WD 2008/ 036891 PCT/ US2007/ 079153 DESCRI PTI ON A METHOD

FOR QUANTI TATI ON OF COLLAGEN IN TI SSUE BACKGROUND OF
wabasHdesENTI ON Thi s application clains the benedT/USD7/079153

priority to United States Provisional Patent

Application No. 60/846, 250, filed Septenber 21, 2006,

the entire contents of which are specifically

i ncorporated herein. 1. prstRIPriORe | nventi on The

present invention relates generally to neasuring

coll agen content in tissues. Mire particularly, it

concer IRntPAdIP oA Q;g&‘MﬁA’i?bb‘ggﬁ:ggtﬂ_ﬂkﬁﬁN‘i&i PRsuE
i nvention concerns nmeasuring collagen content in
heal i ng wounds. 2. De iption of Related Art Coll agen
protein i s madeBMHCKRERONEND QF THEJINYVENONed of a
repeated sequence of amino acids primarily consisting
of hydroxyproline (Hyp), glycine (dy), and proline
( Pr o) . Ti@elapplgenion sclame thé behefitneS prigitgdoniynided States Provisional
oteins found .in th human. body, . conpri si ng about
Bt aSoAsticaig Wt PUEL AU ﬁe%gwtmbfra%WOPﬁ,_ éntire contents of
derieRbrel pY&FicAly NOsPBlatddNRAsiounded) skin tissue.
Evi dence” suggests that collagen's unique
characteristics provide normal skin tissue with
tensil g strengt integrity, and structure. G S
Schul t'2, eﬂﬁgﬁfﬁ*E%?Fﬁ%@PPular matrix: review of its
roles in acute and chronic wounds, Wrld Wde Wunds,
( AugusThe2 @f¥sgdnt Ofhivbit@nVedlhids WeA&ralde o adheasuring collagen content in
wor | dwi dewounds. conf 2005/ august / Schul t z/ Extrace-Matric
tigguase- Mero RAGICWEIINGE . ¢naens Sinawagesisendtafospliggen content using
t ol tR.i 0 i - c . of -
SRR e G0 nd nefie, RO b AP IRk congerpy, neasuring
neilagpr @henhin kabhyedunds. t he generation of tensile
strength, accurate collagen neasurenents may be
predicjive

f successf ul und healing. 1 WO
2008/ 689f%§ﬁﬁpggﬂﬁgiﬁgﬁgﬁg§t Various anal ytica

met hods commonly used in biochemistry and anal ytica
chem stdéljagbmipro@ind kP e &t Bollypéptiidadtairsy tarpssell | FYE Nepeated
such as spectrophotonetry and gas chronatography. H
|sgaerce ef agino acyls pyfmarily spsiBigeos hydRxymeling fym3glycine (Gly),

and proline (Pro). Collagen is one of the most predominant proteins found in the

human body, comprising about 80-85% of the extracellular matrix (ECM) in the
dermal layer of normal (non-wounded) skin tissue. Evidence suggests that collagen’s
unique characteristics provide normal skin tissue with tensile strength, integrity, and
structure. G. S. Schultz, et al., Extracellular matrix: review of its roles in acute and
chronic wounds, World Wide Wounds, (August 2005) on the world wide web at
worldwidewounds.com/2005/august/Schultz/Extrace-Matric-Acute-Chronic-
Wounds.html. Since generation of tensile strength is an important component of
successful wound healing and because collagen is the main protein involved in the
generation of tensile strength, accurate collagen measurements may be predictive of

successful wound healing.



(1999). Most currently avail abl e spectrophot onet er
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St egenmann net hods, mhich may be sensitive and

accur but e umber so and | emati c.
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may be anal yzed for separation, ereas it is not

peésﬂé? mpebilet agpeﬂ@ eoAEN]y an gEaghicsandfasugfered solution. Substances
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nown net us | nmeasur
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| noue, et al . of Chromat ography B,
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Ti6 @Bterm@éif bul27Fdkn 4 688:tlopROBIneter LAAHR to 8bnt@ninating compounds.
descri be a met hod of u5|ng HPLC to det erm ne human

serum | evel s of prol vyl E tides, proline, and
hydr oxXy3ve1 inpdheds ah uﬁlﬁaﬂé bt topmegsuge A0dgem yesiuitiengpecialized

CALIARAR S DAL Bend 8B i bAGULE G ANIRI Which can

monitoring at em ssi on
vinuredserthe lesst dvidrdricoetpledityadf. anahalsy pedntigiir mqymmg thléq;rocedure

TR, S GiShes B1A LSOl BB, o,
E\@IlltH@ngZ/,oﬂz%?ﬂéés Res. and Clinical Practice, 59 1-9 (2003); F. A. Vazquez-
Ortiz, et al., J. of Liquid Chromatography & Related Tech., 27, 17 2771-2780 (2004).
Inoue, et al. describe a method of using HPLC to determine human serum levels of
prolyl dipeptides, proline, and hydroxyproline as an indicator of diseases involving
collagen metabolism. This method requires tandem HPLC columns and monitoring at
two different emission wavelengths. Martinez et al analyzed hydroxyproline

utilizing a reverse phase HPLC method with the Waters Pico-Tag® column, which is



a dedi cated col unmm speci ally packed for amno acid
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processed tissue sanple by high-pressure liquid
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invention, the tissue is granufated. In further
r(éhﬁ@aractlﬁé glrsinaitnre n%r&ndllﬁ@@mrﬁémhdd th¢ processed tissue

L e LN e Cp—_
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SRk E RNl AR colt i ughT Rt oo aphy to

taln anal yt e peaks areas et erm ni ng
concentratlons of at |east one of the glycine,
prol i ne,cesnig d!llylmdtimyfﬁs aheé miesuens ffioen & ivesé sité.eIn one embodiment

Fihe }n%entlo% the tissue is granulated.

In further embodiments, the invention provides a method of assessing or
monitoring wound healing progress comprising: (a) obtaining a tissue sample from a
wound site of a subject; (b) processing the tissue sample; (c) separating at least one of
glycine, proline, and hydroxyproline in the processed tissue sample by high-pressure
liquid chromatography to obtain analyte peaks areas; (d) determining concentrations

of at least one of the glycine, proline, and hydroxyproline in the tissue; (¢) correlating
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oyr
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include mce, rats, %F rabbits, %§ cattle, and

HEARIFRIng andiog eiéalﬁaéylg@é ROgEEs ‘?fr‘ﬁ?ﬁqd aidfir ce by

various neans, for exanple, cutting, scraping,

abl at i11Q %ﬂlﬂg ma9rbe'd3%n§édntgom REmRY 8buldBy OIbaevanety of animal

assi sted by the use of
sources such as mammals, amphlblans reptiles, fish, and birds. Some non-limiting

mammalian examples include mice, rats, pigs, rabbits, dogs, cattle, and humans.
Tissue may be removed from the source by various means, for example, cutting,
scraping, ablating, abrading, or incising. Removal may be assisted by the use of a

tool, for example, a knife, scalpel, razor, or blade.



tool, for exanple, a knife, scalpel, razor, or bl ade.

