WO 2007/079394PCT/US2006/062680 ARGININE HETEROMERS FOR TOPICAL
ADMINISTRATION FIELD OF THE INVENTION [0000]This application claims the benefit of priority to
U.S. Provisional Application No. 60/755,203 filed December 30, 2005, and incorporates by reference
this entire prowisional@pglication in its entirety. [0001]The invention relatespt((‘)Tz?F{r Enine heteromers

e

: . - . ; , S2006/
which have an improved apllitAQRenstisiema n rovide beneticial Heet for the
health and appearance of skin. BACKGROUN q@ﬁ @Eﬁﬁﬁ‘}%@%ﬁ‘%@ﬁﬁ%mme is a naturally

occurring amino acid which plays manyesseniiatrglesinsieman body. One of these roles is as a
substrate for nitric oxide synthase (NOS). Under normal conditions in the human body, nitric oxide
(NO) has a HitiHe of onfh8-Trabetidsidus thcitbeswiftifattivation sy lxyhemoglghisken forming
methemoglokin sGyeicEMRI$:a-dawnsties ! ntrols .most of the biological effects
of NO, while the. nitric oxide synthase I&}Noeg@;jgn%%%&egr%g%gg %:C)Fﬁ%ﬁr% gﬁl&eﬁ%r%%uction. The three
main types gf'%&@“&ré}’?%cﬁ? f}éfb‘itéf( 5@); 2) neuronal (nNOS); and 3) endothelial (eNOS), all of
which are fouggin the skin. All.the ' require oxygen and nicotinamide adenine
dinuc:Ieotidng(I?}dt)s]~| hate (NADPi%lgglg%éifg%%%%\%?%%%tﬁg &%ﬁ%{} ST PR IGIRRE(ABRIA) is a basal
inhibitor of theFRSS FaMitRymaHe Sfet AnddTevidrserairiakelfstafenivdvel hood doprdhincatses of
hypertensioskinypercholesterolernia and other diseases associated with impaired vasodilatation.
Elevating the concentration of L-arginine has been shown to overcome the inhibitory effect of ADMA
without leading to increased NO BrodB&ERAUIIDOFTRGE BN OWREGRNDlay an important role in the
physiology @8] skin with/eteets watngMQyoy@ﬁ%gtgﬁg@ngzglqﬁgsﬂ?yaﬁ?j&ﬁ%%&%%?f barrier
function, inflagmatory skin %Qdi%gso§¥1%h aslgs_oriasis, response to ultraviolet light and wound
healing. Increased tissue NO cOncentration Sumulated Tekiiaisdisiarsidanabgioyenesis.
However, NOPfiieEE4 6o isarmin thishamhouiodo. migiintamideffei@ivencaricentiationsnin the skin. An
alternate strategyswotid ipastarelevata@sgining G ti | e amount of substrate for
NOS to use(lr@\ﬁl;lles %%%gggn oerﬁ.thﬁger,%%g %ﬁ%é(ﬁéf%ggggglr%&%ﬁrgﬁﬁl'?C§fration. One
solution to this problem in other Heaies Na Beei S iMoo hiclpais Birgsriers Nenviito 15 units in
length (olig&rgifiineyifhesehesniNogh dsshme Heotively menbtiatepskinaod. inssease gapcentrations of
NO and havgpeyenresi:shopndtr V, agents across,cyt ic. membranes
(Cosmetic F?)rmulﬁltionis co g?él\linin Lrgﬁg%sgs ﬁrég%%lgﬁ%%g?’(%‘é}&e% tﬁ%ﬁﬁ%ﬁ? 'ﬁgmers, WO
03/072039 S\Zgl.hﬁov?/ré%vé}}fnl 89 188 e fhdheiid s BN e nty ey eiiieand thieotakatiidely unique

transport prisiseiefedistdtigslar gininsa (0 (OAPPED esifictexample Qhthedmpaaneeofapgiggenesis in the

skinisin themainjenance.okhealiy hal Qlclesy buring fhe [9lidle It grcle, angiogenesis is largely
controlled l@/ a halance between pro- and anti-angiogenic factors. 1£Hhas
ecn Tound in cases of hypertension, hypercholesterolemia and other diseases associated with

impaired vasodilatation. Elevating the concentration of L-arginine has been shown to
overcome the inhibitory effect of ADMA without leading to increased NO production.
[6003] NG is known to play an important role in the physiology of the skin with
effects on the microvascnlature and blood flow, maintenance of barrier funciion,
inflammatory skin conditions such as psoriasis, response to ultraviolet light and wound
healing. Increased tissue NO concentration stimulates local vasodilatation and angiogenesis,
However, NO diffuses freely so that it is difficult to maintain effective concentrations in the
skin. An alternate strategy would be to elevate arginine concentration to increase the aﬁmunt
of substrate for NOS (o use in the production of NO. However, arginine by itself has very
poor skin penetration. One solution to this problem in other tissues has been to link L-
arginine into oligomers from 7 to 15 units in length {oligoarginine). These compounds can
effectively penetrate skin and increase concentrations of NO and have even been shown to

transport covalently bound agents across cytoplasmic membranes (Cosmetic Formulations

