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(57) ABSTRACT 

Provided herein are methods of preventing a fibrotic response 
and/or scarring in a wound, comprising administering to a 
Subject a composition comprising an amount of an amide or 
ester of an alpha-ketoalkanoic acid effective to inhibit a pro 
liferative and/or fibrotic response in the wound. In one 
instance, the wound is to a subject’s cornea, such as a wound 
resulting from refractive Surgery. In one embodiment, the 
amide oresterofan alpha-ketoalkanoic acid is ethylpyruvate. 
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1. 

INHIBITION OF PROLIFERATION AND 
FIBROTC RESPONSE OF ACTIVATED 

CORNEAL STROMAL CELLS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit under 35 U.S.C. S 119 
(e) to U.S. Provisional Patent Application No. 61/023,446 
filed on Jan. 25, 2008, which is incorporated herein by refer 
ence in its entirety. 

SEQUENCE LISTING 

A “Sequence Listing is submitted herewith on compact 
disc, the contents of which are incorporated by reference in its 
entirety. 

BACKGROUND 

Wound healing is a dynamic process that involves many 
cellular and chemical elements, and results in the rapid seal 
ing of the wound, followed by a longer-term tissue remodel 
ing process in which the wound is healed. Wounds can be 
caused, without limitation, by mechanical injury, thermal 
injury, radiation injury or infection. Wounds may occur as a 
typical part of a Surgical or other medical procedure. In many 
instances, scar formation is a natural result of the wound 
healing process due to a fibrotic response. In many instances, 
scarring as a result of the fibrotic response in wound healing 
is benign. In other instances, Scarring can be undesirable, if 
not harmful, resulting in Scar tissue that is at a minimum, 
aesthetically displeasing, and at worse, harmful to the func 
tion of an organ or biological system in a Subject, Such as the 
heart or eye. In most human tissues, a pathological conse 
quence of an inappropriate or poorly regulated tissue repair 
process is described as fibrosis. 
One example of a pathological fibrotic response is the 

fibrotic response that can occur with corneal injury. In the 
United States, over 2.4 million people annually experience 
traumatic eye injuries. Not only are these injuries exquisitely 
painful when the cornea is involved, but the consequence of 
improperhealing can be debilitating. Also of note, in 2005, an 
estimated 928.737 Americans underwent refractive surgery. 
The most common techniques used were LASIK (laser in situ 
keratomeliusis) or PRK (photorefractive keratectomy). 
Indeed refractive Surgeries are the most common eye Surger 
ies next to cataract extraction. However, manipulation of the 
cornea involved in these procedures is not without complica 
tions, among them being corneal haze, severely dry eyes, 
undesirable refractive outcomes, and keratitis—all of which 
could be attenuated by ideal corneal woundhealing. An injury 
to corneal stroma results in activation of corneal keratocytes 
to proliferative fibroblasts or contractile myofibroblasts, 
which are often responsible for the development of contrac 
tile, nontransparent scar tissue. This outcome is highly unde 
sirable following an injury or refractive Surgery. Currently 
drugs or chemicals, such as mitomycin-C, which are used to 
prevent cellular activation, proliferation and fibrotic response 
following corneal or glaucoma filtration Surgeries are harsh 
and can cause irreversible damage to the normal tissue. A 
less-toxic option for management, for example prevention 
and/or treatment, of the fibrotic response to corneal injury is 
desirable. More generally, treatment for the management of 
the fibrotic response in any tissue is desirable. 

SUMMARY 

It has now been determined that ethyl pyruvate (EP), as 
well as other esters or amides of an alpha-ketoalkanoic acid 
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2 
are useful therapeutic agents for treating or preventing pro 
liferative and fibrotic response, for example in the injured eye, 
and, without limitation in the cornea. Thus, a method of 
treating or preventing proliferative and/or fibrotic response in 
a wound in a Subject is provided according to one embodi 
ment. The method comprises administering to the Subject a 
composition comprising an amount of an amide or ester of an 
alpha-ketoalkanoic acid effective to inhibit a proliferative 
and/or fibrotic response in the wound in a pharmaceutically 
acceptable carrier. Also provided herein is a method of modu 
lating gene expression in a corneal Stromal cell, comprising 
contacting a corneal stromal cell with an amide of an alpha 
ketoalkanoic acid oran ester of an alpha-ketoalkanoic acid. In 
certain embodiments, the ester of an alpha-ketoalkanoic acid 
is chosen from one or more of ethyl pyruvate, propyl pyru 
Vate, butylpyruvate, carboxymethylpyruvate, acetoxymethyl 
pyruvate, carbethoxymethyl pyruvate, ethoxymethyl pyru 
Vate, 2-oxopropionic acid 3-methoxyphenyl ester, 2-oxopro 
pionic acid 2-ethoxyethyl ester, 2-oxopropionic acid 2-chlo 
roethyl ester, 2-oxopropionic acid isopropyl ester, 
2-oxopropionic acid butyl ester, 2-oxopropionic acid p-tolyl 
ester, 2-oxopropionic acid tert-butyl ester. The wound may be 
an ocular wound, Such as a corneal wound that results from 
traumatic injury or a Surgical procedure Such as refractive 
Surgery. The wound also may be a skin wound. Additional 
active agents, such as an antibiotic agent and an anti-inflam 
matory agent may be co-administered with the amide or ester 
of an alpha-ketoalkanoic acid. The amide orester of an alpha 
ketoalkanoic acid may be administered at any time relative to 
the injury, Such as before and/or after the injury. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The file of this patent contains at least one drawing 
executed in color. Copies of this patent with color drawing(s) 
will be provided by the Patent and Trademark Office upon 
request and payment of the necessary fee. 

FIGS. 1A-1C.. Effect of ethyl pyruvate on the growth of 
human corneal stromal cells. Corneal stromal cells in P2 
growing in DMEM/F12 with 10% FBS were subcultured into 
desired number of 35 mm tissue culture dishes. After 24hrs of 
incubation, the media were replaced with DMEM/F12 
medium containing 1% FBS with or without EP (FIG. 1A) or 
with the same medium containing TGF-B1 orb-FGF/HS with 
or without EP (FIG. 1B and FIG. 1C, respectively). The cells 
in several marked regions were counted every 24 hours as 
described in Methods. The data points are average (SE) from 
two separate experiments. 

FIG. 2. Effect of ethyl pyruvate on the growth of rabbit 
corneal stromal cells. Corneal Stromal cells in P2 growing in 
DMEM/F12 with 10% FBS were Subcultured into desired 
number of 35 mm tissue culture dishes. After 24 hrs of incu 
bation, the media were replaced with DMEM/F 12 medium 
containing 1% FBS without EP (labeled “Control), with EP 
(labeled “Control+EP); with the same medium containing 
TGF-B1 without EP (labeled “TGF-B1”) or with EP (labeled 
“TGF-B1+EP); or with the same medium containing b-FGF/ 
HS without EP (labeled “FGF/HS) or with EP (labeled 
“FGF/HS+EP'). The cells in several marked regions were 
counted every 24 hours as described in Methods. The data 
presented here are averaged from duplicate sets from a rep 
resentative experiment. 

FIG. 3. Immunocytochemical analysis of C-SMA expres 
sion. Human corneal stromal cells in P2 growing in DMEM/ 
F12 with 10% FBS were Subcultured into desired number of 
35 mm tissue culture dishes. After 24 hrs of incubation, the 
media were replaced with DMEM/F 12 medium containing 
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1% FBS and TGF-B1 with or without (control) 10 mM EP and 
incubated for two and four days (media were changed every 
24 hours). The cells were fixed and double stained for C-SMA 
(green) and phalloidin (red) using an indirect fluorescence 
technique as described herein. 

FIG. 4. Immunocytochemical analysis of C-SMA expres 
sion. Rabbit corneal stromal cells in P2 growing in DMEM/ 
F12 with 10% FBS were Subcultured into 35 mm tissue cul 
ture dishes. After 24 hrs of incubation, the media were 
replaced with DMEM/F 12 medium containing 1% FBS and 
TGF-B1 with or without (control) 10 mM EP and incubated 
for four days (media were changed every 24 hours). The cells 
were fixed and stained for C-SMA (green) using an indirect 
fluorescence technique as described herein. 

FIG. 5. Western blot analyses of C-SMA. Human corneal 
stromal cells in P2 growing in DMEM/F12 with 10% FBS 
were subcultured into 60 mm tissue culture dishes. After 24 
hrs of incubation, the media were replaced with DMEM/F12 
medium containing 1% FBS and TGF-31 with or without 
(control) different concentrations of EP as indicated and incu 
bated for two and four days (media were changed every 24 
hours). The cells were extracted in RIPA buffer and the 
extracts containing 5ug of total proteins were loaded per lane 
for Western blot analysis. 

FIGS. 6A-6B. Immunocytochemical analysis of fibronec 
tin expression. Normal human stromal cells (FIG. 6A) or 
rabbit corneal stromal cells (FIG. 6B) in P2 growing in 
DMEM/F12 with 10% FBS were Subcultured into 35 mm 
tissue culture dishes. After 24 hrs of incubation, the media 
were replaced with DMEM/F 12 medium containing 1% FBS 
and TGF-B1 with or without (control) 10 mM EP and incu 
bated for four days (media were changed every 24 hours). The 
cells were fixed and double stained for fibronectin (green) and 
phalloidin (red) using an indirect fluorescence technique as 
described herein. 