4 WD 2008/ 036891 PCT/ US2007/ 079153 The invention may
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matri x,,t hat supports.nost_.tissues. . In addijion, .
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ifoutidiin Boreadmanséth] ay @ertain ehbodBfidhitSof hBiigVenkas, the k@R is skin.
concentration of nerve endi ngs and connective tissue;
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rangdahd kybodsmmmyr sascu2éhedud ddip@ai(fakriaye. t ypes.
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t endon; eﬁ%ﬁ”‘: many EfEegt _tﬂ’é’ﬁtqfn‘f RER ifound & fpyogps and animal.
tdonsdigdhirces YRGe deboftéPaNHartya R diftbRAKnANPyBEL r@]?}&%ximately 80-
hunor) and type Ill (found in cell culture and fetal .
9055 @€ yhe qrilagemiamdi iorthe humabdodppd h edmbinating of yyre bffound in
conbi natiqn_ of..tvpe f coll n... .used herein a,. .
P bL PR i RER o pruf Ry L 8 ELfpftin canttege
tdndtvithasis hb@er) Jat egRsisEEodr i cll atleurs Uhd 8A18isb ). The invention
separating its conponents by HPLC. Methods for

pRocksyIigd £9 auitare oF compRingingot typssiof epliagerPLC

anal ysis, are known in the art. The nethods of the

i nvent j Lngle ' ekl s

stch har i oy PGB AIRES gl refirS 208 (R afople that has
ibeeh pdesssed do arstat@patabie fonsefapbtirpnitngnmpgaentfsaty HPLC. Methods
rempval fromthe tissue.s | e; dehydration of the
PRSI ate Pe il 619 STRG HPLheer kit BeoRHRdIe o The
antsds ah @O invieRtior @idyV lcivadt prefestihg te tHaMPLSpIA! duchfthat in
these processes involve procedures that are known and
duryHr yeneknddnente drogesiing iagledes e o monw af thaafollwaving: (a) fat

t ' i ety S... 1N dj.n hysi c and, .
R G R E R R
ithy ghnviple washinogacids; n8 ek (@) dsriaftizatiet of gieNksmpleer ARI dT these

non-limting exanpl es of such solvents include ethyl
IrRIHT Invohieprareaures| that Fhe kaeyen ansbepmamenlyr@ndicted in'the art. Fat

SRS ROV ALAER P 2S5O IR 2y AL S, 1
desaioc &hibodiments onhenoichle diefatipd | mabdblven whshieat witknedlognts or
%%Pelr!ge%?st | eq'ta(i)rg n%n- 1%%%11%? exlarrr]lp?es Sopfeguic is%lverr]lsc)sni_nlcilur(riiet eit}rl]}% alcohol,
acetonitrile, hexane, pentane and/or acetone. Dehydration may be accomplished by a
variety of processes such as freeze drying (lyophilization), desiccation, a controlled
application of heat, and/or application of a vacuum. In a specific, non-limiting
embodiment, the sample is hydrolyzed by exposure to hydrocloric acid and heat, and
derivatized in a solution of 4-dimethy1aminoazobenzene 4’-sulfonyl chloride in

acetone.



enbodi nent, the sanple is hydrolyzed by exposure to
hydrocl oric acid and heat, and derivatized in a

waedoshsam of 4- di met hyl am noazobenzene 4' - sul f BeWS2007/079153
chloride in acetone. 5 WO 2008/ 036891

concerr s B TR Bhae By oMb B HET hn ! the Scing. prolne,

mﬁdr Bk @irbiee M thé &iskhs TURPESHP r(la)s @stalrﬁﬂg SaRbp&IsNvitE known
anples wth known concentrations cl ne,

moap?mr@,twaﬁn af wiinex ppolate gad hyd §0X§'E1i§)é1ﬂ9>t %/h) gsepatretmg the glycine,

%}Xﬁ]ﬁ@ Gnd hg/éhg% 1n9ﬂg d@s%&g))fé/ Fgapf'ugﬂ-ﬁ)résgur%q qu?qagﬂ%f)%%tography,

tlop pldtltﬁxvg’lthEOhﬁﬁni 5(&tcbﬁtl’e810ﬁﬁ ofl g\lryzdlm@ ,pr@ErmL Iaﬁ@ hyaﬁ)dyprohne on a
hydr oxyprol i ne on a _ graph x-axis anal y pea
RS X iy a@fﬂ&ﬁsweﬁk EOTRS Qrbth&e@‘?@e VXIS weé?w%ﬂt %lﬁlaaaroﬁtandard

Cé\'lWee an@r@%(cq cuﬁfﬁh h@tc'oﬂ& dy@ﬁ OOE S ﬂféngllyglfne @%‘i‘me and
ine, l'1 ne, ydroxyprol i ne h
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/ R
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col I age
g[n another embodiment, correlating the concentrations of the glycine, proline,
and hydroxyproline in the tissue with the amount of total collagen in the tissue

comprises using a formula:

Total Collagen =
(z hydroxypﬂine(/,tg/ mg), glycine(,ug/ mg), proline(,ug/ mg)in tissue}
C

wherein C is the sum of the percentage of glycine, proline, and hydroxyproline in
collagen. The value of “C” has been reported in the art, and may vary with collagen

type. In a non-limiting example, “C” is 0.55.

Methods of devising a standard curve are well known in the art and a standard
curve can be devised by hand or with the assistance of an instrument or computer.
Curve-fitting software programs for computers, calculators, and other instruments

may be used to devise a standard curve.
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the assi stance of an instrunment or conputer.
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| ess than 0.8 a/ | ess than O /M, |ess
(1
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S use
hiyadr Qxiwig/ml.l hE‘some embodiments, the method is used to detect hydroxyproline

present in a tissue sample at a concentration between 0.12 to 1.0 ug/ml, between 0.12
to 0.9 ug/ml, between 0.12 to 0.8 pg/ml, between 0.12 to 0.7 pg/ml, between 0.12 to
0.6 ug/ml, between 0.12 to 0.5 pg/ml, between 0.12 to 0.4 pug/ml, between 0.12 to 0.3
ug/ml, or between 0.12 to 0.2 pg/ml. In certain aspects of the invention, the method is
used to detect glycine present in a tissue sample at a concentration that is 1.0 pg/ml or
less. In some aspects of the invention, the method is used to detect glycine present in
a tissue sample at a concentration that is less than 0.9 pg/ml, less than 0.8 pg/ml, less

than 0.7 pg/ml, less than 0.6 pg/ml, less than 0.5 pg/ml, less than 0.4 pg/ml, less than
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P \ i O Vi des f asges in und
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cert ai W%Btge%%ofa % m;ﬁgerﬁé%‘fqnﬂ@n are also well sulted to detectlng collagen

levels over a wide dynamic range. This wide dynamic range is useful for monitoring

collagen levels in wounded tissue throughout the healing process. In certain aspects,
the present invention provides a method in which the concentrations of each of
hydroxyproline, proline, and glycine in a tissue sample are detected over a range of
0.06 pg/ml to 25 pg/ml, 0.12 pg/ml to 25 pg/ml, 0.75 pg/ml to 25 pg/ml, or 0.75
png/ml to 24 pg/ml.



progress i s assessed between about 2 to 9 days, 2 to 8
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invention w | appar from oW ng
dmtmidiraehtsl @ Cdnﬂ ptVlemimn latre gh@nlbdf wey wih dﬁmmom only, since various
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i nventi on wi | BREGE BHESCR pEEHEhBBéWWGSed in
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DESCRIFH @b%gﬂ#ﬁv&@éﬂrﬁ@ﬂ of the present specification and are included

to further demonstrate certain aspects of the present invention. The invention may be
better understood by reference to one or more of these drawings in combination with

the detailed description of specific embodiments presented herein.

