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Description

Field of Invention

[0001] A method for treating diabetic complications by administration of a beta-blocker is disclosed. Diabetic compli-
cations arise from diabetes and have few or no existing treatment options. The present disclosure describes the use of
beta-blockers in the treatment of diabetic complications. The present disclosure also describes the inhibition of aldose
reductase, one of the chief causative factors of diabetic complications. Also provided are methods of diabetic wound
healing. Compositions for treating diabetic complications, such as diabetic wounds, are disclosed. The present invention
includes employing a topical formulation of a beta-blocker, having substantially no antibacterial activity, to improve the
process of diabetic wound healing. The present invention also involves increasing the rate of collagen accumulation of
the healing epithelialized tissue in the wound of a diabetic individual.

Background of Invention

[0002] The worldwide incidence of diabetes has increased from an estimated 30, 000, 000 patients in 1985 to an
estimated 245, 000, 000 patients in 2007, and will further increase to 380, 000, 000 by 2025 (Source: International
Diabetes Federation) . The treatment cost of diabetes and diabetic complications is reaching $232, 000, 000, 000 in
2007 and may be expected to be over $302, 500.000, 000 by 2025. Chronic diabetes gives rise to several diabetic
complications such as diabetic neuropathy, diabetic nephropathy, diabetic cardiomyopathy, diabetic retinopathy, diabetic
cataract, diabetic cystopathy, diabetic corneal keratopathy, diabetic dermopathy, diabetic microangiopathy, myocardial
infarction, macular edema, impaired neural conduction and diabetic wounds.
[0003] Treatment of diabetic complications is independent of blood glucose level control. Thus, standard anti-diabetic
drugs are not suitable as treatment options for diabetic complications. There is an immediate requirement for new
compositions and treatments for diabetic complications.
[0004] One of the major underlying problem facing diabetics is impaired wound healing. Fifteen percent of all people
with diabetes (2.6 million) are expected to develop foot ulcers during their lifetime. These ulcers tend to be chronic in
nature, as they do not heal or heal extremely slowly. Currently, there are approximately 750,000 patients with diabetic
foot ulcers in the United States, 980,000 in Europe and 1.1 million in the rest of the world , totaling 2.8 million patients.
Diabetic foot ulcers are a serious problem, as up to 25% of diabetic foot ulcers will eventually require amputation. The
medical importance of diabetic wound healing cannot be overstated. The capacity to heal is central to human well being,
as wound healing enables a patient to overcome traumatic injury, surgery, and wounds due to metabolic disorders such
as diabetes, microbial or other physical or chemical agents.
[0005] The ineffective healing of wounds is a serious problem in diabetes, contributing to increased morbidity (J.J.
Reynolds , British J Dermatol, 112 715-723 (1985); J.A. Galloway and C.R. Shuman, Am J Med, 34 177-191 (1963);
and S.H. Pearl and I.O. Kanat, J Foot Surg, 27, 268-270 (1988)). The reparative response in wound healing is orchestrated
by multiple cellular elements which work together in many ways, including infiltration of the lesion by inflammatory effector
cells. Subsequent to this, fibroblastic elements together with inflammatory effector cells provide antibacterial mechanisms
and promote removal of necrotic tissue, as well as the laying down of new connective tissue. A fundamental disorder of
glucose metabolism may disturb these complex and interactive protective processes.
[0006] Previous work has suggested that cellular dysfunction in diabetic wound healing involves defective neutrophil
function (J.D. Bagdade et al., Diabetes, 27, 677-681 (1978); C.M. Nolan et al., Diabetes, 27, 889-894 (1978); A.G. Mowat
and J. Baum, J.Clin Invest December, 50, 2541-2549 (1971)), delayed infiltration of the wound with inflammatory cells
(D.G. Greenhalgh et al., Am J Pathol, 136, 1235 (1990) and Fahey et al., Surg 214, 175-180 (1991)), decreased production
of collagen (W.H.Goodson and T.K Hunt, J Anal, 124, 401-411 (1977) and W.H. Goodson and T.K. Hunt, Diabetes Apr,
35, 491-495 (1986)), and diminished activity of endogenous growth factors, such as basic fibroblast growth factor, which
could provide a basis for the slower formation of granulation tissue and wound closure.
[0007] Over 100 known physiologic factors contribute to wound healing deficiencies in individuals with diabetes (Oya-
ma, et al. Diabetes: Research and Clinical Practice 73, 227-234 (2006); H. Brem and M. Tomic-Canic, J. Clin. Invest.,
117, 1219-1222 (2007)). These factors include decreased or impaired growth factor production, angiogenic response,
macrophage function, collagen accumulation, epidermal barrier function, quantity of granulation tissue, keratinocyte and
fibroblast migration and proliferation, number of epidermal nerves, bone healing, and balance between the accumulation
of extracellular matrix (ECM) components and their remodeling by metalloproteinases (MMPs). Wound healing occurs
as a cellular response to injury and involves activation of keratinocytes, fibroblasts, endothelial cells, macrophages, and
platelets. Many growth factors and cytokines released by these cell types are needed to coordinate and maintain healing.
Molecular analyses of biopsies from the epidermis of patients have identified pathogenic markers that correlate with
delayed wound healing. These include the over expression of c-myc and nuclear localization of β-catenin. Coupled with
a reduction in and abnormal localization of epidermal growth factor receptor (EGFR) and activation of the glucocorticoid
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pathway, keratinocyte migration is inhibited. At the non healing edge (callus) of diabetic foot ulcers (DFUs), keratinocytes
show an absence of migration, hyper proliferation, and incomplete differentiation. Fibroblasts demonstrate a phenotypic
change as well as decreased migration and proliferation.
[0008] The diabetic foot ulcer etiology is complex, and wound healing is often not very successful for a variety of
reasons. The diabetic foot ulcer’s etiology is associated with peripheral vascular disease, autonomic neuropathy and
endothelial dysfunction. Metabolic conditions that are not optimal for wound-healing delay the process even more (hy-
perglycemia, hyperlipidemia, hyperinsulinemia, pro-coagulative state) and may also be present. Wound healing is a
complex process characterized by three overlapping phases: inflammation, tissue formation and tissue remodeling (H.
Brem and M. Tomic-Canic, J. Clin. Invest., 117, 1219-1222 (2007)). This sequential process emanates by the interaction
of cells in the dermis and epidermis, in parallel with the release of chemical mediators from inflammatory cells, fibroblasts
and keratinocytes. During tissue formation, growth factors synthesized by local and migratory cells stimulate fibroblasts
to migrate into the wound where they proliferate and construct an extracellular matrix. Diabetes is known to be associated
with a variety of alterations in connective tissue metabolism, as a result of which diabetics face the problem of poor
wound healing. The common features observed during diabetic wound healing in rats are inflammation, slow beginning
of the initial healing phase which tends to prolong healing time, lower density of neutrophils in healing areas and failure
in the replacement of neutrophils by macrophages in the areas where healing occurs. Cutaneous wound healing is a
complex and well orchestrated biological process requiring the coordinated migration and proliferation of both keratino-
cytes and fibroblasts, as well as other cell types. Wounding the epidermis generates cytokines, growth factors, proteases
and initiates the synthesis of extracellular matrix components, all of which can regulate the processes of keratinocyte
migration and proliferation essential for re-epithelialization.
[0009] Loss of collagen related to diabetes may be due to decreased levels of synthesis or enhanced metabolism of
newly synthesized collagen or both. These qualitative and quantitative abnormalities contribute to the impaired wound
healing observed in diabetic condition.
[0010] Various mechanisms of cell injuries in diabetes mellitus have been reported (Sakata et al., J. Atheroscler.
Thromb. 3, 169-176 (2000); D.K. Ways, M.J. Sheetz, Vitam. Horm. 60, 149-193 (2000); Mashima, et al., Curr. Opin.
Lipidol. 4, 411-418 (2001)), including accelerated glycation, increased protein kinase C activity and increased oxidative
stress, but the precise mechanism is not fully understood. Hotta’s group (N. Sakamoto, J.H. Kinoshita, P.F. Kador, N.
Hotta, Polyol Pathway and its Role in Diabetic Complications, Elsevier Science B.V., Amsterdam, 1988) proposed the
involvement of the polyol pathway as a mechanism of various organ injuries induced by high concentration of glucose.
The polyol pathway consists of two steps. The first is the conversion of glucose to sorbitol, and the second is the
conversion of sorbitol to fructose. The key enzyme is aldose reductase that converts glucose to sorbitol. This enzyme
is found in many tissues. Hyperglycemia enhances the polyol pathway, resulting in accumulation of sorbitol in the cells.
Accumulation of sorbitol in cells causes various organ injuries. High osmotic pressure and high oxidative stress have
been proposed as the mechanisms by which the polyol pathway is involved in cell injury. However, the precise mechanism
of the polyol pathway is not yet fully understood. It has been observed that high glucose-induced endothelial cell damages
may be mediated by activation of the polyol pathway accompanied by augmented oxidative stress. The use of aldose
reductase inhibitors suggest that inhibition of the polyol pathway may prevent endothelial cell damages in diabetic
conditions.
[0011] The beta adrenergic receptor is known to be involved in the process of wound healing, and agonists have
shown to delay the wound healing process. It has also been demonstrated that beta-adrenergic receptor-induction
inhibits keratinocyte migration, which delays wound healing (Chen et al., J. Invest. Dermatol. 119, 1261-8 (2002)).
[0012]  There are other references for topical applications in the form of aqueous solutions or opthalmic drops of beta-
antagonists (Reidy et al., Br. J. Ophthalmol. 78, 377-380 (1994). Denda et al., J. Invest. Dermatol. 121, 142-148 (2003)).
Furthermore, the fact that beta blockers are able to increase angiogenesis in infarcted hearts implies that they promote
angiogenesis, which may be useful in wound healing (Am J Physiol Heart Circ Physiol. 2005). In addition, propranolol
is shown to enhance pulmonary collagen by controlling the ratio of cAMP and cGMP (RC Lindenschmidt and HP Witschl;
Pharmacology and Experimental Therapeutics, 232, 346-350 (1985)).
[0013] US2003/144206 A1 discloses the use of a beta blocker such as esmolol in the treatment of diabetic late
complications, such as nephropathy, hypertension or neuropathy.
[0014] Holman Rury et al., BMJ, BMJ Publishing Group, vol. 317, no. 7160, (1998), pages 713-720, discloses the use
of a beta blocker such as atenolol in the treatment of diabetic late complications, in particular microvascular and mac-
rovascular disease such as myocardial infarction, stroke, peripheral vascular disease, retinopathy, and nephropathy.
[0015] Cotter et al., Naunyn-Schmiedeberg’s Archives of Pharmacology, Springer, Berlin. DE, Vol. 351, no. 6, 1 January
1995, pages 630-635, discloses the efficacy of carvedilol in the treatment of diabetic neuropathy.
[0016] Ono R et al. Investigative Ophtalmology & Visual Science, Ophtalmology, Hagerstown, MD, vol. 45, no suppl.
2, 1 April 2004, pages 3201-B836, discloses the efficacy of topical nipradilol (1% solution) in the treatment of diabetic
retinopathy.
[0017] However, beta adrenergic receptor blockers have not been reported for their use in diabetic complications like
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diabetic wound healing, and diabetes wound healing involves a different etiology from regular or traumatic wound healing.