containing L-
1
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been shown that the anagen phase is especially dependent on pro-angiogenic factors to stimulate the
increased blood flow necessary for the increased nutritional needs of the follicle (Cosmetic
Formuulations containing L-Arginine Qligo s,.WO 03/Q72039 A@ﬁolooos The invention described
herein is directSaB L SHAISH 1o 8?/83?@%9%era8‘é“ﬁ¥%6r“éa ISHEDEIEIT {3%Kkin by topically
applying argiriersfehemichibydband:tydysesynd thenroigoargind el zwrapownd in order to increase
transepithelial delivery of arginine through a cambination of increased solubility and flux across the
skin. The argif&IheteromerS St HRETHRIERLISR CHITAIRY SFSUREBIFATR B‘fgh%ngelﬁtary or beneficial
properties fortthenskinigeyorfdekidsedhdeibesarbinine e latddle Strnyplaryefotrednyvention 10005alln a
first aspect, thefe isJuavided: aheteramerobiamalant oA Rrgiogenic facdMRAEEEHALA is arginine covalently
bound via a carboxy graup or an amino Cglr%%g)egf fhe arginine to a second .compound R such that the
guanadino groﬁ% orthe arglhﬁfairéi Femains i eacatejfi; wherein YIS a retmoid selected from the group
consisting of retimolisstinainredisitiuddoand-stratingidhwihereir thehietetomiér Has greater flux across
the skin than aeginine ateee-10005biknasecondaspeetthersligpreyided a topical composition
comprising a 55%%85@%2@ formula | A-R wherein A is arginine covalently bound via a carboxy
group or an amino group’of the arginine to a second compound R such that the guanadino group of
the arginine r@mENs unretieted wiieeiarReSiaretinaldesaleetedr ey thepgradgpconsisting of retinol,
retinal, retinolg, agid, A0 eeURAIGANEEIN e NRIAeMEn e digalel i agross the skin than

arginine alone; and further comprising a dermatologically acceptable carrier or vehicle for topical

.Y

administratiof *FH0PBS TIPS i SEPERE TRETERPIOVIHEG THE TEE6t LRSI of formula I: A-R in
the manufactdebrefvafepicatmiedich memntfortreatigedaspbgpebsidrewdHeretnr@d srarginine covalently

bound via a carhoxy. araHP.OkaRMNG aHR-Afdhe-argininede.asecanthcampaynd R such that the

guanadino group of.the arginine re ains unreac d; \%herein Ris an ore%anic molecule, selected from
OF- vf-neﬁcx% eriies o e § SV 0N de that are %xﬁne—re}at .
the group consisting of vitamins and retinolds, and wherein eteromer has greater flux across the

skin than arginine alone. [00061ThissdigglesusetpEaviadas a:strategy for providing therapeutic or
cosmetic benefit to skin, by topically applying an arginine heteromer. An arginine, heteromer is a single
arginine moldétiiéahemically: BotinePts e sacsridovierbhigesrsinhe) ©smyiolnd in order to increase
rnmsepitheLial delivery of the arginine of increased solubility and Dux across the skin. The general

structure of the arginine hitt(?rorne is given in form _]a ii IOGO(l?]For@ula | A-E Where Ais a §jngle
.. . W %erem 15 Afgimine covalen a ) Viaa Car Cf)}éy arou 01'&1‘1 EP]"I’JEE C.2roup o .
arginine, molecule having a free (ﬁ:;uanlcﬁne group and Ft'is a second compound which is an organic

molecule thath§ HEtEigikirfessi Bl aPgiHhE THe afiniicecHiBdatlc2ingy Be sounthins tegetond
compound thraughegitheritmaanbaxydibarsinegrougand (he.guamiging groumef the-arginingsemains

free. The acid, and etretinate; wherein the heteromer has greater flux across the skin than arginine alone.

[6065h] In a second aspect, there is provided a topical composiiion comprising a
heteromer of formula 1
A-R I
wherein A is arginine covalently bound via a carboxy group or an amino group of
the arginine to a second compound R such that the guanadino group of the arginine remains
unreacted; wherein R is a retinoid selected from the group consisting of retinol, retinal. retinoic

acid, and efretinate; wherein the heteromer has greater flux across the skin than arginine alone;

and further comprising a dermatologically acceptable carrier or vehicle for topical administration.

[0005¢] In a third aspect, there is provided the use of a heteromer of formula I

A-R l
in the manufacture of a topical medicament for treating damaged skin wherein A is arginine
covatently bound via a carboxy group or an amino group of the arginine to a second compound R
such that the guanadino group of the arginine remains wweacted; wherein R is an organic
molecule, selected from the group consisting of vitamins and refineids, and wherein the

heteromer has greater flux across the skin than arginine alone.

2]



arginine heterorner may havema:atm flux across the ski_ alone. i00081The second compound of the
arainine heteromers of the disclosure can add other complementary or beneficial propeades for the
skin beyond those that are arginine-related. More specifically, the second compound of the heteromer
can provide other benefits such as, antioxidant capacity, anMogenesis augmentation, reduction in the
symptoms of acne, reduction of glandular secretions, reduction of the effects of aging, or wrinkle
reduction, Qpgsexampit.gf;a sReciHic smhedimentl thepdisciaguiieriseargmine bound to vitamin E by

an ester Iinkag?e.t.%sob égéats' \/ é}g {ggggm%ﬁwﬁtgg}eggﬁm@fgﬁ&ﬂes;hafgmmers offer significant safety
and cost béRetits. EQ0 \?Anot, er empodiment of the disclosure provides a method for providing a
beneficial dffeetsskin EErpFRITT BBREAIR ABPISThG B composition comprising an arg,inine heteromer
of Formula dii Zhe-beneficialeffeot oar inchudesbutisndinited ] redicHT 6T preventing damage
caused by sunlight, proyiding anptiexidant-activitsireducing ihe appearance ofifine line and wrinkles in
the skin, reducing glandular secretions_it[_eoduﬁgig Ipp% jeﬂffi%%@%aging, treating acne and inducing
angiogenedi&iehaiFfollfcie & BHeF esthption of Drawings Figure 1. Diagram showina the
formation ogﬂ%gignine hetgramer from vitamin C where R is hydrogen or Boc protected arginine.