FIG. 1. Shows a linearity plot for hydroxyproline, glycine, and proline,
representative of 1 occasion for injections of amino acid standard mixtures of 0.75
ng/mL — 24 pg/mL for hydroxyproline, glycine and proline. Areas for each standard
concentration represent values calculated under each amino acid peak. Correlation
coefficients for each amino acid trend line are listed and indicate that all amino acid

standard curves are linear between 0.75 pg/mL — 24 pg/mL.



The follow ng drawi ngs form part of the present
specification and are included to further denonstrate
wa@eosasasonspect s of the present invention. ThePCT/US2007/079153

invention may be better understood by reference to

one or re of these drawings in conmination with the .
det ai | Egao?es@fq“ﬁt% %1061; Siéfpg‘wm?@g&% amRoEmal, Hitad @arcaep skin.
herein. FIG 1. Shows a linearity plot for _
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trend line is representative of recovery for all three
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platelets and I nflanmatory céll to mgrate in
wound. bddeseDaracrophages amf lesprmaibte Yophagwphs udrndopinhged matrix

I whi ch, hel tabilize t ung. F.
BB e & Aoy Bl Ty b 4% d2bhan e wound
GieZBEnt&8Id BB rati W pHakO wathitRe thiglddSn FRALLRBRESSd KRE8hocytes
the wound. These macrophages are responsible for

ralerthe prepnd. alids apmiglrgblasis mhich predeseadollagen and atiss zatrasellular
\?\gall}ﬁg'prot%insogeclew%rog%huljaggﬁ %1%?&64?0%%?18&0) Gragﬁleation tissue is
typically perfused and fibrous connective tissue that grows up from the wound base.
During the wound healing process, collagen molecules form a collagen-fibrin matrix

which facilitates cell migration into the wound.

During the proliferative phase, the infiltration of fibroblasts is crucial to the
wound healing process. Specific cytokines such as platelet-derived growth factor
(PDGF) and transforming growth factor (TGF-8) are fibroblast regulators, which are
involved in the production of granulation tissue. Furthermore, TGF-B aggressively
stimulates proliferation of fibroblasts, which are the most abundant cell type found in

the wound bed. During the final phase of wound remodeling the deposition of
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next enters the proliferative phase with the mgration
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r SHE,
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SORuShURBuNit chains is quite distinctive. The pattern Gly-X-Pro or Gly-X-Hyp,

where X may be any of various other amino acid residues, is prevalent, and

specifically the arrangement Gly-Pro-Hyp occurs frequently.

The present invention provides a method that calculates total collagen by
analyzing for these three most abundant amino acids found in collagen
(hydroxyproline, glycine, and proline). In one embodiment, total collagen is
calculated by first calculating the three amino acid concentrations (pg/mL) based on

their respective standard curves.  Therefore, the concentration (pg/mg) of
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respective standard curvesIgAﬂ‘Wé‘PéPHf (?nctwg/mL)ijampleVolume

concentration. . (g/ f 11 WO 20608036804
PCT/ US%HBW%?@%%’?%T?@&F‘%%?M orine, gryol g, I(ﬁ&?
proline in each sanple can be determ ned w %?e

equation Amno Acid Cone (fig/nmL) = Analyte Peak Area
- b m where bis the y-intercept and mis the sl ope,
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it
sanpl e o? wet “ti1s or “ea
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factqr, .and fjnal e vol m) i nt | |

B B8 Porihe R (R Ko eBiRE 0 ot ganfieelveine, and

\sfﬂblli‘ﬂf@for/'\bﬂé PartGiad tﬁ%n@f éoléﬁ%eﬁ, rﬁg])tltpﬁgdn Bg'(f?@l.f 36150k represented
a

nmpl e W (n‘g) Tot al” col I agen nma e cal cul ated _
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' . pr.oli [ . f
At DRSS e bR 20y BBt Bl (B Cottgen -
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C

The values for C are available in the literature, and reported values may vary
with collagen type. For example, the sum of the known percentages of
hydroxyproline, glycine, and proline for collagen reported by T. M. Devin, Proteins I:
Composition and Structure, in: T.M. Devlin (Ed) Textbook of Biochemistry with
Clinical Correlations, John Wiley & Sons, Inc., New Jersey, 2006, pp. 101, is 55%,
and further reports that collagen is composed of approximately 9.1% hydroxyproline,
33% glycine and 13% proline, for a total of 55% of total collagen.

Collagen must be isolated from a sample removed from a subject and often
chemically prepared before analytical study. Such procedures may include several
steps such as freezing, pulverizing, lyophilizing (dehydrating), hydrolyzation, and

derivatization. ~ Other steps may include digestion of non-collagen molecules,
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proline for the particular type of coll agen,
multiplied by 0.01. This is represented belowas "C "

wob@s®e3439C i s the sum of the percent conpositiPer/v§2007/079153
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nalyte nd the naon-.pol ar stationar ase. l.n )
PR AR, JRRERE A P RBOTIN Pkl gy ot w-vis

tabeorptibihi @pédtAnoOeinReNthad htet Rpiddy paiig tharges sz&hﬁ@sﬂow cell,
bound to the stationary phase. lons of the sanme charge
apeh asde apddlRLC detgetorl ~ conpani es make HPLC i nstruments

and accessories conmercially avail able, such as

D. EXAMPLES

The following examples are included to demonstrate preferred embodiments
of the invention. It should be appreciated by those of skill in the art that the
techniques disclosed in the examples which follow represent techniques discovered by
the inventor to function well in the practice of the invention, and thus can be
considered to constitute preferred modes for its practice. However, those of skill in
the art should, in light of the present disclosure, appreciate that many changes can be
made in the specific embodiments which are disclosed and still obtain a like or similar

result without departing from the spirit and scope of the invention.
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Agi | ent Technol ogi es, Hitachi, and Waters Corporation.
HPLC i nstrunments can be outfitted with different types

woboodesaset ors, for exanple, a photodi ode arr agpCT/US2007/079153

detector. A photodi ode array (PDA) is a linear array

of mujtdple, {ndepende hot odi ode el enments arranged

t oget h ’rg,apanGJIF d@i‘&ﬁ‘ﬁ?‘b?“‘gﬁr raion egrated circuit chip

or mul FilphfXN&kss, 5Um ANLELEAXERRNal Whudd® WraeRG et ddififly on 20
image plane of a spectronmeter to allow a range of

vieregstin giire (s serafer eChedkingnedallicnsgomeved dymingayound creation
Lakly useful f recor.di the full
55U T8y RO BAH BT SECRL IR DG e