Summary of invention

[0018] The subject matter of the invention concerns that of the reference claims as appended.
[0019] The present disclosure provides methods and compositions for treating diabetic complications arising from
diabetes by the administration of beta-adrenergic antagonists or beta-blockers. It further provides methods and compo-
sitions for treating chronic diabetic wounds in a diabetic subject comprising topically administering to the subject a
therapeutic amount of an agent, such as a beta-adrenergic blocker, which inhibits enhanced aldose reductase activity,
increases nitric oxide levels, facilitates fibroblast migration, induces granulation tissue formation and increases vascular
perfusion, thereby leading to increased oxygen supply to the healing diabetic wound.
[0020] One aspect of the present disclosure provides a method of treating a diabetic complication in a mammal,
comprising administering a therapeutically effective amount of a beta adrenergic blocker, a prodrug thereof, or pharma-
ceutically acceptable salt thereof to a patient in need of such treatment. The therapeutically effective amount of a beta
adrenergic blocker, a prodrug thereof, or pharmaceutically acceptable salt thereof is provided in a pharmaceutically
acceptable carrier, vehicle or diluent thereof. Preferably, the diabetic complication is selected from the group consisting
of diabetic neuropathy, diabetic nephropathy, diabetic cardiomyopathy, diabetic retinopathy, diabetic cataract, diabetic
cystopathy, diabetic corneal keratopathy, diabetic dermopathy, diabetic microangiopathy, myocardial infarction, macular
edema, impaired neural conduction and diabetic wounds.
[0021] The beta adrenergic blocker, a prodrug thereof, or pharmaceutically acceptable salt thereof may be administered
in a sustained release form. The mammal may be a primate, canine, feline, bovine, ovine, porcine, carnelid, caprine,
rodent or equine. Preferably, the mammal is a human.
[0022] The diabetic complication may be treated by administering a therapeutically effective amount of a beta adren-
ergic blocker, which may include, but is not limited to acebutolol, alprenolol, amosulalol, arotinolol, atenolol, befunolol,
betaxolol, bevantotol, bisiprolol, bepindolol, bretylol, bucumolol, bufetolol, bufuralol, bunitrolol, buprandolol, bupranolol,
butofilolol, carazolol, carteolol, carvedilol, celiprolol, cetamolol, cinamolol, cloranolol, dilevatol, entbutotol, epanolol, es-
molol, fumolol, indenolol, istalol, labetalol, levobetaxolol, levobunolol, mepindolol, metipranolol, metipropranolol, meto-
prolol, moprolol, nadolol, nodoxolol, nebivolol, niptadilol, optipranolol, oxprenolol, penbutolol, perbutolol, pindolol, prac-
tolol, pronethalol, propranolol, protokylol, sotalol, sulfinalol, talindol, tertatolol, tillisolol, timolol, toliprolol, trasylol, xibenolol
and pharmaceutically acceptable salts or solvates thereof. The administration may be conducted hourly, daily, weekly
or monthly. The daily administration may involve anywhere from one to six administrations each day.
[0023] The beta adrenergic blocker may be administered via an oral, intravenous, intraperitoneal, opthalmic, parenteral,
topical, subcutaneous, subdural, intravenous, intramuscular, intrathecal, intraperitoneal, intracerebral, intraarterial, int-
ralesional, localized or pulmonary route. When administered by oral route, the dosage of the beta adrenergic blocker is
preferably about 1 mg to 1000 mg. When administered by opthalmic route, the dosage of the beta adrenergic blocker
is preferably about 0.001% to 10.0%. When administered by a topical route, the dosage of the beta adrenergic blocker
is preferably about 0.001 % to 50.0%.
The present invention provides a pharmaceutical topical dermal composition comprising a therapeutically effective
amount of beta adrenergic blocker having aldose reductase inhibitory activity, or a pharmaceutically acceptable salt
thereof and a pharmaceutically acceptable carrier, vehicle or diluent, for use in a method of treating a diabetic wound
in a mammal wherein said composition is applied to the skin or dermis.
[0024] The present invention also provides a pharmaceutical topical composition to treat diabetic wound healing in a
patient in need thereof, comprising a therapeutically effective amount of a beta adrenergic blocker esmolol, a prodrug
thereof, or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable topical carrier, vehicle, or
diluent, wherein the composition is in the form of a cream, gel, topical solution, patch, ointment, topical swab, emulsion,
spray or lotion.
[0025] The present invention also provides a method of treating diabetic wounds comprising topically administering
a therapeutic amount of a beta adrenergic blocker, prodrug thereof, or pharmaceutically acceptable salt there, to a
patient in need thereof. Preferably, the beta adrenergic blocker is esmolol. The esmolol used to treat diabetic complications
may involve a mechanism selected from the group consisting of inducing nitric oxide production; increasing the level of
collogen in the diabetic wound; increasing the vascular perfusion by way of enhanced neo-angiogenesis in the diabetic
wound; increasing oxygen supply by way of enhanced vascular perfusion in the diabetic wound; inhibit the increased
aldose reductase activity in the diabetic patient; enhancing growth factors such as nerve growth factors, epithelial growth
factors, vascular endothelial growth factors, platelet derived growth factors in the diabetic wound, and combinations
thereof.
[0026] The beta adrenergic blocker may be applied topically in the form of a cream, ointment, topical swab, emulsion,
spray or lotion. When the beta adrenergic blocker is esmolol, the esmolol may be applied topically in the form of a cream,
gel, topical solution, patch, ointment, topical swab, emulsion, spray or lotion. The mammal may be a primate, canine,
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feline, bovine, ovine, porcine, camelid, caprine, rodent or equine. Preferably, the mammal is a human.
[0027] The present disclosure further provides a method of treating diabetic complications mediated by aldose reduct-
ase in a mammal, comprising administering a therapeutically effective amount of a beta adrenergic blocker having aldose
reductase activity, a prodrug thereof, or pharmaceutically acceptable salt thereof to a patient in need thereof. Preferably,
the beta adrenergic blocker is esmolol, timolol, or propanolol. The therapeutically effective amount of a beta adrenergic
blocker, a prodrug thereof, or pharmaceutically acceptable salt thereof may be provided in a pharmaceutically acceptable
carrier, vehicle or diluent thereof.
[0028] Preferably, the aldose reductase mediated diabetic complications are selected from the group consisting of
diabetic neuropathy, diabetic nephropathy, diabetic cardiomyopathy, diabetic retinopathy, diabetic cataract, diabetic
cystopathy, diabetic corneal keratopathy, diabetic dermopathy, diabetic microangiopathy, myocardial infarction, macular
edema, impaired neural conduction and diabetic wounds.