FIG. 7. Western blot analyses of cellular fibronectin. 
Human corneal stromal cells in P2 growing in DMEM/F12 
with 10% FBS were subcultured into 60 mm tissue culture 
dishes. After 24 hrs of incubation, the media were replaced 
with DMEM/F 12 medium containing 1% FBS and TGF-B1 
with or without (control) different EP concentrations as indi 
cated and incubated for two and four days (media were 
changed every 24 hours). The cells were extracted in RIPA 
buffer and the extracts containing 5ug of total proteins were 
loaded per lane for Western blot analysis. 

FIG. 8. Ingenuity Pathway Gene Expression Analysis: 
canonical pathways. The top four functional pathways 
showed significant enrichment with genes that were consis 
tently decreased 5-fold in myofibroblasts. The most enriched 
(Cell cycle: G2/M DNA Damage Checkpoint Regulation) is 
consistent with the decreased proliferation seen on treatment 
with ethyl pyruvate. Note that Apoptosis Signaling (sixth 
pathway down) is not significantly enriched (p=0.3). These 
changes are consistent with the idea that ethyl pyruvate 
decreases proliferation rather than increasing apoptosis. 

FIG.9. Network 1 Gene Expression: note the almost exclu 
sive nuclear location of the genes downregulated (shaded). 
Inferred (unshaded) signaling via p38 MAPK, Mek 1/2 
(MAP2K1/MAP2K2) and retinoblastoma protein (Rb). 

FIG. 10. Network 2 Gene Expression: inferred signaling 
via tumor protein 53 (TP53), TGF-B and estradiol. Note that 
the upregulated gene RGC32 is p53 inducible. 

FIG. 11. Network 3 Gene Expression: inferred signaling 
via tumor protein 53 (TP53), myc, and TNF. 

FIGS. 12A-12B. Gross pathology of control (FIG. 12A) 
and scratch wounding of the eye (FIG. 12B). 
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FIGS. 13 A-13B. Confocal microscopy analysis of the mor 

phology of the corneas after wounding. FIG. 13A shows data 
day 1 post wounding, where FIG. 13B shows data day 2 post 
wounding. The images are reconstructed into three-dimen 
sional representations in order to observe gross morphology, 
measure corneal thickness and light scattering which indicate 
edema and hypercellularity respectively. 

FIGS. 14A-14B, FACS analyses using the pan-leukocyte 
marker CD-45+ showing that in the control non-wounded 
cornea less than 0.2% of the cells comprised leukocytes at day 
1 (FIG. 14A) and day 2 (FIG. 14B). 

FIG. 15. FACS analyses using the pan-leukocyte marker 
CD-45+ at day 1 post-wounding showing significantly fewer 
inflammatory cells in the EP treated group compared to 
wounded, untreated controls. (28.50+12.02 compared 
93.50+38.89, respectively). 

FIG. 16. FACS analyses using the pan-leukocyte marker 
CD-45+ at day 2 post-wounding showing significantly fewer 
inflammatory cells in the EP treated group compared to 
wounded, untreated controls (163.00+57.42 compared to 
664.33 SD+3.12.05). 

FIG. 17. FACS analysis using neutrophil marker GR-1 
showing that neutrophils comprised approximately 57% of 
the infiltrated leukocytes at day 2 days post-wounding. Sig 
nificantly fewer neutrophils are present in the EP treated 
group compared to wounded, untreated controls 
(61.00+42.53 vs. 378.67+258.18). 

FIGS. 18A-18E3. Rabbit corneal keratocytes were activated 
with bFGF (40 ng/ml)+HS (5 g/ml) without EP (FIG. 18A) 
or with 15 mM EP (FIG. 18B) and after two days the cells 
were triple stained with anti-Ki67 antibodies (yellow), phal 
loidin (red, actin filaments) and DAPI (blue, nucleus). Note 
only a few Ki67 positive cells in EP treated cultures. 

FIGS. 19A and 19B. Western blot analyses: Rabbit corneal 
keratocytes were isolated and cultured in serum-free DMEM/ 
F12 into 60 mm tissue culture dishes. After 24 hrs of incuba 
tion, the media were replaced with DMEM/F 12 medium con 
taining TGF-B1 (10 ng/ml)+1% FBS without (control) or with 
EP or EP-derivatives for two days. The cells were extracted in 
RIPA buffer and the extracts containing 5ug of total proteins 
were loaded per lane for Western blot analysis. Shown in FIG. 
19A are reduced levels of type III collagen, tenascin and 
fibronectin in the cells activated in the presence of EP (B) or 
2-oxopropionic acid 2-chloroethyl ester (C) and 2-oxopropi 
onic acid p-tolyl ester (D) of EP compared to controls with no 
treatment (A). Also of note reduced levels of alpha-smooth 
muscle actin are shown in FIG. 19B, a hallmark of myofibro 
blasts phenotype, in the presence of EP (B) or 2-oxopropionic 
acid 2-chloroethyl ester (C) and 2-oxopropionic acid p-tolyl 
ester (D) of EP compared to controls with no treatment (A). 

DETAILED DESCRIPTION 

As described herein, compositions and methods for reduc 
ing scarring are described. Ethyl pyruvate (EP), as well as 
other esters or amides of an alpha-ketoalkanoic acid are use 
ful in practicing the methods disclosed, including the use of 
EP as a therapeutic agent for treating and/or preventing pro 
liferative, fibrotic responses, and leukocyte infiltration, for 
example in the injured eye, and, without limitation in the 
COCa, 

The use of numerical values in the various ranges specified 
in this application, unless expressly indicated otherwise, are 
stated as approximations as though the minimum and maxi 
mum values within the stated ranges are both preceded by the 
word “about'. In this manner, slight variations above and 
below the stated ranges can be used to achieve Substantially 
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the same results as values within the ranges. Also, unless 
indicated otherwise, the disclosure of these ranges is intended 
as a continuous range including every value between the 
minimum and maximum values. For definitions provided 
herein, those definitions refer to word forms, cognates and 
grammatical variants of those words or phrases. All refer 
ences are fully incorporated by such reference herein, solely 
to the extent of their technical disclosure and only such that it 
is consistent with this disclosure. 
As used herein, the terms “comprising.” “comprise' or 

“comprised, and variations thereof, in reference to defined or 
described elements of an item, composition, apparatus, 
method, process, system, etc. are meant to be inclusive or 
open ended, permitting additional elements, thereby indicat 
ing that the defined or described item, composition, appara 
tus, method, process, system, etc. includes those specified 
elements—or, as appropriate, equivalents thereof and that 
other elements can be included and still fall within the scope/ 
definition of the defined item, composition, apparatus, 
method, process, system, etc. 
As used herein, the term “subject” refers to members of the 

animal kingdom including but not limited to human beings 
that are treated using the methods and compositions 
described herein. 

“Treatment of a medical condition associated with a 
fibrotic response or proliferation or treatment or preventing a 
fibrotic response or proliferation or scarring means adminis 
tration to a Subject by any suitable route and dosage regimen 
of a drug product comprising an active agent with the object 
of ameliorating (e.g., attenuating, alleviating, reducing and/ 
or normalizing) any symptom and/or indicia associated with 
the medical condition, including, without limitation, any test 
able parameter, whether or not subjective, Such as, without 
limitation, pain levels, or objective, such as, without limita 
tion, levels of biomarkers in blood sample of a subject, or 
lesion size. Likewise “treating Sucha medical condition may 
result in amelioration of any symptom and/or indicia associ 
ated with the medical condition in a subject. 
As used herein, pharmaceutically-acceptable.” means 

acceptable for use in humans and animals. "Excipients' 
include, without limitation, one or more suitable: vehicle(s), 
solvent(s), diluent(s), pH modifier(s), buffer(s), salt(s), colo 
rant(s), rheology modifier(s), lubricant(s), filler(s), antifoam 
ing agent(s), erodeable polymer(s), hydrogel(s), 
Surfactant(s), emulsifier(s), adjuvant(s), preservative(s), 
phospholipid(s), fatty acid(s), mono-, di- and tri-glyceride(s) 
and derivatives thereof, wax(es), oil(s) and water. The choice 
of excipient depends on the dosage form in question. The drug 
product may be administered, without limitation, intrave 
nously, intramuscularly, orally, topically, intratumorally, 
intraperitoneally, intrathecally, rectally, vaginally, nasally, 
optically, buccally, transdermally, Subdermally, intrader 
mally, etc., as is appropriate and/or desirable for treatment. 
Parenteral administration may require at a minimum buffers 
and salts to match physiological conditions, and thus includes 
salt and buffer, such as, without limitation, normal saline or 
phosphate-buffered saline. Depending on the solubility of the 
compound (active ingredient), the dosage form may be acque 
ous, micellular (including liposomes) or lipophilic. Formula 
tion of a drug product and choice of suitable excipient(s) with 
adequate bioavailability is within the average skill of those in 
the pharmaceutical and formulary arts. The compound may 
be administered via any useful delivery route, including, 
without limitation, topically, orally or parenterally, and the 
drug product/dosage form is tailored to the desired delivery 
route. For example and without limitation, an HCl salt of a 
compound described herein may be administered topically, 
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6 
intravenously or intramuscularly in normal saline, or may be 
administered in tablet or capsule form with appropriate 
excipients. A large variety of dosage forms are known in the 
pharmaceutical arts, and many of which may be appropriate 
for treatment using the methods and compositions described 
herein (see generally, Troy, D B, Editor, Remington: The 
Science and Practice of Pharmacy, 21st Edition, Lippincott, 
Williams & Wilkins (2005)). 