Figure 2. Diagram showing the formation of arginine heteromer from vitamin C where G is hydrogen or
deprotected arginine. Frame 3. An IR graph showing the Arginine-Vitamin C compound. Figure 4.
Diagram showing the formation of arginine heteromer from vitamin D3. Figure 5 A TLC showing the
Arg-Vit D3 product. kigure 6 Effect of topically applied L-Arginine heteromers on human
forehead perfusion. Detailed Description of the Invention EO0101This invention discloses a number of
arginine heterorners which serve as substrates for nitric oxide synthase (with or without processing of
the heteromgtl.and whigh-have-inereasedfuxinwithrespectite: natvedrgirine, of the heteromer across

skin when applied topically In pther ephediments. far examplgsthesheteromersalso provide additional

properties StER"aS Anttioxidant activi%.”lOOlllThe hgteromers t(gxf thgihs i%/engon have a structure as in
Formula |: AbgrRrginine molecule may be bound to the second compound LAyoLgh CIlier 1

carhoxy or amino group and the guanidine group of the arginine remams Toe. 1he
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where A is a single arginine molecule covalently bound to a second compound R. The arginine
molecule may be bound through its free carboxy or amino group and the arginine guanidino group
remains unreacted and free. The second compound, R, is an organic molecule that is not arginine or
oligo-arginte 2fi§74i°éthbodiment of this invention the second compouna®:fustioes@raggdes one or
more of the properties selected from the group consisting of improving the solubility in oil or in water of
the arginine heteromer compared to arginine alone, and improving the rate of flux of the arginine
heteromer across skin compared to arginine alone. The second compound may further provide
additional benefits to the skin. The second compound is compatible for contact with mammalian
tissues by being non-toxic, non-allergenic and non-irritating. Examples of suitable second compounds
include, but arERBHIiRIEERE, VitahiisTretindids:ant fattycacids. fe0a2}Asearbiceacid (vitamin C),
alpha-tocophetieh{vitamin E) and retinoids (vitamin A) when used in accordance with this invention
may provide beneficial properties for skin. Ascorbic acid stimulates the synthesis of connective tissue
and in particul&®8stimulafés smdiregulatesdhétiprodudtionsof-callagenhdtiacts:te:help prevent or
minimize lipid exidation:aneeiher tarmg&ga&huwnda@em@%@w@m fern prolanged exposure to
ultraviolet rays,. elieved that asco c cid helps to inhibit the formation of melanin and the
release of hlsgﬁﬁégr%%ﬁc%a m}enm ar?:és scg:) Sic (éucniccji(’ééﬂﬁ’iﬁ SHESRES 0 vitamin E deficiency in
the skin, helpéﬁ‘ﬁ?é%‘ﬁffdi?t?&%lg&ﬁ%ﬁgﬂ@% "Wfi‘t e et -fremsidical activity.
Alphatocophershisianaitioxidant for proteetingdhe phospholipids af:the:cellmembrane and harmful

effects of freegadicals (LB Chazan etal.Free Radicals and Vitamin E, Call. Nun-. Diet. 1987
22(1):66-76). Retinoids block mediators of inflammation in the skin and increase the production of

procollagen le4diTg-16 RgEBIMARItALS sfappel Bner e IMresliblerc0L3]in some embodiments,
the second cor¥sainelscassitirnastich cstyitammin S rvitaitinb Lakitamin g2, vitamin B3, vitamin 135,
vitamin 136, wtaga B7, vitamin 139, vitamin B12, vitamin C, vitamin D1, vitamin D2, vitamin D3,
vitamin D4, vitamin D5, vitamin E, and vitamin K. [00141In other embodiments the second compound
is a retinoid. F¥¥Abids in%‘l‘@@l@fr@ﬁwiﬂmmhaﬁé%%m@ti@waiaak)gstmfdﬁd)ammi&r(r;etinoI) vitamin A

aldehyde (retkl&lﬂaﬁdta%ﬁﬂadk@% Q&Hﬁk@dﬁgﬁjﬁ}ﬂﬂf}q{y}qm}gﬁ%lg %”%9‘9‘35 -cis retinoic acids,
etretinate, angrgy;}%rf?e% 2bcn63ﬁ7 U S. Pat No. 4,8 and U.S. Pat. No.
4,888,342 (the dlsclosures of are a |ncorporafeﬁcﬁ{éar%llﬁ%‘ifj?e%?é“ﬁ@é jstious synthetic

retinoids and tﬁoﬁﬁjﬁﬁ‘ﬂﬁﬁépﬁ%’ﬁﬂ?@%éﬁﬁ% wencdl)y arelasp ertedline batysahut mvithis.invention, to the
extent that theyiexhiliit retinoidcactivity ine/iue yshich-a5 tﬂam@nfqu@mﬂg dbeuRat. Nos. 5,514,825;

5,698,700; 56964625688, 957867745}, 5.677,323: 5,677,320; 5,675,033; 5,675,624; 5,672,710,
5,688,175; 5,663,367, 5,663,357; 5,663, 3‘% 5 648 B1A: o 208 Llatins R

clég.’
Brief Description of Prawings

Figure 1. Diagram showing the formation of arginine heteromer from
vitammin C where R is hydrogen or Boc protected arginine.

Figure 2. Diagram showing the formation of argimine heteromer from
vitariun C where G is hydrogen or deprotected arginine.

Figure 3. An IR graph showing the Arginine-Vitamin C compound,

Figure 4. Diagram showing the formation of argmmine heteramer from
vitarin 3.

Figure 5. A TLC showing the Arg-Vit D3 product.

Figure 6. Effect of topically applied L-Arginine heteromers on human

forehead perfusion.



5,648,503; 5,618,943; 5,618,931, 5,618,836; 5,605,915; 5,602,130. Still other compounds described
as having retinoid activity are described in other U.S. Pat. Nos. 5,648,563; 5,648,385; 5,618,839;
5,559,248; 5,616,712; 5,616,597; 5,602,135; 5,599,819; 5,556,996; 5,534,516; 5,516,904, 5,498,755;

5,470,999; 5,468 879¢5355,265; 5,451,605; PCT/US2006/062680

Detailed Description of the Invention

(00193 This invention discloses a mumber of erghiine heteromers which serve
as substrates for witric oxide synthase (with or without processing of the heteromer)
and which have increased flux, with respect to native arginine, of the heteromer
across skin when applied topically. In other embodiments for example, the

heteromers also provide additional properties such as antioxidant activity.

