P ress , Inc.); P C R  P ro toco ls: A G uide to  M e th o d s  
a n d  A p p lica tio n s  (Iim is, e t al. 1990. A cadem ic  Press, San 
D iego , C a lif ) , C ulture o fA n im a l  C ells: A  M a n u a l o f  B a sic  

55 Technique, 2"'^ Ed. (R. I. Freshney. 1987. L iss, Inc. N ew  Y ork, 
N .Y .), G ene Transfer a n d  E xpression  P ro toco ls, pp. 109-128, 
ed. E. J. M urray, T he H um ana P ress Inc., C lifton , N..T.), and 
the  A m bion  1998 C a ta log  (A m bion, A ustin , Tex.).

A s u sed  herein , the  singu lar fo rm s “ a” , “ an” an d  “ the” 
60 inc lude  p lu ral re fe ren ts  un less the  con tex t clearly  d ictates 

o therw ise . “A nd” as u se d  here in  is in terchangeab ly  u sed  w ith 
“ or” un less expressly  sta ted  o therw ise .

A ll em bod im en ts o f  any  aspect o f  the  invention  can  be  used  
in com bination , u n less the  con tex t c learly  d ic ta tes o therw ise . 

65 In  a  first aspect, th e  p re sen t inven tion  p rov ides m ethods fo r 
trea tin g  d iabetic  foot u lcers, co m prising  adm in istering  to  a 
hum an patien t su ffering  from  a d iabetic  foo t u lc e r  an  am ount
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o f  a pep tide  o f  at least 5 con tig u o u s am ino  acids o f  N le3 
A ( 1 -7), o r  sa lt tliereof, effective to  trea t th e  d iabetic  foo t ulcer.

A s d em onstra ted  in the  exarap les th a t follow , the  inventors 
have d em onstra ted  th a t the  m ethods o f  the  invention  can  be 
used  to trea t d iabetic  foot u lcers, an d  p rov ide  substan tial 5 

im provem en t ov er standard  therapies.
N le 3 A (l-7 )  (o r N o rL eu " '-A (l-7); also  refe rred  to as 

“ D S C 127”) is a p ep tid e  co nsisting  o f  the  am ino  acid  
sequence  A sp -A rg -N le-T yr-lle -H is-P ro  (SE Q  ID  N 0 :1 ) .  In 
various em bodim ents, the  pep tide  ad m in istered  to the hum an 10 

patien t m ay com prise  o r  co n sist o f  A sp-A rg-N le-T yr-Iie  
(SE Q  ID  N O :2), A sp-A rg-N le-T yr-Ile-H is (SE Q  ID  N 0 :3 ) , 
o r  m o st p refe rab ly  A sp-A rg-N le-T yr-Ile-H is-P ro  (S E Q  ID 
N O :I ) , o r  sa lts thereof. N le 3 A (I-7 )  o r  sa lts th e re o f  m ay  be  
chem ica lly  syn thesized  o r  reco m b in an tly  expressed , each  o f  15 

w hich  can  be  acco m p lish ed  u sin g  standard  m ethods in  the  art.
In one em bod im en t, th e  pep tide , o r  salt thereo f, is a d m in ­

istered  a t a co ncen tra tion  o f  about 0 .0 3 %  to about 1% on  a 
w eigh t (m g)/vo lum e (m i) basis, o r on  a w eig h t/w eig h t (m g) 
basis. In various fu rther em bod im en ts, the  pep tide, o r salt 20 

thereof, is adm in istered  a t a concen tra tion  o f  about 0 .03%  to 
about 0 .75% ; about 0 .03%  to abo u t 0 .5% ; abou t 0 .03%  to 
about 0 .25% ; about 0 .03%  to abo u t 0 .1% ; about 0 .03%  to 
about 0 .075% ; abou t 0 .03%  to  about 0 .05% ; and about
0 .03% ; all on  a w eig h t (m g)/vo lum e (m i) basis, o r  o n  a 25 
w eigh t/w eigh t (m g) basis.

T lie h um an  patien t m ay  be  suffering  from  Type I d iabetes 
o r Type II d iabetes , and has a foo t ulcer, defined  as an  open 
w ound  anyw here  o n  the  foo t (heel, m id-foo t, and  forefoot).

A s used  herein , “trea tin g ”  a d iabetic  foo t u lce r includes 30

(a) lim 'iting the  p rog ression  in size, area, and /o r dep th  o f  the 
foot ulcer;

(b) red u c in g  size, area, an d /o r depth  o f  the  foo t ulcer;
( c )  in c r e a s in g  r a t e  o f  h e a l in g  a n d / o r  r e d u c i n g  t i m e  to  h e a l -  

in g ;  35

(d) h ea lin g  o f  the  foo t u lc e r  (100%  ep ithelia liza tion  w ith  
no d rainage); and

(e) decreased  inc id en ce  o f  am pu ta tion  o r slow ing  in  tim e to 
am putation .

T lie  foot u lce r  m ay b e  caused  by  any  u n d erly in g  pathology, 40 

inc lud ing  b u t not lim ited  to  neuropathy , traum a, deform ity, 
h igh  p lan ta r p ressures, ca llu s fo rm ation , edem a, and periph- 
eral arteria l d isease. In p refe rred  em bod im en ts, the  h um an  
diabetic  foot u lce r is one caused , a t least in  part, by  n eu ro p a ­
thy and resu lting  p ressu re  (w eigh t bearing  on  th e  ex trem ity  45 

due to lack  o f  fee ling  in the  foot). A s is know n  to those  o f  skill 
in tlie art, hum an d iabetic  foo t u lcers tend  to b e  due to  n eu r­
opathy  and  pressure , w hich  differs significantly  from , for 
exam ple , m urin e  acu te  w ounds. In a fu rther p refe rred  
em bod im en t, the d iabetic  foo t u lc e r  com prises one  o r  m o re  50 

calluses.
In a fu rther em bodim ent, the  d iabetic  foot u lce r  is a ch ron ic  

ulcer. A s used  herein , a “ch ro n ic”  foo t u lce r  is one  th a t has 
been p resen t fo r a t least 7 days w ith  no  reduction  in size; 
p refe rab ly  al least 14 days; even m ore preferably , p resen t at 55 
least 21 o r  28 days w ith  no reduction  in  size. In  a fu rther 
p refe rred  em bod im en t that can  b e  com b in ed  w ith  any o f  these 
em bod im en ts, th e  ch ron ic  foo t u lce r  has not resp o n d ed  (ie: no 
reduction  in  size, area, an d /o r dep th  o f  the  fo o t u lcer; no 
healing  o f  the  foo t u lcer) to  any  o th er trea tm ent. 60

Tlie p ep tid e  o r  salt th e re o f  m ay  be  ad m in istered  by  any 
su itab le  rou te , p refe rab ly  via top ical adm in istration . In  one  
em bodim ent, the  m ethods o f  th e  inven tion  can  com prise  
adm in iste rin g  a topical fo rm ula tion  as o ften  as deem ed  
appropria te , ie: once  p er day, tw ice  p e r  day, etc. T lie m ethods 65 

m ay ñ irth e r com prise  adm in istra tion  o f  the  pep tide , o r  salt 
th e re o f  fo r as longed  as d eem ed  desirab le  by  an  attend ing

physic ian , fo r exam ple, un til h ealing  o f  the  ulcer. For ad m in ­
istration , it is p refe rred  th a t the  top ica l fo rm ula tion  fo rm  a 
con tinuous film  covering  th e  en tire  area  o f  th e  ulcer, in c lu d ­
ing  the  m arg ins. In  a p re fe rred  em bod im en t, th e  top ical fo r­
m u lation  is app lied  w ith  a th ickness o f  app rox im ate ly  0 .25  to 
2 m m ; p refe rab ly  0 .5  to 1.5 m m ; p refe rab ly  ab o u t I m m  in 
th ickness.

In o n e  em bodim ent, the  top ica l adm in istra tion  com prises 
adm in istra tion  in a fo rm ula tion  se lec ted  from  th e  g roup  c o n ­
sis ting  o f  hydrogels, cream s, o in tm en ts, pastes, an d  lo tions. 
T h e  fo rm ula tions m ay  be app lied  in  any  su itab le  m anner, 
w h ich  m ay include  any w ound  dresSings to  seal in th e  fo rm u ­
lation  d eem ed  ap p rop ria te  b y  the  h u m an  p a tien t o r caregiver. 
E xem plary  such  d ressings, include, bu t are  no t lim ited  to, 
sem ipe rm eab le  film s, foam s, hyd roco llo ids , and  calcium  
alg inate  sw abs.

T h e  m ethods m ay  fu rther com prise  deb ridem en t in and 
around  the  w ound  in com bination  w ith  adm in istra tio n  o f  the  
pep tide  an d  fo rm ulations thereo f. D ebridem en t o f  all 
necrotic, callus, an d  fibrous tissu e  is ty p ica lly  carried  for 
trea tm en t o f  d iabetic  fo o t u lcers. U nhealthy  tissue is sharp ly  
deb rided  back  to b leed ing  tissue to allow  füll v isua liza tion  o f  
the  exten t o f  th e  u lce r  and  to detec t underly in g  abscesses o r 
sinuses. A ny suitab le  d eb ridem en t tech n iq u e  can  be  used , as 
d e te rm in ed  by an  attend ing  physic ian . T he w o u n d  can  th en  be 
tho rough ly  flushed w ith  sterile  sa line  o r  a non-cy to tox ic  
c lean ser fo llow ing  debridem ent.

In  an o th er em bod im en t, the  top ica l fo rm ula tion  com prises 
about 0 .5%  to abou t 4%  hydroxyethy l ce llu lo se  (H E C ) on  a 
w eigh t (m g)/vo lum e (m i) basis, o r o n  a w eig lit/w eigh t (m g) 
basis. In  various fu rther em bodim ents, th e  top ica l fo rm u la ­
tio n  m ay  com prise  about 1%  to about 3%  H E C , o r abo u t 2%  
H E C , on  a w eigh t (m g)/vo lum e (m i) basis, o r  on  a w eigh t/ 
w eigh t (m g) basis. T h ese  fo rm ula tions co m p risin g  low  p er­
cen tage  H E C  (ie: 2% ) m atrices p rov ided  a 10 -fo ld  increase  in 
pep tide  re lease  ov er a 24 ho u r p eriod  from  form ula tions such 
as th o se  co m prising  10%  carb o xym ethy lce llu lo se  (C M C ), a 
resu lt th a t w ou ld  be unexp ec ted  to th o se  o f  sk ill in  th e  art. 
F urtherm ore, the  data  show  th a t th e  H E C  m atrices a re  m o re  
b iocom patib le  th an  H P M C  an d  C M C  fo rm ula tions tested.

T h e  pep tides, o r sa lt th e reo f m ay  b e  ad m in istered  to g e th er 
w ith  o n e  o r m o re  (a) a lyopro tec tan t; (b) a  su rfactan t; (c) a 
bu lk ing  agen t; (d) a ton ic ity  ad ju s tin g  agen t; (e) a  stab ilizer;
(f) a p reservative  and /o r (g) a buífer. In  so m e em bod im en ts, 
the  b u ffer in the  pharm aceu tica l com position  is a Tris buffer, 
a h istid ine  buífer, a  phosp h a te  buffer, a c itra te  b u ffer o r an 
acéta te  buffer. T he pep tides m ay  b e  adm in istered  w ith  a ly o ­
p ro tectan t, e .g . sucrose, sorb ito l o r  trehalose . In  certain  
em bod im en ts, the  pep tides m ay  b e  adm in istered  w ith  a p re ­
servative e.g . benzalkon ium  ch lo ride , b enzethon ium , ch loro- 
hex id ine, phenol, m -creso l, benzy l a lcoho l, m ethy lparaben , 
p ropy lparaben , ch lorobutano l, o -creso l, p -creso l, ch lo rocre - 
sol, pheny lm ercu ric  nitrato , th im erosal, b enzo ic  ac id , and 
various m ix tu res thereof. In  o th e r  em bod im en ts, the  pep tides 
m ay b e  ad m in istered  w ith  a bu lk ing  agen t, like  g lycine. In yet 
o th e r  em bodim ents, th e  pep tides m ay  be  ad m in istered  w ith  a 
surfac tan t e.g ., po lysorbate-20 , po lyso rbate-40 , p o lyso rbate- 
60, po lyso rbate-65 , po lyso rbate-80  po lyso rbate-85 , po lox- 
am er-188 , so rb itan  m ono lau ra te , so rb itan  m onopalm ita te , 
so rb itan  m onosteara te , so rb itan  m o noo leate , so rb itan  trilau- 
rate, so rb itan  tris teara te , so rb itan  trio leaste , o r  a com bination  
thereo f. T h e  pep tides m ay  b e  ad m in istered  w ith  a ton icity  
ad justing  agen t, e.g ., a co m p o u n d  that renders th e  fo rm u la ­
tion  substan tially  iso ton ic  o r  isoosm otic  w ith  h um an  b lood. 
E xem plary  ton ic ity  ad jus ting  agen ts inc lude  sucrose, so rb i­
tol, g lycine, m eth ion ine , m arm itol, dex trose, inosito l, sodium  
ch loride , a rg in ine  and  arg in ine  h ydroch lo ride . In o th er
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em bod im en ts, th e  p ep tides m ay  b e  ad m in iste red  w ith  a sta- tide, o r  salt thereo f, is p resen t in  th e  fo rm ula tion  a t a concen-
b ilizer, e.g ., a m o lecu le  w h ich , w h en  com b in ed  w ith  the  pep- tra tion  o f  abo u t 0 .03%  to abo u t 0 .75% ; about 0 .03%  to abou t
tid e  substan tially  preven ts o r  reduces Chemical an d /o r physi- 0 .5% ;
cal instab ility  o f  the  p ro te in  o f in te re s t in ly o p h iliz e d o rliq u id  about 0 .03%  to  abo u t 0 .25% ; abou t 0 .03%  to  about 0 .1% ;
form . E xem plary  stab ilizers include sucrose, sorb ito l, g ly - 5 ab o u t 0 .03%  to about 0 .075% ; ab o u t 0 .03%  to  abo u t 0 .05% ; 
cine, inosito l, sod ium  chloride, m eth ion ine, arg in ine, an d  and  abo u t 0 .03% ; all on  a w eig h t (m g)/vo lum e (m i) bas is, o r
arg in ine h ydroch lo ride , paraben, an d  com binations o f  m ethyl ® w eigh t/w eigh t (m g) basis.
p araben  and  p ropyl parab en  ® fu rth er em bod im en t, the  p harm aceu tica l fo rm ula tion