In some embodiments, a method is provided of treating or 
preventing proliferative and fibrotic response in a wound in a 
Subject. The method comprises administering to the Subject 
an amount of an agent comprising an ester or amide of an 
alpha-ketoalkanoic acid effective to inhibit a fibrotic response 
in the Subject. In one particular embodiment, a method is 
provided of treating or preventing proliferative and fibrotic 
response in an eye, and in another embodiment, the cornea of 
a Subject comprising to the Subject an amount of an agent 
comprising an ester or amide of an alpha-ketoalkanoic acid 
effective to attenuate or otherwise inhibit, but not necessarily 
completely prevent, activation of corneal stromal keratocyte 
to myofibroblast phenotype and concomitant cellular prolif 
eration in the cornea and therefore to prevent or minimize 
scarring of the cornea. 

Ethylpyruvate and certain derivatives are known to attenu 
ate inflammatory responses although the mechanism remains 
to be fully elucidated. U.S. Pat. No. 6,943,190. However, EP 
was not known to act on Stromal cells. As disclosed herein, 
ethyl pyruvate and various derivatives thereof, are capable of 
modulating gene expression in corneal cells directly. 
As such, ethyl pyruvate may be used clinically to prevent 

cell proliferation and fibrosis without causing cell death and/ 
or major tissue damage. This is in contrast to the current 
methods including use of mitomycin-C, which can be highly 
toxic. Additionally, EP has favorable pharmacokinetic prop 
erties which allows it to diffuse very quickly through the 
conjunctival tissue or into the corneal Stroma. It can enter the 
anterior chamber within minutes. 

In one embodiment, ethyl pyruvate is used to modulate 
gene expression in a cell. The term “modulate” refers to an 
increase or decrease (e.g., one-fold, two fold, five-fold, ten 
fold, etc.) in expression or activity or one or more genes in 
response to a stimulus, such as ethyl pyruvate and variations 
thereof. However, any variation of an alpha-ketoalkanoic acid 
which can accomplish the same result is envisioned. For 
example, in one aspect, the alpha-ketoalkanoic acid is an ester 
of an alpha-ketoalkanoic acid, for example, a C3-C8 straight 
chained or branched alpha-ketoalkanoic acid. Examples 
include alkyl, aryl, arylalkyl, alkoxyalkyl, carbalkoxyalkyl or 
acetoxyalkyl esters. 

In further embodiments, the ester of an alpha-ketoalkanoic 
acid may include ethyl alpha-keto-butyrate, ethyl alpha-keto 
pentanoate, ethyl alpha-keto-3-methyl-butyrate, ethyl alpha 
keto-4-methyl-pentanoate, and ethyl alpha-keto-hexanoate. 
Specific examples include ethyl, propyl, butyl, carb 
methoxymethyl ( CHCOOCH), carbethoxymethyl 
(—CHCOOCH2CH), acetoxymethyl ( CHOC(O)CH), 
carbmethoxyethyl ( CH-CHCOOCH), carbethoxyethyl 
(—CH2CHCOOCH2CH), methoxymethyl ( CHOCH) 
and ethoxymethyl ( CHOCHCH). Ethyl esters may be 
useful in certain instances. 

In other embodiments, the ester of an alpha-ketoalkanoic 
acid may include an alpha-ketoalkanoic acid of the formula 
RC(O)C(O)OR wherein RandR independently comprise 
an alkyl, aryl, arylalkyl, alkoxyalkyl, alcohol, amine, amide, 
aromatic, aliphatic, heterocyclic, carbalkoxyalkyl, acetoxy 
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alkyl or combinations thereof. Thus, in Some embodiments, 
R and R may independently include one or more combina 
tions of functional groups. 

In yet other embodiments, the ester of an alpha-ketoal 
kanoic acid can comprise one or more of ethyl pyruvate, 
propyl pyruvate, butyl pyruvate, carboxymethyl pyruvate, 
acetoxymethyl pyruvate, carbethoxymethyl pyruvate, 
ethoxymethyl pyruvate, 2-oxopropionic acid 3-methoxyphe 
nyl ester, 2-oxopropionic acid 2-ethoxyethyl ester, 2-oxopro 
pionic acid 2-chloroethyl ester, 2-oxopropionic acid isopro 
pyl ester, 2-oxopropionic acid butyl ester, 2-oxopropionic 
acid p-tolyl ester, and 2-oxopropionic acid tert-butyl ester. 

In still other embodiments, the ester of an alpha-ketoal 
kanoic acid may comprise a glyceryl ester. As used herein, 
glycerol esters include glycerol esters of fatty acids, e.g., 
esters of fatty acids and glycerol or polyglycerol and their 
derivatives. 

In other embodiments, the ester of an alpha-ketoalkanoic 
acid may comprise dihydroxyacetone esters of the formula 
RCHC(O)CHOR wherein R and R independently 
comprise an alkyl, aryl, arylalkyl, alkoxyalkyl, alcohol, 
amine, amide, aromatic, aliphatic, heterocyclic, carbalkoxy 
alkyl, acetoxyalkyl or combinations thereof. Thus, in some 
embodiments, R and R may independently include one or 
more combinations of functional groups. In yet other embodi 
ments, the ester of an alpha-ketoalkanoic acid may comprise 
a thiolester. 
The methods and compositions described herein may 

optionally employ or include an enolization agent. An "eno 
lization agent' is a chemical agent, which induces and stabi 
lizes the enol resonance form of an alpha-keto ester and may 
be present in an amount induce to enolization of the alpha 
keto functionality, e.g., from 0.0 to 4.0 molar equivalents 
relative to the ester. Enolization agents include a cationic 
material, preferably a divalent cation Such as calcium or mag 
nesium or, for example, a cationic amino acid such ornithine 
or lysine. 

In other embodiments, the agent includes an amide of an 
alpha-ketoalkanoic acid. In other embodiments, the agent is 
an amide of an alpha-ketoalkanoic acid of the formula RC 
(O)C(O)N(R)R, wherein R, RandR independently com 
prise an alkyl, aryl, arylalkyl, alkoxyalkyl, alcohol, amine, 
amide, aromatic, aliphatic, heterocyclic, carbalkoxyalkyl, 
acetoxyalkyl or combinations thereof. Thus, in some embodi 
ments, R. R. and R may independently include one or more 
combinations of functional groups. 

In any case, as used herein, any anti-fibrotic agent used for 
treating or preventing proliferative and fibrotic response in a 
wound is administered in an amount effective to inhibit a 
proliferative and/or fibrotic response in a wound, namely in 
an amount and in a dosage regimen effective to prevent, 
reduce the duration and/or severity of the proliferative and/or 
fibrotic response in the wound Such that scarring is reduced. 
This prevents formation of scar tissue, for instance in a 
wound, for example, it prevents activation of stromal kerati 
nocytes to form fibroblasts and myofibroblasts in the cornea, 
in the case of injury to the cornea. Injury resulting in a wound 
can occur from mechanical injury, from thermal injury, from 
radiation injury, or from an infection. For example, and with 
out limitation, an eye or corneal wound results from Surgical 
procedures that typically accompany refractive Surgery. Such 
as LASIK or PRK surgery, or corneal or glaucoma filtration 
surgeries. An amount effective to inhibit a proliferative and/or 
fibrotic response can be determined by any useful method, 
and can be determined as compared to a negative control in 
which no active agent is administered, using any effective 
end-point, Such as histochemical, immunohistochemical, 
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8 
nucleic acid expression, or morphological analyses (e.g., for 
mation of scar tissue), and is typically validated by statistical 
methods. 

Non-limiting examples of useful concentrations of ethyl 
pyruvate or otheresters of an alpha-ketoalkanoic acid include 
from 0.001 mM to 1M, from 0.01 mM to 500 mM, from 0.1 
mM and 50 mM, from 1 mM to 25 mM, and from 10 mM to 
15 mM, including any ranges and increments of 0.001 mM, 
0.01 mM, 0.1 mM, 1 mM, 10 mM, 100 mM, or 500 mM 
therebetween. In certain embodiments, 10 mM and 15 mM 
ethyl pyruvate can be effective to prevent activation of stro 
mal cells in the presence of TGF-B. These useful concentra 
tions are intended end-points for systemic administration as 
well as useful concentrations for dosage forms to be applied 
locally, such as, without limitation, topical, ocular, otic, oral 
(local), Suppositories and intravaginal dosage forms, includ 
ing creams, lotions, ointments, drops, pads, capsules, 
patches, electrodeposition pads (e.g., iontophoresis), strips, 
etc. 

The active ingredient, esters of an alpha-ketoalkanoic acid, 
Such as ethyl pyruvate, can be administered according to any 
effective dosage regimen, determinable by any reasonable 
analysis, such as an animal or human study in which varying 
doses of the ester of an alpha-ketoalkanoic acid are adminis 
tered in differing concentrations and/or different dosage regi 
mens to optimize efficacy. Different concentrations of ethyl 
pyruvate (and its derivatives) and different dosage regimens 
will achieve similar results, with the drug product adminis 
tered, typically and without limitation, from one to ten times 
daily, including 2, 3, 4, 5, 6, 7, 8, 9 and 10 times daily. The 
amount (e.g., number of drops of drug product for ocular 
application) of the drug product administered to the subject, 
also may vary depending on the dosage form (for instance an 
ocular dispenser) used to administer the drug product and the 
concentration of the ester of an alpha-ketoalkanoic acid in the 
drug product. A person of average skill in the pharmaceutical 
and medical arts will appreciate that it will be a matter of 
simple design choice and optimization to identify a Suitable 
dosage regimen for treatment and/or prophylaxis 

In the case of eye or corneal wounds, or other eye wounds, 
ocular dosage forms include, without limitation, eye drops 
(liquids), ointments, oils, multi-phase systems (such as, lipo 
Some, micellular, homogenates or Suspensions of liquids or 
semi-solid or Solid particles), gels, creams, pads or strips. In 
one embodiment, the active ingredient (drug) is in a water 
based (aqueous) drug product. In another embodiment, the 
active ingredientis in a petrolatum-based drug product. In one 
embodiment, a combined dosage form is provided compris 
ing an ester of an alpha-ketoalkanoic acid in combination 
with a second or third active ingredient, such as, without 
limitation, an anti-inflammatory agent and/or an antibiotic. 
The dosage form comprises an opthamologically carrier 
which comprises acceptable excipients, such as, without limi 
tation, one or more Suitable: vehicle(s), solvent(s), diluent(s), 
pH modifier(s), buffer(s), salt(s), colorant(s), rheology modi 
fier(s), lubricant(s), filler(s), antifoaming agent(s), erodeable 
polymer(s), hydrogel(s), Surfactant(s), emulsifier(s), adju 
vant(s), preservative(s), phospholipid(s), fatty acid(s), 
mono-, di- and tri-glyceride(s) and derivatives thereof, 
wax(es), oil(s) and water, as are broadly known in the phar 
maceutical arts. 