LN The heteromers of this invention have a structure ag in Formula It

A-R

where A is a single arginine molecule covalently bound to a second compound R.
The arginine molecuie may be bound through its free carboxy or amino group and the
arginine guanidino group remains unreacied and free. The second compound, B, is an
organic molecule that is not arginine or oligo-arginine. In an embodiment of this
mvention the second compound R further provides one or more of the properties
selected from the group consisting of improving the solubility in oil or in water of the
arginine heterormer compared to arginine alons, and improving the rate of flux of the
arginine heteromer across skin compared to arginine alone. The second compound
may further provide additional benefits to the skin. The second compound is
compatible for contact with mammalian tissues by being non-toxic, non-aliergenic
and nop-irritating. Examples of suitable second compounds include, but are not
limited to, vitamins, retinoids and fatty acids.

[6012] Ascorbic acid {vitamin C), alpha-tocophero] (vitamin E) and retinoids
(vitamin A) when used in accordance with this invention may provide beneficial
properties for skin. Ascorbic acid stimulates the synthesis of connective tissue and in
particular 1t stimulates and regulates the production of collagen. It acts to help prevent
or minimize lipid oxidation and other forms of cellular damages resulting form
prelonged exposure to ultraviclet rays. It is believed that ascorbic acid helps to
inhibit the formation of melanin and the release of histamine from cefiular

membranes, Ascorbic acid compensates for vitamin B deficiency in the skin, helps



5,343,173; 5,426,118; 5,414,007, 5,407,937; 5,399,586; 5,399,561, 5,391,753; and the like, the
disclosures of all of the foregoing and following patents and literature references hereby incorporated
herein by reference. [0015]In further embodiments of the invention, the second compound is a fatty
acid. Fatty acwie znermesyacarboxylic acids having a saturated or unsaturage@rﬁ}g}ggg{&&ggﬁ As defined
in the International Cosmetic Ingredient Dictionary and Handbook, 7th Ed. (1997) volume 2, page 1567
(the disclosure of which is incorporated herein by reference) fatty acids have about 7 or more carbon
atoms. For example, palmitic acid is a saturated fatty acid found in palm oil and other fats. It is the
most abundant natural fatty acid. Palmitic acid is also one of the skin's major fatty acids produced by
the sebaceous glands. Palmitic acid is used in skin care and cosmetic preparations as a moisturizing
agent. It normaliZE§* SR s erigamel frolithystateandstahitizes.gibbalancaisoftens skin and acts
like an antikeratinizing.agantnliisalamisedasan.em lﬂgﬁkiﬁﬂ{@ﬂ%@%ﬁ“ﬁ E%fgormgllﬁ texturizer.

Esters of palmitigagig are.tsed to impart silkiness to the skin and hair. The pa ﬁ?ﬁf’c acid serves as a
carrier to allow penetration of st%e eeé%%ﬁéé@i%ﬁﬁ%’tﬁt@lsﬁfﬁ? Tedisqliren Viseans £4hbricant. [0016]In

addition to palmitit“&ciesiREbRUAR Zoid8awrtidd élisk arémotdimifesiesiunaeayiapic, palmitoleic,
oleic, linoleic, linelshisraseachidaniciand pricitasidsAddiional mmg%{q\é% g%?s can be found in
the International g&sm%gga[ggg‘redient Dictionary and Handbook, 7th Ed. (1997) volume 2, page 1567.
[0017]The arginine molecule and second compound are bound by a covalent linkage. The kinds of
linkages include [it3re not linited dabesianamide aihes-andcathanides inkages. Embodiments of

the invention inclidge.hut %Mgglimi&%osp@@rom s of arginine with vitamins, retinoids or fatty
acids, [0018]The grginine heteromer is delivéregné%r%%sff %ngggyﬂt%%ﬁﬁf‘@ﬁg&ive to produce a

SKIn' i

beneficial effect On the SKiri. A UE&H HEFEIR & HeirD beiteicialefieotimdudes:any improvement in
the appearance Bf{&8#61tRé. skimor nydirintediiie effect from damage to the skin resulting from

external sources{&y{%ﬁ] as su Ii%]}t or f{'jom internal sources such as the effects of aging. The term
"effective amount” refers to that amount or THa BRI 1etesen ér avstiehib chetratés the stratum

comeurn layer oftHedskifinplarisuslisfidionthisiproduge thesdesisae-henefigiabeffect. [0019]0nce in skin,

the heteromers elditiginvakonvmaydegradRdie '8a58, A& And the second.compound. Itis not
necessary for thgheteramer to.de r%g({ao%s Isonggas € guanidino groub of the arginine portion of the
heteromer remains unreacted and free So that it ATy Senvd 284 ibifateSdishitite oxide synthase.

The arginine hefkfofidrs ¥4 be R bifiZb8f oo thslditic pespsiof whiapplicatiosJdmisd

herein by reference). Varjous synthetic retinoids and compounds having retinoid
activity are expected to be useful in this mvention, to the extent that they exhibit
retinoid activity in vive, such as in the following 17.8. Pat. Nos. 5,5 14,825; 5,698,700,
5,696,162; 5,688,957, 5,677,451; 5,677,323, 5.677,320; 5,675,033, 5,675,624,
5,672,710; 5,688,175; 5,663,367; 5,663,357; 5,663,347, 5,648,514; 5,648,503
5,618,943; 5,618,931; 5,61 8,836; 5,605,915; 5,602,130, Still other compounds
described as having retinoid activity are described in other U.S. Pat. Nos. 5,648,563;
5,648,385; 5,618.839; 5,559,248; 5,616,712; 5,616,597; 5,602,135; 5,599,819,

' 5,556,996; 5,534,516, 5,516,904; 5,498,755; 5,470,999; 5,468,879, 5,455,265;
5,451,605; 5,343,173; 5,426,118; 5,414,007, 5,407,937; 5,399,586, 5,399,561;
5,391,753; and the like, the disclosures of all of the foregoing and following paients

and hiterature references hereby incorporated herein by reference.