Detailed Description of Invention

[0029] In accordance with this detailed description, the following abbreviations and definitions apply. It must be noted
that as used herein, the singular forms "a", "and", and "the" include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to "the dosage" includes reference to one or more dosages and equivalents
thereof known to those skilled in the art.
[0030] The publications discussed herein are provided solely for their disclosure prior to the filing date of the present
application. Nothing herein is to be construed as an admission that the present invention is not entitled to antedate such
publication by virtue of prior invention. Further, the dates of publication provided may be different from the actual pub-
lication dates, which may need to be independently confirmed.
[0031] By the term "subject" or "patient" as used herein is meant to include a mammal. The mammal can be a canine,
feline, primate, bovine, ovine, porcine, camelid, caprine, rodent, or equine. Preferably the mammal is human.
[0032] The term "efficacy" as used herein refers to the effectiveness of a particular treatment regime. Methods of
assessing efficacy in treating diabetic complications and wounds would be known to the treating and diagnosing medical
professionals.
[0033] By the phrases "pharmaceutically acceptable carrier" and "pharmaceutically acceptable excipient" are intended
to mean any compound(s) used in forming a part of the formulation that is intended to act merely as a carrier. The
pharmaceutically acceptable carrier or excipient is generally safe, non-toxic, and neither biologically nor otherwise
undesirable. A pharmaceutically acceptable carrier or excipient as used herein includes both one and more than one
such carrier or excipient.
[0034] The terms "treating", and "treatment", and the like are used herein to generally mean obtaining a desired
pharmacological and physiological effect. More specifically, the reagents described herein which are used to treat a
subject suffering from a diabetic complication and/or diabetic wound. The diabetic complication may be mediated by
aldose reductase, or other mechanism of action such as inhibiting enhance aldose reductase activity, inducing nitric
oxide production; increasing the level of collagen in the diabetic wound; increasing the vascular perfusion by way of
enhanced neo-angiogenesis in the diabetic wound; increasing oxygen supply by way of enhanced vascular perfusion
in the diabetic wound; inhibiting the increased aldose reductase activity in the diabetic patient; enhancing growth factors
such as nerve growth factors, epithelial growth factors, vascular endothelial growth factors, platelet derived growth
factors in the diabetic wound. The term "treatment", as used herein, covers any treatment of a disease in a mammal,
particularly a human.
[0035] By "therapeutically effective amount" is meant an amount of an agent, reagent, compound, composition, or
combination of such materials disclosed herein that when administered to a mammal is sufficient to be effective against
the diabetic complication or diabetic wound.
[0036] There are at least 17 million people with diabetes in the United States, and approximately 1 million new cases
are diagnosed each year. A majority of the diabetic population is diagnosed with severe diabetic complications, including
diabetic neuropathy, diabetic nephropathy, diabetic cardiomyopathy, diabetic retinopathy, diabetic cataract, diabetic
cystopathy, diabetic corneal keratopathy, diabetic dermopathy, diabetic microangiopathy, myocardial infarction, macular
edema, impaired neural conduction and diabetic wounds. Presently there are limited treatment options for patients
suffering from diabetic complications. It is this immediate need for effective treatments for diabetic complications that
forms the subject matter of the present disclosure.
[0037] Diabetic wound patients often demonstrate decreased wound inflammation, recurrent wound infections, de-
creased cutaneous vascular perfusion, poor wound collagen deposition, and scar maturation. Platelet derived growth
factor (PDGF) deficiency is associated with the chronic diabetic ulcer and contributes to impaired healing (H D Beer, M
T Longaker, S Werner, J Invest Dermatol 109, 132 (1997)). Clinical trials using Regranex.RTM have shown efficacy in
improving chronic foot ulcer healing in only half or less of the patients evaluated (D L Steed, J Vasc Surg, 21, 71 (1995)).
[0038] An investigation into pathways contributing to impaired diabetic wound heating reveals several factors respon-
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sible for poor healing response. Atherosclerosis of major and minor vessels impedes the delivery of oxygen and nutrients
to the wound. Neuropathy causes loss of protective sensibility and local trauma. Finally, defective immune defences
inhibit cellular phagocytosis of debris and promote infection. Hyperglycemia itself is responsible for the formation of
advanced glycation end products (AGE’s), which bind cell membranes and extracellular matrix proteins and impede
their function. Growth factors such as platelet-derived growth factor, transforming growth factor beta and vascular en-
dothelial growth factor have all been found to be deficient in diabetic wounds, whereas levels of matrix metalloproteinases
and superoxide are elevated in diabetic wound fluid.
[0039] Chronically elevated blood glucose levels result in reduced leukocyte function and cell malnutrition, which
contribute to a high rate of wound infection and associated healing problems in diabetic patients. Diabetic foot ulcers
also occur as a result of various other factors. These factors include mechanical changes in conformation of the bony
architecture of the foot, peripheral neuropathy, and atherosclerotic peripheral arterial disease, all of which occur with
higher frequency and intensity in the diabetic population. Nonenzymatic glycosylation predisposes ligaments to stiffness.
Neuropathy causes loss of protective sensation and loss of coordination of muscle groups in the foot and leg, both of
which increase mechanical stresses during ambulation. Diabetes is also known to be associated with a variety of alter-
ations in connective tissue metabolism, as a result of which diabetics face the problem of poor wound healing. The loss
of collagen related to diabetes may be due to decreased levels of synthesis or enhanced metabolism of newly synthesized
collagen or both. These qualitative and quantitative abnormalities contribute to the impaired wound healing observed in
diabetic patients.
[0040] Among other pathways described above, the polyol pathway has been implicated as a mechanism of various
organ injuries (including diabetic foot ulcers) induced by high concentration of glucose. Results of etiologic studies
suggest that hyperglycemia induces diabetes-related complications through sorbitol accumulation and protein glycation.
The polyol pathway consists of two steps. The first is the conversion of glucose to sorbitol, and the second is the
conversion of sorbitol to fructose. The key enzyme is aldose reductase which converts glucose to sorbitol. This enzyme
is found in many tissues.
[0041] Existing aldose reductase inhibitors include molecules such as tolrestat, zopolrestat, fiderestat, and epalrestat.
The present inventions provides the first evidence for the aldose reductase inhibitory activity of certain beta-adrenergic
blockers such as esmolol, propranolol, and timolol. The presently discovered aldose reductase inhibitory activity of
certain beta-adrenergic blockers positions them as drugs for treatment of aldose reductase mediated diseases, such as
diabetic complications. The increased aldose reductase activity results in enhanced accumulation of sorbitol, leading to
several diabetic complications. The present disclosure provides the discovery of aldose reductase inhibitory activity of
beta-adrenergic blockers and their use in treatment of diabetic complications, such as diabetic wound healing.
[0042] Accumulation of sorbitol in cells causes various organ injuries leading to cutaneous microangiopathy. There
are many mechanisms by which diabetes may cause microangiopathy. These include excess sorbitol formation, in-
creased glycation end products, oxidative damage, and protein kinase C over-activity. All of these processes occur in
the skin, and the existence of a cutaneous diabetic microangiopathy has been well demonstrated. These microangiopathic
changes are associated with abnormalities of skin perfusion. Because the skin plays a thermo regulatory role, there is
significant capillary redundancy in normal skin. In diabetic patients, loss of capillaries is associated with a decrease in
perfusion reserve. The associated failure of microvascular perfusion to meet the requirements of skin metabolism may
result in diverse skin lesions in patients with diabetes, e.g., diabetic wounds.
[0043] Neuropathy is another common complication of diabetes, caused by activation of the polyol pathway. Patients
with diabetic foot ulceration on the plantar, medial and lateral surfaces of the foot will almost all have clinically significant
peripheral neuropathy. The resulting nerve damage manifests as peripheral neuropathy, which predisposes the patient
to diabetic ulcer development. The pathology of diabetic neuropathy involves oxidative stress, advanced glycation end
products, polyol pathway flux, and protein kinase C activation, which all contribute to the microvascular disease and
nerve dysfunction seen in diabetic wounds.
[0044] Increases in osmotic pressure and oxidative stress have been proposed as the other mechanisms by which
polyol pathway is involved in cell and tissue injury. Accordingly, aldose reductase inhibitors improve cutaneous perfusion,
induce nerve regeneration and decrease oxidative stress leading to improved diabetic wound healing.
[0045] The methods and compositions of the present invention are designed to detect, treat, and monitor diabetic
patients with poor wound healing ability based on measurement of the synthesis of nitric oxide (NO) in specimens taken
from the patient under controlled conditions. The invention notes that diabetic patients represent a continuous spectrum
of NO synthetic capability, and that diabetics at the lower end of that spectrum have impaired wound healing function.
[0046] Recent research on the role of NO in wound inflammation, tissue repair, and microvascular homeostasis reveals
that NO is a primary regulator of wound healing (D Bruch-Gerharz, T Ruzicka, V Kolb-Bachofen. J Invest Dermatol. 110,
1 (1998); M R Schaffer et al., Surgery 121, 513 (1997)). A systemic deficiency of endothelial-derived NO has been
observed in all diabetics (A Veves et al., Diabetes, 47, 457 (1998); M Huszka et al., Thrombosis Res, 86(2), 173 (1997);
S B Williams, J A Cusco, M A Roddy, M T Hohnston, M A Creager, J. Am. Col. Cardiol., 27(3), 567 (1996)), suggesting
that NO plays a fundamental role in the pathogenesis of chronic, non-healing lower extremity ulcers (LEU). Consequently,
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there is a need to correlate NO production with wound healing ability in diabetics. Such a correlation would allow the
development of methods to predict the wound healing ability of diabetics based on their production of NO and would
provide a useful clinical indicator which could serve as a basis for choosing appropriate therapy.
[0047] NO is a small, hydrophobic gaseous free radical, which is an important physiological mediator for autonomic
functions such as vasodilation, neurotransmission, and intestinal peristalsis. NO provides cellular signaling by activation
of its target molecule, guanylate cyclase, which elevates intracellular concentrations of cyclic guanosine monophosphate
(cGMP) (J S Beckman, in Nitric Oxide, J. Lancaster, Jr., Ed. (Academic Press, N.Y.), chap. 1). Cellular signaling is
performed without mediation of channels or cellular membrane receptors and is dependent upon the concentration of
NO in the cellular environment. NO has a half-life of about five seconds in biological tissues. It is generated by three
isoforms of nitric oxide synthase (NOS), which metabolize L-arginine and molecular oxygen to citrulline and NO. Two
of the three isoforms are constitutive enzyme systems (cNOS) which are described in neuronal cells (nNOS) and in
endothelial cells (eNOS) (D Bruch-Gerharz, T Ruzicka, V Kolb-Bachofen. J Invest Dermatol. 110, 1 (1998)). With these
isoforms, increased levels of intracellular calcium activate the enzymes via calmodulin. The calcium-dependent cNOS
systems produce low (picomolar) concentrations of NO. The third system is the inducible isoform (iNOS) which is calcium
independent. The expression of iNOS is induced by tissue-specific stimuli such as inflammatory cytokines or bacterial
lipopolysaccharide (LPS). The inducible isoform releases NO in much higher (nanomolar) concentrations than cNOS,
and has potent cytotoxic effects.
[0048] The cNOS enzymes are involved in regulating and maintaining skin homeostasis (S Moncada, A Higgs, N Eng
J Med 329, 2002 (1993)). The iNOS enzymes appear to be mainly associated with inflammatory and immune responses
that are also implicated in certain skin diseases. In human skin keratinocytes, fibroblasts and endothelial cells possess
both the cNOS and iNOS isoforms. The wound macrophage and keratinocyte possess the iNOS isoform. In wound
healing studies NO synthesis has been shown to occur for prolonged periods (10-14 days) after wounding and macro-
phages appear to be the major cellular source M R Schaffer, U Tantry, R A vanWesep, A Barbul. J Surg Res, 71, 25
(1997)). As a mediator of tissue repair, NO has been demonstrated to promote angiogenesis (A Papapetropoulos, G
Garcia-Cardena, J A A Madri, W C Sissa. J Clin Invest, 100(12), 3131 (1997)) and cellular migration (Noiri et al., Am.
J. Physiol. 279:C794 (1996)), increase wound collagen deposition and collagen cross-linking (M R Schaffer, U Tantry,
S S Gross, H L Wasserburg, A Barbul. J Surg Res, 63, 237 (1996)), regulate microvascular homeostasis (vasodilatation)
(D Bruch-Gerharz, T Ruzicka, V Kolb-Bachofen. J Invest Dermatol. 110, 1 (1998)), inhibit platelet aggregation (J S
Beckman, in Nitric Oxide, J. Lancaster, Jr., Ed. (Academic Press, N.Y.), chap. 1), inhibit the formation of endothelial-
leukocyte adhesions (A M Lefer, D J Lefer, Cardiovascular Res. 32, 743 (1996)), modulate endothelial proliferation and
apoptosis (Y H Shen, X L Wang, D E Wilcken, FEBS Left, 433(1-2), 125 (1998)), increase the viability of random
cutaneous flaps (SC Um et al., Plast Reconstr Surg. 101 785 (1998); G F Pierce et al., Proc Natl Acad Sci USA. 86,
2229 (1989)), and enhance cellular immunomodulation and bacterial cytotoxicity (J S Beckman, in Nitric Oxide, J.
Lancaster, Jr., Ed. (Academic Press, N.Y.), chap. 1).
[0049] In diabetics, normal wound repair may be significantly compromised. In general, during the wound healing
process, NO provides enhancement of tissue oxygen availability, the inflammatory mediation of repair mechanisms and
wound matrix development and remodeling. The major metabolic pathway for NO is to nitrate and nitrite, which are
stable metabolites within tissue, plasma, and urine (S Moncada, A Higgs, N Eng J Med 329, 2002 (1993)). Tracer studies
in humans have demonstrated that perhaps 50% of the total body nitrate/nitrite originates from the substrate for NO
synthesis, L-arginine (P M Rhodes, A M Leone, P L Francis, A D Struthers, S Moncada, Biomed Biophys Res. Commun.
209, 590 (1995); L. Castillo et al., Proc Natl Acad Sci USA 90, 193 (1993). Although nitrate and nitrite are not measures
of biologically active NO, plasma and urine samples obtained from subjects after a suitable period of fasting, and optionally
after administration of a controlled diet (low nitrate/low arginine), allowing the use of nitrate and nitrite as an index of NO
activity (C Baylis, P Vallance, Curr Opin Nephrol Hypertens 7, 59 (1998)).
[0050] The disclosure provides a method of determining whether a diabetic subject is a heating wound diabetic or a
non-heating wound diabetic. A "healing wound diabetic" refers to a diabetic subject whose wound healing capability is
approximately the same as that of a non-diabetic subject A "non-healing wound diabetic" refers to a diabetic subject
whose wound healing capability is reduced from that of a non-diabetic subject and who consequently is at risk for lower
extremity ulcers (LEU). For example, In one clinical study, non-wound healing, diabetics were considered to be those
patients with a history of one or more diabetic foot ulcers with incomplete healing after 20 weeks of Regranex.RTM
treatment. A human or animal with a diabetic condition is a human or animal whose regulation of plasma glucose
concentration is defective, usually as a result of insufficient production of insulin or resistance to the physiological effects
of insulin. For example, the subject can be a human patient who is diagnosed by a physician as having either type I or
type II diabetes.
[0051] A subject according to the invention can be any human or animal with a diabetic condition such as diabetes
mellitus. The animal may be a mammal. The mammal may be a canine, feline, primate, bovine, ovine, porcine, camelia,
caprine, rodent, or equine. Preferably, the subject is a human.
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Methods of Administration