Also provided herein is a drug product comprising an ocu 
lar drug dispenser containing and for delivery of a composi 
tion comprising an ester or amide of an alpha-ketoalkanoic 
acid as described herein, for example and without limitation, 
ethyl pyruvate. The composition optionally also may com 
prise an anti-inflammatory agent or antibiotic. A Suitable 
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ocular drug dispenser typically is an eye dropper, which typi 
cally is a squeezable vial (container) with an integral dropper 
tip. As is well, known in the art, the structure of the dropper 
tip, as well as the overall composition of the liquid or hydro 
gel drug product determines drop size and therefore the dos 
age regimen appropriate for that dispenser. In another 
embodiment, the ocular dispenser is an eye cup, facilitating 
washing of the eye and full contact with a solution. Suitable 
ocular dispensers are broadly available in the pharmaceutical 
industry from a variety of specialty manufacturers, and non 
limiting examples of which are described in U.S. Pat. Nos. 
6,814,265, 6,336,571, 5,582,330, 5,108,007, 5,048,727 and 
5,033,647. Further, a survey of commercially-available ocu 
lar drug products on the shelves of the average pharmacy 
illustrates many of the variations such dispensers can take. Of 
course, the eye dropper per se need not be integral with the 
vial, but it is useful for control of product sterility. In any case, 
an ocular drug dispenser is a device useful and acceptable in 
the pharmaceutical arts for the controlled delivery of a drug 
product to the eye. 
An anti-inflammatory agent may be co-administered in an 

amount effective to augment decrease of inflammation and 
pain that may occur in a subject. In the eye, Steroidal anti 
inflammatory drugs are useful, but can be problematic where 
they cause corneal thinning and prolong viral shedding. In 
contrast, non-steroidal anti-inflammatory drugs (NSAIDs) 
Suitable for ocular use include, without limitation: nepafenac 
(for example and without limitation, Nevenac 0.1%, 
nepafenac ophthalmic suspension, Alcon Laboratories, Inc.), 
ketorolac tromethamine (for example and without limitation, 
Acular LS 0.4%, ketorolac tromethamine ophthalmic suspen 
Sion, Allergan, Inc.), acetaminophen and bromfenac (for 
example and without limitation, Xibrom 0.09%, bromfenac 
ophthalmic Suspension, Ista Pharmaceuticals). Thus, also 
provided herein is a drug product comprising both an ester or 
amide of an alpha-ketoalkanoic acid and a pharmaceutically 
acceptable anti-inflammatory Suitable for optical use. These 
anti-inflammatory compounds often exhibit analgesic 
effects. In any case, according to the methods described 
herein, the ester or amide of an alpha-ketoalkanoic acid and 
the anti-inflammatory may be contained in the same compo 
sition, but also may be administered separately in a manner 
effective to treat the infection. 

In one non-limiting embodiment, an antibiotic also may be 
co-administered along with the ester or amide of an alpha 
ketoalkanoic acid and, optionally, the anti-inflammatory 
agent may also be co-administered with the ester or amide of 
an alpha-ketoalkanoic acid and the antibiotic, all in an amount 
effective to treat and/or prevent infection. Non-limiting 
examples of suitable antibiotics for ocular use include: cipro 
floxacin, norfloxacin, afloxacin, levofloxacin, gentamicin, 
tobramycin, neomycin, erythromycin, trimethoprim Sul 
phate, and polymixin B. Other antibiotics/antimicrobials, 
Such as, without limitation, isoniazid, ethambutol, pyraZina 
mide, Streptomycin, clofazimine, rifabutin, fluoroquinolones, 
ofloxacin, sparfloxacin, rifampin, azithromycin, clarithromy 
cin, dapsone, tetracycline, doxycycline, amplicillin, amphot 
ericin B, ketoconazole, fluconazole, pyrimethamine, Sulfadi 
azine, clindamycin, lincomycin, pentamidine, atovaquone, 
paromomycin, diclaZaril, acyclovir, trifluorouridine, fosca 
met, penicillin, ganciclovir, iatroconazole, miconazole, Zn 
pyrithione, and silver salts such as chloride, bromide, iodide 
and periodate, as well as other anti-inflammatory compounds 
may be included in the drug product comprising the ester or 
amide of an alpha-ketoalkanoic acid. 
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10 
The following Examples are provided for illustration and, 

while providing specific example of embodiments described 
herein, are not intended to be limiting. 

Example 1 

In Vitro Model 

In the present study an in vitro tissue culture model of 
growth factor-induced corneal Stromal cell activation was 
employed to evaluate the effects of EP on the phenotypic 
changes associated with the activation. Corneal keratocytes 
from human donor corneas or rabbit corneas were cultured in 
a serum-free medium or in a medium with fetal bovine serum 
(FBS) for these studies. When the corneal stoma cells are 
cultured in a serum free medium they retain the phenotype of 
the quiescent keratocytes in vivo, and when cultured in a 
medium with low serum (1%) with b-FGF and heparin sulfate 
(HS) or with TGF-31 they attain fibroblast and myofibroblast 
phenotype (wound healing phenotype), respectively. 

Ethyl pyruvate, at 10-20 mM concentrations in the 
medium, inhibited proliferation of human corneal fibroblasts 
and myofibroblasts. TGF-?31 induced expression of C-SMA, 
a hallmark of myofibroblast differentiation, was also inhib 
ited by EP as evident from immunocytochemical and Western 
blot analysis. Activation of keratocytes to myofibroblasts is 
known to result in increased expression of extracellular 
matrix proteins including fibronectin, collagen, and other 
glycoproteins. EP was found to significantly downregulate 
the expression of fibronectin when rabbit or human corneal 
stromal keratocytes or fibroblasts were activated with TGF 
B1. Microarray analyses indicated that TGF-B1 induced tran 
Scription of the genes encoding for fibronectin, tenascin-C 
and type III collagen and several other ECM components in 
the corneal stromal cells was downregulated in the presence 
of EP. The majority of other transcripts which were down 
regulated by EP in the TGF-31 activated corneal stromal cells 
were associated with cell cycle and its control. In conclusion, 
EP was found to suppress proliferation of corneal keratocytes 
when activated with growth factors in vitro. EP also down 
regulated TGF-31 mediated changes associated with tissue 
fibrosis in cultures corneal stromal cells. Therefore, EP may 
have potential clinical application in Suppression of undesir 
able proliferation and scar tissue formation in the cornea or 
other ocular tissues following Surgical procedures or trauma. 
Cell Culture and Treatments: 
Normal Human Corneal Stromal Cells: 

Corneas were dissected from the donor human eyes not 
usable for transplantation. Using a dissection microscope, the 
endothelium was removed with forceps and then the epithe 
lium with a thin layer of Stroma was removed by making a 
horizontal cut. The stroma, free of endothelium and epithe 
lium was cut aseptically into Small pieces, approximately 1 
mm each, and placed onto several 60 mm tissue culture dishes 
and allowed to dry for 3 minutes. A drop of 1 mg/ml collage 
nase was then added to each of the explants and after two 
minutes a sterile coverslip was placed on top of the explants. 
DMEM/F12 (1:1) medium containing 10% fetal bovine 
serum (FBS), was added to each dish. The explants were 
removed after five days and the cells were allowed to grow to 
confluency. The cells were subcultured using 0.05% trypsin/ 
EDTA. Corneal stromal cells growing in passage 1-3 (P1-P3) 
in DMEM/F12 were used for studying the effects of ethyl 
pyruvate (EP). 
Normal Human Corneal Stromal Keratocytes: 

Corneal stroma, free of endothelium and epithelium as 
described above, was cut into two halves and then placed into 
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a 35 mm tissue culture dish with serum free DMEM/F12 
medium with 0.25 mg/ml collagenase and incubated over 
night (37° C., 5% CO). The dissociated cells were centri 
fuged at 1200 rpm for 7 minutes. The cells in the pellet were 
resuspended, centrifuged and then resuspended in 3 ml of 
serum free DMEM/F12 medium. These cells were passed 
through a 70 um cell strainer and plated in Primaria dishes at 
approximately 6.5x10" cells per dish. After 24 hours the cells 
were used for activating with specific growth factors (2 ng/ml 
of TGF-B1 or 20 ng/mlb-FGF/5ug/ml heparin sulfate) in the 
presence or absence of EP in DMEM/F12 with 25 mM 
HEPES. 
Cell Proliferation Analysis: 