{0015] In further embodiments of the mvention, the second compound is a
fatty acid. Fatty acids are monocarboxylic acids having a saturated or unsaturated
aliphatic tail. As defined in the nfernational Cosmetic Ingredient Dictionary ond

Handbook, 7th Bd. (1997) volume 2, page 1567 (the disclosure of which is



higher rates of transepithelial delivery of arginine can be accomplished in a manner relevant to
providing the intended beneficial effect. [00201The arginine heteromers of the invention may be used
in a number of cosmetic or dermatological compositions intended for topical application. Because the
arginine hetevobrmsrs/eansgtimulate angiogenesis in hair follicles, these conppagilions; mayshe used for
the prevention of hair loss or to enhance hair growth. When used to affect hair growth these
compositions are applied to the scalp, eyebrows or eyelashes. The compositions may be applied to
the lips to improve color and plumpness. When applied to the skin, the arginine heteromer
compositions may be used to reduce the appearance of fine lines and wrinkles, improve skin elasticity,
reduce puffiness, smooth skin texture, provide a silky feel to the skin, provide a moisturizing effect,
provide lubricatio®PPEWAES hetridthir atibtersh) fetiuseltheveffents of aging-aqarovite ther cosmetic

benefits. 10021]Eearapplication ioskin @rlps: the, agirineheleromersAlgneluded in compositions

that comprise cogpgtically, o der ically. acceptable carriers or vehicles that are suitable for the
area of the body tq which the W#ﬁ&%%% e I%:né‘l%gﬁll CORRRSBE AN PH PR AFRIBIOYR ally acceptable,”

as used herein, GRS BB IpEERIGHES sladrisbuiiascitisabié foskiseninadntact with physiologic
tissues without urdueoxigitytincompabbiiy;Hsiability ansdnedie, {Qgg%%g of compositions

and formulationsfypigally.tised i products. applied,to the skin, lips and hair can be used with the
arginine heterortgﬁrs 1of the invention. These include but aarcéé r[%? ite ef(a)tlgﬁ}?-%%%@‘preparations such

as skin-washing and SleaRs G TaP T AHoMSE3a;5 e sd et gessztodytotisimsiraitinulsions or skin oils,
skin peel or scruisipréparationsmoripéling méasksibakhipiephs alianscsuehsasiguid or solid bath
preparations, bathnesthesiancbathisalts: £OsMEHGRE senal.Cale Qtrxes%%%fiou@gdsa%%h as facial make-up
in the form of day;greams or powder creams, face powder, rouge or cream make-up; eye-preparations
such as eye shadow, mascara, eyeliner or eye creams; lip-care preparations such as lipsticks, lip
gloss or lip contgri pencils; Bailkease preparations suehasaallRokish.a0d nail varnish; foot-care
preparations sug&g&fgo&@g%ﬁgog g%/(\)/gler%,lfoo]t creams or foot balsams, special deodorants and
antiperspirants or callous removing preparatons: sURScreaR e epLiatsaksEsicas lotions, creams,
oils, sun blocks *Bf&-taAfiTRyPrefastfsisacidicrsbnprebartitione; skintadningpreparations or
self-tanning creémvgdrmim;‘atezwhai:r%aﬂaw_mzamp@r@@ma@ggh, gseshagapoos, conditioners, styling
creams, styling els7 foams, rinses, hairsprays or hair dyes and colorants. 100231 The compositions of
the invention m&? bd in the W@%Iﬁﬁgﬁgéeéﬂ%womwwgmwmmmns, creams
lotions, gels, wakyeodiictsisiscif ag-doesexandpledipatick matkpayveess and-ofher slid cosmetics of
various ypes ingladif ukagk isiteckin antinetoniianis, and syelner, [90241The arginine heteromer
compositions ogltetggoilgvr%rg) ion can also comprise other ingrediehts commoﬁ‘?y Uséd in skin care and
hair care products SUCR as - SIeroBTAT VIRBISfu PR aPEls Y dktidagents, penetration agents,
preservatives, qoeubgifiers, nauuqhorSynthetic Qilssolvents.syrfactants a%%grtqents, geliing agents
emollients, antigfgéggpg% fr%%genacgs fyer§t ickeners waxes, odor a_%so%ers, Hyestuff, coloring agents,
powders, viscosity-contraling agents, aneathafed afiritdys Byeheecibobanteal extracts, conditioning
agents, darkening6RrgHrEriRgralyertsny e haimpig heatredditivesflalisneetants,: mica, minerals,
polyphenals, silicppescaisiktonasarivatives satkblosksingdamins.payiomedicipals and other
compounds as Jj in.the. In tional Cosmetic Ingredient, Dictionary and Handbook, 7th Ed.
(1997). [oozs]é{fr%?%giiaﬁg%%ﬁéﬁ i%%\%ﬁﬁéﬁ%ﬁ%%%?%%ﬁ%%?é%ﬁe?F%‘@F@H%eﬁ%fé’t‘ﬁ?er than the arginine
heteromers. Foaf‘“é%&hfiﬂ%fsafﬂtﬁ%&ﬁ@%@bﬁt@%ﬁﬁ&%@%ﬁmm%t&@n@mﬁd}dimattid, benzoyl peroxide,
resorcinol, andesatfur svt-okitkasiis ihalidinfidie: Rol-imbeoda-asaorbicmeid.gaffeic acid, cysteine,
hydroquinone (r']d tocopherol; compounds for the treatment of psoriasis including but not limited to
salicylic acid, (i)gﬁ?ér and reBfoEin e daitiemste A s incuiding budasotlmiteli4e cortisone,
hydrocortisonezsgieisrediiisoneni@o26dindsamenembesimentaRfthednentian hearginine
heteromers ar€ong as the guanidine group of the arginine portion of the heteromer remains