In all aspects and  em bod im en ts o f  the  invention , su itab le  com prises abo u t 1% to abo u t 3%  H E C  on  a w eigh t (m g)/
ac ids w liich a re  capab le  o f  fo rm ing  salts w ith  the  pep tides w eigh t/w eigh t (m g) basis T hese

, , , . • • j  i_ 1 j  ío rm u la tio n sco m p rism g lo w p erc en tag eH E C T ie : 2 % )m a t^ -
lnclude, b u ta r e n o th m ite d to ,  in o rg a n ic a c id s s u c h a s h y d ro -  - j  j

ces provided a 10 -fo ld  Ulerease in peptide release over a 24 
ch ion c acid, hydrobromic acid. perchlonc acid, nitric acid. ■ j /• ,• w  i, Tu • ■ ,« 0 / ■ h o u r p e n o d  from  fo rm ula tions such  as those  co m p n sm g  1 0 %
Ü uocyam c acid, su lfu n c  ac id , p h o sp h o n c  ac id  and  the hke; carboxym ethy lce llu lo se  (C M C ), a resu lt that w o u ld  b e  unex- 
and  organ ic  ac ids such  as fo rm ic  acid , acetic  acid , p rop ion ic  , 3  p u rth en n o re , th e  data show
acid , g lyco lic  acid , lac tic  ac id , py ruv ic  acid , oxalic  acid, ^ g t  th e  H E C  m atrices are  m o re  b iocom patib le  th an  H PM C  
m alon ic  ac id , succin ic  ac id , m ale ic  acid , fiim aric acid , an thra- g^d  C M C  fo rm ula tions tested . In  a  still ñ ir th e r  em bodim ent, 
n ilic  ac id , c innam ic  acid , n aph thalene  su lfon ic  acid , su lfan ilic  the  pharm aceu tica l fo rm ula tion  com p rises abo u t 2%  H E C  on 
ac id  and  the  like. S u itab le  bases capab le  o f  fo rm ing  sa lts w ith  a w eigh t (m g)/vo lum e (m i) basis, o r  on  a w eig h t/w eig h t (m g) 
the  pep tides include, bu t are  not lim ited  to , inorgan ic  bases 20 basis. In an o th er em bodim ent, the  fo rm ula tion  com prises a 
such as sod ium  hydrox ide, an u n o n iu m  hydrox ide, po tassium  hydrogel form ulation .
h ydrox ide  and  the like; and organic bases such as m ono-, di- In  one em bodim ent, the  fo rm ula tion  is top ical gel-based
and tri-a lk^ l and ary l am ines (e.g ., tr ie thy lam ine , d iisopropyl fo rm ula tion  se lec ted  from  th e  g roup  consistin g  o f  hydrogels, 
am ine , m etliyl am ine , d im ethy l am ine and  th e  like) and  cream s, o in tm ents, pastes, and  lo tions. T he fo rm ula tion  is 
op tionally  substitu ted  e thano l-am ines (e .g ., e thano lam ine , 25 adm in istered  so as to  fo rm  a con tinuous film  covering  th e  
d ie tliano lam ine  and  the  like). en tire  area  o f  th e  ulcer, inc lud ing  tire m arg ins, w itliou t run-

T he pep tides o r  sa lts th e re o f  can  fu rther h e  derivatized  to  n in g  off. In  a p re fe rred  em bod im en t, th e  top ica l fo rm ula tion  
p rov ide en lianced  half-life , fo r exam ple, b y  link ing  to po ly- is app lied  w ilñ  a  th ickness o f  app rox im ate ly  0 .25  to  2 m m ; 
etliy lene g lycol. T h e  pep tides o r  salts th e re o f  m ay com prise  p refe rab ly  0.5 to  1 .5 m m ; p refe rab ly  about 1 m m  in th ickness. 
L -am ino  acids, D -am ino  acids (w hich  are  resis tan t to 30 In  ano ther n o n-lim iting  em bod im en t th e  fo n n u la tio n  is 
L -am ino  ac id -spec ific  pro teases in vivo), a com bination  o f  D- app lied  a t app rox im ate ly  0 .075 m L  p e r cm ^ surface  area. 
and L -am ino  acids, and various “desig n er”  am ino  acids (e.g ., In all aspects and em bodim ents o f  the  invention , su itable
(3-metlryl am ino  acids, C a -m e th y l am ino ac ids, and  N a -m e -  ac ids w h ich  are cap ab le  o f  fo rm ing  sa lts w ith  th e  p ep tides
thyl am ino  acids, e tc .) to convoy special p roperties . include, bu t are  no t lim ited  to, inorgan ic acids such  as hydro-

T he po ly p ep tid es m ay be  the  so lé  active ag en t in the  phar- 35 ch loric  acid , hydrobrom ic  acid , perch io ric  acid , nitric  acid , 
m aceu tica l com position , o r  th e  co m position  m ay  fu rther th iocyan ic  acid, su lfu ric  ac id , phosp h o ric  ac id  an d  th e  like; 
com p rise  one  o r  m o re  o th e r active agents su itab le  trea tin g  and  o rgan ic  acids such as fo rm ic  acid , ace tic  acid, prop ion ic 
d iabetic  foot u lcers, such  as an tib io tics. T he m ethods m ay be  acid , g lyco lic  acid , lactic  ac id , py ruv ic  acid , oxalic  acid , 
u sed  in con junction  w ith  o th er foo t u lce r  therap ies, inc lud ing  m alon ic  acid , succin ic  ac id , m ale ic  acid , fiim aric acid , an th ra- 
b u t no t lim ited  to negativo  p ressu re  w o u n d  therapy, total 40 nilic acid , c innam ic  acid , nap h th a len e  su lfon ic  acid , su lfan ilic  
co n tac t casts, rem ovable cas t w alkers, ha lf-shoes, becap ler- ac id  an d  th e  like. S u itab le  bases capab le  o f  fo rm in g  sa lts w ith  
m in, in fec tion  con tro l, and  hyperb aric  oxygen  therapy. the  p ep tides include, but a re  n o t lim ited  to , inorgan ic  bases

T lie m ethods m ay  include  any  o th e r em bod im en ts as d is- such  as sod ium  hydrox ide, am m onium  hydrox ide, p o tassium  
c losed  in the exam ple  th a t fo llow s. S uch  em bod im en ts m ay  hydro x id e  and  the  like; and  organ ic  bases such  as m ono-, d i­
be  used  in  any co m bination  in  th e  m ethods o f  the  invention, 45  and  tri-a lky l and ary l am ines (e.g ., tr ie thy lam ine , d iisopropy l 
unless th e  con tex t clearly  d ic ta tes o therw ise. am ine, m ethyl am ine , d im ethy l am ine  an d  th e  like) and

In a seco n d  aspect, th e  p resen t inven tion  prov ides ph am ia- o p tionally  substitu ted  e thano l-am ines (e.g ., e thano lam ine ,
ceu tical fo rm ula tions, com prising : d ie thano lam ine  an d  th e  like).

(a) about 0 .5%  to about 4%  H E C  on  a w eiglit (m g)/vo lum e T he p harm aceu tica l fo rm ula tions m ay  fu rth er com prise  (a)
(m i) basis, o r  on a w eigh t/w eigh t (m g) basis; and 50  a lyoprotectant; (b) a surfactant; (c) a bu lk ing  agen t; (d) a

(b) a pep tide  o f  at least 5 con tiguous am ino  acids o f  N le3  ton ic ity  ad justing  agent; (e) a stab ilizer; (f) a p reservative
A ( l-7 ) , o r salt thereof; an d /o r (g) a buffer. In  som e em bod im en ts, th e  buffer in th e

w herein  the  pep tide  is p resen t at a concen tra tion  o f  about pharm aceu tica l fo rm ula tions is a T ris buffer, a h istid in e
0 .0 3 %  to  about 1% on  a w eigh t (m g)/vo lum e (m i) basis, o ro n  buffer, a phospha te  buffer, a c itra te  b u ffe r o ra n  acéta te  buffer. 
a w eigh t/w eigh l (m g) basis. 55 T h e  p harm aceu tica l fo rm ula tions m ay  also  inc lude  a lyopro-

T he pharm aceu tica l fo rm ula tions are  dem o n stra ted  here in  tec tan t, e .g . sucrose, sorb ito l o r  trehalose . In  certa in  em bodi- 
to b e  p articu larly  effective fo r trea ting  d iabetic  foo t u lcers, m en ts, the  p harm aceu tica l fo rm ula tions inc ludes a preserva- 
such  as chron ic  d iabetic  foo t u lcers th a t are  n o t effective ly  tive e.g. benzalkon ium  ch loride , benzethonium , 
trea ted  usin g  standard  therap ies. ch lorohex id ine , pheno l, m -creso l, b enzy l a lcohol, m ethy lpa-

In o n e  em bodim ent, the p ep tid e  com prises A sp-A rg-N le- 60 raben , p ropylparaben , ch lo robu tano l, o -creso l, p -creso l, 
T yr-Ile-H is-P ro  (SE Q  ID  N O : 1), o r sa lt thereo f. In  an o th e r  ch io rocreso l, p heny lm ercu ric  n itra te , th im erosal, benzo ic  
em bodim ent, th e  pep tide  consists o f  A sp-A rg-N le-T yr-Ile- acid, and  various m ix tu res thereof. In  o th er em bod im en ts, th e  
H is-P ro  (SE Q  ID  N O :I ) , o r  salt thereof. p harm aceu tica l fo rm ula tions inc ludes a bu lk ing  agen t, like

In  one  em bodim ent, the  pep tide, o r  salt tliereof, is p resen t g lycine. In y e t o th e r  em bod im en ts, th e  p harm aceu tica l for-
in the  fo rm ula tion  a t a concen tra tion  o f  abou t 0 .03%  to  about 65 m ulations includes a su rfac tan t e.g ., po lysorbate-20 , po lysor- 
1% on a w eig lit (m g)/vo lum e (m i) basis, o r  on a w eigh t/ ba te-40 , po lyso rbate-60 , po lyso rbate-65 , po lysorbate-80
w eigh t (m g) basis. In various fu rther em bodim ents, the  pep- po lyso rbate-85 , po lo x am er-1 88, so rb itan  m ono lau ra te , sorbi-
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E x am ple  R andom ized , P aralle l-G roup , 
D ouble-B lind , P lacebo-C ontxolled  P hase  2 C lin ical 

T rial to E valúate  the S afety  an d  E ffectiveness o f  
N o rL eu ^ -A (l-7 )  in T reating  Sub jects w ith  D iabetic  

U lcers

10

tan  m onopalm ita te , so rb itan  m onostea ra te , so rb itan  
m onooleate , so rb itan  trilaura te , so rb itan  tristearate , so rb itan  
trio leaste . o r  a co m bination  thereo f. T he p harm aceu tica l fo r­
m ulations m ay  also  inc lude  a ton ic ity  ad jus ting  agen t, e.g ., a 
com pound  that renders the  fo rm ula tion  substan tia lly  iso ton ic  5 
o r  isoosm otic  w ith  hum an  b lood. E xem plary  ton ic ity  ad ju s t­
ing agents include sucrose, sorb ito l, g lycine , m eth ion ine, 
m annito l, dex trose, inosito l, sod ium  chloride, arg in ine and 
a rg in ine  h ydroch lo ride . In o th e r  em bod im en ts, the  p h arm a­
ceu tical fo rm ula tions add itionally  includes a stabilizer, e.g ., a 
m o lecu le  w h ich , w h en  com bined  w ith  a p ro tein  o f  in terest 
substan tia lly  p reven ts o r  reduces Chemical an d /o r physical 
in stab ility  o f  th e  p ro te in  o f  in terest in  lyophilized  o r  liqu id  
fo rm . E xem plary  stab ilizers inc lude  sucrose, sorb ito l, g ly- 
cine, inosito l, sod ium  chloride, m eth ion ine, arg in ine, and  
arg in ine  h ydroch lo ride .

T lie p ep tides o r  sa lts th e re o f  can  fu rth er b e  derivatized  to 
p rov ide enhanced  half-life , fo r exam ple, by link ing  to  poly- 
e thy lene  g lycol. T lie pep tides o r  sa lts th e re o f  m ay  com prise  20 

L -am ino acids, D -am ino  acids (w liich are  resis tan t to 
L -am ino  ac id -spec ific  p ro teases in  vivo), a com bination  o f  D - 
and L -am ino  acids, an d  various “d esig n eP ’ am ino  acids (e.g., 
P -m ethyl am ino  acids, C a -m e th y l am ino acids, and  N a -m e -  
thyl am ino acids, e tc .) to convey special p roperties . 25

T he pep tide  m ay  be th e  so lé  active agen t in th e  p h arm a­
ceutical com position , o r  the  com position  m ay fu rth er c o m ­
prise  o n e  o r  m ore o th e r  ac tive  agents su itab le  fo r treating  
d iabetic  u lcers.

T lie fo rm ula tions m ay include any o th er em bod im en ts as 
d isc lo sed  in the exam ple  th a t fo llow s. Such em bodim ents 
m ay be used  in any  com bination  in the fo rm ulations o f  the  
invention , un less the  con tex t c learly  d ic ta tes o therw ise.

35

40

T lie study  w as designed  as a random ized , parallel-g roup , 
doub le-b lind , p lacebo-con tro lled , m u lti-cen te r tria l. A fter 
14-days o f  best-o f-care  to evalúate  u lce r h ea lin g  an d  ensure 
the  w ounds w ere  chron ic , four-w eeks o f  active trea tm en t 45 

w ere  then  fo llow ed  b y  eigh t w eeks o f  o b servation  and  assess- 
m ent. T lie sm dy com pared  th e  effects o f  tw o concen tra tions 
o fN o rL e u ^ -A (l -7) an d p la c e b o , m easu ring  bo th  clin ical effi- 
cacy  and safety. S usta ined  tissue  in teg rity  w as evaluated  fo r 
all sub jects during  a fo llow -up  p erio d  lasting  12 w eeks after 50 

com plete  w ound closure.
Subjects w ere  random ized  in a 1:1:1 ratio  to  one  o f  the  

th ree  treatm ent groups:
G roup 1: P lacebo  V ehicle C ontro l w ithou t N orL eu’’ -.A (l-7) 

(also refe rred  to as “D S C 127” ) (2%  H ydroxyethy l C ellu- 55 
lose (H EC ) w ith  0 .1%  m ethy l paraben , 0 .02%  propyl p a ra ­
ben)

G roup 2: 0 .03%  N o rL eu ^ -A (l-7 )  in V ehicle 
G roup  3: 0 .01%  N o rL eu ^ -A (l-7 ) in V ehicle

T he four-w eek  trea tm en t p e rio d  requ ired  da ily  app lica tio n  60 

o f  th e  trea tm en t to the  w ound  site. T he first ap p lica tion  each  
w eek  w as a t the  clin ic  and fo r the  rem ain d er o f  the  w eek  the  
patien t se lf-adm in istered  th e  treatm ent.