To study the effect of EP on cell proliferation, normal 
human corneal fibroblasts growing in DMEM/F12 with 10% 
FBS were subcultured into the desired number of 35 mm 
tissue culture dishes at a density of 5x10" cells/perdish. After 
24 hours of incubation in the above medium, the media were 
replaced with DMEM/F12 with 25 mM HEPES and 1% FBS 
(control) or with same medium containing 10 or 15 mM EP. 
Several regions were marked on the bottom of the dishes and 
cells in marked regions were counted at 24hr intervals for five 
days. Phase contrast digital micrographs of the cells in the 
marked fields were captured and the cells in the images were 
counted using MetaMorphR) imaging software. The rate of 
proliferation was evaluated by determining the number of 
cells at specific time points after treatment/number of cells at 
the start of the treatment. 
Immunocytochemical Analysis: 

For immunocytochemical analyses, the cells were cultured 
on glass cover slips or tissue culture dishes. Cells were rinsed 
with phosphate-buffered saline (PBS), fixed with paraform 
aldehyde-lysine-periodate and permeabilized with PIPES 
buffer containing 0.2% TritonX-100, as described previously 
(Guerriero et al., Invest. Opthalmol. Vis. Sci. 2007: 48: 627 
635). Fixed and permeabilized cells were reacted with 10% 
heat-inactivated goat serum in PBS, pH 7.5, for 45 minutes to 
block the nonspecific binding of the secondary antibody, 
rinsed with PBS, and then treated with the primary and sec 
ondary antibodies as described previously (Guerriero et al. 
Invest. Opthalmol. Vis. Sci. 2007:48:627-635). Primary anti 
bodies included monoclonal rat anti-C. Smooth muscle actin 
(SMA) and anti-fibronectin. Secondary antibodies were 
Alexa 488-conjugated or Alexa 546-conjugated goat anti-rat, 
anti-rabbit, oranti-mouse IgG at a concentration of 1:1500 for 
rat and rabbit and 1:2500 for mouse. For double staining of 
actin filaments, ALEXATM fluor 546 phalloidin (Molecular 
Probes) was included at 1:50 dilutions with the secondary 
antibody. Coverslips with stained cells were then mounted. 
Fluorescent Z-stack images were collected at 0.25-lum inter 
vals using a confocal scanning laser system attached to an 
inverted microscope using the same acquisition parameters. 
The immunofluorescent images were projected from Z-Stacks 
and then digitally processed. 
Western Blot Analyses: 

Keratocytes or fibroblasts grown under different culture 
conditions were extracted in RIPA buffer (9.1 mM dibasic 
Sodium phosphate, 1.7 mM monobasic sodium phosphate, 
150 mM. NaCl, pH, 7.4, 1% Nonidet P-40, 0.5% sodium 
deoxycholate, 0.1% SDS, 0.03 TIU/mL aprotinin, 1 mM 
Sodium orthovanadate, and 100 ug/mL phenylmethylsulfonyl 
fluoride (PMSF)). Aliquots of cell extracts containing 50 or 
100 ug protein were subjected to SDS-PAGE. Protein bands 
on SDS-PAGE were electrophoretically transferred to 
IMMOBILON-PTM membrane (Millipore Corp., Bedford, 
Mass.), stained with 0.1% Coomassie blue 250 in 40% metha 
nol/1% acetic acid for 1 minute, destained one to three times 
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with 50% methanol/1% acetic acid, scanned for densitomet 
ric comparisons of relative concentrations of proteins per 
lane, destained with methanol, and subjected to Western blot 
analysis. Immunoreactive bands were detected using chemi 
luminescence Western chemiluminescence reagents. 
Microarray Analysis: 

Total RNA was processed and analyzed using the appro 
priate Affymetrix products (Affymetrix Inc., Santa Clara, 
Calif.). Eukaryote Poly A RNA internal standards (Gene 
Chip(R) Poly-A RNA Control Kit from Affymetrix Inc.) were 
added to the samples, and the mRNA component of the total 
RNA was reverse-transcribed in the presence of a T7-(dT)24 
primer (GeneChip(R) One-Cycle cDNA Synthesis Kit from 
Affymetrix Inc.). The resulting cDNA was extracted (Gene 
Chip(R) Sample Cleanup Module from Affymetrix Inc.) and 
transcribed in vitro in the presence of biotin-labeled ribo 
nucleotides (Labeling Kit from Affymetrix Inc.). The bioti 
nylated RNA was extracted and fragmented (GeneChip(R) 
Sample Cleanup Module from Affymetrix Inc.: 20 ug mate 
rial fragmented for 35 minutes at 94° C.). Each sample was 
hybridized overnight to a U133 PLUSTM 2.0 GeneChip 
(GeneChip(R) Human Genome U133 Plus 2.0 Array from 
Affymetrix Inc.). The chips were thenwashed, developed and 
scanned in Agilent CHIPSCANNERTM (Affymetrix Inc., 
Santa Clara, Calif.). Raw data was processed and analyzed 
using Affymetrix GENECHIPTM Operating System (GCOS) 
V 10. 
The U133 PLUSTM 2.0 GeneChips contain 54,675 panels, 

each targeting a specific transcript sequence. Approximately 
20,600 gene products identified by Entrez, Gene numbers are 
redundantly targeted by 46,000 panels: the remaining panels 
target products which are less well characterized. Affymetrix 
GCOSTM1.0 software was used to assess the presence or 
absence of the target sequence of each panel. Expression 
levels were normalized so that the mean for each sample was 
equal to the global mean for all samples. Panels, which were 
absent for every sample in either experiment, were omitted 
from further consideration. This left 23284 panels encoding 
12258 unique, characterized (Entrez, Gene) genes. 
Effect of EP on Cell Proliferation. 
Normal human corneal fibroblasts (between passages 1-3) 

derived from three different donor eyes were used for study 
ing the effects of EP on cell proliferation as described in the 
methods. The cells cultured in the presence of b-FGF/HS or 
TGF-B1 exhibit phenotypic characteristics of in vivo acti 
vated corneal stromal cells, fibroblasts and myofibroblasts, 
respectively, in the wounded stroma. As shown in FIG. 1, 
when the stromal cells (e.g., fibroblasts) were cultured in 
media with 1% FBS, with or withoutTGF-B1 orb-FGF/HS in 
the presence of 10 mM and 15 mM EP respectively, there 
were no significant increases in cell number of TGF-31 
(which induces the cells to myofibroblast phenotype) or with 
bFGF/HS (which induces the cells to fibroblast phenotype). 
This result suggested that EP inhibits proliferation of corneal 
stromal fibroblast and myofibroblast phenotype. 

Because many of the reported studies in the literature have 
used rabbit stromal cells for in vitro studies on stromal kera 
tocyte activation the effect of EP on proliferation of rabbit 
corneal fibroblasts and myofibroblasts was also analyzed. As 
shown in FIG. 2, EP also inhibited proliferation of rabbit 
stromal cells. 
Effect of EP on TGF-B1 Induced Phenotypic Changes in 
Corneal Fibroblasts: 
TGF-31 is one of the growth factors that are involved in the 

activation of corneal stromal cells to myofibroblasts, a 
fibrotic phenotype, during corneal wound healing. Expres 
sion of C-SMA is a hallmark of myofibroblast phenotype. 
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Other changes include the expression of fibronectin, type III 
collagen and increased expression of other extracellular 
matrix proteins including type I collagen and tenascin C. 
Immunocytochemical analysis indicated that TGF-31 
induced expression of C-SMA was downregulated in the 
presence of 10 mM EP both in human and rabbit corneal 
stromal cells (FIGS. 3 and 4, respectively). 

Western blot analyses of C-SMA in the total proteins in the 
extracts of the cells indicated that TGF-31 induced expres 
sion of C-SMA in human corneal stromal cells was down 
regulated by EP. The inhibition of the expression of C-SMA 
by EP was concentration dependent (FIG. 5) and the highest 
downregulation was noted at 20 mMEP. Higher than 20 mM 
concentrations were toxic to the cells, possibly due to the low 
pH of the culture medium resulting from high EP concentra 
tions. 

Similar immunocytochemical analysis indicated that EP 
induced a concentration dependent downregulation of 
fibronectin deposition in the matrix of human and rabbit 
corneal cells treated with TGF-B1 (FIG. 6). This observation 
was further confirmed by Western blot analysis of the extracts 
of the cells (including the matrix) as shown in FIG. 7. 
Microarray Analysis: Cross-Checking the GeneChip Data. 

In earlier work, the changes in the gene expression upon 
activation of keratocyte to myofibroblast phenotype induced 
by TGF-31 was studied. In the present analysis, as a cross 
check the present, consistent TGFB-evoked (>2-fold) 
increases were checked with the previous data. Transition 
from keratocytes to fibroblasts increased 520 panels, and 
decreased 700 panels. The 599 unique, characterized genes so 
altered were compared with a previously acquired database of 
873 genes known to be altered by phenotypic transition either 
from keratocyte to fibroblast or from fibroblast to myofibro 
blast. The number of genes concordant between these sets 
was 170, 4.9-fold greater than random chance (p=1.65x10 
130, chi-squared test). Extracellular matrix components: 244 
panels (143 unique genes) with the Gene Ontology Cellular 
Component code 5578 (extracellular matrix) were selected. 
Of these, 28 were TGFB-1 modulated in the present experi 
ment and 49 were Consistent 5-fold increases in myofibro 
blasts. 