pasddlnenst §ureddghs sarBplePlo€ okayy, Gehdt, ski UCKo@sdsi WerdNdressed with
HPLC detector. D. EXAMPLES The foll ow ng exanpl es are

i Reedrgad” (o hudirepilaid drassipletns drevsingsiyeas gbanesd 3dimt>aqiner week.
HERL) 9o R BRI SR ALORE Plliabon e
exadgdli@s wak rahofed| dndvirazeprae s8C tneit hsddafoe soldageacvelysid. These

b 1e inventor tq funct] well in the practice of
tlﬁsd$ﬂW§@W8 a5 SHRP T i TE R EnE SEHE der ed 1 o

constitute preferred nodes for its practice. However,

those gfteSkdllebtidd) thd BEz&f §kis BO¥eSbarples! W@B huRferib & with a multi
present disclosure, appreciate that nmany changes can

bemphabiepikvetitas (Wheie sdmple dndpodivemgert, Siespech Mexd, the samples were

iscl-nsed and still obtain a like or sim.lar result .
RNl R B8 Biset Sy £oARslion DERE o e stin
| tivs@A ah@Rxpdsds YIre QOFAEBH89 1w e /HFR 08 7dOfiP Uk3tisske.  Following
Sanmpl e Coll ection and Preparation Full thickness, 5 c

m
diyaphitiertioay gangnl enuprevssditrasialhe fer fatted ap diye dbr-sanyty wephes @f 70%
shi ' f ahao, T, . Ihhé,0
SO0 (8 0500 TR, AR . S
-8&€ than lallqwied tni dnyogeotmntdnipensed. f diftee alrliagethe samples were

ﬁlg'?lkiég"lge%l tﬁ;ragl%?lg agyds, a%(ﬁfﬁgén ag%]\éq&dgicg a'rgzpvécte ?toflo"C overnight.
%Wlfé@ g%?ﬁﬂﬁﬂt@&f?@l@é éﬂﬂe%%ﬁirﬁ@un@%é@ﬁ%ﬁi@ﬂﬁgﬁiﬁ% Zemove

changec i mes per week. On Day 9 post-wounding;,
amymagssdusk rleydeenbhherin zel and thegr sasohsititod witsweter to a final

medal |.i on r ve ng frozen at -80C until used
fcé)(rglc%ncg alggﬁ\éﬁg%%gﬁgfgzmiﬁ%&rgpénedal lions served as

sanples of initial healing tissues. After collection,

the frAlapediicn rédusts Ueers dagpldas WeinearPih Ve fingBE Mbh0.25 to 24-
mul ti  sanple biopul verizer (Miulti sanple

bl,t%ﬁlgﬂ verlilzigly samplsceptaningyanaroximgely d pr 49 “waghnL of skin tissue

was derivatized with one milliliter of a 1.3-mg/mL solution of 4-
Dimethylaminoazobenzene 4’ -sulfonyl chloride in acetone. The derivatized samples
were diluted with 500 pL of 50mM sodium bicarbonate, pH 9.0, to help neutralize the
pH of the sample solution. The derivatized samples were incubated for 10 to 15
minutes at 70°C and then lyophilized overnight. Following lyophilization, samples
were reconstituted with 2 mL of 70% ethyl alcohol and filtered with a Whatman
25mm GD/X PSU filter membrane into an HPLC vial.

2. HPLC Analysis and Validation
All filtered samples were analyzed with a Waters Alliance® 2695 HPLC

System, equipped with a 2996 photodiode array detector and Empower software for
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| yophi li zed overnight to renpve any excess water.
Pul veri zation breaks up the skin tissue and exposes

wore0e/03480f ace area, which hel ps to de-fat the PCHES®NT/079153

Foll owi ng |yophilization, sanples were sequentially
de-fatted.in five, 15-m nute _washes of eth i
DS OB R ATTLRAGN Of 1elots e%eeﬂohvfﬂwwof/%alycme and
1000 aeREO RRasusadRL @36 ME! ertidh e&vetel %ge HO1E YoeBlod utilized a
roomtenperature. After drying, the sanples were
hgrdeapidticagd ﬁ’bemmmXa@ﬁdmleQl flih ¥ dmrof argiNB-micron particle size
hydr ochl qr.i c a at 110C gvern

SR S0 fosfits it BhpradeiPbd conBifhue e aismixed and

Iyop I'lizatTo

optefilérgd indbile RABY 6f 7098y 25 @8l dptahsshivd hREIphare] fHALH @ buffer and
and then reconstituted with water to a fi nal

ctive astteniirilen Bagh irstion lastedgiSrmingtes geip owapte of 0.5 mL/minute

R R I MIT O i N

apprueesi nihe ltiynel b@wxerd Q6-dndn® minotes alowed itlss U@lunﬁ’taﬁ) rinse and
derl at|% w.th one mlliliter of a 1.3-ng/nL
syt beforathe mekepisglidhi noazobenzene 4 -sul f onyl

chloride in acetone. The derivatized sanples were

di | ut ephem P 809, deh @ @Waﬁﬁgﬂebf Meb OafeRe t§ccupJE|y,9 T]ﬂ'ecmlon

to help neutralize the pH of the sanple o ution:
chsciaay/iepeetakidityp | lasit wd rdstdcticnbatdeimitorf q@antitatibs. Linearity was

70C dth | hi | d i ght. .
MU
WyldPo:&d prdlinef gl?@i?{@ eénﬂ roleC e4Halin paéinfo 14 @red g)&rth Each standard

Wiat man  25nm GDY X PSU filter menbrane |nto an
\ﬁoape.nt@.twmma@pmwﬂybwmaraaeamsua &npon smnﬂarﬂucpn@ern@ranon and the

E%Ei%la%@%éﬁic?eﬂﬂ%g %Qgﬂatte raé/%é 33% 1@"11{1 &R gerd) ha 26§9/correlat1on

arra

detfatiant gasatkr Brmoieos. saﬁ&uwwwﬁ@deterﬁﬂnéMQ@ﬁ%ﬁ@6&9s'bmples on
PEIT/ US2007/ 079153 . dat a tgr ocessi n For the
t SARF fEYi B BtsuriBe dhatcibr | aygreacd ﬁww%wyﬁaéw rigandard deviation