unreacted and free so that it may serve as a substrate for nitric oxide synthase. The

arginine heteromers can be stabilized in formulations prior to application. Thus,



used for treating, ameliorating or preventing skin aging. Skin damage due to aging may include but is
not limited to both fine and deep wrinkles, skin lines, crevices, bumps, large pores, scaliness, loss of
skin elasticity, sagging, loss of skin firmness or tightness, discoloration, @(,PE@W%[&%Q regions such
as age spoiiangdivétRies, keratosis, abnormal differentiation, hyperkeratinization, elastosis, collagen
WO 2007/079394PCT/US2006/062680 breakdown, and other histological changes in the stratum
corneum, deis, epidermis, the vascular system of the skin, and underlying tissues especially those
close to the skin. The skin aging may he due to chronological aging or to extrinsic factors such as
prolonged exposure to sunlight but the compositions of the invention are expected to treat, ameliorate
or prevent these and other founs of skin. damage regardl ; hanisamef origin.
[0027/Composiidesrartsissenticiehisy B ?kjig en%arr%(‘%|m g?%?%%ﬁéstlf%%&be applied to the skin or
epithelium of sybiestsof-patients; iwchattangiorbtiei-mammals who could benefit from the treatment.
The compositions and methods of this inventionf@l%ve Qﬁgg%g%gt&g;gd andiernhealth-related

Vi

applications arl@%{ay be ugéﬁf’l"@iﬁwatgr featment for various medical cor@égia%ns to persons who

might need or benefit FomarthesiveRarexamiesiHiEREd S HRLA TEYRLTEIn Tay be used for treating

hyperhidrosis, acne o ather conditiong.invelvingdheexdessipiatiuetiéiel secretions or sweat.
100281In general, t%e,compositiorég ?fE és Invention-are prepaieehnmidngthetarginine heteromer
with a carrier, éﬁ@ﬁ%ﬁ‘ﬁﬂﬁ%ﬁ??ﬁ% of more a ditional pharma egt@c%!_y ac ce&teggl‘gscarriers or
excipients. Thewisgining hetérsims: de piader SRS LOR AEITBNS &t a concentration of from about
0.001%to a Sa&’@E%Q}é@'%ﬂﬁ%nﬁﬁb&@m&s@mbmimﬁﬂ@sﬁﬁbﬁﬁi%@@m&‘@mw #bout 30% and in other

embodiments from about 0.1% to.about 2Q%. k. theikisimpleshioremdhdticanpositions of this invention

en apphie

may contain a SMPIESuedts Pharmaceutically acceptahle carrier. opdiluentsuch as buffered saline.
However, the cmvnb@sﬁ%ﬁ*sﬂi*ﬁéypéﬁﬁ?éﬁ?ﬁ‘?ﬁ%wﬁ@%%?&%]?&p%gﬁ inetopicalYﬁiharmaceutical or
cosmeceutical compRosiiaRs, thatis sarderatefogisa Hior B4 HaLERAN Geceptable carrier,
vehicle or medium, |.¢ a cartier, vehicleQrmadumitbatris corhipaiibtdeitharBeassies to which they

: , 5t . ; N
will be applied. FRe term-dermatolo |caII¥ or pharmaceutically acceptable,” as used herein, includes

compositions oﬁééﬁfﬁéﬁgm%‘ﬁ?ﬁf @eelitable for use in contact with specific tissues or for use in

patients in geni@E\(\!ithout e texisitye ieompatipikiteinstaisitymandrthadikied As appropriate,
compositions of the Invention may comprise any ingredient sonveptionalbeused ta the fields under
consideration, m&&ﬁi‘&’ﬂﬁ%ﬁﬂ%&’?ﬁeg |c§%§n d}éintatolc&?gf'll} &e e EQ#% '%(g@gﬁlg,o may include a
quantity of a smaltiakichstpre kerably Br HepraIshba RvSY 43 Cxamﬁle', pho {p] ate, aspanate, or citrate.
Examples Examplg Jéomggiﬁmp@@ﬁiaiaﬁgﬂaﬂm@M@:’h@@ﬁé@?ﬂ%&ﬂﬁﬁ%ﬁ%@ﬁrginine,
arginine-.vitgmin C, for_tilm srgrvc%gn fIu&&@ﬂg&g@gét&gg@g&um@@ﬂﬁﬁl@@ﬁ&}mg-V@taimn. C .
preparation: [Odﬁﬁ?ﬂshec{eromer_% vitamin C and arginme. é\@éﬁ epared by preparing a solution of
BocArg(BocZ)OHvi(tlE\gm@}@%ﬁ*ﬁn‘ﬁﬁ"iﬁa&ﬁﬂgﬂ?ﬁt&ﬁn mide and adding ethylene dichloride (EDC, 70
mg., 0.36 mmol) r{églzl wed by 4- dimethylaminerysisinectRMAR:2yme9 0diaimefuThe reaction was
stirred for 2 hours atroom temperature. A TLC analysi s.performeddte-chegk the progress of the
reaction (vide inﬁm)ii%@é’é?ﬁﬁﬁnﬁ?ﬁdihﬁrgcg’g uﬁ\%ﬁ%‘%&% a%ld the reaction stired for 1/2 hour. The
reaction was obsgruemito Thess lightdoumlae Teidimdisd e Afetied #4 UG 8 Compound 2. IR of
compound was performed anghis.shawn.aeleVod BES)dbB19( 715 B3 6455°839.6, 530.6, 502.4
[0033]Deprotection o?%:-A,rg (to remove Boc%&%%%@ﬂgg Basproiacive-arospaalsompound 2 were

ara
removed by preﬁgm@lsg skini peel or scrub prep
Higuid or solid bath preparations, bath cubes and b