In contrast to the large number of decreases (see below), 
only four characterized genes are consistently increased 
5-fold by ethyl pyruvate in myofibroblasts: response gene to 
complement 32 or “RGC32 (for example, SEQID NO: 1); 
heme-oxygenase 1 or “HMOX1 (for example, SEQID NO: 
2); growth differentiation factor 15/NSAID (nonsteroidal 
anti-inflammatory drug)-activated protein 1/prostate differ 
entiation factor/macrophage inhibiting cytokine-1 or 
“GDF15” (for example, SEQ ID NO:3); and tribbles 3 or 
“TRIB3” or “TRB3 (for example, SEQID NO: 4). 

Given that the most prominent downregulated group (see 
FIG. 8) is G2/M DNA damage checkpoint regulation. RGC32 
(for example, SEQ ID NO: 1) is of interest because it is a 
p53-inducible gene whose protein product is located on cen 
troSomes during mitosis and results in G2/M arrest (Saigusa 
K, Imoto I, Tanikawa C, Aoyagi M. Ohno K, Nakamura Y. 
Inazawa JRGC32, a novel p53-inducible gene, is located on 
centrosomes during mitosis and results in G2/Marrest. Onco 
gene. 2007 Feb. 22:26(8): 1110-21). 

Given the known protective effect of ethylpyruvate against 
oxidative damage, increased expression of HMOX1 (for 
example, SEQ ID NO: 2) is of interest since this enzyme is 
induced by oxidative stress. As Alam and Cook note “ . . . 
members of the heat-shock factor, nuclear factor-kappaB, 
nuclear factor-erythroid 2, and activator protein-1 families 
are arguably the most important regulators of the cellular 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
stress response in Vertebrates... to the best of our knowledge, 
hmoX1 is unique in that it is proposed to be directly regulated 
by all four of these stress-responsive transcription factors’ 
(Alam J. Cook J. L. How many transcription factors does it 
take to turn on the heme oxygenase-1 gene? Am J Respir Cell 
Mol Biol. 2007 February: 36(2):166-74). Moreover, heme 
oxygenase 1 (for example, SEQID NO: 2) is directly protec 
tive against oxidative damage, and can localize to the nucleus 
and activate other transcription factors important in the 
response to oxidative stress (Lin Q, Weis S. Yang G. Weng Y 
H, Helston R, Rish K, Smith A, Bordner J, Polte T. GaunitZF, 
Dennery P A. Heme oxygenase-1 protein localizes to the 
nucleus and activates transcription factors important in oxi 
dative stress. J Biol. Chem. 2007 Jul. 13:282(28): 20621-33). 
GDF15 (for example, SEQID NO:3) is a member of the 

TGFB/BMP superfamily which is antiangiogenic (Ferrari N. 
Pfeffer U, Dell Eva R, Ambrosini C, Noonan DM, Albini A. 
The transforming growth factor-beta family members bone 
morphogenetic protein-2 and macrophage inhibitory cytok 
ine-1 as mediators of the antiangiogenic activity of N-(4- 
hydroxyphenyl)retinamide. Clin Cancer Res. 2005 Jun. 15: 
11(12):4610-9) antiproliferative (Nazarova N. Qiao S, 
Golovko O. Lou Y R. Tuohimaa P. Calcitriol-induced pros 
tate-derived factor: autocrine control of prostate cancer cell 
growth. IntJ Cancer. 2004 Dec. 20; 112(6):951-8) and anti 
hypertrophic (Xu J, Kimball T R, Lorenz, JN, Brown DA, 
Bauskin A R. Klevitsky R, Hewett TE, Breit SN, Molkentin 
J. D. GDF15/MIC-1 functions as a protective and antihyper 
trophic factor released from the myocardium in association 
with SMAD protein activation. Circ Res. 2006 Feb. 17: 98(3): 
342-50), all features which would tend to decrease myofibro 
blast scarring. 
TRIB3 (for example, SEQID NO: 4) is a cross-over mol 

ecule, which interacts with components of multiple signaling 
pathways. Importantly, TRIB3 (for example, SEQID NO: 4) 
interacts with C/EBP homologous protein (CHOP), which is 
a stress-inducible nuclear protein crucial for the development 
of programmed cell death. It has been reported that TRIB3 
(for example, SEQID NO: 4) downregulates its own induc 
tion by repression of CHOP/ATF4 functions and that it is 
involved in CHOP-dependent cell death during ER stress 
(Ohoka N.Yoshii S. Hattori T, Onozaki K, Hayashi H.TRB3, 
a novel ER stress-inducible gene, is induced via ATF4-CHOP 
pathway and is involved in cell death. EMBO.J. 2005 Mar. 23: 
24(6): 1243-55). These authors note that "TRB3 could be a 
sensor for ER stress-induced apoptosis. If the ER stress is 
transient and mild, the induced TRB3 blocks the CHOP and 
ATF4 function by binding to them. However, when potent and 
prolonged ER stress occurs, excess TRB3 will be produced 
and lead to apoptosis.” 
Consistent 5-Fold Decreases in Myofibroblasts: 

These comprised eighty-two panels, of which 79 mapped 
to the IPA database. These panels represented 58 “network 
eligible' genes which are distributed by function into the 
groups shown in FIG.8. These genes also can be parsed into 
three functional networks with multiple members, and two 
networks with single members (meiotic nuclear divisions 1 or 
“MND1 and SHC SH2-binding protein 1 or “SHCBP1’, 
respectively). The three multimember networks (FIGS. 9-11, 
respectively) showed some overlap between networks 1 and 2 
(7 genes) networks 2 and 3 (7 genes) and 1 and 3 (4 genes). In 
agreement with FIG. 8, the vast majority of genes in all three 
networks is nuclear in location and is related to cell cycle and 
its control. 

In Table 1 are ECM genes altered by phenotype change, 
which are also affected by ethylpyruvate. Genes in bold were 
altered during phenotype shifts only in previous experiments, 
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genes in italics were altered by phenotype shift only in the 
present experiment, and genes in normal font were altered by 
phenotype shifts in both present and prior experiments. An 
additional 37 genes which showed phenotype shifts in one or 
more experiments were unaffected (Zero, one, or two incon- 5 
sistent ethyl pyruvate changes). 

TABLE 1. 

Consistent (2-fold) effects of ethyl pyruvate on extracellular 
matrix genes in 2 phenotypes in 2 independent experiments, 

i.e. four potential changes 

Two consistent ethyl 
pyruvate changes 

collagen, type I, 
alpha 1 (-2.9) 

C ol agen, type I, 

la 9. e l, e V II I, 

chondroitin sulfate 
proteoglycan 2 
(versican) (-5.9) 

Three consistent ethyl 
pyruvate changes 

collagen, type III, 
alpha 1 (-4.9) 

collagen, type X, 
alpha1 (-8.1) 
laminin, beta 1 
(-3.8) 
matrix 
metallopeptidase 10 
(stromelysin 2) (3.8) 
periostin, osteoblast 
specific factor (-9.7) 
secreted 
phosphoprotein 1 
(osteopontin) (2.7) 
Tissue factor 
pathway inhibitor 2 
(-4.8) 

Four consistent ethyl 
pyruvate changes 

latent transforming 
growth factor beta 
binding protein 1 
(-4.1) 

collagen triple 
helix repeat 
containing 1 (-4.3) 
EGF-containing fibulin 
ike extracellular 
matrix protein1 
(-2.6) 
fibronectin 1 (-2.3) 
heparan Sulfate 
proteoglycan 2 
(perlecan) (-3.0) 
aminin, alpha 4 
(-2.4) 
ysyl oxidase (-4.0) 
matrix 
metallopeptidase 

(interstitial 
collagenase) (5.9) 
Secreted protein, 
acidic, cysteine-rich 
(osteonectin) (-8.4) 
SPARC-like 1 (-3.3) 
tenascin C 
(hexabrachion) (-7.4) 

Based on the data obtained from the in vitro studies EP 
clearly shows anti-proliferative effect on activated corneal 
stromal fibroblasts and myofibroblasts in vitro. Microarray 
analysis indicates that EP downregulates transcription of 
many genes that are critical in the cell cycle progression upon 
direct activation of keratocytes to myofibroblasts in vitro. 
Therefore, EP likely has a potential application in the regu 
lation of hyperproliferation during corneal wound healing. 

Moreover, EP was found to downregulate the expression of 
C-SMA (a hallmark of myofibroblast phenotype) and expres 
sion offibronectin (an ECM component expressed only in the 
healing tissues in the cornea). Microarray analysis showed 
TGF-31 induced increases in the expression of several other 
ECM components corneal stromal cells were down regulated 
by EP. This finding further supports that EP is likely to inhibit 
scartissue formation, highly undesirable for the maintenance 
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of corneal structure and transparency. If the observed effects 
of ethylpyruvate were not cell type specific, EP will be useful 
in the prevention of undesirable wound healing response in 
following Surgical procedures. 