[0052] One aspect of the disclosure contemplates the use of beta adrenergic blockers, their prodrugs, or pharmaceu-
tically acceptable salts thereof in the treatment of conditions, including diabetic complications arising from any form of
diabetes.
[0053] The beta adrenergic blocker may include, but is not limited to, acebutolol, alprenolol, amosulalol, arotinolol,
atenolol, befunolol, betaxolol, bevantolol, bisoprolol, bopindolol, bretylol, bucumolol, bufetolol, bufuralol, bunitrolol, bu-
prandolol, bupranolol, butofilotol, carazolol, carteolol, carvedilol, celiprolol, cetamolol, cinamolol, cloranonl,decanoyl,
dodecanoyl, dilevatol, entbutolol, epanolol, esmolol, fumolol, indenolol, istalol, labetalol, levobetaxolol, levobunotol,
mepindolol, metipranolol, metipropranolol, metoprolol, moprolol, myristoyl, nadolol, nadoxolol, nebivolol; nipradilol, oc-
tanoyl, optipranolol, oxprenolol, palmitoyl (United States Patent No. 4897417), penbutolol, perbutolol, pindolol, practolol,
pronethalol, propranolol, protokylol, sotalol, stanozolol, sulfinalol, talindol, tertatolol, tillisolol, timolol, toliprolol, trasylol,
xibenolol, adrenergic blockers, their prodrugs or pharmaceutically acceptable salts thereof. Prodrugs thereof include all
derivatives of the beta adrenergic blocker that can deliver the beta adrenergic blocker upon metabolism in the body. For
example, all derivatives of esmolol that can deliver esmolol upon metabolism are potential prodrugs of esmolol.
[0054] Esmolol has been found to treat diabetic complications such as diabetic wound by various mechanisms, in-
cluding, but not limited to, inducing nitric oxide production; increasing the level of collagen in the diabetic wound; increasing
the vascular perfusion by way of enhanced neo-angiogenesis in the diabetic wound; increasing oxygen supply by way
of enhanced vascular perfusion in the diabetic wound; inhibit the increased aldose reductase activity in the diabetic
patient; enhancing growth factors such as nerve growth factors, epithelial growth factors, vascular endothelial growth
factors, platelet derived growth factors in the diabetic wound, and combinations thereof.
[0055] The beta adrenergic blockers of the present invention may have aldose reductase mediating activity. The beta
adrenergic blockers having aldose reductase mediating activity may include, but is not limited to, esmolol, timolol, or
propanolol. Beta adrenergic blockers having aldose reductase mediating activity are especially useful in the treatment
of diabetic complications. For example, esmolol is a preferred beta adrenergic blocker for the treatment of diabetic wound
healing. However, all beta adrenergic blockers may be useful in the treatment of any contemplated diabetic complication.
[0056] The beta adrenergic blockers, prodrugs and salts thereof intended for wound healing are preferably topically
administered in a physiologically acceptable carrier to a subject. However, for treatment of diabetic complications other
than diabetic wounds, the beta adrenergic blockers, their prodrugs, or pharmaceutically acceptable salts may also be
administered in a variety of ways including but not limited to oral administration, opthalmic administration, parenteral
administration, including topical, subcutaneous (s.c.), subdural, intravenous (i.v.), intramuscular (i.m.), intrathecal, in-
traperitoneal (i.p.), intracerebral, intraarterial, or intralesional routes of administration, localized (e.g., surgical application
or surgical suppository), and pulmonary (e.g., aerosols, inhalation, or powder) and as described further below.
[0057] The correct dosage of a pharmaceutical composition comprising compounds with the beta adrenergic receptor
antagonists will vary according to the pharmaceutical formulation, the mode of application, as well as the particular situs,
host and diabetic complication being treated. Other factors including age, body weight, sex, diet, time of administration,
rate of excretion, condition of the host, drug combinations, reaction sensitivities and severity of the disease may be
readily taken into account by a treating professional or one of skill in the art.
[0058] Administration may be carried out continuously or periodically within the maximum tolerated dose. The admin-
istration may be conducted, for example, hourly, once every two hours, once every three hours, once every six hours,
once every twelve hours, daily, weekly, every two weeks, every three weeks, or monthly, as needed.
[0059] The topical route of administration is a preferred route for treatment of diabetic complications such as non-
healing diabetic wounds. Suitable compositions for topical administration may include creams, lotions, soaps, shampoos,
aerosol, balm, gel, serum, mousse, patch, pump spray, roll-on, topical solution, stick, towelette, footcare product, oint-
ment, wipe, emulsion, cosmetic, topical swab and any combination thereof.
[0060] Accordingly, the present invention provides a pharmaceutical composition for topical administration, for the
treatment of diabetic wound healing, comprising a beta adrenergic blocker, a prodrug thereof, or a pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable topical carrier, vehicle, or diluent. The topical composition
is preferably in the form of a cream, ointment, topical swab, emulsion, spray or lotion. The composition may be provided
in sustained release form.
[0061] In the treatment of diabetic wound healing, esmolol has been found to be useful. Thus, the present invention
provides a pharmaceutical composition for topical administration, for the treatment of diabetic wound healing, comprising
esmolol, a prodrug thereof, or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable topical
carrier, vehicle, or diluent. The topical composition comprising esmolol is preferably in the form of a gel, a patch, topical
solution, cream, ointment, topical swab, emulsion, spray or lotion. The composition may be provided in sustained release
form.
[0062] Depending upon the manner of introduction, the beta adrenergic blockers, their prodrugs, or pharmaceutically
acceptable salts may be formulated in various ways. The concentration of therapeutically active ingredient in a formulation
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for topical administration may vary from a concentration of about 0.001% to 50.0%. Preferably, the concentration of
therapeutically active ingredient in a formulation for topical administration may vary from a concentration of about 0.01%
to 40.0%. More preferably, concentration of therapeutically active ingredient in a formulation for topical administration
may vary from a concentration of about 0.001% to 20.0%.
[0063] There are references of existing topical formulations of beta blockers in the forms of opthalmic solutions (drops)
and opthalmic gels for treatment of enhanced intraocular pressure (IOP). Transdermal patches of beta-blockers for
treatment of cardiac conditions have also been prepared (International Patent Publication No.WO/2000/035439/United
States Patent No. 5362757). However, there are no existing references to formulation of beta adrenergic blockers for
topical application to the skin or dermis. The present invention provides the formulation of beta adrenergic blockers,
such as esmolol, as a topical application.
[0064] In treating diabetic complications such as diabetic wound, a composition containing esmolol hydrochloride as
the active ingredient may be advantageously administered to subject in need by way of a topical preparation, having a
concentration of esmolol hydrochloride of about 0.001% to 50.0%.
[0065] Preferably, the beta adrenergic blockers, their prodrugs, or pharmaceutically acceptable salts are formulated
for topical administration in a suitable inert carrier. For example, the concentration of beta adrenergic blockers, their
prodrugs, or pharmaceutically acceptable salts in the carrier solution is typically between about 0.1 % to about 50.0%.
The dose administered will be determined by route of administration.
[0066] The concentration of therapeutically active ingredient in a formulation for oral administration may vary from a
concentration of about 1 mg to 1000 mg. The concentration of therapeutically active ingredient in a formulation for
opthalmic administration may vary from a concentration of about 0.001% to 10.0%.
[0067] For parenteral administration, the beta adrenergic blockers, their prodrugs, or pharmaceutically acceptable
salts of the invention can be administered as injectable dosages of a solution or suspension of the substance in a
physiologically acceptable diluent with a pharmaceutical carrier, which can be a sterile liquid such as water and oils with
or without the addition of a surfactant. Other acceptable diluents include oils of animal, vegetable, or synthetic origin,
for example, peanut oil, soybean oil, and mineral oil. In general, glycols such as propylene glycol or polyethylene glycol
(PEG) are preferred liquid carriers, particularly for injectable solutions. The beta, adrenergic blockers, their prodrugs, or
pharmaceutically acceptable salts of this disclosure can be administered In the form of a depot injection or implant
preparation, which can be formulated in such a manner as to permit a controlled or sustained release of the active
ingredients).
[0068] According to one aspect of the disclosure, a beta adrenergic blocker, their prodrugs, or pharmaceutically ac-
ceptable salts may be administered alone, or in combination with other agents as discussed above to treat and/or
ameliorate a condition such as diabetes complications occurring from any form of diabetes. These reagents can also
be used in the preparation of a medicament for use in treating a patient. Administration of therapeutic agents for the
treatment of diabetes related conditions can occur prior to, concurrent with, or after administration with the beta adrenergic
blockers, their prodrugs, or pharmaceutically acceptable salts. Administration of the subject beta adrenergic blockers,
their prodrugs, or pharmaceutically acceptable salts can occur before, during or after any other diabetes treatment
modality. Administration of the subject beta adrenergic blockers, their prodrugs, or pharmaceutically acceptable salts
can occur hourly, daily, weekly, or monthly as needed, based on the severity of the wound and other factors well known
to the skilled medical provider. Preferably, the beta adrenergic blockers, their prodrugs, or pharmaceutically acceptable
salts are administered weekly for one or more weeks. The preferred regimen for treatment is continuous or intermittent
topical application of the preferred formulation varying as per patient’s profile as well as location and severity of diabetic
wound.
[0069] Pharmaceutical compositions comprising beta adrenergic blockers, their prodrugs, or pharmaceutically accept-
able salts may also include pharmaceutically acceptable, non-toxic carriers or diluents, which are vehicles commonly
used to formulate pharmaceutical compositions for animal or human administration. The formulations may also contain
conventional additives, such as solubilizers, isotonic agents, suspending agents, emulsifying agents, stabilizers and
preservatives.
[0070] The compositions may be formulated for sustained release. The beta adrenergic blockers, their prodrugs, or
pharmaceutically acceptable salts of this invention can be administered in a sustained release form, for example, a depot
injection, implant preparation, or osmotic pump, which can be formulated in such a manner as to permit a sustained
release of the active ingredient Implants for sustained release formulations are well-known in the art. Implants are
formulated as microspheres, slabs, etc. with biodegradable or non-biodegradable polymers. For example, polymers of
lactic acid and/or glycolic acid form an erodible polymer that are well-tolerated by the host.
[0071] The present disclosure further provides methods of treating diabetic complications mediated by aldose reduct-
ase, comprising administering a therapeutically effective amount of a beta adrenergic blocker, a prodrug thereof, or
pharmaceutically acceptable salt thereof having aldose reductase mediating activity. Preferably, the beta adrenergic
blocker is esmolol, timolol, or propanolol. The aldose reductase mediated diabetic complications may include, but are
not limited to, diabetic neuropathy, diabetic nephropathy, diabetic cardiomyopathy, diabetic retinopathy, diabetic cataract,
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diabetic cystopathy, diabetic, corneal keratopathy, diabetic dermopathy, diabetic microangiopathy, myocardial infarction,
macular edema, impaired neural conduction and diabetic wounds.