I f  w ound  h ea lin g  occurred  during  the trea tm en t o r assess- 
m ent periods a final assessm ent v isit w as conducted  and the 65 

in teg rity  w as assessed  4 and 12 w eeks la ter (usually  w eeks 16 
and 24 o f  the  study).

Inclusión  C riteria
T he fo llo w in g p a tien ts  w ere  considered  e lig ib le  fo rp a rtic i-  

pa tion  in th e  study:
1) M ale  o r  fem ale  am bu la to ry  sub jects w h o  w ere  a t least 18 

years o f  age  a t screen ing
2) A ts ta r to fS c re e n in g  P eriod  an d u p o n  en ro llm en t in to  the 

study, had  a t least one  ch ron ic  n o n-healing  W agner 
G rade  1 o r G rad e  2 (u lcers o f  partia l o r  full th ickness and 
not invo lv ing  bone, tendón  o r  cap su le  (p ro b in g to  tendón  
o r capsule), and that h av e  no  sign  o f  infection  o r  m yeli-  
tis) p lan ta r n eu ropath ic  d iabetic  u lce r b e tw een  1.0-6.0 
cm^ o n  th e  m id fo o t o r  forefoo t, inc lu d in g  th e  toes but 
exclud ing  th e  heel. N o n -h ea lin g  is defined  as p resen t fo r 
a m in im u m  o f  o n e  m o n th  bu t no t lo n g er th an  ten  m onths 
w ith  less th an  30%  redu c tio n  in  size in responso  to 
trea tm en t (non-study  trea tm en t, bu t inc lud ing  ofF-load- 
ing) du ring  the  S creen ing  Period . I f  m o re  th an  one u lce r  
is p resen t that m eets th e  in c lu sió n  crite ria , the  larger w as 
s tud ied  an d  trea ted  acco rd in g  to th e  p ro to co l. N on-study  
u lcers w ere  trea ted  acco rd in g  to  in stitu tional bes t p rac- 
tice, u sin g  p er p rotocol offloading.

3) H ave an A n k ie  B rach ial Index (A B I) g rea te r  than  0.7 fo r 
neu ro ischem ic  o r g rea te r th an  0 .8  fo r neu ropath ic  D FU .

4) H ave a T issue  O xygen  P ressure  (T cP O j) g rea ter th an  40 
m m  H g  o r g rea t to e  systo lic  p ressu re  g rea te r than  50 
rm nH g to en su re  healing  poten tial.

5) H ave Type I o rT y p e  II d iabetes u n d er m etabo lic  con tro l 
as confirm ed by a g lycosy la ted  h em og lob in  (H bA lc) o f  
less th an  o r  equal to 12% , and  a  se ru m  crea tin in e  level o f  
no g rea ter th an  3 m g /dL  ob ta ined  w itliin  3 m on ths o f  
s tudy enro llm ent.

6) A ssess the  base line  level o f  neu ropathy  o f  the  foot usin g  
S em m es-W einstein  filam ents. P atien ts w ere  consid ered  
to  have  site specific n eu ro p a th y  sufficient fo r loss o f  
p ro tec tive  sensation  (L O P S ) i f  th ey  w ere  u n ab le  to  feel a 
#5 .07  m onofilam ent ap p lied  to a t leas t 5 o f  the  fo llow ing  
7 sites (28) on th e  study  foot:
p lan ta r  to  toes and  m eta tarsa ls 1, 3 and  5 (3 sites) 
p lan ta r to  m id foo t m ed ia l an d  lateral (2 sites) 
p lan ta r heel (1 site) 
dorsal dista! first in terspace  (1 site)

7) F em ale  sub jects o f  ch ild -bearing  po ten tial m u st have 
negative p regnancy  tes t at the  tim e  o f  in itia tion  o f  study 
therapy.

8) F em ale  sub jects o f  ch ild -bearing  po ten tial m u st have 
b een  w illin g  to use  a m ed ically  accep tab le  m ethod  o f  
b irth  con tro l, such  as E ssu re® , h o rm onal con tracep tion  
(oral pills, im p lan tab le  dev ice  o r  sk in  patch), in trau te r­
ino dev ice, tu b a l lig a tio n  o r  d o u b le  barrier, du ring  the  
trea tm en t and  assessm ent p e rio d  o f  stu d y  partic ipa tion .

9) A bility  an d  w illingness to u n d erstan d  and  com ply  w ith  
s tudy procedures an d  to g ive w ritten  in fo rm ed  consen t 
p rio r  to  en ro llm en t in th e  study o r  in itia tion  o f  study 
procedures.

E xclusión  C riteria
I f  a sub jec t m et any o f  th e  fo llow ing  crite ria , he  o r  she w as 

excluded  from  the  study:
1) H as a k now n  hypersensitiv ity  to  any  o f  th e  study m edi- 

ca tio n  com ponents.
2) E xposure  to  any investigational agen t w ith in  30 days o f  

en try  in to  study.
3) Fem ales w h o  are  p regnan t o r nursing .
4) Fem ales unw illin g  to use  a m ed ically  accep tab le  m ethod  

o f  b irth  con tro l, such  as E ssure® , ho rm onal co n tracep ­
tion (oral p ills , im p lan tab le  dev ice o r  skin patch), in trau- 
terine dev ice, tubal ligation  o r doub le  barrier, du ring  the  
trea tm en t an d  assessm ent period  o f  study  partic ipation .

O
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5) A ctive m alig n an t d isease  o f  any k in d  A  subject, w ho  has 
had a m alignan t d isease  in the pas t, w as trea ted  and  is 
curren tly  d isease-free , m ay be  considered  fo r study 
entry.

6) C hron ic  renal insufficiency (serum  creatin ine  during  5 
sc reen ing  is g rea ter than  3 .0  g /dL  ob ta in ed  w ith in  3 
m onths o f  study enro llm ent).

7) C liron ic  livor d ysfunction  ev idenced  by  transam inase  
levels g rea te r than  tw ice  norm al.

8) R eceiv ing  h em od ia lysis o r  chron ic  am bulato ry  perito- 
neal d ia ly sis (C A P D ) therapy.

9) R estin g  b lood  p ressu re  (at th e  tim e  o f  the  initial v isit o f  
the S creen ing  P eriod) w h ich  exceeds 160 systo lic  and /o r 
90 d iasto lic  m m H g o n  3 consecutivo  read ings at least 15 
m inu tes apart.

10) P rio r rad iation  therapy  o f  the  foo t w ith  the  u lce r  under 
study.

11) C urren t u se  o f  co rticostero ids (w ith in  past 8 w eeks), 
im m unosuppressan ts (w ith in  p as t 8 w eeks). 20

12) K now n to be  H IV  positivo.
13) Subjects w hose  u lce r  w as p rim arily  ischem ic  in  etio l- 

ogy as d iag n o sed  by  an  A B I o f  <0.7  o r  g reat to e  systo lic 
p ressu re  < 4 0  m m H g o r  T cP O 2< 40  m m H g in th e  sup ine 
p osition  and  < 40  m m H g  w hile  sitting , m easu red  o n  the  25 
fo refoo t w ith  electrodo  set a t 44 C.

14) S ickle-cell anem ia, R a y n au d ’s o r  o th e r  periphera l v as­
cu la r  d isease.

15) C urren t h isto ry  o f  d ru g  abuse.
16) Sub jects receiv ing  a b io log ic  agen t to include g row th  30 

facto rs and skin  equ ivalen ts (R egranex™ , A plig raft™ ,
o r  D erm ag raft™ ) in  the  pas t 30 days.

17) S ub jec ts w ith  u ncon tro lled  d iabetes defined  as a g ly ­
cosy la ted  hem og lob in  (H bA lc)> 12% , o r  a serum  c rea ­
tin in e  level o f  g rea ter th an  3 g /dL  ob ta in ed  w ith in  3 35 
m onths o f  study em o llm en t de term ined  on  tw o sepára te 
o ccasions at least 3 w eek s apart.

18) S ubject w ith  an  u lce r  w h ich  is d e term ined  to  be clin i- 
ca lly  in fec ted  and requ ires top ica l an tim icrob ia ls or 
agen ts know n to affect w o u n d  healing  o r  has been  tak ing  40 
system ic an tib io tics fo r m ore th an  7 days fo ra n y  reason .

19) S ub jec t w ith  a W agner G rade  3 o r  h ig h er D FU , deep 
abscess o r  in fection  o f  th e  jo in t or tendón , o r  g angrene  o r 
osteom yeltitis .

20) A n  E K G  w ith  a m ark ed  baseline  p ro lo n g a tio n  o f  45 

Q T /Q T c interval (e.g ., rep ea ted  dem o n stra tio n  o f  Q Tc 
in terval > 450  m illiseconds (m s))

A  total o f  80 sub jects w ere  en ro lled  in  th e  study; 27 w ere  
random ized  to th e  0 .03%  dose  o f  N orLeu^-.A (l-7), 25 w ere  
random ized  to p lacebo  and  28 w ere  random ized  to  the  0.01 %  50 
dose. All sub jects a lso  received bes t standard  o f  care, w hich  
included debridem ent, w ound  cleansing , ap p lica tion  o f  an 
occlusive d ressing  and  standard ized  p ro p er o ff-loading .
R esults

R ecent resu lts from  a Phase 2 clin ical trial w ith  N orLeu^- 55 
A ( l-7 )  in pa tien ts w ith  d iabetic  foot u lcers show ed  th a t the  
p ropo rtio n  o f  study u lcers h ea led  b y  12 w eek s as defined  by 
100%  ep ithelia lized  w ith  no drainage, as w ell as all secondary  
endpoin ts. T lie double-b lind , p lacebo-con tro lled , m u lti-cen ­
ter c lin ica l tria l random ized  80 sub jects to receive on e  o f  tw o  60 

doses o f  N orLeu'^-A (l -7) (0 .03%  and  0 .01% ) o r veh ic le  p la ­
cebo (2%  hydroxyethy l ce llu lo se  in p hospha te  b u ffe r w ith
0 .1%  tnethyl paraben  and  0 .02%  propyl paraben) con tro l, in 
add ition  to  bes t standard  o f  care  (w hich  included  d eb rid e­
m ent). T lie d rug  w as w e ll-to le ra ted  an d  there  w ere  no signifi- 65 
cant adverse  even ts associa ted  w ith  N o rL e u ^ -A (l-7) tre a t­
m ent.

In  th e  In ten t-to -T reat (IT T ) p o p u la tio n  (all sub jects rece iv ­
ing any study m ed ication  and from  w hom  any p ost-base line  
data  are  available); R esu lts show  th a t 54%  o f  the  d iabetic  
w ounds trea ted  w ith  0 .03%  (high dose) o f  N o rL eu ^ -A (l-7 )  
ach ieved  100%  c losu re  in 12 w eeks o r less, com pared  w ith 
33%  o f  patien ts receiv ing  p lacebo  con tro l, and  30%  o f  
patien ts receiv ing  the  0 .01%  d o se  (low  dose) o f  N orL eu^-A  
(1-7). B ased on odds ratio  analysis, pa tien ts trea ted  w ith  
N o rL eu ^ -A (l-7 )  0 .03%  w ere  2.3 tim es m o re  likely  to have 
th e ir  w ounds heal com p le te ly  as com p ared  to  patien ts trea ted  
w ith  p lacebo /s tan d ard  o f  care.

In the  Per Protocol (PP) popu la tion  (all pa tien ts that d id  not 
have  a m ajo r p ro toco l v io la tion  affec ting  efficacy): R esu lts 
show  th a t 65%  o f  the  d iabetic  w ounds trea ted  w ith  0 .03%  
dose  o f  N orL eu^-A (I -7) ach ieved  100%  c lo su re  in  12 w eeks 
o r  less, com pared  w ith  38%  o f  patien ts rece iv in g  p lacebo 
con tro l, and 28%  o f  patien ts receiv ing  th e  0 .01%  dose  o f  
N o rL eu ^ -A (l-7 ). S ee F IG S. 1-3. B ased  on odds ratio  an a ly ­
sis, pa tien ts trea ted  w ith  N o rL eu ^ -A (l-7 )  0 .03%  w ere  3.0 
tim es m o re  likely  to  have the ir w ounds heal co m plete ly  as 
com p ared  to patien ts trea ted  w ith  p laceb o /s tan d ard  o f  care.

T h e  h ig h  d o se  o f  N orL eu^-A (I -7) w ell exceed ed  th e  triaP s 
p rim ary  end p o in t m easu rem en t ta rget o f  an im provem en t o f  
15 percen tag e  po in ts in com plete  h ea lin g  o f  w o unds w ith in  
th e  12-w eek du ration  o f  the  study fo r bo th  th e  IT T  (21%  
increase) and  P P  (27%  increase) p o p u la tions com p ared  w ith  
p lacebo.

T he tria l w as no t pow ered  fo r sta tistical significance, how - 
ever there w as a s ta tis tically  s ign ifican t (p= 0 .049) 50%  
im provem ent in the  rate  o f  h ealing  in  the  P P  h igh -dose  p o p u ­
lation  th rough  12 w eeks o f  trea tm en t com p ared  w ith  the  
con tro l arm , as m easu red  by dep th  o f  u lce r u sin g  covariate  
analysis.

T h e  w ound  healing  ra tes fo r p a tien ts  o n  N o rL eu ^ -A (l-7 )  
w ere  rem ark ab le  w ith  the  ITT  analysis show ing  a 21%  
increase  an d  th e  P P  analysis show ing  a 27%  increase  over th e  
p lacebo  arm .
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 3

<210> SEQ ID NO 1 
<211> LENGTH: 7 
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic 
<220> FEATURE;
<221> NAME/KEY: MISC_FEATURE 
<222> LOCATION: (3).. (3)
<223> OTHER INFORMATION: Xaa is Nle

<400> SEQUENCE: 1

Asp Arg Xaa Tyr lie His Pro 
1 E
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<210> SEQ ID NO 2 
<211> LENGTH: 5 
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence 
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic 
<220> FEATURE;
<221> NAME/KEY: MISC.FEATURE
< 2 2 2 > LOCATION: (3)..(3)
<223> OTHER INFORMATION: Xaa is Nle

<400> SEQUENCE: 2

Asp Arg Xaa Tyr lie 
1 5

<210> SEQ ID NO 3 
<211> LENGTH: 6 
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence 
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic 
<220> FEATURE;
<221> NAME/KEY: MISC.FEATURE 
<222> LOCATION: (3)..(3)
<223> OTHER INFORMATION: Xaa is Nle

<400> SEQUENCE: 3

Asp Arg Xaa Tyr lie His 
1 5

W e claim :
1. A  m elh o d  fo r trea ting  d iabetic  fo o t u lcers, com prising  

adm in iste rin g  to a h u m an  p atien t su ffering  from  a d iabetic  
foo t u lce r an  am oun t o f  a pep tide  o f  a t least 5 con tiguous 
am ino  ac ids o f  N le3 A(1 -7) effective to  treat the  d iabetic  foot 
ulcer, w here in  the  p ep tide  is ad m in istered  top ically  in a gel 
fo rm ula tion  that com prises about 0 ,5%  to abo u t 4%  h ydroxy­
ethyl ce llu lo se  (H E C ) on a w eig h t (m g)Zvolume (m i) basis, o r 
on a w eigh t/w eigh t (m g) basis.