Example 2 

In Vivo Model 

A mouse model of corneal wound healing and inflamma 
tion induced by lipopolysacharide (LPS) was used to test the 
effect of EP. Khatariet al., Invest. Opthalmol. Vis. Sci. (2002) 
43:2278-2284. Briefly, mice (Mus musculus strain C57, age 
approx. 2 months) were obtained from Charles River Labo 
ratories in accordance with institutional protocols and 
divided into the following treatment groups (with 3 samples 
in each group): 
a) Unwounded control 
b) Wounded control 
c) Wound plus EP 
d) Wound plus LPS 
e) Wound plus LPS and EP 

Prior to wounding, all mice were anesthetized with an 
intraperitoneal injection of 50 mg/kg ketamine with 5 mg/kg 
xylazine. Topical anesthesia was further achieved with an 
additional 1 drop of 0.5% proparacaine per eye. Once the 
animal was sufficiently anesthetized, a corneal wound was 
constructed in each eye using a sterile 26-gauge needle that 
penetrated the epithelium and the superficial layers of the 
stroma. This linear scratch extended from the medial to lateral 
canthus (FIG. 12). 10 ug of the bacterial super-antigen LPS 
(Pseudomonas aeruginosa lipopolysaccharide, Sigma) was 
applied to the wound using a 10 Jul pipette and allowed to 
penetrate the cornea for 5 minutes. Addition of bacterial 
endotoxin ensured a robust inflammatory response. 
The wound was then washed with phosphate buffered 

saline (PBS/non-pyrogenic dHO). Following the wash, the 
EP treatment groups received a 10 ul drop of 5% EP in PBS 
buffered to physiological pH with HEPES while the control 
group received PBS alone. Drops were applied to the corneal 
wound using a pipette and the mice were held by hand in Such 
a way as to retain the drops on the eye for approximately 2 
minutes. The delivery and concentration of EP was deter 
mined according to Devamanoharan et al. (1999); 200(1-2): 
103-09. When applied on the surface of the eye, EP has been 
shown to diffuse into the aqueous humor within 15 minutes. 
Considering this quick absorption with the elimination half 
life of EP, which is approximately 90 minutes, EP (500 mM) 
was applied every 90 minutes over the span of 12 hours during 
each day, followed by 12 hours of treatment overnight. 

Animals were sacrificed and eyes harvested for analysis at 
1 and 2 days post-wounding. After sacrificing, but prior to 
harvesting, eyes were imaged using the NIDEK CONFOS 
CAN 3R) confocal microscope to analyze the morphology of 
the intact cornea. The images were later reconstructed into 
three-dimensional images in order to observe gross morphol 
ogy, measure corneal thickness and light scattering which 
indicate edema and hypercellularity respectively. 
At 1 day post-wounding, control (unwounded, untreated) 

corneas had a normal Stromal thickness ranging from 65-67 
um with a total corneal thickness of 131-169 um (FIG. 13). 
Wounded corneas treated with LPS alone had a significantly 
larger stromal thickness of 218-220 um, with total corneal 
thickness 254-258 um (FIG. 13). The stromal thickness in the 
LPS group was difficult to measure due to significant light 
scattering and destruction of the normal morphology that 
allows the visual discrimination between cell layers. The EP 
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treatment mitigated post-wounding edema as indicated by a 
smaller stromal thickness of 89-100 um with total corneal 
thickness ranging from 194-207 um (FIG. 13). Qualitatively, 
whereas the LPS treated group showed significant light scat 
tering within the stromal layer, the EP treatment group while 
still having an overall thicker cornea compared to unwounded 
control, still exhibited a dark and quiet Stroma in contrast to 
the wounded corneas not treated with EP. 

After 2 days post-wounding, both untreated and EP-treated 
wounded corneas were thinner with morphology more simi 
lar to their unwounded counterparts showing that in both 
groups the wounds was beginning to heal and edema was 
resolving (FIG. 13). The EP treated group exhibited a stromal 
thickness of 80-85 um and total corneal thickness 142-154 
um and the untreated wounded group was comparable with a 
stromal thickness of 73-82 um and total corneal thickness 
151-158 um. This is compared to the 2-day unwounded con 
trol stromal thickness of 73-82 Lum and total corneal thickness 
151-158 um. The stark contrast between the EP-treated and 
untreated wounded corneas, however, was that the untreated 
wounded corneas showed significantly more light scattering 
within the stromal layer even after edema was appearing to 
resolve, while the EP treated corneas were again normal in 
morphology. 

After imaging, corneas were processed to harvest the cells 
and cells were immunostained for the following inflamma 
tory cell markers and subjected to flow cytometry (FACS) 
analysis: GR-1—a neutrophil marker, and CD-45+ -a pan 
leukocyte marker. Wounded controls were used for the appro 
priate isotype controls for the above markers. 
One whole eye from each treatment group was embedded 

in mounting media for cryosectioning and immunostaining. 
The stained whole corneas were examined by fluorescence 
and confocal microscopy and digital images were captured 
for quantitative image analyses using METAMORPHTM 
imaging Software. Immunostaining included stains for the 
following fibrotic markers: alpha-Smooth actin a marker of 
the myofibroblast phenotype to identify activated stromal 
cells, Ki-67—a proliferative nuclear antigen to identify pro 
liferating cells in G1/S, and Type III collagen, fibronectin and 
tenascin C-extracellular matrix proteins which are compo 
nents of the scar tissue expressed in response to wounding. 
EP treatment also suppressed the migration of inflamma 

tory cells to the wound site. FACS analyses using the pan 
leukocyte marker CD-45+ showed that in the control non 
wounded cornea less than 0.2% of the cells comprised 
leukocytes (FIG. 14). At day 1 post-wounding, flow cytom 
etry analysis showed significantly fewer inflammatory cells 
in the EP treated group compared to wounded, untreated 
controls. (28.50+12.02 compared 93.50+38.89 respectively) 
(FIG. 15). Similarly at day 2 post-wounding, FACS analysis 
using the pan-leukocyte marker CD-45+ showed significantly 
fewer inflammatory cells in the EP treated group compared to 
wounded, untreated controls (163.00+57.42 compared to 
664.33 SD+3.12.05) (FIG. 16). FACS analysis using neutro 
phil marker GR-1 indicated that neutrophils comprised 
approximately 57% of the infiltrated leukocytes at day 2 days 
post-wounding (FIG. 17). Significantly fewer neutrophils 
were present in the EP treated group compared to wounded, 
untreated controls (61.00+42.53 vs. 378.67+258.18). 

Example 3 

Ethyl Pyruvate Derivatives. In Vitro 

After determining that ethyl pyruvate downregulates the 
TGF-31 induced fibrotic phenotype of corneal stromal cells 
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in culture, several derivatives of ethylpyruvate were analyzed 
for their effects on b-FGF or TGF-31 induced changes in 
corneal stromal cells 
As described in Example 1, corneal stromal cells were 

isolated from rabbit corneas and cultured using the same 
procedures. The keratocytes in serum free media were treated 
with b-FGF (40 ng/ml)+HS (5ug/ml) with or without 15 mM 
EP or 1, 2.5 or 5 mM following EP derivatives: 2-oxopropi 
onic acid 3-methoxyphenyl ester, 2-oxopropionic acid 
2-ethoxyethyl ester, 2-oxopropionic acid 2-chloroethyl ester, 
2-oxopropionic acid isopropyl ester, 2-oxopropionic acid 
butyl ester, 2-oxopropionic acid p-tolyl ester, 2-oxopropionic 
acid tert-butyl ester. Two days following the treatments, the 
cells were fixed and stained for Ki67 (a nuclear antigen 
expressed during the G1/S or S phase of the cell cycle) as 
described supra. The relative levels of the expression of spe 
cific proteins were analyzed by Western blot analyses of the 
cell lysates as described Supra. 

Ethyl pyruvate treatment of corneal stromal cells activated 
with b-FGF or TGF-B1 results in the inhibition of the reentry 
of cell in the S phase (DNA synthesis) as evident from dimi 
nution of the cells expressing Ki67 to less than 1% (FIG. 18). 
Of the seven ethyl pyruvate derivatives listed above 2-oxo 
propionic acid 2-chloroethyl ester (<1% Ki67) and 2-oxo 
propionic acid p-tolyl ester (<1% Ki67) exhibited antipro 
liferative effect similar to that of EP (<1% Ki67) on corneal 
stroma cells activated with b-FGF, while the other derivatives 
had little or no effect (>30% Ki67). It is reported that cor 
relative results for these derivatives were also obtained in a 
sepsis model originally described in U.S. Pat. No. 6,432,190. 
These two derivatives were selected for further testing for 
their effect on the expression of several proteins that are 
responsible for Scar tissue formation. 

In additional experiments, it was demonstrated that there 
were reduced levels of type III collagen, tenascin and 
fibronectin in the cells activated in the presence of EP (B) or 
2-oxopropionic acid 2-chloroethyl ester (C) and 2-oxopropi 
onic acid p-tolyl ester (D) of EP compared to controls with no 
treatment (A) (FIG. 19A). Also there was reduced expression 
of alpha-smooth muscle actinin the presence of EP (B) or 
2-oxopropionic acid 2-chloroethyl ester (C) and 2-oxopropi 
onic acid p-tolyl ester (D) of EP compared to controls with no 
treatment (A) (FIG. 19B). The expression of alpha-smooth 
muscle actinin is a hallmark of myofibroblasts phenotype. 

Example 4 

Ethyl Pyruvate Derivative Synthesis 

In certain instances, EP derivatives were chemically syn 
thesized from pyruvic acid and an alcohol or phenol. Two 
methods that are useful for synthesis of the EP derivatives, 
acid-catalyzed condensation of the acid and the alcohol, and 
in situ formation of the pyruvic acid chloride and condensa 
tion of it with the alcohol or phenol in the presence of base, are 
given below. 