AREE)NGas ﬁa@g thddl @5%"‘90% E%%?i% 8ee8oné %@ec‘?ﬁ%&q Bk Sds%ayed by

reversed phase HPLC net ed a econdi ti one
Rmelygmgnex injGemingiof M €08.glBl starﬂ;laﬁin"mar}amgj ti®- enlemoriots for each

| d
@t ol Rt S e R PR ol pAEPRTEsepeptabiiy

uk@efhans tefted’ 09%evABat ﬁﬁ@fdﬁ%‘réﬁ{r@aﬂl RSHeddratiomdHprepared b
?imjo bu??er and 8%/% ace{f%‘mtrl | e. Eac |I§1}Iagct| oan P y

|sgRaralg 4slysisn gn dbrogjdiffersnt pesasipat énéﬁnmnsgﬁhatnﬁhn RED was less
atflax{ qgg] Tpf)oga gifﬁ%gs??n '5':3{8’ rlgs)éytg &O%ein‘f %lyghreﬁ.ﬁ)gc%sllcmg averaged.
Héhall@e Nir2i6 cﬁ’ndietéldimm mﬂt Hﬁntabf Qlw@rdltﬁthﬁl Gak Weteringhedi B Rssaying
asglqially diluted standards, diluted below the lowest linearity standard concentration.
Three consecutive injections of each dilution were made, and then the
chromatography was analyzed for a limit of detection/ limit of quantitation for
hydroxyproline, glycine, and proline. The mean and % RSD were calculated for each
serial dilution concentration and the peak signal to peak noise ratio was also
calculated and recorded for each dilution. The limit of detection concentration was

the concentration which had a signal to noise ratio of 3:1. The limit of quantitation

was the lowest limit which had a RSD of less than or equal to 15%.
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equi librate before the next injection. The HPLC net hod

was validated for linearity, accuracy, precision,
wW@ewanasyl repeatability, limt of detection, apdri/is2o01/079153

of quantitation. Linearity was determ ned by assaying

five s dards prepared with known concentrations of

hydr oxéfg‘??ﬂ“ﬁtﬁe, gl yci ne, and proline, ranging from

0.75 t@a 24idabiwasEamipistandaldw aRANGRNLHALIORMBE is accurate,

plotted show ng area versus known standard

ceneeidisr angt iehiableaddie mmthodoway tebted toverdfp élidt ithd eviernalagandards are

C I- far C Fa i_nearit sed.had a ) .
SN Pk g2 TR TSR DA B oty i
wes Taé einearnadrdiytioaScridiéhts (X \HRM¥R) &% 1BArotyRRIERMBlycine, and
day_ and ensuring that the averaged recoveré@ relative

sPRHBGMErE 8Pl 801 REPY 1802, cnd 4 Poth=1%5081, mespeoievely. The
S [ | Si S nal yzin
SRRk e AT PR ARG AL o TR RSB B e, and
codoline weot HHuhdto Baoh 2, 006a%IdN 1 2pd/RD S thixortiBisihpe signal to
RSD was | ess thap % _Accuracy/repeatability .

(RYBULER @2 3)1 (Rergl et Bgsbyalessal tatlpwest spacegiratier it the method
S r r Y
R Gl AR S gL (SE R R EL gt o
velscihegmd O Hamg/kB9%ok prolimac Mhoscadics iweaa dalbwsted ukiap ad AYeraged
for,all three.occasions ayeraged. . Finally, limt_o .
Ak dpio R A B nOPE a0LAR AP R EhPUAS GRS s leviation
aﬁ/glas(ﬂ)pgfu;gri ally diluted standards, diluted bel ow

the lowest linearity standard concentration. Three

consecutive injections of each dilution were nade, and
then thee acprapuicaepiaphly (RsEnanwuesy Aedintdeatey nartriof &fs method

' i [.tati A xyproline.. .
SGLSLLSR o T I LG L YR O R s
césoe chtoethtdgpam éachows én iFAG. di | Thé edtertioncenéy &iri lgdréidroline,

t he .peak ,signal to peak noise ratio was al so.
e lE e vecchiaad Sormgads BOMiEs BRPSCHIEn | Sixtndividual
o, ek r @l | 9Ny
B e A B T e
cfadririthegnadyst. Whe nteae ahdwaativel staridardevedtion athsaneRSEloflated per

e TR R -

oy bt ffom aNakvet BadastoRs THE HRAk fiTRINEQLcdsfordR S R 21 g/mg
specific, and reliable. The nethod was tested to

vietal Follageatvitha S0t OReR.  Shanuerrld sneandforl alhecsasipns) avas 240.82
%&gr &ft?lg‘é&faé% 5\?7%19/ %110.’[{)%5 %&ﬁloﬁigtrix%l s a%dt‘lallrglngé:vliaﬂledn. The

near correla
cethewiepnitsbility2 regaltu és) edeh rochysisro iy bodral ey hit€shown in
alna%le 1. The results indicate that this method is accurate for analyzing collagen in

skin tissue samples.

Table 1. Accuracy/ Repeatability result for each occasion and overall
averages. Table shows total collagen measurements for normal, intact,
porcine skin for the 6 replicates on 3 separate occasions.

Total Collagen Concentration (pug/mg)
Specimen Occasion 1 Occasion 2 Occasion 3
1 267.370 229.545 206.841
2 268.506 232.795 193.746
3 289.808 212.886 210.740
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proline were 0.999 + 0.001, 0.999 0.002, and 0.999
0. 001, respectively. The |owest concentrations that

wo bmsosshod can det ect for hydroxyproline, glyeptTes20amnaroiss3

proline were found to be 0.12, 0.06, and 0. 12- g/nL, in

[ | f 3:1.to
o e o g R 30 0 oo SahThhe uilon 2487
t he t hod dcan guant |2f76 1¥%r_edach qt%ﬁ@;lpd is !0 2231 339
g/ L flor _hy@roxyprol i R40-88312 ¢/l £236.5581 yci ne, 21037
0.24 d/mL for proline. These val ues were cal cdl ated
usi ng |aviemver aged| peakgpasi o of 4: h3siogpal to nop®er48

and ar] aygrged percents sl alive stanfggd devijali ofp 43

(9RSD)of 7. I3, The accuracy/repeatabi Tty tegting was
an i ntp L,ou~ artrof—tt 2 rethod—-quali-fHcat+gn—and
was per o .. a—oH—hon—We ..éw poretne—ttssue—~A-typical
skin tq) L chromat ogramis shown in FIG 2. |The

r et entlian %m for hydPdQyprolline, glycine, land

proline vvere 11.3, 18.6, and 24. 9 'mnutes

ana o e o B " BRI oo

daythod abelirady htetcastawy Stat tHiB Qné’(ﬁéifl d@é%dndtainatyhé‘ or bias from the
standard devi ati on was next cal cul ated per occasi on.

THEEY dREEY SR dlissah anadiie raafl | thatenay intpdersnegsoeyist for the peaks of
diﬁf’e'rc%i.' @ﬂe ctCSQ Céﬁlrrﬁ)tlgg/as Hs?‘édnigr hes &L& aﬁ(&%gk%# &Jb‘h‘éﬁe with

occasl ons. e nMean Tor one occasl on
t@%aBO%olllOﬁ?gfe randi 120%a ofb. 26.07Sh]. Toeceaveatial |staﬁ'&z&ﬂ_ c{(fnﬂzﬁnmg a

al ] occ was 240Q.82 gg/ total coll agen th
B8O g&gt P afrév%ﬁ?lg% Ths Atkseal raeveat Wéwhefirr?élculated for cach

AFYE 6N BREHsARIh lat Mede St 1te'i3at1fvg ta%ﬁ&rla Mhorﬁ{f’d}gxyprohne

overal | averages are shown in . The resul
i mehveate weteat01t (9% widlt h o83 VR i cGi)axr@ eorveanalverd HY.50% with

FEIGHERr bite il ets B B SRaudREntalnt GG HRF 4 varsD of

aSI 89.apR%s wdilpeBerara\iSr dh %bm@@hér@gﬁﬂmﬂg ASLHRABALLSp bfween the
normal , intact, porcine skin for the replicates on

gt@ba@ree@@tr%@@agpréﬁ%theﬁ@ﬁomtlc@oqqnagéwtlennEbﬁ eorzglitém coefficient,

O PP G b B0 T, e

%thiﬂlﬁ Wdr2. B85 2kOhyd ek ypldind00 280 8b0 gBBGE, and 0.995 for proline
/ USZ 07/ 079153
igure Correlation coefficients approaching 1 indicate that the actual
concentration is equivalent to the theoretical. The results for this spike study

confirmed that there were no interfering peaks from the skin tissue matrix.