Examples

Example 1

Aldose Reductase (AR) inhibition studies:

[0072] For enzyme inhibition studies, purified human recombinant aldose reductase (expressed in E.coli) was used
for testing the aldose reductase (AR) inhibitory activity of beta adrenergic antagonists by a spectrophotometric method,
using glyceraldehydes as substrate, (Mol. Vis. 2004, 10, 148-154).

Materials:

[0073] DL- glyceraldehyde, glucose, lithium sulfate, 2- mercaptoethanol, NADPH, dimethylsulfoxide, TC- 199 medium
(M- 3769) , sorbitol, sorbitol dehydrogenase, NAD, and glutathione reductase were purchased from Sigma Chemical
Company (St. Louis, MO) . Beta- adrenergic antagonists including timolol, esmolol, satalol, nebivolol, carvedilol, meto-
prolol and labetalol, used in the experiment were obtained as pure active pharmaceutical ingredients (APIs) from local
commercial suppliers. The salts of beta antagonists used for the experiments are: timolol maleate, sotalol hydrochloride,
labetalol hydrochloride, metoprolol tartrate, nebivolol hydrochloride, esmolol hydrochloride and propranolol hydrochlo-
ride.

Rat lens aldose reductase:

[0074] Crude aldose reductase (AR) was prepared from rat lens. Eyeballs were removed from 9 week old WNIN male
rats obtained from National Center for Laboratory Animal Services, National Institute of Nutrition, Hyderabad, India.
Animal care and protocols were in accordance with and approved by Institutional Animal Ethics Committee. Lenses
were dissected by posterior approach and homogenized in 10 volumes of 100 mM potassium phosphate buffer pH 6.2.
The homogenate was centrifuged at 15,000x g for 30 minutes at 4°C and the resulting supernatant was used as the
source of AR.

Purification of recombinant human aldose reductase:

[0075] Recombinant human aldose reductase was purified from bacterial cultures. Enzyme from expression cultures
was extracted and purified essentially as described previously (J Biol Chem 1992; 267: 24833- 40) with the exception
that affinity chromatography over AffiGel Blue (Bio-Rad) was used as a final purification step.