2-Chloroethyl pyruvate was prepared as follows: pyruvic 
acid (8.8 g. 100 mmol), 2-chloroethanol (10.45 g, 130 mmol) 
and p-toluenesulfonic acid monohydrate (1.9 g, 10 mmol) in 
40 mL of benzene were heated under reflux with azeotropic 
dehydration for 5 h. The mixture was cooled to room tem 
perature and diluted with 70 mL of diethyl ether. This organic 
solution was washed with 100 mL of saturated aqueous 
NaHCO and 100 mL of saturated aqueous NaCl. The organic 
layer was dried over anhydrous MgSO, filtered and solvent 
removed on a rotary evaporator to give 2-chloroethyl pyru 
vate in quantitative yield, slightly contaminated with benzene 
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and diethyl ether (as determined by H NMR). Aliquots used 
for biological analyses were cleared of diethyl ether and 
benzene by short path vacuum distillation. 

tert-Butyl pyruvate was prepared as follows: tert-butyl 
alcohol (444 mg., 6 mmol) and pyruvic acid (528 mg, 6 mmol) 

20 
p-Tolyl pyruvate was prepared as follows. p-cresol (540 

mg, 5 mmol) and pyruvic acid (440 mg, 5 mmol) were dis 
solved in methylene chloride (30 mL) and cooled on an ice 
bath. Pyridine (790 mg. 1 mL, 12.4 mmol) was added, fol 

5 lowed by addition of 1,1-dichloromethvil methvil ether (690 
were dissolved in methylene chloride (30 mL) and cooled on y s ny yie ( 

- 0 mg, 0.53 mL, 6 mmol). The reaction mixture was stirred for 1 an ice bath. Pyridine (948 mg. 0.97 mL, 12 mmol) was added, h ice bath d t t tu d hed 
followed by addition of 1,1-dichloromethyl methyl ether (690 A so ". O rt tes f WaS 
mg, 0.53 mL, 6 mmol). The reaction mixture was stirred for 1 W1t mL ovo aqueous al mL o Saturate 
h on an ice bath, warmed to room temperature and washed to NaHCO. The organic layer was dried over anhy 
with 30 mL of 5% aqueous HCl, 30 mL of saturated aqueous drous MgSO filtered and solvent removed on a rotary evapo 
NaHCO, and 30 mL of saturated aqueous NaCl. The organic rator. The residue was purified by flash silica gel chromatog 
layer was dried over anhydrous MgSO filtered and solvent raphy (20:1-15:1 hexanes-ethyl acetate) to give 450 mg of 
removed on a rotary evaporator to give tert-butyl pyruvate in p-tolyl pyruvate as a clear oil. "H NMR (400 MHZ, CDC1) & 
quantitative yield, slightly contaminated with methylene is 7.21 (d.J. 4 Hz, 2H), 7.05 (d. J–4 Hz, 2H), 2.59 (s.3H), 2.36 
chloride (as "H NMR). Aliquots used for biological analyses (s. 2H). CNMR (100 MHZ, CDC1) & 1913, 159.5, 148.1, 
were cleared of methylene chloride by short path vacuum 136.6, 130.4, 120.8, 27.0, 21.1. HRMS (ESI-12 Tesla FT-MS) 
distillation. M+H calcd. 179,0708, found 179.0709. 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 4 

<21 Os SEQ ID NO 1 
&211s LENGTH: 1126 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 1 

gtggcgaggg C9gtgcctgg grgCaggggc ctCcticggag gC9gcgggg acagaccc.gt 60 

cgcc.ccggct cogcagc.ccc gcc.ccggc.cc cqcct cogct Coggcc.gc.cg aaggctataa 12O 

gat Ctaggala CCC9agc.cgg tagtagggcg gg.cgcggacc gtgctgggag C9gcgcggct 18O 

ggagcgcagc gcc.gaaggga ctggCagggc tigaagtgtgc gggacagcaa gCCCCC gaat 24 O 

agcc.ccggct gccacct cqc aggacccaag gC cacgc.gcg ccgggcc.ca.g. Ctgagcc.gc.c 3 OO 

tdatgaagcc gcc.cgcggcg cagggcagcc cc.gcggcc.gc cgcggcc.gca gcc.ccggc cc 360 

tggacticggc gg.ccg.cggag gacctgtcgg acgc.gctgtg cgagtttgac goggtgctgg 42O 

ccgactt.cgc gtcgc.cctt C cacgagcgcc actt coact a cdaggagcac ctggagcgca 48O 

tgaag.cggcg caggagcgcc agtgtcagcg acagcagcgg Cttcagcgac toggagagtg 54 O 

cagatt cact ttataggaac agctt cagot to agtgatga aaaactgaat tctic caacag 6 OO 

act ct accoc agctic ttctic totgccactg. tcacticcitca gaaagctaaa ttaggaga.ca 660 

caaaagagct agaagcc titc attgctgat c ttgacaaaac tittagcaagt atgtgaaa.ca 72O 

agaagttctg ggtcCtttca toataaggga gaagctt cag aaagttc.cga ggacctgcta 78O 

aaatcagcta ctagaatctg. citgccagagg ggacaaagac gtgcacticaa ccttctacca 84 O 

ggccact ct c aggct cacct taaaatcagc ccttgat coc atttctgggc aatttaga.ca 9 OO 

gtgaaactga citttgtttac ctdcttgcag catattagaa cagacgatcc atgctaat at 96.O 

tgt attittct cittaaaa.cat agctitt.cctg taatttaaag togcttt tatgaaaatatttg 102O 

taattaatta tatatagttg gaaatagoag taagctitt.cc cattataata tattitttgta 108O 

tacaaataaa atttgaactgaagttctgcaa aaaaaaaaaa aaaaaa 1126 

<21 Os SEQ ID NO 2 
&211s LENGTH: 1550 

&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 2 
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- Continued 

acccCtggct gcgacaggac ccgatgcc ct tagcc.ccaac Ccgatcc cat Ctctgggagg SOO 

Ctgcc.caggt ggtc.cctgat ggactggggc tiggacgaagc Cagggaagag gagggaga.ca 560 

gagalagtggt t ctgtatggc taggaccacc Ctact acacg Ctcagctgcc aac agtggat 62O 

tgagtttggg ggtagcticca agc ctitct Co. tcct ctgaa citgagcc aaa cct tcagtgc 68O 

Cttccagaag ggagaaaggc agaa.gc.ctgt gtggagtgtg Ctgttgtacac atctgctttg 74 O 

titcCacacac atgcagttcc ticttgggtg Ctt at Caggit gccaa.gc.cct gttct cqgtg 8OO 

Ctgggagtac agcagtgagc aaaggagaca at attic cct ct cacagaga tigacaaactg 86 O 

gcatcc ttga gctgacaa.ca cittitt coatg accatagg to actgtctaca citggg tacac 92 O 

tttgtaccag titcggcctic cactgatgct ggtgct Cagg cacct ctgtc. Caaggacaat 98 O 

c cctitt caca aacaaaccag ctgcc tttgt atc.ttgtacc titt to agaga aagggaggta 2O4. O 

t ccctgtgcc aaaggcticca ggcct citccc ctdcaactica ggacccaagc ccagotcact 21OO 

ctgggaactg togttcc cago atctotgtcc ticttgattaa gagattctic c titccaggcct 216 O 

aagcctggga tittgggc.cag agataagaat C caaact atg aggct agttc ttgtctaact 222 O 

Caagactgtt Ctggaatgag ggtc.caggcc ttcaac cat ggggcttctg acctgagcac 228O 

Caaggttgag gga caggatt aggcagggtc. tdt CCtgtgg ccacctggala agt cc Caggit 234 O 

gggact Cttic tiggga cact toggtccac aatcc Caggit C catact ct a ggttittggat 24 OO 

accatgagta totatgttta cct gtgccta ataaaggaga attatgaaat aaaaaaaaaa 246 O 

aaaaaaaaa. 2469 

We claim: butyl pyruvate, carboxymethyl pyruvate, acetoxymethyl 
1. A method of inhibiting scar formation comprising topi 

cally administering to an ocular wound in a Subject a compo 
sition comprising an ester of an alpha-ketoalkanoic acid cho 
Sen from one or more of ethylpyruvate, propyl pyruvate, butyl 
pyruvate, carboxymethyl pyruvate, acetoxymethyl pyruvate, 
carbethoxymethyl pyruvate, ethoxymethyl pyruvate, 2-oxo 
propionic acid 3-methoxyphenyl ester, 2-oxopropionic acid 
2-ethoxyethyl ester, 2-oxopropionic acid 2-chloroethyl ester, 
2-oxopropionic acid isopropyl ester, 2-oxopropionic acid 
butyl ester, 2-oxopropionic acid p-tolyl ester, and 2-oxopro 
pionic acid tert-butyl ester in an amount effective to inhibit a 
fibrotic response in the patient. 

2. The method of claim 1, wherein the ocular wound is a 
corneal wound. 

3. The method of claim 1, wherein the composition further 
comprises one or both of an antibiotic agent and an anti 
inflammatory agent. 

4. A method of ameliorating ocular fibrosis comprising 
topically administering an esterofan alpha-ketoalkanoic acid 
chosen from one or more of ethyl pyruvate, propyl pyruvate, 
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pyruvate, carbethoxymethyl pyruvate, ethoxymethyl pyru 
Vate, 2-oxopropionic acid 3-methoxyphenyl ester, 2-oxopro 
pionic acid 2-ethoxyethyl ester, 2-oxopropionic acid 2-chlo 
roethyl ester, 2-oxopropionic acid isopropyl ester, 
2-oxopropionic acid butyl ester, 2-oxopropionic acid p-tolyl 
ester, and 2-oxopropionic acid tert-butyl ester in an amount 
effective to inhibit a fibrotic response in the patient in a 
pharmaceutically-acceptable carrier to an eye having a 
mechanical injury. 

5. The method of claim 4, wherein the ester of an alpha 
ketoalkanoic acid is ethyl pyruvate. 

6. The method of claim 4, wherein the mechanical injury is 
LASIK (laser in situ keratomeliusis)-induced or PRK (pho 
torefractive keratectomy)-induced. 

7. The method of claim 4, wherein injury is a corneal injury. 
8. The method of claim 4, wherein the composition further 

comprises one or both of an antibiotic agent and an anti 
inflammatory agent. 