To ensure that the method accurately measures the smaller amounts of
collagen found in newly healing wounds, porcine granulation tissue from 9 day old
wounds was analyzed, and the data is shown in Table 2. All samples fell within the
linear portion of the standard curve. Thus, the total collagen concentration in all
samples was calculable. The mean amount of collagen found in porcine granulation
tissue was 56.846 nug/mg whereas the mean amount of collagen found in porcine,

normal, intact skin was 240.823 pg/mg.

Table 2. Quantitation of total collagen from 20 porcine Day 9 granulation
tissue samples.
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4 257.894 236.700 258.787 5 276.174 244.210 231. 339
6 249.883 235.559 232.037 Mean 268. 273 231.949 222. 248
WORBR056820 4.55 10.45 Overall Mean 240. 823 OveCEIUE2007/079153
9%RSD 10.70 A spiking study was also included in this
met hod qualification to confirm nethod accuracy and
to show that this nethod does not anal yze for bias
from t he Pordramal , iTataldeolgph ti s¥renllegse and t hat
no i nt ePfasplatiees exfencehgptiathe pedkanceftrationt er est. One
i nt act TskieSasgnpl e waGighsegd for thi Sugimgly and spiZkRsD
in duplicatle wwth 0%3988% 100% and 120% of a 6.0
g/ mL concentration stagdasd containing a m xture of
all three am no aci ds.5;3be percent recovery was then
cal cul ated4for each af 4ghe concentrations with a nmean
and rel ative standard 3qﬁgation. Hydr oxypr ol i ne
recoveries were 101.0 J@ﬁ@th a 5.93%RSD. d ycine
recoveries7mere 100. 5Q0% W.th a 9RSD of 9.52 and the
mean for proline reco 28s was 101.23%with a %RSD of
5.89. Plot$ were geneﬁgﬁg for each conponent show ng
the rel ati nship bet wed¥0fhe actual concentrations
versus thel@heoreticalo3d8acentration. The correl ation
coefficientl vy-interddp0 and sl ope were cal cul ated
for each pldt. The cordedati on coefficients for each
pl ot were 3 995 for hydroxyproline, 0.988 for glycine,
and 0.995 {gr prolines3@gbgure 3). Correlation
coefficienjs approachigggsh indicate that the actua
concentratjon is equiwglapt to the theoretical. The
results fof,this spik%g%gydy confirmed that there
were no inferfering p é 7fromthe skin tissue matri x.
To ensure at the ne 3 2 accurately neasures the
smaller a nts of cdli! %en found in newy healin
wounds, pof¢ine granulf8P8n tissue fIoMD day ol d 15:36
wounds was anal yzed, and the data is shown in Table 2.
Al | sahPissusfiehl within the |inear portion of the

st andar.d ve. Thu the .t ot col |l agen concentrati on . .
noan | T HEHCm S xeul ot $Rm R S8 IR b 108 etuson
cithésageme hoddyprolip®bsd Me dafiamilledidaRn A hinEBate M@Ferent columns
56.846 g/ ng whereas the nean anount of coll agen found

i Wergdegtph aluring ghigaprocespt weth dieshrepals 2hpingdausyigrg. Gemini C18
column with a wide pH range. The method was validated based upon USP guidelines
found in, Section 501 of the Federal Food, Drug, and Cosmetic Act, <1225>
Validation of Compendial Methods, in: (2004) The United States Pharmacopeia 27/
The National Formulary 22, United States Pharmacopeial Convention, Inc., Maryland,
2004, pp. 2622-2625. Coefficient of correlation values (r*) from the linearity studies
show that all analyte assays were linear between 0.75 and 24 pg/mL. Recovery from
the spiking study showed that the method is accurate and no confounding bias was
found. Method precision was demonstrated by producing precision results of a RSD
less than 3% for each occasion of this study. Accuracy/repeatability of the method
was shown by producing an RSD < 15% on three different occasions and < 20%

overall.
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Table 2. Quantitation of total collagen from 20
porcine Day 9 granulation tissue sanples. 17 WD

wQOe80836891 PCT/ US2007/ 079153 Porci ne Total ®Eot/Usyero79153

Mean Col | agen Granul ati on Concentration Concentration
Ti ssue Sanple ég/ng) (g/qg ORSD 1 39.388 2 58.405 3
53. 981Methodg uggR to Quamitythe ssradl] amownts pf7@liggen pgpduced in the

20981 SSunE peirty M ey iyt RgclDyad Jyfdted

Swig2ifornihg idiActl @B cin® skih. OGBcéﬁalﬁiéﬁ:dlﬁleiiﬁethéd was used to quantify

cuss This HPLC thod required caref
‘iﬂ?lnaﬁ‘?r&f&t’?r’léffl BYFEICE ¢ t’c?Pdé*é“%PﬁWWﬁ thi‘tu%é%méflmt pecollagen in

Qrt%ﬂep{?vgﬁl'drf?ﬂ ndid bR 1HRen I\éﬂgés dfét R&ake R‘étﬂ%ldmf’ﬁé cﬁ’lfrent method
different colums were teste ring I'S proces

wviias Ipripedtto he sahditgvey la‘cca,lrateehnd@rew@edaeﬁemnmt 1€&kBa range 'of 0.75 and
24 pg/mL. This method allowed for measurement of the amounts of collagen found
in normal porcine skin (~241 ug/mg fresh weight) and in a porcine, granulating 9 day

old wound (~57 pg/mg).

* %k ok ok ok ok ok ook sk ok ok sk ook ok sk ok ok ok

All of the compositions and methods disclosed and claimed herein can be
made and executed without undue experimentation in light of the present disclosure.
While the compositions and methods of this invention have been described in terms of
preferred embodiments, it will be apparent to those of skill in the art that variations
may be applied to the compositions and methods and in the steps or in the sequence of
steps of the methods described herein without departing from the concept, spirit and
scope of the invention. More specifically, it will be apparent that certain agents which
are both chemically and physiologically related may be substituted for the agents
described herein while the same or similar results would be achieved. All such
similar substitutes and modifications apparent to those skilled in the art are deemed to
be within the spirit, scope and concept of the invention as defined by the appended

claims.