-up in the form of day creams or powder creams, face

ath salts; cosmetic personal care

preparations such as facial make

powder, Touge or CIeam make-up; eve-preparations such as eye shadow, mascara;
»

eyeliner or eye creams; lip-care preparations such as Tipsticks, lip gloss or lip contour

s; nail-care preparations such as nail polish and nail varnish; foot-
ot balsams, special

i care
peneil

preparations such as foot baths, foot powders, foot creams of fo

deodorants and antiperspirants or callous removing preparations; sunscreen

S



a solution of 25 mg compound 2 in dichloromethane (-10 ml) and adding -2 ml trifluoroacetic acid while
stifling in an ice bath. The mixture was stirred for 1 hour then allowed to warm to room temperature.
TLC (10% MeOH/dichloromethane) after 2 hours at room temperature showed loss of starting material
and strength&@iagf e origin (product) spot. Compound 4 afforded al.J\PEbtivetapetspimodest RE in
that solvent system. Solvent was removed under reduced pressure and the residue was azeotroped
with twice with toluene to give 25 mg of compound 4. [0035]Results: [0036]This experiment
demonstrates the synthesis of .Arge-Vitam n C compound. Example 2: [0037]Procedure: 100381A
heteromer of arginine and vitamin D3 was prepared by dissolving triphosgene (0.1g, .33 mmole) in 1
ml anhydrous methylene chloride. The triphosgene solution was added dropwise to a cooled solution
(0 degrees) of VIfaPAIFIDS (o885 io1snsFitNs) ANCTIIABS S I S RifTBIE5ITS #ifmethylene chloride.
The reaction mixiureqpasialiowed tasiy atzeidcdegreestianitgh-housshi-mixtoreanft,. Arginine (0.261g,

L5 mmole) and, M- DiisepioRYRivaIiag (343 il aasAddecdinyise o the lriphosgene

mixture. The reaction was allowed to warm to room temperature overnight and yielded 205 mg white
solid (35% yieldParHiSBeperiiary HeHyh A EY i Hthesis of Arginine-Vitamin D3 heteromer and

the TLC is showggin Figure 5, Example 3 [BA33 1 yivocynulative aifiacyfRniopical delivery of

arginine across murine skin. [0040)Purpose: [00411The potential for a heteromer of arginine to cross
the skin and ex&RBFEUToTRRP GRETSCHS, FSpPRAMSHETERET SRRy RIS LM was evaluated by
examining argininesvitariaitipkicinghdpginine-pdl niitate eteromer simaamafipsalurodet system. While

both heteromers, impravedhe livid sqlupiltytelative.to arginirte alone and should increase transderrnal
flux, the vitamin E heteromer is also expected to afford additional functional benefits due to its

anti-oxidant profégigs. [0042iPreparaticnrfoe48mngitime gahnitatetandarginine-vitamin E heteromers

were synthesizgg from Jnar GinineABatER#H02 202 IAAN2A06PEE «SigRanAldeeh)sThe stock
solutions were prepare (? adding the following: 0044%11. rg-palmitate;: 0.9996 g of arginine +
paLmitate Werea(lji%s%locwgl |¥h o}ﬁ%}% ?E)Sjolgér %IP?%?LS%%I?& W%lo es Iéts Bortiant Y%’R), then diluted with 6
ml (1:1 dilution)@f‘@égﬁmﬂfﬁé@ﬁ@yﬂ&mic oils, solvents, surfactants, detergents, gelling agents

emollients, antioxidants, fragrances fillers thickeners waxes, odor absorbers, dyestuff,
coloring agents, powders, viscosity-controlling agents, anesthetics, anti-itch agents,
botanical extracts, conditiening agents, darkening or Hghtening agents, glitter, hair
pigment additives, humectants, mica, minerals, polyphenols, silicones or silicone
derivatives, sun blocks, vitanying, phytomedicinals and other compounds as listed in

the International Cosmetic Ingredient Dictionary and Handbook, Tth Ed. (1997).

[0025] Compositions of the invention can comprise active ingredients other
than the arginine heteromers. For example, anti-acne agents including but not limited
to salicylic acid, benzoyl peroxide, resorcinol, and sulfur; anti-oxidants including but
not limited to ascorbic acid, caffeic acid, cysteine, hydroquinone and tocopherol;
compounds for the treatment of psoriasis including but not limited to salicylic acid,
coal tar and retinoids; and corticosteroids including but not limited to cortisone,

hydrocortisone and prednisone.

10026] In some embodiments of the invention, the arginine heteromers are
used for treating, ameliorating or preventing skin aging. Skin damage due to aging
may inchude but is not limited to both fine and deep wrinkles, skin lines, crevices,
bumps, large pores, scaliness, loss of skin elasticity, sagging, loss of skin firmness ot
tightness, discoloration, hyperpigmented regions such as age spots and freckles,

keratosis, abnormal differentiation, hyvperkeratinization, elastosis, collagen



[0045)2. Arg-vitamin E: 0.419 g of arginine + vitamin E were dissolved in 6 ml of deionized 1-120 then
diluted with 6 ml (1:1 dilution) of Cetaphil cream. 100403. Cetaphil: prepared with 6 ml of cetaphil only.
WO 20071079394PCT/US2006/062680 [0047]Daily-dose topical treatments of metered 200 ml
aliquots wereisrepavetIor treatments of Arg-pah-nitate, Arg-vitamin E, or gzetaphibgontsel in 6501.21
microcentrifuge tubes. [0048]Topical Application of Arginine Compounds [0049]Study Procedures:
[00501Animals (C57 black 6 female mice, Charles River Laboratories, Wilmington, MA) were
anesthetized via inhalation of isoflurane mixed with oxygen and then injected with 0.5 ml rodent
anesthetic cocktail (3.75 ml of 100 mg/ml Ketamine, 3.00 ml of 20 mg/ml Xylazine, and 23.25 ml of
saline) intraperitoneally. The animals were supplemented with isoflurane as necessary. Treatment
groups containebrakdive. cadhtbmditheocontrbiegoup BemisemXitercbeinyamesthistized, a 2.0 cm x 2.0

cm dose site onithe gdarsumsehesah-nosemasaasefully.shavedwthadhaitclinper on the first day of
treatment applic&t&gnigg%%nimal%gngeé\é\ﬁnt r%g%%toc% greatmetnt ir&_itrbe game dorsal region using a
rosin mixture (Surgiwax, rdel fhtarnationa L8 ngle eé}%&f. Rimals were atésthetized via
inhalation of isofititanEse BrFeraing thehapi ibatiorreft@anhtntsTrmtetastitneistarizing cream