2. T lie  m ethod o f  claim  1, w here in  th e  pep tide  com prises 
A sp-A rg-N le-T yr-Ile-H is-P ro  (SE Q  ID  NO : I).

1  T h e  m ethod  o f  c la im  1, w h ere in  the  p ep tide  consists o f  
A sp-A rg-N le-T yr-Ile-H is-P ro  (SE Q  ID  N O : I ).

4. T he m elhod  o f  claim  1, w here in  the d iabetic  foo t u lce r is 
on e  caused , a t least in part, by  neuropathy  an d  resu lting  
pressure.

5. T h e  m ethod  o f  claim  .1, w here in  the  d iabetic  foot u lce r 
com prises o n e  o r m ore calluses.

6. T he m ethod o f  c la im  1, w h ere in  the d iabetic  foot u lce r is 
a ch ron ic  ulcer.

7. T he m ethod  o f  claim  6, w here in  the  chron ic  foot u lce r 
has no t responded  to any o th er treatm ent.

8. T he m ethod  o f  c la im  1, w here in  th e  pep tide  is ad m in is­
tered  as a top ical fo rm ula tion  fo rm ing  a con tinuous film  co v ­
ering  the  en tire  area o f  the  d iabetic  ulcer.

9. T he m ethod  o f  cla im  1, w here in  the  p ep tide  is a d m in is­
tered  in a hydrogel fo rm ula tion .

10. T he m ethod  o f  claim  1, w here in  the  p ep tid e  is ad m in ­
istered  a t a concen tra tion  o f  about 0 .03%  to abou t 1% on  a 
w eigh t (m g)/vo lum e (m i) basis, o r on a w eig h t/w eig h t (m g) 
basis.

11. T lie m ethod  o f  c la im  2, w here in  th e  d iabetic  foo t u lce r 
is one  caused , at leas t in part, by  neuropathy  and resu lting  
pressure.
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12. T h e  m eth o d  o f  c la im  2, w here in  th e  d iabetic  foot u lce r  
com prises one  o r  m ore ca llu ses.

13. T he m e th o d  o f  cla im  2, w here in  the  d iab e tic  fo o t u lce r  
is a ch ron ic  ulcer.

14. T h e  m ethod  o f  c la im  13, w h ere in  th e  chron ic  foo t u lce r  
has n o t responded  to any o th er treatm ent.

15. T lie m ethod  o f  c la im  2, w here in  the  p ep tide  is ad m in ­
istered  as a topical fo rm ula tion  fo rm ing  a con tinuous film  
covering  the  en tire  area o f  the  d iabetic  ulcer.

16. T he m ethod  o f  c la im  2, w here in  the  p ep tid e  is a d m in ­
istered  in a hydrogel form ulation .

17. T he m ethod  o f  c la im  2, w h ere in  th e  p ep tid e  is a d m in ­
istered  a t a concen tra tion  o f  abo u t 0 .03%  to abo u t 1%  on a 
w eigh t (m g)/vo lum e (m i) basis, o r  on  a w eig h t/w eig h t (m g) 
basis.

18. T he m ethod  o f  cla im  3, w here in  th e  d iabetic  foo t u lce r  
is o n e  caused , at least in part, by  n eu ropathy  and resu lting  
p ressure.

19. T lie m ethod  o f  c la im  3, w herein  th e  d iabetic  foot u lce r 
com prises one o r  m ore ca llu ses.

20. T he m eth o d  o f  c la im  3, w herein  the  d iabetic  foo t u lce r  
is a ch ron ic  ulcer.

21. T h e  m ethod  o f  claim  20, w h ere in  the  chron ic  fo o t u lce r  
has n o t re sp o n d ed  to  any o th er treatm ent.

22. T he m ethod  o f  c la im  3, w h ere in  th e  p ep tid e  is a d m in ­
istered  as a topical fo rm ula tion  fo rm ing  a  con tinuous film  
covering  the en tire  area o f  th e  d iabetic  ulcer.

23. T he m ethod  o f  c la im  3, w here in  the  p ep tide  is ad m in ­
istered  in a hydrogel form ulation .

24. T he m ethod  o f  claim  3, w here in  the  p ep tid e  is ad m in ­
istered  a t a concen tra tion  o f  abo u t 0 .03%  to abo u t 1% on  a 
w eigh t (m g)/vo lum e (m i) basis, o r  on  a w eig h t/w eig h t (m g) 
basis.
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M ETHODS FOR TREATING DIABETIC FOOT  
ULCERS

C R O SS R E F E R E N C E

T his app lica tion  is a  d iv isional o fU .S . app lica tion  S er.N o .
1.'?/364,061 filed Feb. 1, 2012, and  cla im s prio rity  to U .S . 
P rov isional P aten t A pplica tion  Ser. N o . 61 /438 ,780  filed Feb.
2, 2011, in co rpora ted  by refe rence  h ere in  in its  entirety.

B A C K G R O U N D

S U M M A R Y  O F T H E  IN V E N T IO N

10

D iabetes is com m on, d isab lin g  and  deadly. In th e  U .S ., 
d iabetes has reached  ep idem ic  p roportions. A cco rd in g  to the 
.M nerican D iabetes A ssocia tion , abo u t 24 m illion  p eop le  (8%  15 
o f  the  to ta l U .S . popu la tion ) have  d iabetes , an d  nearly  tw o 
m illion  new  cases are  d iagnosed  in  p eop le  aged 20 years o r 
o ld e r  each  year. I f  curren t trends con tinué , I in 3 A m ericans 
w ill develop  d iabetes a t som e p o in t in  their life tim e, and  those  
w ith  d iabetes w ill lose , on  average, 10-15 years o f  life expect- 20 

ancy. Im portantly , up  to 25%  o f  peop le  w ith  d iabetes w ill 
develop  a d iabetic  foot ulcer, resu ltin g  in 3 m illion  d iabetic  
foot u lcers am iually  in the  U .S . a lone. M ore  th an  h a lf  o f  all 
foo t u lcers w ill b eco m e in fec ted , thus req u irin g  h o sp ita liza ­
tion, and  1 in 5 w ill requ ire  an am pu ta tion  that carries a high 25 

risk  o f  m ortaiity .
W ithout question , d iabetes p u ts  trem endous econom ic 

pressu re  on  th e  U .S . h ealthcare  system . Total costs (d irec t and  
ind irect) o f  d iabetes have reached  $174 b illion  annually , and  
peop le  w ith  d iagnosed  d iabetes have m edical expenditu res 30 
th a t a re  ov er tw o tim es h ig h er th an  m edical expenditu res fo r 
p eo p le  w ithou t d iabetes. H osp ita liza tion  costs a lone  are  $16, 
00 0  to  $20 ,000  fo r a pa tien t w ith  a d iabetic  foo t ulcer, and 
d irec t and ind irec t costs o f  an am p u ta tio n  range from  $20 ,000  
to $ 60 ,000  p e r  patien t. A  recen t study by  researchers a t th e  35 

U niversity  o f  C hicago  suggested  that trea tm en t costs fo r d ia ­
betes in the  U n ited  S tates w ou ld  reach  $336 b illion  by the  
y ea r  2034. A dvanced , cost-effec tive  trea tm en t m o dalities fo r 
d iabetes and  its co-m orb id ities, includ ing  diabetic  foo t ulcers, 
are  in g rea t nccd, yet in short supply, globally . A cco rd in g  to 
the  A m erican  D iabetes A ssocia tion , by  the y ea r 2025 the 
p revalence  o f  d iabetes is expected  to rise  by 72%  to 324 
m illion  p eop le  w orldw ide.

45

In  a first aspect, the  p resen t inven tion  p rov ides m ethods fo r 
trea ting  d iabetic  foot u lcers, co m p risin g  adm in istering  to  a 
hum an patien t su ffering  from  a d iabetic  fo o t u lc e r  an am ount 
o f  a p ep tide  o f  at least 5 con tig u o u s am ino  acids o f  N le3  50 
.Af 1 -7), o r  sa lt thereof, effective to treat th e  d iabetic  foo t ulcer.
1 n one em bodim ent, the pep tide com prises A sp-A rg-N le-T yr- 
lle -H is-P ro  (SE Q  ID  N 0 :1 ) ,  o r  salt thereo f. In ano ther 
em bodim ent, th e  pep tide  consists o f  A sp-A rg-N le-T yr-Ile- 
H is-P ro  (SE Q  ID  N 0 :1 ) ,  o r  salt thereof. In  various em bodi- 55 
m ents, the  d iabetic  foot u lce r is o n e  caused , a t leas t in part, by 
neu ropathy  an d  resu lting  p ressure ; th e  d iabetic  foo t u lce r 
com prises one o r  m ore calluses; an d  the  d iabetic  fo o t u lce r  is 
a ch ron ic  ulcer. In a fu rth er em bodim ent, the  cliron ic  foot 
u lce r  h as n o t re sp o n d ed  to any  o th e r trea tm en t. 60

In ano ther em bod im en t, th e  p ep tide  is adm in iste red  to p i­
cally. In  a ftirtlier em bodim ent, the  pep tide  is adm in istered  as 
a topical fo rm ula tion  fo rm ing  a con tinuous film  covering  the 
en tire  area o f  the  d iabetic  ulcer. In a still fu rther em bodim ent, 
the  p ep tide  is ad m in istered  in  a h yd rogel fo rm ula tion . In  65 

ano ther em bodim ent, the pep tide  is ad m in istered  at a co n cen ­
tra tion  o f  about 0 .03%  to about 1 %  on a w eigh t (m g)/volum e

(m i) basis, o r  on  a w eigh t/w eigh t (m g) basis. In a fu rth er 
em bodim ent, th e  p ep tid e  is adm in iste red  in  a gel fo rm ula tion  
th a t abo u t 0 .5 %  to about 4%  h ydroxyethy l ce llu lo se  (H E C ) 
on  a w eig h t (m g)/vo lum e (m i) basis, o r o n  a w eig h t/w eig h t 
(m g) basis.

A ll em bod im en ts o f  the  first aspect o f  th e  inven tion  can  he  
com b in ed  un less the  con tex t d ic ta tes o therw ise .

In a second  aspect, th e  p resen t invention  prov ides p h a rm a­
ceu tical fo rm ulations, com prising:

(a) abo u t 0 .5%  to  ab o u t 4%  H E C  on  a w eigh t (m g)/vo lum e 
(m i) basis, o r  on  a w eig h t/w eig h t (m g) basis; and

(b) a pep tide  o f  at least 5 con tig u o u s am ino  ac ids o f  N le3 
A(1 -7), o r  sa lt thereof;

w here in  the  p ep tide  is p resen t at a con cen tra tio n  o f  abou t 
0 .03%  to  abou t I %  on  a w eigh t (m g)/vo lum e (m i) basis, o r  on 
a w eig h t/w eig h t (m g) basis.

In  one  em bodim ent, th e  p ep tide  com prises A sp-A rg-N Ie- 
T yr-Ile-H is-P ro  (SE Q  ID  N O :l) ,  o r salt thereo f. In ano ther 
em bodim ent, th e  pep tide  consists o f  A sp-A rg-N le-T yr-Ile- 
H is-P ro  (SE Q  ID  N O :I ) , o r salt thereo f. In  a fu rther em b o d i­
m ent, th e  pharm aceu tica l fo rm ula tion  com prises abo u t 1 %  to 
abo u t 3%  H E C  on a w eigh t (m g)/vo lum e (m i) basis, o r  o n  a 
w eig h t/w eig h t (m g) hasis. In  a still fu rth er em bodim ent, the  
pharm aceu tica l fo rm ula tion  com prises abou t 2%  H E C  o n  a 
w eigh t (m g)/vo lum e (m i) basis, o r on  a w eigh t/w eigh t (m g) 
basis. In  an o th er em bodim ent, th e  fo rm ula tion  com prises a 
hydrogel fo rm ulation . A ll em bod im en ts o f  the  second  aspect 
o f  th e  inven tion  can  b e  com bined  un less the  con tex t d ictates 
o therw ise.

B R IE F  D E S C R IP T IO N  O F  T H E  FIG U R E S

FIG . 1 is a g rap h  sh o w in g  th e  u lcers healed  by  v isit in the  
P er P ro toco l (PP) patien t popu la tio n  tak ing  N o rL eu^-A (l -7).

FIG . 2 is a g rap h  show ing  the  percen tag e  o f  fu lly  h ealed  
u lcers (100%  w ound  closure) in  th e  p a tien t p o p u la tio n  taking  
N o rL eu ^ -A (l-7 )  (also  re fe rred  to  as “ D S C 1 2 7 ”).

FIG . 3 is a g raph  show ing  the  m ed ian  tim e  to  fu lly  healed  
u lcers (100%  w ound  c losu re) in  the patien t popu la tio n  taking 
N o rL eu ^ -A (l-7 )  (also  refe rred  to  as “ D SC  127”).