19



colum with a wide pH range. The nethod was val i dated
based upon USP guidelines found in, Section 501 of

wo bewseader al Food, Drug, and Cosnetic Act, <1208EUS2007/079153
Val i dation of Conpendi al Methods, in: (2004) The
United States Pharmacopeia 27/ The National Fornulary
22, United States Phar macopBiBERENGENt i on, Inc.,
Maryl and, 2004, pp. 2622-2625. Coefficient of
correlation values (r) fromthe linearity studies
show t'Hetfolbivingnafeydnees $s theexwat that ihee providd enegiplddy piocedural
and 24 g/l ,. Recovery from the spiking study showed
t%}tg%fﬁ%t%létsr}me}em&m%% BOE seh EO%E%@H Bnierigcylaigcorporated
ViIRsein b9 YedrenbEt hod preci sion was denonstrated by
producing precision results of a RSD |ess than 3% for
each occasion of this study. Accuracy/repeatability of

t he net hgd shown_b oduci ng an RSD £.15% on

t hree Wi s f éf’}\é{ﬁ%’ 8{; é‘gg%%%%gﬂlér masay;, TeyiFRy gf its rﬁ?%s\/\b acute and

296}193689Foudd/ US2Q0did D 791581ideMet hogsindged t paugust 2005)

3gant|fy the small anounts of col lagen produced in the
Ve wertdwidewandsepmt s,  nedS/Bgusiéinbintty/ FatrackRdatric-Acute-

Nt s validated wusing normal, intact

ggﬁéﬁ%éNgﬁ%ﬁggﬁﬁge val i dated, the nethod was used to

guantify collagen |evels in porcine granulation

t i ssudnbwe, end/ueof Caomarntpiyad,i700:201-2601(1E9en in

this tissue would fall within the linear ranges set

for t thod. The cuyrrent neth has proved tq_be

sensi {}_? tf’geé%aé’ﬁ?rai‘g}aﬁt&{dﬁf’eg?’g@ ng%éi“l%\‘f” ﬂgggz-gg:% (1967); B.
rREAARL att GIKaS6nneh BhlWkicalBbsnRtPAoth-a81.0yed of 9y,

measur enent of the anmounts of collagén found 1In

normal_porcine skin (-241 g/ng fresh weight) and in a
por ci A&, Ingreanin/ad.iof ghoorgatpgraphyBwotnzb 3 57(2§0hy) . Al |

of the conpositions and met hods di scl osed and cl ai ned

her ei ) cRNVBGinesBAS @?%be%&?gels'tﬁgi &‘fiﬁi?&‘ﬁndz}:'z‘?c%“% 1.9 (2003);
g t o e.

experimentation in Ti the present di sclosur
Wil e the conpositions and nethods of this invention
have Heen \degeez-Oett, etrelt, dr ofilighid Ghremengeaghhy & Related Tech., 27,

[ Sn-kf Wl be apparent to those of skill in
ﬁﬁgggbgﬁghdgogériations may be applied to the
conpositions and nethods and in the steps or in the

sequerceFoDiegdBm ahd tMe areEhads Fiessd-t hedphesigld, 9:283-289
wi t hout departing fromthe concept, spirit and scope
d80@4e i nvention. Mre specifically, it will be

apparent that certain agents which are both

hem i@l 1
L ST RO o e Al N T

sane or simlar results would be achieved. Al such

C. T. Hess and R. S. Kirsner, Advances in Skin & Wound Care, 16, 5:246-257
(2003).

United States Patent No. 5,162,506

United States Patent No. 4,597,762

United States Patent No. 5,814,328

Section 501 of the Federal Food, Drug, and Cosmetic Act, <1225> Validation
of Compendial Methods, in: (2004) The United States Pharmacopeia 27/ The National
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simlar substitutes and nodifications apparent to
those skilled in the art are deenmed to be within the
W(sptiosliolsasmcope and concept of the invention aspcdeisnetdo791s3

y the appended clains. 19 WO 2008/036891

P 2007/ 0791 3 REFERENCES The fol | ow
f@wfaﬁ e¢ mdatex £l ﬂﬁ?naﬁﬂ%ftlatq%‘é‘}ﬂe}%?%ﬂﬁé Masmsndr 5004, pp.

Q&g@gﬁggal or ot her details supplenentary to those

set forth herein, are specifically incorporated

herein by reference. G S. Schultz, et al.

Ext r ackl WIIéﬁrvimmRmt@ms k. eVoraposatiori agsd Stiuetsrd, inadile Daemldn (Ed)

hfetxgb }c‘ \ﬁmu%%ﬁ(lg&? '&bﬁ{géay\gu r}f(ejﬁz’tim(t Aljg}lljns Wi?e%og)SOns, Inc., New

Zgaépaymgsﬁjsgmultz/Extrace Matri c- Acut e-
Chroni c-Wunds. htd. I noue, et at., J. of

Chr omat ogr aphy B, 724:221-230 (1999). H. St egemann and
K. Stalder, dinica Chem cal Acta, 18:267-273 (1967);
B R Switzer and G K Summer, Analytica

Bi ochem stry 39:487-491 (1971). H. Inoue, et al; J. of
Chr omat ogr aphy B, 757:369-373 (2001); D. A Martinez
et at., Diabetes Res. and Cinical Practice, 59 1-9
(2003); F. A Vazquez-Otiz, et al., J. of Liquid

Chr omat ogr aphy & Rel ated Tech., 27, 17 2771-2780.
(2004). R F. Diegelmann and M C. Evens, Frontiers in
Bi osci ence, 9:283-289 (2004). J. Meszaros et al., J.
of I munol ogy, 165:435-441 (2000). C. T. Hess and R

S. Kirsner, Advances in Skin & Wwund Care, 16,
5:246-257 (2003). United States Patent No. 5,162,506
United States Patent No. 4,597,762 United States
Patent No. 5,814,328 Section 501 of the Federal Food,
Drug, and Cosnetic Act, <1225> Validation of
Conpendi a) Methods, in: (2004) The United States

Phar macopei a 27/ The National 20
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WD 2008/ 036891 PCT/ US2007/ 079153 Fornmul ary 22, United

St at es Phar macopei al Convention, Inc., Mryland, 2004,
WERos/0AB2P- 2625. T. M Devin, Proteins |: ConpPSI/USTN7/079153

and Structure, in: T.M Devlin (Ed) Textbook of

Bi ochem stry with Cinical Correlations, John Wley &

Sons, Inc., New Jersey, 2&@‘}%@. 101 21 WO

2008/ 036891 PCT/ US2007/079153 CLAIMS 1. A nethod of

assessi ng wound heal i ng progress conprising: (a)

obt ai NA Mgetlfod dfH84RsiBARMRBD héAMePry@eREoRpkingf a

subject; (b) processing the tissue sanple; (c)

separ de) ng Qtsivinge, tispreotainpde frama Wwdmitgt elsibiect n t he

processed tissu anple b i.gh-pressure liquid

chr omat ogr apﬁﬂ(f/esglggglbetwgsls%e %gnnﬁq(ffte peaks areas; (d)

det er nichi NGsepRAGRNLIYAINENS]IAS, ahDBy@bY Firokne iBrtHE pideessed tissue

and hydroxyproline in the tissue; (e) correlating the

concent r at | BAPIOPY kigh-pgesyeiedisuidghspmafegraghyto obtain analyte peaks

hydroxyprola'{rg,%.in the tissue with an anmount of total

collagen in thé tissue; and (f) conparing the anount

of tot@) coldtageningnoideatritics wé thatglydire, poaling, &idileydroxyproline

with the anpugt .of collagen in non-wounded tissue to

assess woun'd PH@¥Peng progress. 2. The nethod of claim

1, wheggin 60‘?1%12&!11%%&@0(111%61%#&"{%118 3F tthch{H%t ﬁx%ﬁn@,fanﬁl arm

1, wherein the tiSsue is granulated.” 4. The nethod of

claimi1, whedesxypsiliypsn (l®)tiséid with en pepesitafdotal cdlleget in the

once, and the igsue sanple is obtained fromthe sane

wound site GPUPRB%sane subject for each repetition.