Aldose reductase (AR) assay:

[0076] AR activity was assayed according to the method described by Hayman and Kinoshita (J Biol Chem 1965; 240:
877-82). The assay mixture in 1 ml contained 50 mM potassium phosphate buffer pH 6.2, 0.4 mM lithium sulfate, 5 mM
2-mercaptoethanol, 10 mM DL-glyceraldehyde, 0.1 mM NADPH, and enzyme preparation (rat lens or recombinant en-
zyme). Appropriate blanks were employed for corrections. The assay mixture was incubated at 37 °C and initiated by
the addition of NADPH at 37 C. The change in the absorbance at 340 nm due to NADPH oxidation was followed in a
Cary Bio 100 spectrophotometer.

Inhibition studies:

[0077] For inhibition studies concentrated stocks of the Beta adrenergic antagonists, timolol, esmolol, sotalol, nebivolol,
carvedilol, metoprolol and labetalol were prepared in water. Various concentrations of Beta adrenergic antagonists, as
test compounds, were added to the assay mixture and incubated for 5-10 minutes before initiating the reaction by NADPH
as described above. The percent of inhibition with test compounds was calculated considering the AR activity in the
absence of inhibitor was 100%. The concentration of each test sample giving 50% inhibition (IC50) was then estimated.
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Example 2

Estimation of Sorbitol in Red Blood Cells

[0078] The compounds that showed effective aldose reductase inhibition (esmolol, timolol, propranolol) were tested
for their potential to inhibit formation of sorbitol in red blood cells (RBC). The cells were incubated with 30 mM glucose
in vitro. Sorbitol was estimated by the method of reported by Malone, et al. Diabetes; 1980; 29: 861-864.

Example 3

Animal experiments : diabetic wound healing

[0079] Wistar rats were kept in standard autoclaved rodent cages with ad libitum food (Harland Tekland Irradiated
Rodent Diet) and autoclaved water. The rats were housed on Harlan Tek-chip pelleted paper in static micro isolators
maintained at 72° F, 60% humidity, and a 12 hour light cycle. The animals were kept at the facility for 10 days to get
accustomed to the environment, after the arrival from the vendor. Diabetes was induced in the rats by intraperitoneal
injection of 50mg/kg body weight of streptozocin on 5 consecutive days. The wound was created on the rat by using a
contortive scratcher to make a 2 mm incision with 0.57-0.62 mm depth on the dorsal skin of the animal. The area was
shaved and sanitized with normal lugol’s iodine prior to use of the scratcher.

Compound administration and wound handling:

[0080] Esmolol hydrochloride (10%) was administered three times daily or the standard treatment control, by smearing
the agent directly onto the wound. The positive control used was platelet derived growth factor that is commercially
available. The treatment was contined until the wounds of the treated mice were completely healed.
[0081] The wounds were rinsed with normal saline, and the irrigated liquid was collected and centrifuged at 2500 rpm
for 5 minutes. The supernatant was discarded and the sediment stained and looked at under a high power microscope
for the presence of any abnormal cells. Additionally, the sediment material was diluted in 1ml of RPMI 450 and the
number of macrophages was determined by use of a hemocytometer.

Table 1: Aldose reductase inhibitory IC50 values in mM of beta adrenergic antagonists

Beta adrenergic receptor antagonist IC50(mM)

Esmolol 160

Timolol 250

Propranolol 350

Sotalol >350

Nebivolol >350

Carvedilol >350

Metoprolol >350

Labetalol >350

Table 2: Sorbitol concentration in RBC

Sr. No. Condition Sorbitol (mg/ml)

1. RBC under normal conditions 12.13

2. RBC under 30 mM glucose 21.83

3. RBC under 30 mM glucose + 150 mM of esmolol 16.16

4. RBC under 30 mM glucose+ 250 mM of timolol 17.34

5. RBC under 30 mM glucose+ 350 mM of propranolol 18.25
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Results of animal experiments:

[0082] It was observed that the original wound in the vehicle-treated rat did not heal and still had a scab (day 27) after
wounding, whereas the wound had completely healed in the skin from the treated animal and wound closure was also
observed.
[0083] Several wound healing parameters were measured on the day 3, day 7, day 12 and day 19 of the creation of
the wound. These parameters are reported n separate tables below. The wound size and weight of the rats was measured
every alternate day. Specifically, the length and width of the wound were measured by use of micro vernier calipers,
and the tensile strength at the edge of the wound was also recorded every other day. The wound diameter was measured
by the same investigator on day 3, 12, 19 by the use of an electronic digital vernier caliper (B&D, Pomanus, NJ). The
caliper was calibrated just before the measurement by adjusting the zero error. The decrease in wound diameter is
reported in Table 1.

The contraction of wound was measured by a tension calibrator (Harvard apparatus, Quincy, MA) and results are given
in Table 2.

[0084] The area for evaluation was cut clean by an Eppendorf 10 size scalpel and the tissue was preserved in 10%
of phosphate buffered formalin solution. The tissues were removed from this formalin solution and immersed in 100%
of ethanol for 6 hours. The tissue were again removed and preserved for evaluation in 10% Bouins solution. The biopsy
parameters of wound are reported in Table 3.

[0085] Epithelization was measured based on observed new epithelial cells generated on the wound observed under
powerful microscope. Scar formation score was measured by the standard digital vernier calipers (B&D, Pomanus, NJ).
The results are reported in Table 4.

[0086] The quantity of exudation from wound was measured by the use of a micropipette (Eppendorf). The results are
reported in Table 5.

Table 1: Decrease in Wound Diameter
Day 3 Day 12 Day 19 % Decrease

Controls (MM) 1.27 +/- 0.12 3.78 + /- 0.24 7.89 +/- 0.31 --
Positive control 1.16 +/- 0.12 1.35 +/- 0.19 1.47 +/- 0.34 536%
Esmolol 1.28 +/- 0.12 1.37 +/- 0.17 0.79 +/- 0.28 998%

Table 2: Wound Diameter: Degree of Contraction (%)

Day 3 Day 12 Day 19
Controls 12.46 +/- 5.8 26.78 +/- 11.4 58.76 +/- 9.9
Positive Control 11.98 +/- 6.2 37.71 +/- 12.4 86.14 +/- 10.2
Esmolol 12.17 +/- 5.8 41.86 +/- 13.2 98.64 +/- 9.6

Table 3: Evaluation of Biopsy Wounds in Diabetic Rats
Day 3 Day 7 Day 12 Day 19 Total

Controls 1.2 +/- 0.4 2.3 +/- 0.3 2.9 +/- 0.3 4.5 +/- 0.4 10.9 +/- 1.3
Positive Control 1.3 +/- 0.2 1.5 +/- 0.4 1.4.+/- 0.4 1.5+/- 0.5 5.9+/- 1.4
Esmolol 1.3 +/- 0.3 1.3 +/- 0.2 1.4 +/- 0.3 1.5 +/- 0.3 5.5 +/- 1.1

Table 4: Time Taken for Complete Closure of Wound, Period of Epithelialization and Scar Formation
Wound Closure (Day) Period for Epithelization (day) Scar Formation (Score)

Controls Not closed 15.7 +/- 1.8 4.9 +/- 0.5
Positive Control 24.7 +/- 3.4 11.8 +/- 2.1 2.1 +/- 0.5

Esmolol 19.6 +/- 2.2 9.8 +/- 0.8 1.3 +/- 0.4
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[0087] Transparency of wound was measured by looking at the refractive index. The results are reported in Table 6.

[0088] The wound adherence is reported in Table 7. The adherence is the strength by which the two ends of the wound
are attached together and measured by a Velcro index meter.

[0089] Fluid accumulation was measured by volume of fluid obtained from wound using micro pipette as described in
Table 8.

[0090] The ease of removal of the wound was measured by a Velcro index meter and reported in Table 9.

[0091] Flexibility of wound was measured by the placidness observed by the normal skin of the same animal compared
to the wound area and reported in Table 10.

Table 5: Exudation in ml
Day 3 Day 7 Day 12 Day 19 Total

Controls 1.1+/-0.3 1.8 +/- 0.4 2.1 +/- 0.8 2.6 +/- 0.7 7.6 +/- 1.9
Positive Control 1.2 +/- 0.3 2.3 +/- 0.3 3.2 +/- 0.3 4.8 +/- 0.2 11.5 +/- 0.97
Esmolol 1.2 +/- 0.2 2.7 +/- 0.5 3.5 +/- 0.6 4.9 +/- 0.2 12.3 +/- 1.1

Table 6: Film Transparency
Day 3 Day 7 Day 12 Day 19 Total

Controls 1.8 +/- 0.2 2.7 +/- 0.4 3.7 +/- 0.3 3.8 +/- 0.6 11.0 +/- 1.2
Positive Control 1.7 +/- 0.3 3.1 +/- 0.3 3.8 +/- 0.4 4.1 +/- 0.5 12.3 +/- 0.9

Esmolol 1.7 +/- 0.3 2.3 +/- 0.4 2.6 +/- 0.6 3.3 +/- 0.4 9.9 +/- 1.1

Table 7: Wound Adherence
Day 3 Day 7 Day 12 Day 19 Total

Controls 2.7 +/- 0.3 2.3 +/- 0.5 2.8 +/- 0.9 3.1 +/- 0.8 10.9 +/- 1.4

Positive Control 2.6 +/- 0.4 3.2 +/- 0.4 3.7 +/- 0.6 4.3 +/- 0.6 13.8 +/- 1.1
Esmolol 2.6 +/- 0.4 3.3 +/- 0.3 3.9 +/- 0.5 4.7 +/- 0.5 14.5 +/- 0.9