D E T A IL E D  D E S C R IP T IO N  O F T H E  IN V E N T IO N

A ll re fe rences cited  are  here in  inco rp o ra ted  b y  re fe ren ce  in 
th e ir  entirety . W ith in  th is  app lica tion , u n less o th erw ise  stated, 
th e  techn iques u tilized  m ay  be  found  in any  o f  several w ell- 
k now n  refe rences such  as: M o lecu la r C lon ing: Á  L a b ora tory  
M a n u a l  (Sam brook , e t al., 1989, C o id  Spring  H arbo r L ab o ­
ra to ry  P ress), G ene E xpression  Technolog)’ (M ethods in 
E nzym ology, Vol. 185, ed ited  by D. G oeddel, 1991. A c a ­
dem ic  P ress, San D iego, C a li f ) ,  “ G u ide  to P ro te in  P urifica- 
tio n ” in M ethods in E n zym o lo g y  (M . P. D eutshcer, ed., (1990) 
A cadem ic  Press, Inc.); P C R  P ro toco ls: A  G uide to  M eth o d s  
a n d  Á p p lica tib n s  (Innis, e t al. 1990. A cadem ic  P ress, San 
D iego, C a lif ) ,  C ulture o f  A n im a l C ells: A M a n u a l o f  B a sic  
Technique, 2”‘‘E d . (R. I. F reshney. 1987. L iss , Inc. N ew  York, 
N.Y.), G ene Transfer a n d  E xpression  P ro toco ls, pp . 109-128, 
ed. E. J. M urray , T h e  H um ana P ress Inc., C lifton , N .J .), and 
th e  A m b io n  1998 C a ta log  (A m bion , A ustin , Tex.).

A s u se d  here in , th e  s in g u la r fo rm s “ a” , “an”  an d  “ the” 
include p lural re fe ren ts  u n less the  con tex t c learly  d ic ta tes 
o therw ise . “A n d ” as used  h e re in  is in terchangeab ly  used  w ith  
“ or”  un less expressly  sta ted  o therw ise.

A ll em bod im en ts o f  any  aspect o f  th e  invention  can  b e  used  
in com bination , un less the  con tex t clearly  d ictates o therw ise .

In a first aspect, the  p resen t inven tion  p rov ides m ethods fo r 
trea ting  d iabetic  foo t u lcers, co m prising  adm in istering  to  a
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h um an patien t su ffering  from  a d iabetic  foo t u lce r  an  am oitnt 
o f  a p ep tid e  o f  a t least 5 con tig u o u s am ino  acids o f  N le3 
A(1 -7), o r  sa lt thereof, effec tive  to  treat th e  d iabetic  foo t ulcer.

A s dem o n stra ted  in the  exam ples th a t follow , the  inventors 
have  d em onstra ted  th a t the  m ethods o f  the  invention  can  be  5 

used  to treat d iabetic  foot u lcers, an d  p rov ide  substantial 
im provem ent over standard  therapies.

N le 3 A (l-7 )  (or N o rL eu ^ -A (l-7 ); also  re fe rred  to as 
“ D S C 1 2 7 ”) is a p ep tid e  consistin g  o f  th e  am ino  acid  
sequence  A sp-A rg-N le-T yr-Ile-H is-P ro  (SE Q  ID  N 0 :1 ) . In  10 

various em bodim ents, th e  pep tid e  adm in iste red  to the  hum an  
p atien t m ay com p rise  o r  consist o f  A sp-A rg-N le-T yr-Ile  
(SE Q  ID  N O :2), A sp-A rg-N le-T yr-Ile-H is (SE Q  ID  N O :3), 
o r  m o st p refe rab ly  A sp-A rg-N le-T yr-Ile-H is-P ro  (SE Q  ID 
N 0 ;1 ) , o r  sa lts tliereof. N le 3 A (l-7 )  o r  sa lts th e reo f m ay  be  15 

chem ica lly  syn thesized  or recom binan tly  expressed , each  o f  
w h ich  can  he  accom plished  usin g  standard  m ethods in  th e  art.

In  o n e  em bod im en t, the  pep tide , o r  salt thereo f, is a d m in ­
istered  a t a co ncen tra tion  o f  abo u t 0 .03%  to abo u t 1% on  a 
w eigh t (m g)/vo lum e (m i) basis, o r  on  a w eig h t/w eig h t (m g) 20 

basis. In various fu rth er em bod im en ts, th e  pep tide , o r  salt 
thereo f, is adm in istered  a t a concen tra tion  o f  about 0 .03%  to 
about 0 .75% ; about 0 .03%  to abou t 0 .5% ; abou t 0 .03%  to 
about 0 .25% ; abou t 0 .03%  to  abo u t 0 .1% ; abou t 0 .03%  to 
about 0 .075% ; abou t 0 .03%  to  about 0 .05% ; and abo u t 25 
0.03% ; all on  a w eigh t (m g)/vo lum e (m i) basis, o r  o n  a 
w eigh t/w eigh t (m g) basis.

T lie h um an  patien t m ay  be  suffering  from  Type I d iabetes 
o r Type 11 d iabetes , and has a foot ulcer, defined  as an open 
w ound  anyw here  on  th e  foo t (heel, m id-foo t, and forefoo t). 30

A s used herein , “trea tin g ”  a d iabetic  foo t u lce r includes
(a) lim iting  the  p rog ression  in  size, area , an d /o r dep th  o f  the  

foo t ulcer;
(b) red u c in g  size, area, an d /o r dep th  o f  the  foot u lcer;
( c )  i n c r e a s in g  r a t e  o f  h e a l in g  a n d / o r  r e d u c i n g  t i m e  to  h e a l -  35

ing;
( d )  h e a l in g  o f  th e  f o o t  u l c e r  ( 1 0 0 %  e p i th e l i a l i z a t i o n  w i th  

n o  d r a i n a g e ) ;  a n d

( e )  d e c r e a s e d  i n c id e n c e  o f  a m p u ta t io n  o r  s lo w in g  in  t im e  to  
a m p u ta t io n .  40

Ih e  foo t u lc e r  m ay be  caused  by any un derly ing  pathology, 
inc lud ing  bu t not lim ited  to  neuropathy , traum a, deform ity, 
h ig h  p lan ta r p ressu res, ca llu s fo rm ation , edem a, and  p e r ip h ­
eral arteria l d isease. In  p re fe rred  em bod im en ts, th e  h um an  
d iabetic  foo t u lce r  is o n e  caused , at least in part, by n eu ropa- 45 

thy and  resu lting  p ressttre  (w eigh t bearing  o n  th e  ex trem ity  
d u e  to lack  o f  fee ling  in  the  foo t). A s is kn o w n  to th o se  o f  skill 
in the  art, hum an  d iabetic  foot u lcers ten d  to  b e  due to  neu r­
o pathy  and  pressure , w hich  d iffers s ign ifican tly  Irom , fo r 
exam ple, m urine  acute  w ounds. In a fu rther p re fe rred  50 

em bodim ent. the d iabetic  foot u lce r  com prises one o r  m ore 
calluses.

In a  f u r th e r  e m b o d im e n t ,  th e  d i a b e t i c  f o o t  u l c e r  is  a  c l i r o n ic  

u lc e r .  A s  u s e d  h e r e in ,  a  “ c h r o n i c ”  f o o t  u l c e r  is  o n e  t h a t  h a s  
b e e n  p r e s e n !  f o r  a t  le a s !  7 d a y s  w i lh  n o  r e d u c t io n  in  s iz e ;  55 
p r e f e r a b ly  a t  l e a s t  14  d a y s ;  e v e n  m o r e  p r e f e r a b ly ,  p r e s e n t  a t  

l e a s t  21 o r  28 d a y s  w i th  n o  r e d u c t io n  in  s iz e .  I n  a  f u r th e r  

p r e f e r r e d  e m b o d im e n t  th a t  c a n  b e  c o m b in e d  w i th  a n y  o f  t h e s e  
e m b o d im e n t s ,  t h e  c h r o n i c  f o o t  u l c e r  h a s  n o t  r e s p o n d e d  ( ie :  n o  

r e d u c t io n  in  s iz e ,  a r e a ,  a n d / o r  d e p t h  o f  t l i e  f o o t  u l c e r ;  n o  60 

h e a l in g  o f  th e  f o o t  u lc e r )  to  a n y  o t h e r  t r e a tm e n t .

Tlie p ep tid e  o r salt th e re o f  m ay be  adm in istered  by  any 
su itab le  route, p refe rab ly  via topical adm in istra tion . In  one 
em bodim ent, the  m ethods o f  the  inven tion  can  com prise  
adm in iste rin g  a top ical fo rm ula tion  as o ften  as d eem ed  65 

appropria te , ie: o n ce  per day, tw ice  p e r  day, e tc. T he m ethods 
m ay furtlier com prise  adm in istra tion  o f  the pep tide, o r  salt

th e re o f  fo r  as longed  as d eem ed  desirab le  by  an  a ttend ing  
physic ian , fo r  exam ple, un til h ealing  o f  th e  ulcer. F o r ad m in ­
istra tion , it is p re fe rred  th a t th e  top ica l fo rm ula tion  form  a 
con tinuous film  covering  the  en tire  area o f  th e  ulcer, in c lu d ­
ing the m arg ins. In  a p re fe rred  em bodim ent, th e  top ical fo r­
m u lation  is app lied  w ith  a th ickness o f  app rox im ate ly  0 .25  to 
2 m m ; p refe rab ly  0 .5 to 1.5 m m ; p refe rab ly  abo u t 1 m m  in 
th ickness.

In o n e  em bod im en t, the  top ica l adm in istra tion  com prises 
adm in istra tion  in a fo rm ula tion  se lec ted  fro m  the  g roup  co n ­
sis ting  o f  hydrogels, cream s, o in tm en ts, pastes, an d  lotions. 
T h e  fo rm ula tions m ay  be  app lied  in  any  su itab le  m anner, 
w h ich  m ay include  any w ound  dressings to  seal in the  fo rm u ­
la tion  deem ed  app ro p ria te  by  th e  h um an  patien t o r caregiver. 
E xem plary  such d ressings, include, but are  not lim ited  to , 
sem iperm eab le  film s, foam s, hyd roco llo ids , and calcium  
alg inate  sw abs.

T he m ethods m ay  fu rther co m p rise  deb ridem en t in  and 
around  th e  w o tm d  in com bination  w ith  adm in istra tio n  o f  the  
p ep tide  an d  fo rm ula tions thereo f. D ebridem en t o f  all 
necro tic , ca llus, an d  fibrous tissu e  is ty p ica lly  carried  for 
trea tm en t o f  d iabetic  foo t u lcers. U nh ea lth y  tissue  is sharp ly  
deb rided  back  to  b leed in g  tissue  to  a llow  füll v isua liza tion  o f  
the  ex ten t o f  the  u lce r  and to  d e tec t u n d erly in g  abscesses o r 
sinuses. A ny  su itab le  d eb ridem en t tech n iq u e  can  b e  used , as 
de te rm in ed  by  an atten d in g  physic ian . T h e  w o und  ca n  th en  be 
tho rough ly  flushed w ith  sterile  sa line  o r  a non -cy to tox ic  
c leanser fo llow ing  debridem ent.

In an o th er em bodim ent, the  top ical fo rm ula tion  com prises 
abo u t 0 .5 %  to abou t 4%  hydroxyethy l ce llu lo se  (H EC ) on  a 
w eigh t (m g)/vo lum e (m i) bas is , o r on  a w eig h t/w eig h t (m g) 
basis. In  various íu rth e r  em bod im en ts, the  top ica l fo rm u la ­
tion  m ay  com prise  about 1%  to about 3%  H E C , o r abo u t 2%  
H E C , on  a w eig h t (m g)/vo lum e (m i) basis, o r  o n  a w eigh t/ 
w eigh t (m g) basis. T h ese  fo rm ula tions co m prising  low  p er­
cen tage  H E C  (ie: 2% ) m atrices p ro v id ed  a 10 -fo ld  increase  in 
p ep tid e  re lease  over a 24 h o u r p e rio d  from  fo rm ula tions such 
as those  co m prising  10%  carb o xym ethy lce llu lo se  (C M C ), a 
resu lt that w o u ld  be unexpected  to th o se  o f  skill in  th e  art. 
F urtherm ore, th e  data  show  th a t th e  H E C  m atrices a re  m ore  
b iocom patib le  th an  H P M C  and C M C  form ula tions tested.

T h e  pep tides, o r  salt th e re o f  m ay be  ad m in iste red  together 
w ith  o n e  o r  m o re  (a) a lyopro tec tan t; (b) a  su rfactan t; (c) a 
bu lk ing  agen t; (d) a ton icity  ad ju s tin g  agent; (e) a stabilizer;
(f) a p reservative  an d /o r (g) a buffer. In  som e em bodim ents, 
th e  b u ffer in th e  pharm aceu tica l co m position  is a T ris buffer, 
a  h istid ine  buffer, a phosp h a te  buffer, a  c itra te  b u ffer o r  an 
acéta te  buffer. T he p ep tides m ay  b e  adm in istered  w ith  a ly o ­
p ro tec tan t, e.g. sucrose, sorb ito l o r  trehalose. In  certa in  
em bod im en ts, the  pep tides m ay  be  adm in istered  w ith  a p re ­
servative e.g . benzalkon ium  ch lo ride , b enzethon ium , ch lo ro ­
hex id ine, phenol, m -creso l, benzy l a lcoho l, m ethy lparaben , 
p ropy lparaben , ch lorobutano l, o -creso l, p -creso l, ch io ro c re ­
sol, pheny lm ercu ric  n itra te , th im erosal, b enzo ic  ac id , and  
v arious m ix tu res thereof. In  o th er em bod im en ts, the  pep tides 
m ay  b e  ad m in istered  w ith  a bu lk ing  agen t, like g lycine. In yet 
o th e r  em bodim ents, the  pep tid es m ay  b e  ad m in istered  w ith  a 
su rfac tan t e.g ., po lyso rbate-20 , po lyso rbate-40 , p o lyso rbate- 
60, po lyso rbate-65 , po lyso rb a te -8 0  po lyso rbate-85 , po lox - 
am er-188 , so rb itan  m onolaura te , so rb itan  m onopalm ita te , 
so rb itan  m onosteara te , so rb itan  m o noo leate , so rb itan  tr ilau ­
rate, so rb itan  tris teara te , so rb itan  trio leaste , o r  a com bination  
thereof. T h e  pep tides m ay  b e  adm in iste red  w ith  a ton icity  
ad justing  agen t, e.g ., a com p o u n d  th a t renders the  fo rm u la ­
tion  substan tia lly  iso ton ic  o r  isoosm otic  w ith  h um an  blood. 
E xem plary  ton icity  ad justing  agen ts inc lude  sucrose, so rb i­
tol, g lycine, m eth ion ine , m annito l, dex trose, inosito l, sod ium

'A
O
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ch loride , a rg in ine and a rg in ine  h ydroch lo ride . In o th er 
em bod im en ts, the  p ep tides m ay be  adm in istered  w ith  a s ta ­
b ilizer, e.g ., a m olecu le  w hich , w hen  com bined  w ith  the  p e p ­
tide substan tia lly  preven ts o r reduces Chemical and /o r p h y si­
cal instabilit) ' o f  the  p ro te in  o f in te re s t in lyoph ilized  o r  liquid  
form . E xem plary  stab ilizers inc lude  sucrose, sorb ito l, g ly ­
cine, inosito l, sod ium  ch loride , m eth ion ine , arg in ine, and  
a rg in ine  hydroch lo ride , paraben , an d  com binations o f  m ethyl 
p arab en  and  p ropyl paraben.