5. Thefret h@ghpating kiad dhdunt WhkRichl1ddes is HRREstAat thd wound site

are repeated at |east once during a tinme period of

bet ween abotitth thegayeingaficadlssen innopereunded tisspado pgsessoround

of claim 4,hJaH£éJSI%rgrec§9_rrpri sing conparing the anount of
t ot al

2. The method of claim 1, wherein the tissue is skin.
3. The method of claim 1, wherein the tissue is granulated.
4. The method of claim 1, wherein steps (a)-(f) are repeated at least once, and the

tissue sample is obtained from the same wound site of the same subject for each

repetition.

5. The method of claim 4, wherein the steps (a)-(f) are repeated at least once

during a time period of between about 3 days and about 2 years.

6. The method of claim 4, further comprising comparing the amount of total
collagen in the tissue at a first repetition with the amount of total collagen in the tissue

at one or more subsequent repetitions.

7. The method of claim 1, wherein the subject is a mammal.
8. The method of claim 7, wherein the mammal is a human.
9. The method of claim 1 wherein processing includes the following steps:
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collagen in the tissue at a first repetition wth the
anount of total collagen in the tissue at one or nore
waeaesespsent repetitions. 7. The nethod of cl ai PELPS2007/079153
wherein the subject is a nannal 8. The nmet hod of
claim7, wherein the manmal is a _human. 9. The net hod

of cldﬁhr11%H@F@Wﬂfﬁﬁﬁ@@§§ﬁh@“ﬁﬂ@%udes the fol | owi ng
st eps: )22 C}%ﬁgg&{ 0868 %1.R lln 007/ 079153 (a) fat
rom the

reana tissue sanple, (b) dehydration of the

t|ssu&cbanﬁbdnﬂynmgHyﬂmmmyzbmgnnMenéampde to am no
aci ds derivati zati pn of the sanple. 10. The
nethoddgf ek %V%Hmﬂﬁghﬁsﬂnp e hi gh- pressure |iquid
chromat ography is perforned on a C18 columm. 11. The

) 538 hOdTHTéfmgth&!l BT difim Yhek&EiR tﬁ@l@l%ﬁnpges&@e Wi d@SorBatBftaphy is

ran of about 1 to about 12 2. The nmethod of claim
Iperigheedpma él1§tcobmmef the gl yci ne, proline, and
hydr oxyproline during the high-pressure Iiquid

ﬂr OMBHAGHARDY of SallP 79 W Reifl incShs ¢ %ﬁ”gg?%?Hcrﬁ%gergff})out 1o

ot odi'ode arr ay eﬁor
wﬂﬁnetm t he hlgh pressure liquid chronmat ography is
reversed phase hi gh- pressure l'i quid chronatography

ﬂéqu.TZ‘ﬁa”qrﬁ%E%r 88&5‘%?@ Vﬁlasem lﬁ{s*g:q'}éhepﬁa Sinsognsh

RRIASS TR @ﬁﬁﬁ% SHehi g@ﬂe@éxr@h&&iﬁfcﬁfoma%ﬁaﬁ@@ measured at 436

acetonitrile he nethod of claim1, wherein
e evithi aphogodidde amrycbt‘ﬂctoatl ons of the glycine,
proline and hydroxyproline in the tissue conprises

ﬁ‘) haeI nrr}e H? (I;‘i'glln(le T, W ergmlﬁﬂeo ﬁmhl%%]s(s:l?r%t(l%?} S ar f)grre]lghy is

cine, prorli and roxyp £o

tlbﬁeréléd)’lﬂia@@hlgﬁfrﬂéslsﬁl%,llqanﬂcﬂﬂmdﬁtagﬁaphp| ine in the
sanples by high pressure |iquid chronatography (c)

p otti .concentratlon ci ne, proline
a s&%ri Bl P bnviergipdhph ﬁmSéurﬁ 194}¢ghyeraatpgigrhy has
a&fﬁaﬁl@ﬂqa‘sg 8f 8593RB 1YM potassium phosphate, pH 11.0 buffer, and 30%

acetonitrile.

15. The method of claim 1, wherein determining the concentrations of the glycine,
proline, and hydroxyproline in the tissue comprises:

(a) obtaining samples with known concentrations of glycine, proline, and
hydroxyproline;

(b) separating the glycine, proline, and hydroxyproline in the samples by
high-pressure liquid chromatography;

(c) plotting the known concentrations of glycine, proline, and
hydroxyproline on a graph x-axis by analyte peak areas on the graph y-
axis to devise a linear standard curve; and

(d) calculating the concentrations of each of the glycine, proline, and

hydroxyproline in the processed tissue sample using a formula:

Analyte Peak Area—b
m

Amino Acid Conc (ug/mL) =
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axis to devise a linear standard curve; and (d)

cal culating the concentrations of each of the glycine,
w@emBios®91 and hydroxyproline in the processedPCT/ESM7/079153

sanple using a fornula: Amno Acid Cone (,ag/nL) =

Anal yte Peak Area - b m 23 WO 2008/ 036891

PCT/ US2007/0IFgai8d is Wiear-witercept iand trhie the slonead dlegplinegnstapdard

is the sl opg, efaltﬁ‘e linear standard curve; and (e)

cal cul ating @ concentrations of each of the glycine,

proline) aruilcutmﬂgmwwnaémfa@onmoﬁémeh bt §18 ey diksd, Peplide, and

formul a: Am noAcid Conc&{e% X f| nal sarrpl evol ()

Ani noAci dCanErgxygfolingjin EFPGF%&&% forgylag)  Ti ssuew

(mg) 16. The nethod of claim1, wherein correlating

the concentrations of the glycine proline, and

hydroxyproline in the tissue AﬁlﬁdA%@Hﬂémg/%L ot al
collagen in the tissue conprilsesu utzﬁﬁfactm mut-ax finalsamplevol (mL)
L

Total Coll aggpnoﬂay@&g@(/yy,%m (ud 39 Yl yci ne (ug
/ mg), proline (ug / in t| ssue) C wheléisnelt (nx)
the sum of the per cent corrp05| tion of glycine,

proline, and hydroxyproline in collagen divided by

100. 17. The nethod of claim 16, wherein C equals
0l6s5. Theamethod of claim 1, wherein correlatlng the concentrations of the glycine,

proline, and hydroxyproline in the tissue with the amount of total collagen in the
tissue comprises using a formula:

Total Collagen =

(Z hydroxyprdline (yg/ mg), glycine (,ug / mg), proline (,ug / mg)in tissue)

C

wherein C is the sum of the percent composition of glycine, proline, and

hydroxyproline in collagen divided by 100.

17.  The method of claim 16, wherein C equals 0.55.
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