Table 8: Fluid Accumulation
Day 3 Day 7 Day 12 Day 19 Total

Controls 2.3 +/- 0.3 2.8 +/- 0.4 3.5 +/- 0.4 3.8 +/- 0.5 12.4 +/- 0.9

Positive Control 2.4 +/- 0.3 2.8 +/- 0.3 3.1 +/- 0.4 2.7 +/- 0.6 11.0 +/- 0.8
Esmolol 2.3 +/- 0.4 2.7 +/- 0.5 2.6 +/- 0.7 2.5 +/- 0.5 10.1 +/- 1.2

Table 9: Ease of Removal from Wounds
Day 3 Day 7 Day 12 Day 19 Total

Controls 2.7 +/- 0.2 2.9 +/- 0.1 3.1 +/- 0.5 3.6 +/- 0.5 12.3 +/- 0.5
Positive Control 2.6 +/- 0.4 2.8 +/- 0.3 2.8 +/- 0.4 2.5 +/- 0.3 10.7 +/- 1.1

Esmolol 2.6 +/- 0.2 2,8 +/- 0.3 2.7 +/- 0.5 2.5 +/- 0.4 10.6 +/- 1.4

Table 10: Flexibility
Day 3 Day 7 Day 12 Day 19 Total

Controls 2.1 +/- 0.5 2.7 +/- 0.4 2.3 +/- 0.8 1.9 +/- 0.9 7.0 +/- 0.9
Positive Control 2.2 +/- 0.6 2.4 +/- 0.7 3.7 +/- 1.1 4.0 +/- 0.7 12.3 +/- 3.2

Esmolol 2.3 +/- 0.2 2.4 +/- 0.5 3.5 +/- 0.6 3.9 +/- 0.8 12.1 +/- 2.9



EP 2 114 386 B9

14

5

10

15

20

25

30

35

40

45

50

55

Example 4

Measurement of Nitric Oxide

[0092] Fresh tissue (approximately 0.2g) was added to 1 ml cold homogenizing buffer (20mmol/l HEPES-KOH, pH
7.9; 25% glycerol; 420 mmol/l NaCl; 1.5mmol/l MgCl2; 0.2mmol/l EDTA; 0.5 mmol/l dithiothreitol; 0.2 mmol/l phenyl-
methylsulphonyl fluoride). The buffered tissues were homogenized at maximum speed for 5 seconds and cooled in ice-
water for 30 seconds. This procedure was repeated five times to ensure complete tissue destruction.

Deprotinization:

[0093] Two volumes of 100% cold ethanol were added to the homogenized samples; these were vortexed and incubated
on ice for 30 minutes. The homogenate was centrifuged at 12,000 xg for 5 minutes at 4°C, and the supernatant transferred
to a new tube on ice for NO measurement.

Measurement of nitrite/nitrate:

[0094] A rapid-response chemiluminescence analyzer was used to measure total gas phase NO (nitrate/nitrite). NO
gas reacts with ozone, producing energy in the form of light, and the light is proportional to the quantity of NO present.
The emission was measured using a luminometer to determine NO concentration.
[0095] The sample tube was securely connected to a Zero Gas Filter (Sievers Instruments) and room air passed
through the device for 5 minutes. The linearity of analyser response was interpolated using four repeat calibrations
(blank, 1, 10, 50, 100 and 200 mmol/l respectively; a lower limit of <1 nmol/l was demonstrated for the present instrument).
The samples (10 ml) were injected into a helium-purged vessel containing 0.8% vanadium chloride in hydrochloric acid
to liberate gaseous NO from the dissolved NO and nitrite. The sample gas was then exposed to the ozone in the reaction
vessel to form activated nitrogen dioxide (NO2), which was detected using a red-sensitive photomultiplier tube, and the
output recorded using an integrating pen recorder. For each sample, the area under the curve was converted to NO
concentration.

Example 5

Measurement of Collagen

[0096] The synthesis of the 19 known collagens occurs within the cell, as it does for other proteins. The collagen
molecule is characterized by the repeating sequence Gly-X-Y, with X often being proline and Y often being hydroxyproline.
Hydroxyproline is the end product of collagen breakdown. For this reason, tissue hydroxyproline level is an indirect and
objective variable of tissue collagen production. In many experimental studies, hydroxyproline has been used to assess
tissue collagen production.
Collagen levels in the tissue were measured by use of high performance liquid chromatography (HPLC) for separating
and quantitating the levels of hydroxyproline from the rat tissue. A reverse-phase Nova-Pak C18 column and solvent
system (140 mM sodium acetate, 0.05% triethylamine (TEA), 6% acetonitrile) were used, resulting in complete separation
of hydroxyproline. Recovery of standards ranged from 89 to 103% and intra-assay variability was <8%. Additionally,
[3H]hydroxyproline measurements were used to examine changes in collagen turnover in the rat labeled with [3H]proline
and "chased" in the presence of 10 mM unlabeled proline.

Table 11: NO increase
Day 3 Day 7 Day 12 Day 19 Total % Increase

Controls 1256 1243 1745 1781 6025

Positive Control 1179 2317 2431 1927 7854 30%
Esmolol 1219 2657 3231 2115 9222 53%

Table 12: Collagen Production
Day 3 Day 7 Day 12 Day 19 Total % Increase

Controls 139 142 156 173 610
Positive Control 127 259 243 276 905 48%
Esmolol 124 287 325 288 1024 68%
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Claims

1. A pharmaceutical topical dermal composition comprising a therapeutically effective amount of beta adrenergic block-
er having aldose reductase inhibitory activity, or a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable topical carrier, vehicle, or diluent, for use in a method of treating a diabetic wound in a mammal wherein
said composition is applied to the skin or dermis.

2. The pharmaceutical composition for use according to claim 1, wherein oxidative stress, advanced glycation end
products, polyol pathway flux, and protein kinase C activation contribute to the microvascular disease and nerve
dysfunction seen in said diabetic wound.

3. The pharmaceutical composition for use according to claim 2, wherein said oxidative stress advanced glycation end
products, polyol pathway flux, and protein kinase C activation are also involved in diabetic neuropathy.

4. The pharmaceutical composition for use according to claim 1, wherein said diabetic wound is a skin lesion resulting
from the failure of microvascular perfusion to meet the requirements of skin metabolism.

5. The pharmaceutical composition for use according to claim 4, wherein said failure is associated with abnormalities
of skin perfusion, in particular loss of capillaries associated with decrease in perfusion reserve.

6. The pharmaceutical composition for use according to claim 5, wherein diabetic microangiopathy is associated with
said abnormalities of skin perfusion.

7. The pharmaceutical composition for use according to any one of claims 1 to 6, wherein it is administered in a
sustained release form.

8. The pharmaceutical composition for use according to any one of claims 1 to 7, wherein said beta adrenergic blocker
is selected from the group consisting of esmolol, propranolol, timolol and pharmaceutically acceptable salts or
solvates thereof.

9. The pharmaceutical composition for use according to any one of claims 1 to 8, wherein the composition is in the
form of a cream, gel, topical solution, patch, ointment, topical swab, emulsion, spray or lotion.

10. The pharmaceutical composition for use according to claim 8, wherein said beta adrenergic blocker is esmolol,
involves a mechanism consisting of inducing nitric oxide production; increasing the level of collagen in the diabetic
wound; increasing the vascular perfusion by way of enhanced neo-angiogenesis in the diabetic wound; increasing
oxygen supply by way of enhanced vascular perfusion in the diabetic wound; inhibiting the increased aldose reductase
activity in the diabetic patient; enhancing growth factors such as nerve growth factors, epithelial growth factors,
vascular endothelial growth factors, platelet derived growth factors in the diabetic wound, and combinations thereof.

11. The pharmaceutical composition for use according to any one of claims 1 to 10, wherein the mammal is a primate,
canine, feline, bovine, ovine, porcine, carnelid, caprine, rodent or equine, preferably the primate is a human.

12. A beta adrenergic blocker having aldose reductase inhibitory activity, or pharmaceutically acceptable salt thereof
for use by topical dermal application onto the skin in a method of treating diabetic wounds mediated by aldose
reductase in a mammal.

13. The beta adrenergic blocker, or a pharmaceutically acceptable salt thereof for use according to claim 12, wherein
the beta adrenergic blocker is esmolol, timolol, or propranolol.

14. The beta adrenergic blocker, or a pharmaceutically acceptable salt thereof for use according to claim 12 or 13,
wherein the mammal is a primate, canine, feline, bovine, ovine, porcine, camelid, caprine, rodent or equine, preferably
the primate is a human.

Patentansprüche

1. Pharmazeutische topische dermale Zusammensetzung, umfassend eine therapeutisch wirksame Menge eines beta-
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adrenergen Blockers mit aldosereduktasehemmender Wirkung, oder ein pharmazeutisch unbedenkliches Salz da-
von, und einen pharmazeutisch unbedenklichen topischen Träger, ein pharmazeutisch unbedenkliches topisches
Vehikel oder ein pharmazeutisch unbedenkliches topisches Verdünnungsmittel, zur Verwendung bei einem Ver-
fahren zur Behandlung einer diabetischen Wunde in einem Säugetier, wobei die Zusammensetzung auf die Haut
bzw. Dermis aufgetragen wird.