In a ll aspects and  em bo d im en ts  o f  the  invention , su itab le  
acids w hich  a re  capab le  o f  fo rm ing  sa lts w ith  the  pep tides 
include, bu t are  no t lim ited  to , inorgan ic  acids such as hydro- 
ch lo ric  acid , h ydrobrom ic  acid , perch io ric  acid , n itric  acid, 
th iocyan ic  acid , su lfuric acid , p hosphoric  ac id  and the  like; 
and organ ic  acids such as fo rm ic acid , acetic acid , p rop ion ic  
acid , g lyco lic  acid , lactic ac id , py ruv ic  ac id , oxalic  acid, 
m alon ic  ac id , succin ic  acid , m ale ic  acid , fiim aric acid , an th ra- 
n ilic  acid , c innam ic  ac id , naph th a len e  su lfon ic  acid , su lfan ilic  
ac id  an d  the like. S u itab le  b ases capab le  o f  fo rm ing  sa lts w ith  
the  p ep tides include, b u t a re  no t lim ite d  to , inorgan ic  bases 
such  as sod ium  hydrox ide, am m onium  hydrox ide , po tassium  
h ydrox ide  an d  th e  like; and organic bases such  as m ono-, di- 
and  tri-alkyl and ary l am ines (e.g ., tr ie thy lam ine , d iisopropyl 
am ine, m ethyl am ine, d im ethy l am ine  and  the  like) and  
o p tionally  substitu ted  e thano l-am ines (e.g ., e thano lam ine , 
d ie thano lam ine  and the like).

T lie pep tides o r  sa lts th e re o f  can  fu rth er b e  derivatized  to 
p rov ide en lianced half-life , fo r exam ple, b y  link ing  to po ly- 
e thy lene  g lycol. T lie p ep tides o r  sa lts th e re o f  m ay  com prise  
L -am ino  ac ids, D -am ino  acids (w hich  are  resis tan t to  
L -am ino  acid -specific  p ro teases in  vivo), a com bination  o f  D- 
and  L -am ino  ac ids, and  various “desig n er” am ino  acids (e.g., 
P -m ethyl am ino  acids, C a -m e th y l am ino ac ids, and  N a -m e -  
thy l am ino  acids, e tc .) to convey special p roperties .

T lie p o lypep tides m ay be  the so lé  active ag en t in th e  p h a r­
m aceu tica l com position , o r  th e  com position  m ay  further 
com prise  one o r  m ore o th e r  active agen ts su itab le  treating  
d iabetic  foot u lcers, such as an tib io tics. T he m ethods m ay be 
u sed  in  con junction  w ith  o th er foo t u lce r  therap ies, inc lud ing  
but not lim ited  to  negative p ressu re  w o und  therapy, total 
con tac t casts, rem ovable cast w alkers, half-shoes, becap ler- 
m in, in fec tion  con tro l, and  hyperb aric  o x ygen  therapy.

T lie m ethods m ay  include  an y  o th e r em bod im en ts as d is ­
closed  in the  exam ple  that fo llow s. Such  em bod im en ts m ay  
be  used  in  any com bination  in th e  m ethods o f  the  invention, 
un less tlie con tex t c learly  d ic ta tes otherw ise.

In a second  aspect, the  p resen t inven tion  prov ides p h an n a- 
ceu tical fo rm ula tions, com prising:

(a) abo u t 0 .5 %  to abo u t 4%  H E C  on a w eigh t (m g)/vo lum e 
(m i) basis, o r  on  a w eig h t/w eig h t (m g) basis; and

(b) a p ep tid e  o f  at least 5 con tiguous am ino  acids o f  N le3 
A ( l-7 ) ,  o r sa lt thereof;

w herein  the  p ep tid e  is p resen t at a concen tra tio n  o f  about
0 .03%  to  abo u t 1 %  on  a w eigh t (m g)/vo lum e (m i) basis, o r  on  
a w eigh t/w eigh t (m g) basis.

T lic pharm aceu tica l fo rm ula tions are  d em onstra ted  h ere in  
to be  p articu larly  effective fo r  trea tin g  d iabetic  foo t u lcers, 
such as ch ron ic  d iabetic  foot u lcers th a t a re  no t effective ly  
treated  u sin g  standard  tlierapies.

In one em bodim ent, the  pep tide  com prises A sp-A rg-N le- 
T yr-Ile-H is-P ro  (S E Q  ID  N O :l) ,  o r  sa lt thereo f. In  ano ther 
em bodim ent, th e  p ep tide  consists o f  A sp-A rg-N le-T yr-Ile- 
H is-P ro  (SE Q  ID  NO : I ) , o r salt thereof.

In  one em bodim ent, tlte pep tide, o r  salt thereof, is p resen t 
in tlte fo rm ula tion  at a concen tra tion  o f  abo u t 0 .03%  to  about 
1% on  a w eigh t (m g)Zvolume (m i) basis, o r  on a w eigh t/ 
w e ig h t (m g) basis. In various fu rther em bod im en ts, th e  p ep ­

tide, o r  salt thereof, is p resen t in the  fo rm ula tion  a t a co n cen ­
tra tion  o f  abou t 0 .03%  to abou t 0 .75% ; abou t 0 .03%  to about
0 .5% ; about 0 .03%  to abou t 0 .25% ; abou t 0 .03%  to about
0 .1% ; about 0 .03%  to  about 0 .075% ; about 0 .03%  to about 

5 0 .05% ; an d  abo u t 0 .03% ; all on  a w eig h t (m g)/vo lum e (m i) 
basis, o r  on  a w eigh t/w eigh t (m g) basis.

In  a fu rth er em bodim ent, the  p harm aceu tica l fo rm ula tion  
com prises abou t 1%  to abo u t 3%  H E C  on a w eig h t (m g)/ 
v o lum e (m i) basis, o r  on a w eig h t/w eig h t (m g) basis. T hese  

10 fo rm ula tions com p risin g  low  p ercen tag e  H E C  (ie: 2% ) m atri­
ces p rov ided  a 10-fo ld  increase  in p ep tid e  re lease  over a 24 
h o u r p erio d  from  fo rm ula tions such  as th o se  co m p risin g  10%  
carb o xym ethy lce llu lose  (C M C ), a resu lt th a t w ou ld  b e  u n e x ­
pected  to th o se  o f  skill in th e  art. F urtherm ore, th e  data show  

15 that th e  H E C  m atrices are  m o re  b iocom patib le  than  H P M C  
an d  C M C  fo rm ula tions tested . In  a  still fh rth er em bodim ent, 
the  pharm aceu tica l fo rm ula tion  com p rises abo u t 2%  H E C  on 
a  w eigh t (m g)Zvolume (m i) basis, o r  o n  a  w eig h t/w eig h t (m g) 
basis. In  an o th er em bodim ent, th e  fo rm ula tion  com prises a 

20 hydrogel fo rm ula tion .
In  one em bodim ent, the  fo rm ula tion  is topical ge l-based  

fo rm ula tion  se lected  from  th e  g roup consistin g  o f  hydrogels, 
cream s, o in tm ents, pastes, an d  lo tions. T he fo rm ula tion  is 
adm in istered  so as to  fo rra  a con tinuous film  covering  th e  

25 en tire  area  o f  the  ulcer, inc lud ing  the  m arg ins, w ithou t run- 
n ing  off. In  a p re fe rred  em bodim ent, th e  top ical fo rm ula tion  
is app lied  w ith  a th ickness o f  app ro x im ate ly  0 .25  to  2 m m ; 
p refe rab ly  0.5 to 1 .5 m m ; p refe rab ly  about I m m  in th ickness. 
In  ano ther n on-lim iting  em bod im en t th e  fo rm ula tion  is 

30 app lied  a t app rox im ate ly  0 .075 m L  p e r cm ^ surface  area.
In  all aspects an d  em bod im en ts o f  th e  invention , su itab le  

ac ids w h ich  are  cap ab le  o f  fo rm in g  sa lts w ith  th e  p ep tides 
include, bu t are n o t lim ited  to , inorgan ic  acids such  as hydro- 
ch loric  acid, hyd rob rom ic  acid , p erch io ric  acid , nitric  acid , 

35 th iocyan ic  acid, su lfu ric  acid , phosp h o ric  ac id  an d  th e  like; 
and  organ ic  acids such  as fo rm ic acid, ace tic  acid , p rop ion ic  
acid, g lyco lic  ac id , lactic  ac id , pyruv ic  acid, o xalic  acid, 
m alon ic  ac id , succin ic  ac id , m ale ic  ac id , fiim aric acid, an thra- 
n ilic acid, c innam ic  acid , nap h th a len e  su lfon ic  acid, su lfan ilic  

40 acid  and  the  like. S u itab le  bases capab le  o f  fo rm ing  sa lts w ith 
the  pep tides include, but are  n o t lim ited  to, inorgan ic  bases 
such  as sod ium  h ydrox ide , am m o n iu m  h ydrox ide , p o tassium  
h y d ro x id e  and  th e  like; an d  o rgan ic  bases su ch  as m ono-, di- 
and  tri-a lky l an d  aryl am ines (e .g ., tr ie thy lam ine , d iisopropyl 

45 am ine, m ethy l am ine, d im ethy l am ine  and  th e  like) and 
o p tionally  su bstitu ted  e thano l-am ines (e.g ., e thano lam ine , 
d ie thano lam ine  and  th e  like).

T he pharm aceu tica l fo rm ula tions m ay  fu rther co m p rise  (a) 
a lyopro tectan t; (b) a su rfactan t; (c) a b u lk in g  agen t; (d) a 

50 ton ic ity  ad justing  agent; (e) a stab ilizer; (f) a p reservative 
an d /o r (g) a buffer. In  som e em bod im en ts, the  buffer in  th e  
pharm aceu tica l fo rm ula tions is a T ris buffer, a h is tid in e  
buffer, a phospha te  buffer, a c itra te  bu ffer or an  acéta te  buffer. 
T h e  p harm aceu tica l fo rm ula tions m ay  also  inc lude  a  lyopro- 

55 tec tan t, e.g . sucrose, sorbito l o r  trehalose . In  ce rta in  em b o d i­
m ents, the  p harm aceu tica l fo rm ula tions inc ludes a p reserv a­
tive e.g. benzalkon ium  chloride, benzethon ium , 
ch lo rohex id ine , phenol, m -creso l, benzy l alcoho l, m e th y lp a ­
raben, p ropylparaben , ch lo robutano l, o -creso l, p-creso l, 

60 ch io rocreso l, phenylm ercuric  n itra te , th im erosal, benzo ic  
acid, and  various m ix tu res thereo f. In o th er em bod im en ts, th e  
pharm aceu tica l fo rm ula tions inc ludes a bu lk ing  agen t, like 
g lycine . In y e t o th e r  em bod im en ts, th e  p harm aceu tica l fo r­
m ula tions inc ludes a su rfac tan t e .g ., po lyso rbate-20 , po lysor- 

65 bate-40 , po lyso rbate-60 , po lyso rbate-65 , po lyso rb a te -8 0  
po lysorbate-85 , p o lo x am er-1 88, so rb itan  m ono lau ra te , so rb i­
tan  m onopalm ita te , so rb itan  m onostearate , sorbitan
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m o n o o l e a t e ,  s o r b i ta n  t r i l a u r a t e ,  s o r b i ta n  t r i s t e a r a t e ,  s o r b i ta n  

t r i o le a s t e ,  o r a  c o m b in a t io n  th e r e o f .  T h e  p h a r m a c e u t i c a l  f o r ­

m u l a t i o n s  m a y  a l s o  i n c lu d e  a  t o n i c i t y  a d j u s t i n g  a g e n t ,  e .g . ,  a 

c o m p o u n d  th a t  r e n d e r s  th e  f o r m u l a t i o n  s u b s t a n t i a l l y  i s o to n i c  

o r  i s o o s m o t i c  w i th  h u m a n  h lo o d .  E x e m p la r y  t o n i c i t y  a d j u s t -  5 

in g  a g e n t s  in c lu d e  s u c r o s e ,  s o r b i to l ,  g ly c in e ,  m e th io n in e ,  

m a n n i to l ,  d e x t r o s e ,  in o s i t o l ,  s o d iu m  c h lo r id e ,  a r g i n in e  a n d  

a r g i n in e  h y d r o c h l o r id e .  I n  o t h e r  e m b o d im e n t s ,  th e  p h a r m a ­

c e u t ic a l  f o r m u l a t i o n s  a d d i t i o n a l ly  in c lu d e s  a  s ta b i l i z e r ,  e .g . ,  a 

m o l e c u l e  w h ic h ,  w h e n  c o m b in e d  w i th  a  p r o te in  o f  in t e r e s t  

s u b s t a n t i a l l y  p r e v e n t s  o r  r e d u c e s  C h e m ic a l  a n d / o r  p h y s ic a l  

in s ta b i l i t y  o f  th e  p r o t e in  o f  in t e r e s t  in  l y o p h i l i z e d  o r  l i q u id  

f o r m .  E x e m p la r y  s ta b i l i z e r s  i n c lu d e  s u c r o s e ,  s o r b i to l ,  g l y ­

c in e ,  i n o s i t o l ,  s o d iu m  c h l o r id e ,  m e th io n i n e ,  a r g i n in e ,  a n d  j j  

a r g i n in e  h y d r o c h l o r id e .

T lte  p ep tides o r sa lts th e re o f  can  fu rtlie r b e  derivatized  to 
p rov ide enhanced  half-life , fo r exam ple, b y  link ing  to  poly- 
e thy lene  g lycol. T h e  pep tides o r  sa lts th e re o f  m ay  com prise  
L -am ino  acids, D -am ino  ac ids (w hich  are  resis tan t to 20 

L -am ino  acid -specific  p ro teases in vivo), a com bination  o f  D- 
and L -am ino  acids, and various “desig n er” am ino  acids (e.g., 
(I-m ethyl am ino  acids, C a -m e th y l am ino  acids, and N a -m e -  
thyl am ino  acids, e tc .) to convey special p roperties.

T h e  p e p t id e  m a y  b e  th e  s o l é  a c t iv e  a g e n t  in  t h e  p h a r m a -  25 
c e u t ic a l  c o m p o s i t i o n ,  o r  t h e  c o m p o s i t i o n  m a y  f u r th e r  c o m ­
p r i s e  o n e  o r  m o r e  o t h e r  a c t i v e  a g e n ts  s u i t a b l e  f o r  t r e a t i n g  
d i a b e t i c  u lc e r s .

T h e  f o r m u l a t i o n s  m a y  in c lu d e  a n y  o th e r  e m b o d im e n ts  a s  

d i s c l o s e d  in  t h e  e x a m p le  th a t  f o l l o w s .  S u c h  e m b o d im e n t s  30 
m a y  b e  u s e d  in  a n y  c o m b in a t io n  in  t h e  f o r m u l a t i o n s  o f  th e  

i n v e n t io n ,  u n l e s s  t h e  c o n t e x t  c l e a r ly  d i c t a t e s  o th e r w i s e .

E xam ple

R andom ized , P ara lle l-G roup , D ouble-B lind , 
P lacebo-C on tro lled  Phase 2 C lin ical T rial to 

E valúate  th e  S afety  and  EfFectiveness o f  
N o rL eu ^ -A (l-7 )  in T reating  Subjects w ith  D iabetic  

U lcers

35

40

Tlte s tudy  w as d esigned  as a random ized , paralle l-g roup , 
double-b lind , p lacebo-con tro lled , m u lti-cen te r tria l. A fte r  
14-days o f  b est-o f-care  to evalúate  u lce r  h ea lin g  an d  ensure 
the w ounds w ere  chron ic , four-w eeks o f  active treatm ent 45 

w ere  then  fo llow ed  b y  eigh t w eeks o f  ohservation  and  assess­
m ent. T he study com p ared  th e  effects o f  tw o  concen tra tions 
o f  N o rL eu^-A (l -7) an d p la c e b o , m easu rin g  bo th  clin ical e íii- 
cacy  and safety. S usta ined  tissu e  in tegrity  w as evaluated  for 
all sub jects du ring  a fo llow -up  p eriod  lasting  12 w eek s after 50 

com p le te  w ound closure.
S ubjec ts w ere  ran d o m ized  in a 1:1 ;1 ra tio  to  one  o f  the 

th ree  trea tm en t groups:
G roup  1: P lacebo  V ehicle C ontro l w ithou t N o rL eu ^ -.4 (l-7 ) 

(also referred  to as “D S C ! 27” ) (2%  H ydroxyethy l C e llu - 55 
lose (H E C ) w ith  0 .1%  m ethyl paraben , 0 .02%  propyl p a ra ­
ben)

G roup  2: 0 .03%  N o rL eu ^ -A (l-7 )  in V ehicle 
G roup 3: 0.01 %  N o rL eu^-A (l -7) in V ehicle 

T lte fou r-w eek  trea tm en t period  req u ired  d a ily  app lica tio n  60 

o f  th e  trea tm en t to the  w o u n d  site. T he first ap p lica tion  each  
w eek  w as at th e  clin ic  and  fo r th e  rem ain d er o f  th e  w eek  the 
patien t se lf-adm in istered  th e  treatm ent.

I f  w ound h ea lin g  o ccu rred  du ring  th e  trea tm en t o r a ssess­
m en t periods a final assessm en t v isit w as conducted  and  th e  65 

in tegrity  w as assessed  4 and 12 w eeks la ter (usually  w eeks 16 
and  24 o f  the  study).

Inclusión  C riteria
T h e  fo llow ing  p a tien ts  w ere  considered  elig ib le  fo r  p artic i­

p ation  in the  study:
1) M ale  o r  fem ale  am bulato ry  sub jec ts w ho  w ere  a t least 18 

years o f  age  a t screen ing
2) A t sta rt o f  S creen ing  P eriod  and  upo n  en ro llm en t into the  

study, had  a t leas t one  chron ic  no n -h ea lin g  W agner 
G rade  1 o r  G rade  2 (u lcers o f  partia l o r  full th ickness and 
no t invo lv ing  bone, tendón  o r  cap su le  (p rob ing  to  tendón  
or capsu le), and  that have  no  sign  o f  in fec tion  o r m yeli- 
tis) p lan ta r  neuropath ic  d iabetic  u lce r  b e tw een  1.0-6.0 
cm ^ on the m idfoo t o r  fo refoo t, inc lud ing  the  toes but 
exclud ing  the heel. N o n -h ea lin g  is defined  as p resen t for 
a m in im um  o f  one m onth  but no t longer than  ten  m onths 
w ith  less th an  30%  redu c tio n  in size in resp o n se  to 
trea tm en t (non-study  trea tm ent, bu t inc lu d in g  off-load- 
ing) during  th e  S creen ing  Period . I f  m o re  th an  one u lce r  
is p resen t th a t m ee ts  th e  inc lusión  crite ria , th e  larger w as 
stud ied  an d  trea ted  acco rd in g  to th e  pro toco l. N on-study  
u lcers w ere  trea ted  acco rd in g  to  in stitu tional best p rac- 
tice , using  p er pro toco l offloading.

3) H ave an A nkle  B rachial Index (A B I) g rea te r than  0.7 for 
neuro ischem ic  o r g rea ter than  0 .8 fo r n eu ropath ic  D FU .

4) H ave a T issue O xygen  P ressure  (TcPO ^) g rea ter th an  40 
m m  H g  o r g rea t to e  systo lic p ressu re  g rea te r than  50 
m m H g to en su re  h ealing  poten tial.

5) H ave Type I o r  Type II d iabetes u n d er m etab o lic  con tro l 
as confirm ed  b y  a g lycosy la ted  h em og lob in  (H bA Ic) o f  
less th an  o r equal to 12% , and  a se ru m  crea tin in e  level o f  
no grea ter than  3 m g /d L  oh ta in ed  w ith in  3 m o n th s o f  
s tudy enrollm ent.

6) A ssess the  base lin e  level o f  neu ropathy  o f  th e  foot usin g  
S em m es-W einstein  filam ents. Patien ts w ere  considered  
to have site specific neu ro p a th y  sufficient fo r loss o f  
pro tective sensation  (L O PS) i f  they  w ere  u n ab le  to  feel a 
#5 .07  m onofilam en t ap p lied  to  at leas t 5 o f  the  fo llow ing  
7 sites (28) on  the  stu d y  foot:
p lan ta r  to  toes and  m eta tarsa ls 1, 3 and  5 (3 sites) 
p lan ta r to m id fo o t m ed ia l an d  lateral (2 sites) 
p lan ta r heel (1 site) 
dorsal distal first in terspace  (1 site)

7) F em ale  sub jects o f  ch ild -bearing  po tential m u st have  
negative p regnancy  tes t at th e  tim e  o f  in itia tion  o f  study 
therapy.

8) Fem ale  sub jects o f  ch ild -bearing  poten tial m u st have 
b een  w illin g  to use  a m ed ica lly  accep tab le  m ethod  o f  
b irth  con tro l, such  as E ssure® , horm onal con tracep tion  
(oral p ills, im p lan tab le  dev ice  o r  sk in  patch), in trau te r­
ino dev ice, tubal lig a tio n  o r  d o u b le  barrier, d u rin g  the  
trea tm en t an d  assessm en t p erio d  o f  s tudy  partic ipation .

9) A b ility  an d  w illingness to understan d  and  co m p ly  w ith  
s tudy p rocedures an d  to  g ive w ritten  in fo rm ed  consen t 
p rio r  to  em o llm en t in  the  s tudy  o r  in itia tion  o f  study 
procedures.

E xclusión  C riteria
I f  a sub jec t m et any  o f  th e  fo llow ing  crite ria , h e  o r  she w as 

excluded  fi'om th e  study:
1) H as a k now n  hypersensitiv ity  to any  o f  th e  study m ed i­

ca tion  com ponents.
2 ) E xpo su re  to  any investigational ag en t w ith in  30  days o f  

en try  in to  study.
3) Fem ales w ho are  p reg n an t o r nursing .
4) Fem ales u n w illin g  to use  a m ed ically  accep tab le  m ethod  

o f  b irth  con tro l, su ch  as E ssure® , ho rm onal co n tracep ­
tion  (oral p ills, im p lan tab le  dev ice  o r  sk in  patch), in trau- 
te rine  dev ice, tubal ligation  o r doub le  barrier, du ring  the  
trea tm en t and  assessm ent p e rio d  o f  s tudy  partic ipation .
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5) A ctive m alignan t d isease  o f  any k in d  A  sub ject, w ho  has 
had a m alignan t d isease  in the  pas t, w as trea ted  and  is 
cu rren tly  d isease-free , m ay  b e  consid ered  fo r study 
entry.

6) C hron ic  renal insufficiency (serum  crea tin in e  du ring   ̂
sc reen in g  is g rea te r than  3 .0  g /dL  ob ta ined  w ith in  3 
m onths o f  study enro llm ent).

7) C lironic liver d ysfunction  ev idenced  by transam inase  
levels g re a te r  than  tw ice  norm al.

8) R eceiv ing  h em od ia lysis o r  ch ron ic  am bulato ry  perito- 
neal d ialysis (C A P D ) therapy.

9) R esting  b lood  p ressu re  (at the  tim e  o f  the  initial v is it o f  
the  S creen ing  P eriod ) w hich  exceeds 160 systo lic  and /or 
90 d iasto lic  m m H g  on  3 consecutivo  read ings a t least 15 
m inu tes apart.

10) P rio r rad ia tion  therapy  o f  th e  foot w ith  the  u lce r  u nder 
study.

11) C u rren t u se  o f  co rticostero ids (w ith in  past 8 w eeks), 
im m unosuppressan ts (w ith in  pas t 8 w eeks). 20

12) K now n to  be  H IV  positivo.
13) Subjects w hose  u lce r  w as p rim arily  ischem ic  in etio l- 

ogy  as d iag n o sed  by  an A B I o f  <0.7  o r  g reat to e  systo lic 
p ressu re< 40  m m H g  or T cP O 2< 40  m m H g in the  sup ine 
position  and  <40  m m H g w hile  sitting , m easu red  on  the  25 
fo refoo t w ith  electrodo  se t a t 44 C.

14) S ickle-cell anem ia, R a y n au d ’s o r o th er periphera l v as­
cu lar disease.

15) C urren t liisto ry  o f  d ru g  abuse.
16) Sub jects receiv ing  a b io log ic  agen t to include g row th  30 

facto rs and  skin  equ ivalen ts (R egranex™ , A plig raft™ ,
o r D erm ag raff ''^ )  in  the  past 30 days.

17) Sub jec ts w ith  unco n tro lled  d iabetes defined  as a g ly ­
cosy la ted  hem og lob in  (H bA lc)> 12% , .or a serum  crea­
tin ine  level o f  g rea ter th an  3 g /dL  ob ta ined  w ith in  3 35 
m o n th s o f  study eru-ollm ent de term ined  on t w o sepára te  
occasions at least 3 w eeks apart.

18) Sub jec t w ith  an  u lce r  w h ich  is de te rm in ed  to  be  clini- 
ca lly  in fected  and  requ ires top ical an tim icrob ia ls o r 
ag en ts know n to affect w ound  h ealing  o r  has been  tak ing  40 

system ic  an tib io tics fo r m ore than  7 days fo r any reason.
19) S ub jec t w ith  a W agner G rade  3 o r  h ig h er D FU , deep  

ab scess o r  in fec tion  o f  th e  j  o in t o r tendón , o r  g angrene  o r 
osteom yeltitis .

20) A n E K G  w ith  a m arked  baseline  p ro longation  o f  45 

Q T /Q T c in terval (e .g ., repeated  d em onstra tion  o f  Q T c 
in terval> 450  m illiseconds (m s))

A  to tal o f  80 sub jects w ere  en ro lled  in  th e  study; 27 w ere  
random ized  to  the  0 .03%  dose  o f  N o rL eu ^ -A (l-7 ), 25 w ere  
ran dom ized  to p lacebo  an d  28 w ere  ran d o m ized  to th e  0.01 %  50 

dose . A ll sub jec ts a lso  received  bes t s tandard  o f  care, w h ich  
included  debridem ent, w ound cleansing , ap p lica tion  o f  an 
occlusive  d ress in g  and  standard ized  p ro p er off-load ing .
R esu lts

R ecen t resu lts from  a Phase 2 clin ical trial w ith  N o rL eu ’ - 55 
A ( l-7 )  in p a tien ts w ith  d iabetic  foot u lcers show ed th a t the 
p roportion  o f  study u lcers h ealed  b y  12 w eeks as defined by 
100%  ep ithelia lized  w ith  no dra inage , as w ell as all secondary  
endpoin ts. T he double-b lind , p lacebo-con tro lled , m u lti-cen ­
ter clin ical tria l random ized  80 sub jec ts to receive  one o f  tw o 60 

doses o f  N o rL eu ^ -A (l-7 )  (0 .03%  an d  0 .01% ) o r  v eh ic le  p la ­
cebo  (2%  hydroxyethy l ce llu lo se  in p h o sp h a te  b u ffer w ith
0 .1 %  m ethy l p araben  an d  0 .02%  propyl parab en ) con tro l, in 
add ition  to  b es t standard  o f  care  (w hich  inc luded  d eb rid e­
m ent). T h e  d ru g  w as w ell-to le ra ted  an d  there  w ere  no signifi- 65 
can t adverse  events associa ted  w ith  N o rL eu ^ -A (l-7 )  tre a t­
m ent.

In th e  In ten t-to -T reat (IT T ) p opu la tion  (all sub jects rece iv ­
ing any study m ed ica tio n  and  from  w hom  any p ost-base line  
data  are  availab le): R esu lts show  th a t 54%  o f  th e  d iabetic  
w ounds trea ted  w ith  0 .03%  (h igh  dose) o f  N o rL eu ^ -A (I-7 )  
ach ieved  100%  c losu re  in  12 w eek s o r  less, co m p ared  w ith  
33%  o f  patien ts receiv ing  p lacebo  con tro l, and  30%  o f  
patien ts receiv ing  th e  0 .01%  d o se  (low  dose) o f  N orL eu^-A  
(1-7). B ased on odds ratio  analysis, patien ts trea ted  w ith 
N orL eu^-A ( 1-7) 0 .03%  w ere  2.3 tim es m o re  likely  to have 
the ir  w ounds heal co m plete ly  as com pared  to patien ts treated  
w ith  p lacebo /s tandard  o f  care.