2. Pharmazeutische Zusammensetzung zur Verwendung nach Anspruch 1, wobei oxidativer Stress, Advanced Gly-
cation End Products, Polyolpfad-Flux und Proteinkinase-C-Aktivierung zu der bei der diabetischen Wunde beob-
achteten mikrovaskulären Krankheit und Nervendysfunktion beitragen.

3. Pharmazeutische Zusammensetzung zur Verwendung nach Anspruch 2, wobei dieser oxidative Stress, diese Ad-
vanced Glycation End Products, dieser Polyolpfad-Flux und diese Proteinkinase-C-Aktivierung auch an diabetischer
Neuropathie beteiligt sind.

4. Pharmazeutische Zusammensetzung zur Verwendung nach Anspruch 1, wobei es sich bei der diabetischen Wunde
um eine Hautläsion handelt, die ein Resultat des Unvermögens der mikrovaskulären Durchblutung, die Anforde-
rungen des Hautmetabolismus zu erfüllen, ist.

5. Pharmazeutische Zusammensetzung zur Verwendung nach Anspruch 4, wobei dieses Unvermögen mit Anomali-
täten der Hautdurchblutung, insbesondere einem mit einer Abnahme der Durchblutungsreserve assoziierten Verlust
an Kapillaren, verbunden ist.

6. Pharmazeutische Zusammensetzung zur Verwendung nach Anspruch 5, wobei diabetische Mikroangiopathie mit
diesen Anomalitäten der Hautdurchblutung assoziiert ist.

7. Pharmazeutische Zusammensetzung zur Verwendung nach einem der Ansprüche 1 bis 6, wobei deren Verabrei-
chung in einer Form mit anhaltender Freisetzung erfolgt.

8. Pharmazeutische Zusammensetzung zur Verwendung nach einem der Ansprüche 1 bis 7, wobei der beta-adrenerge
Blocker aus der aus Esmolol, Propranolol, Timolol und pharmazeutisch unbedenklichen Salzen und Solvaten davon
bestehenden Gruppe ausgewählt ist.

9. Pharmazeutische Zusammensetzung zur Verwendung nach einem der Ansprüche 1 bis 8, wobei die Zusammen-
setzung in Form einer Creme, eines Gels, einer topischen Lösung, eines Pflasters, einer Salbe, eines topischen
Tupfers, einer Emulsion, eines Sprays oder einer Lotion vorliegt.

10. Pharmazeutische Zusammensetzung zur Verwendung nach Anspruch 8, wobei es sich bei dem beta-adrenergen
Blocker um Esmolol handelt, unter Beteiligung eines Mechanismus, der aus der Induktion der Stickoxidproduktion,
der Erhöhung der Kollagenkonzentration in der diabetischen Wunde, der Erhöhung der vaskulären Durchblutung
durch eine verstärkte Neoangiogenese in der diabetischen Wunde, der Erhöhung der Sauerstoffversorgung durch
eine verbesserte vaskuläre Durchblutung in der diabetischen Wunde, der Inhibierung der erhöhten Aldoseredukta-
seaktivität in dem diabetischen Patienten, der Verstärkung von Wachstumsfaktoren wie Nervenwachstumsfaktoren,
Epithelwachstumsfaktoren, vaskulären Endothelwachstumsfaktoren, Platelet Derived Growth Factors in der diabe-
tischen Wunde und Kombinationen davon besteht.

11. Pharmazeutische Zusammensetzung zur Verwendung nach einem der Ansprüche 1 bis 10, wobei es sich bei dem
Säugetier um einen Primaten, einen Hund, eine Katze, ein Rind, ein Schaf, ein Schwein, ein Kamel, eine Ziege, ein
Nagetier oder ein Pferd handelt; vorzugsweise handelt es sich bei dem Primaten um einen Menschen.

12. Beta-adrenerger Blocker mit aldosereduktasehemmender Wirkung oder pharmazeutisch unbedenkliches Salz da-
von zur Verwendung bei der topischen dermalen Anwendung auf der Haut bei einem Verfahren zur Behandlung
von durch Aldosereduktase vermittelten diabetischen Wunden in einem Säugetier.

13. Beta-adrenerger Blocker oder pharmazeutisch unbedenkliches Salz davon zur Verwendung nach Anspruch 12,
wobei es sich bei dem beta-adrenergen Blocker um Esmolol, Timolol oder Propranolol handelt.

14. Beta-adrenerger Blocker oder pharmazeutisch unbedenkliches Salz davon zur Verwendung nach Anspruch 12 oder
13, wobei es sich bei dem Säugetier um einen Primaten, einen Hund, eine Katze, ein Rind, ein Schaf, ein Schwein,
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ein Kamel, eine Ziege, ein Nagetier oder ein Pferd handelt, vorzugsweise handelt es sich bei dem Primaten um
einen Menschen.

Revendications

1. Composition dermique topique pharmaceutique comprenant une quantité thérapeutiquement efficace d’un bloquant
bêta-adrénergique ayant une activité inhibitrice d’aldose réductase, ou l’un de ses sels pharmaceutiquement ac-
ceptables, et un support, véhicule ou diluant topique pharmaceutiquement acceptable, pour utilisation dans un
procédé de traitement d’une plaie diabétique chez un mammifère, ladite composition étant appliquée sur la peau
ou le derme.

2. Composition pharmaceutique pour utilisation selon la revendication 1, dans laquelle le stress oxydatif, les produits
terminaux de glycation avancée, le flux dans la voie des polyols, et l’activation de la protéine kinase C, contribuent
à la maladie microvasculaire et au dysfonctionnement nerveux que l’on observe dans ladite plaie diabétique.

3. Composition pharmaceutique pour utilisation selon la revendication 2, dans laquelle ledit stress oxydatif, lesdits
produits terminaux de glycation avancée, ledit flux dans la voie des polyols et ladite activation de la protéine kinase
C sont aussi impliqués dans la neuropathie diabétique.

4. Composition pharmaceutique pour utilisation selon la revendication 1, dans laquelle ladite plaie diabétique est une
lésion de la peau, résultant du manquement de la perfusion microvasculaire à satisfaire aux exigences du métabo-
lisme de la peau.

5. Composition pharmaceutique pour utilisation selon la revendication 4, dans laquelle ledit manquement est associé
à des anomalies de la perfusion de la peau, en particulier à une perte de capillaires associée à une diminution de
la réserve de perfusion.

6. Composition pharmaceutique pour utilisation selon la revendication 5, dans laquelle une microangiopathie diabétique
est associée auxdites anomalies de la perfusion de la peau.

7. Composition pharmaceutique pour utilisation selon l’une quelconque des revendications 1 à 6, qui est administrée
sous une forme à libération retardée.

8. Composition pharmaceutique pour utilisation selon l’une quelconque des revendications 1 à 7, dans laquelle ledit
bloquant bêta-adrénergique est choisi dans le groupe consistant en l’esmolol, le propranolol, le timolol et leurs sels
ou produits de solvatation pharmaceutiquement acceptables.

9. Composition pharmaceutique pour utilisation selon l’une quelconque des revendications 1 à 8, la composition se
présentant sous forme d’une crème, d’un gel, d’une solution topique, d’un timbre transdermique, d’une pommade,
d’un tampon pour application locale, d’une émulsion, d’un spray ou d’une lotion.

10. Composition pharmaceutique pour utilisation selon la revendication 8, dans laquelle ledit bloquant bêta-adrénergique
est l’esmolol, implique un mécanisme consistant en l’induction d’une production d’oxyde nitrique ; l’augmentation
du niveau de collagène dans la plaie diabétique ; l’augmentation de la perfusion vasculaire au moyen d’une néo-
angiogenèse améliorée dans la plaie diabétique ; l’augmentation de l’apport en oxygène au moyen d’une perfusion
vasculaire améliorée dans la plaie diabétique ; l’inhibition de l’activité accrue d’aldose réductase chez le patient
diabétique ; le renforcement des facteurs de croissance tels que le facteur de croissance des nerfs, les facteurs de
croissance épithéliale, les facteurs de croissance épithéliale vasculaire, les facteurs de croissance dérivés des
plaquettes dans la plaie diabétique, et les combinaisons de ceux-ci.

11. Composition pharmaceutique pour utilisation selon l’une quelconque des revendications 1 à 10, le mammifère étant
un primate, un canin, un félin, un bovin, un ovin, un porcin, un camélidé, un caprin, un rongeur ou un équidé, de
préférence le primate est un humain.

12. Bloquant bêta-adrénergique ayant une activité inhibitrice d’aldose réductase, ou l’un de ses sels pharmaceutique-
ment acceptables, pour utilisation par une administration dermique topique sur la peau, dans un procédé de traitement
de plaies diabétiques médiées par l’aldose réductase chez un mammifère.
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13. Bloquant bêta-adrénergique, ou l’un de ses sels pharmaceutiquement acceptables, pour utilisation selon la reven-
dication 12, le bloquant bêta-adrénergique étant l’esmolol, le timolol ou le propranolol.

14. Bloquant bêta-adrénergique ou l’un de ses sels pharmaceutiquement acceptables pour utilisation selon la revendi-
cation 12 ou 13, le mammifère étant un primate, un canin, un félin, un bovin, un ovin, un porcin, un camélidé, un
caprin, un rongeur ou un équidé, de préférence le primate est un humain.
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