In the  Per P rotocol (PP) population  (all pa tien ts that d id  no t 
have  a m ajo r pro toco l v io la tion  affec ting  efficacy): R esu lts 
show  th a t 65%  o f  the  d iabetic  w ounds trea ted  w ith  0 .03%  
d o se  o f  N orL eu^-A (] -7) ach ieved  100%  c lo su re  in 12 w eeks 
o r  less, com pared  w ith  38%  o f  patien ts rece iv in g  p lacebo  
con tro l, and  28%  o f  patien ts receiv ing  the  0 .01%  dose  o f  
N o rL eu ^ -A (l-7 ). S ee  F IG S. 1-3. B ased on odds ratio  ana ly ­
sis, patien ts trea ted  w ith  N o rL eu ^ -A (I-7) 0 .03%  w ere  3.0 
tim es m o re  like ly  to  have  th e ir  w ounds heal com plete ly  as 
com pared  to patien ts trea ted  w ith  p laceb o /s tan d ard  o f  care.

T he h ig h  dose  o f  N o rL eu ’ -A (l -7) w ell exceed ed  the tr ia l’s 
prim ary  end p o in t m easu rem en t target o f  an im provem en t o f  
15 percen tag e  po in ts in  com p le te  h ea lin g  o f  w o unds w ith in  
the  12-w eek  du ration  o f  th e  study fo r bo th  the  IT T  (21 %  
increase) and  P P  (27%  increase ) p opu la tions co m p ared  w ith  
p lacebo.

T he tria l w as n o t po w ered  fo r sta tistical significance, how - 
ever there w as a  sta tis tica lly  s ign ifican t (p= 0 .049) 50%  
im provem en t in the  rate  o f  healing  in  th e  PP  h igh -d o se  p o p u ­
la tion  th ro u g h  12 w eeks o f  trea tm en t com p ared  w ith  the  
con tro l arm , as m easu red  by dep th  o f  u lce r  u sin g  covaria te  
analysis.

T h e  w ound  h ea lin g  ra tes fo r pa tien ts on  N o rL e u ^ -A (l-7) 
w ere  rem ark ab le  w ith  tlie IT T  analysis show ing  a 21%  
increase  an d  the  P P  analys is show ing  a 27%  increase  ov er th e  
p lacebo  arm .
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SEQUENCE LISTING

<16 0> NUMBER OF S E Q I D NOS: 3

<210> SEQ ID NO 1 
<211> LENGTH: 7 
<212i TYPE: PRT
<213> ORGANISM; Artificial Sequence 
<220> FEATURE;
<223> OTHER INFORMATION: Synthetic 
<220> FEATURE:
<221> NAME/KEY: MISC>EATURE 
<222> LOCATION; (3).. (3)
<223> OTHER INFORMATION: Xaa is Nle

<400> SEQUENCE; 1

Asp Arg Xaa Tyr lie His Pro 
1 5
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<210> SEQ ID NO 2 
<211> LENGTH: 5 
c212> TYPE: PRT
<213> ORGANISM: Artificial Sequence 
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic 
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (3)..(3)
<223> OTHER INFORMATION: Xaa is Nle

<400> SEQUENCE: 2

Asp Arg Xaa Tyr lie 
1 5

<210> SEQ ID NO 3 
<211> LENGTH: 6 
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence 
<2 2 0 > FEATURE:
<223> OTHER INFORMATION: Synthetic 
<220> FEATURE:
<221> NAME/KEY: MISC.FEATURE
<222> LOCATION: (3) . . (3)
<223> OTHER INFORMATION: Xaa is Nle

<400> SEQUENCE: 3

Asp Arg Xaa Tyr lie His 
1 5

We claim :
1. A  pharm aceu tica l fo rm ula tion , com prising:
(a) abo u t 0 .5 %  to about 4%  H E C  on  a w eigh t (m g)/vo lum e 

(m i) basis, o r  on a w eigh t/w eigh t (m g) basis; and
(b) a p ep tid e  o f  a t leas t 5 con tiguous am ino  acids o f  N le3 

A (l-7 ) ;
w here in  the  p ep tide  is presen t at a concen tra tion  o f  about

0 .03%  to about 1% on a w eigh t (m g)/volrune (m i) basis, 
o r  on  a w eig h t/w eig h t (m g) basis.

2. T lte pharm aceu tica l fo rm ula tion  o f  cla im  1, w herein  the 
pep tide  com prises A sp-A rg-N le-T yr-Ile-H is-P ro  (SE Q  ID 
N 0 :1 ) .

3. T lte pharm aceu tica l fo n n u la tio n  o f  c la im  1, w h ere in  the 
pep tid e  consists o f  A sp-A rg-N le-T yr-Ile-H is-P ro  (SE Q  ID 
N 0 :1 ) .

4. T h e  p harm aceu tica l fo rm ula tion  o f  c la im  1, co m prising  
abou t 1% to abo u t 3%  H E C  on  a w eigh t (m g)/vo lum e (m i) 
basis, o r on a w eig h t/w eig h t (m g) basis.

5. T h e  p h an n aceu tica l fo rm ula tion  o f  c la im  1, co m prising  
about 2%  H E C  on a w eigh t (m g)/vo lum e (m i) basis, o r  on  a 
w eigh t/w eigh t (m g) basis.
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6. T h e  pharm aceu tica l fo rm ula tion  o f  c la im  1, w h ere in  the  
fo rm ula tion  com prises a  h ydrogel fo rm ulation .

7. T h e  pharm aceu tica l fo rm ula tion  o f  c la im  2, com prising  
ab o u t 1%  to abo u t 3%  H E C  on  a w eigh t (m g)/vo lum e (m i) 
basis, o r  on  a w eigh t/w eigh t (m g) basis.

8. T h e  p harm aceu tica l fo rm ula tion  o f  c la im  2, com prising  
abo u t 2%  H E C  on a w eigh t (m g)/vo lum e (m i) basis, o r on  a 
w eigh t/w eigh t (m g) basis.

9. T h e  pharm aceu tica l fo rm ula tion  o f  c la im  2, w here in  the  
fo rm ula tion  com prises a hydrogel fo rm ulation .

10. T h e  pharm aceu tica l fo rm ula tion  o f  c la im  3, com prising  
about 1% to about 3%  H E C  o n  a w eigh t (m g)/vo lum e (m i) 
basis, o r  on a w eigh t/w eigh t (m g) basis.

11. T h e  p harm aceu tica l fo rm ula tion  o f  c la im  3, com prising  
about 2%  H E C  on a w eiglit (m g)/vo lum e (m i) bas is , o r on  a 
w eig h t/w eig h t (m g) basis.

12. T h e  pharm aceu tica l fo rm ula tion  o f  c la im  3, w here in  
the  fo rm ula tion  com prises a hydrogel fo rm ulation .
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ANMERKUNG ZUR ENTSCHEIDUNG ÜBER DIE ERTEILUNG 
EINES EUROPÁISCHEN PATENTS (EPA Form 2006)

1. EPA Inform ationsbroschüre "Nationales Recht zum  EPÜ"
Diese Brosohüre enthált nütziiohe Informationen zu den tormalen Erfordernissen und den Handiungen, die vor den Patentbehórden der 
V ertragsstaaten  vorzunehm en sind, um Reohte in d iesen  S taaten  zu eriangen. Da d iese  Handiungen einem  stándigen W andel unterworfen 
sind, sollte immer nur die n eu es te  A usgabe der Brosohüre benutzt werden. Nachtrágliohe Informationen w erden im Amtsblatt veróffentlioht.

2 Ü bersetzung der eu ropáischen  Patentschrift nacf) Artikel 65 (1) d es  Europáischen PatentüberelnkoiTim ens
Sie w erden erneu t darauf hingew iesen, d a ss  bestim m te V ertragsstaaten  nach Artikel 65 (1) EPÚ eine Ü bersetzung der europáischen  
Patentschrift verlangen; hierauf wird in der Mitteilung gem áR  Regel 71 (5) EPÜ verw iesen. Die Nichteinreichung d ieser Ütsersetzung kann 
zur Folge hat>en, d a ss  d a s  Patent in dem  loetreffenden Staat/in den tsetreffenden S taaten  ais ven Anfang an nicht eingetreten gilt. W eitere 
Einzelheiten entnehm en Sie bitte der oben genannten  Broschüre.

3. Zahiung von Jahresgebühren für eu rop á isch e  Patente
Nach Artikel 141 EPU kónnen "nationale" Jah resg eb ü h ren  für d a s  europáische Patent für die Ja h re  erhoben werden, die an d a s  Jah r 
anschIieBen, in dem  der Hinweis auf die Erteilung d es  europáischen P aten ts im "Europáischen Patentbiatt" bekanntgem acht wird. W eitere 
Einzelheiten entnehm en Sie bitte der oben genannten  Broschüre.

NOTE RELATING TO THE DECISION TO GRANT A 
EUROPEAN PATENT (EPO Form 2006)

1. EPO Information Brochure "National iaw relating to  ttie EPC"
This brochure provides useful information regarding formal requirem ents and the s tep s to Ise taken before the patent authorities of the 
Gontracting S ta tes in order to acquire rights in th o se  s ta tes. Since the necessa ry  s tep s are subject to change the latest edition of the 
brochure should always loe used. Subsequen t information is published In the Official Journal.

2. Transiation of the European patent application under Articie 65(1) o f the European Patent Convention
Your attention is again drawn to the requirem ents regarding transiation of the European patent specification laid down by a  num ber of 
Gontracting S ta tes under Articie 65(1) EPC, to which reference is m ade in the comm unication under Rule 71(5) EPC. Failure to supply 
such translation(s) may result in the patent loeing d eem ed  to be void "ab initio" in the S tate(s) in question. For further details you are 
recom m ended to consult the above-m entioned brochure.

3. Paym ent o f renewai fe a s  for European patents
Under Articie 141 EPC "national" renewai fees in respect of a  E uropean patent may be im posed for the years which follow that in which the 
m ention of the grant of the European patent is published in the "European Patent Bulletin". For further details you are recom m ended to 
consult the above-m entioned brochure.

REMARQUE RELATIVE A LA DECISION DE DELIVRANCE 
D'UN BREVET EUROPEEN (OEB Form 2006)

1. Brochure d'information de i'OEB "Droit national relatif á la CBE"
C ette brochure fournit d'utiles renseignem ents sur les conditions de forme requ ises et su r les ac tes  á  accomplir auprés d es  offices de 
brevet d e s  Etats oontractants aux fins d'obtenir d e s  droits dans les Etats contractants. Etant donné  que  les ac tes  indispensables sont 
susceptib les de  modifications, II serait lx)n de  toujours consulter la derniére édition de la brochure. Toute information ultérieure e st publiée 
au Journal Officiel.

2. Traduction du fa sc icu le  du brevet européen en vertu d e  l'article 65(1) d e  la C onvention sur ie brevet européen
Votre attention est de nouveau attirée sur l'obligation faite par certains Etats contractants, en vertu de  l'article 65(1) CBE, d a  fournir une 
traduction du fascicule du brevet européen, a laquelle II e s t fait référence dans la notification établie conform ém ent á  la régle 71 (5) CBE. Si 
la(les) traduction(s) n 'est(ne  sont) pas fournie(s), le brevet eu ropéen  peut, d e s  Torigine, étre réputé sa n s  effet dans cet(ces) Etat(s). Pour 
plus de  détails, nous vous renvoyons á  la brochure susm entionnée.

3. P aiem ent d e s  ta x es  an n u elles pour ie brevet européen
Conform ém ent á  rarticle 141 CBE d es  tax es annuelles "nationales" dues au titre du brevet eu ropéen  peuvent étre pergues pour les an n ées 
suivant celle au cours de  laquelle la m ention de la délivrance du brevet européen  e s t publiée au "Bulletin eu ropéen  d es  brevets. Pour plus 
de  détails, nous vous renvoyons á  la brochure susm entionnée.
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NEW CLAIMS

1. A peptide of at least 5 contiguous amino acids of Nie3 A(1-7), or salt therof, for the 

use of treating diabetic foot ulcers in a human patient, wherein the peptide of at least 5 

contiguous amino acids of NIeS A(1-7), or salt therof, is administered in an amount effective 

to treat the diabetic foot ulcer,and wherein the peptide is administered topically in a gel 

formulation that comprises 0.5% to 4% hydroxyethyl cellulose (HEC) on a weight 

(mg)/volume (mi) basis, or on a weight/weight (mg) basis.

2. The peptide for use according to claim 1, wherein the peptide comprises Asp-Arg-Nle- 

Tyr-lle-His-Pro (SEQ ID N0:1), or salt therof,.

3. The peptide for use according to claim 1, wherein the peptide consists of Asp-Arg-

Nle-Tyr-lle-His-Pro (SEQ ID N 0:1), or salt therof,.

4. The peptide for use according to any one of claims 1-3, wherein the diabetic foot ulcer

is one caused, at least in part, by neuropathy and resulting pressure.

5. The peptide for use according to any one of claims 1-4, wherein the diabetic foot 

ulcer comprises one or more calluses.

6. The peptide for use according to any one of claims 1-5, wherein the diabetic foot ulcer

is a chronic ulcer, and wherein the chronic foot ulcer preferably has not responded to any

other treatment.

7. The peptide for use according to any of claims 1-6, wherein the peptide is

administered as a topical formulation forming a continuous film covering the entire area of 

the diabetic ulcer.

8. The peptide for use according to claim 7, wherein the peptide is administered in a

hydrogel formulation.

f
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9. The peptide for use according to any one of claims 1-8, wherein the peptide is 

administered at a concentration of 0.03 % to 1% on a weight (mg)/volume (mi) basis, or on a 

weight/weight (mg) basis.

10. A pharmaceutical formulation, comprising:

(a) 0.5% to 4% HEC on a weight (mg)/volume (mi) basis, or on a weight/weight

(mg) basis; and

(b) a peptide of at least 5 contiguous amino acids of Nle3 A(1-7), or salt therof,; 

wherein the peptide, or salt therof, is present at a concentration of 0.03% to 1 % on a

weight (mg)/volume (mi) basis, or on a weight/weight (mg) basis.

11. The pharmaceutical formulation of claim 10, wherein the peptide comprises Asp-Arg- 

Nle-Tyr-lle-His-Pro (SEQ ID N0:1), or salt therof,.

12. The pharmaceutical formulation of claim 10, wherein the peptide consists of Asp-Arg- 

Nle-Tyr-lle-His-Pro (SEQ ID N0:1), or salt therof,.

13. The pharmaceutical formulation of any one of claims 10-12, comprising 1% to 3% 

HEC on a weight (mg)/volume (mi) basis, or on a weight/weight (mg) basis.

14. The pharmaceutical formulation of any one of claims 10-12, comprising 2% HEC on a 

weight (mg)/volume (mi) basis, or on a weight/weight (mg) basis.

15. The pharmaceutical formulation of any one of claims 10-14, wherein the formulation 

comprises a hydrogel formulation.