(Galderma, Fortétgriheotrand-kashnmeierad 206 fil:desesef the-apprepiiaietreatment applied to the
cranial portion 0&9&%&5@%&@&1“ (selected because the mouse cannot reach this region with mouth or
limbs) Animals remained under anesthesia for 1-2 minutes while the appropriate treatment was

applied into the gkizvwith snathimeiabspatulaAninalssesorareddm epptiicd hieat environment to
prevent hypothegmia And.ongg 59%5&@&%&%‘9’&%%%%‘{i{?&fé&@%ﬁ’&% (enad ihim overnont. This

procedure was repeated once daily at the samé approximate time ot day %ms.sAfter the day 7

treatment, mice WerEBHHART SITIRS AN Brerodhertamtayiris debhents were harvested at
full thickness byavbiind ddve pserversti@iahdur seplist dpplicatioaiohthedastyseatmient. Treated
segments were giyigedrintaehies aasal Roriansanddbe cranialnortignwasdized in 10% neutral
buffered formaIiQ fggt -1 Qg}ur 0:[:hen stlored in.70°/8 eﬂﬁlq(ﬁl untiLéParaffin gzmbedding. The central
portion was employed Tor Hematoxyim & EGSim1or Morphologica A8 s BIHERE S Blaloroacetate
esterase stainingy/esreveltiaterreurdshiorditpatiprodsuaribineiessordhitiffaninsatibensThe treated caudal
segment was snrapsfeazen for solubilization studies. 100511Image and statistical analysis: [0052]High
resolution digital images of each section were obtained using a Retiga 1300B camera (QImaging,
Burnaby, BC, C&fiZ#la). Imagjesimateisrranypestion afthn dyscbes Prrscarahisissotvare (Media
Cybernetics, SikenSpiirgsdbhyteideiesmminc.naagpbnlogibakhassassmeaniang expressed as positive

pixets. Mean angsiandac arar weig.ubseayentdslelned (o sagh.gioun uaind Statview

software (Abacus, Berkeley, CA), with analty '

_ y sis of significance at 95% confidence in Wilcoxon signed
ranks. [0053]REBUIERETRATY S Fhit SRACEHE SRRy iam 2t fos A inearetah drti®r®r, and p-values

are shown in Tablectfbrgrompsidrgapalniititd, AsgevitimimEiantieenirofiments from
about 0.1% to about 20%. In their simplest form, the compositions of this invention
may coniain a simple aqueous pharmaceutically acceptable carrier or diluent, such as
buffered saline. However, the compositions may contain other ingredients typical in
topical pharmaceutical or cosmeceutical compositions, that is, a dermatologically or
pharmaceutically acceptable carrier, vehicle or mediwm, i.e. a cairier, vehicle or
medium that is compatible with the tissues to which they will be applied. The term
“dermatclogically or pharmaceutically acceptable,” as used herein, includes
compositions or components that are suitable for use in contact with specific tissues
or for use in patients in general without undue toxicity, incompatibility, instability,
and the Iike. As appropriate, compositions of the invention may comprise any
ingredient conventionally used in the fields under consideration, and particularly in
cosmetics and dermatology. The compositions also may include a quantity of a small

anion, preferably a polyvalent anion, for example, phosphate, aspartate, or citrate.

g



Table 1. The morphological assessment of dermal thickness, hair Iength,_ epideinial thickness, fat
thickness/density. Table 1 Mean Std. Error P value Dernuis: Arg-palmitate 32596 1398 0.596

Arg-Vitarnm E 35779 1425 0.038 Control 31405 1959

WO 2007/079394 PCTAIS2006/062680
Examples
Example 1:
j0029) Burpose:
[0638] To develop novel conjugations of arginine, arginine-vitamin C, for

improved flux and increase therapeutic bensfit.

{0031} Arg-Vitaynin C preparation:

[O032] A heteromer of vitamin C and arginine was prepared by preparing a
solution of BocArg(Bocz)OH (159 mg, 0.33 mmol) in dimethylformamide and
adding ethylene dichloride (EDC, 70 mg., 0.36 mmol) foliowed by 4-
dimethylaminopyridine (DMAP, 2 mg, 0.02 mmol). The reaction was stirred for 2
hours at room temperature. A TLC analysis was performed to check the progress of
thereaction (vide infra). An additional 22.7 mg EDC was added and the reaction
stirred for ¥ hour. The reaction was observed to turn light purple. The reaction
yielded 44 mg of compound 2. IR of compound was performed and is shown below,
MS (ES): 1101.9, 745.6, 645.5, 630.6, 530.6, 502.4

[6033] Deprotection of C-Arg (to remove Boc):

[6034] The Boc protective groups of compound 2 were removed by preparing
a solution of 25 mg compound 2 in dichloromethane (~10 ml} and adding ~2 ml
trifluoroacetic acid while stirring in an ice bath. The mixture was stirred for 1 hour
then allowed to warm to yooin temperature. TLC (10% MeOH/dichloromethane) afier
2 hours af room temperature showed loss of starting material and strengthening of the
origin {product) spot. Compound 4 afforded a UV active spot of modest Rf in that
solvent system. Solvent was removed under reduced pressure and the residue was

azeotroped with twice with toluene to give 25 mg of compound 4.

[0035] Results:

[0036] This experiment demonstrates the synthesis of Arginine-Vitamin C
cotnpound.

Example 2;

{60377 Procedure:

10



Hair:  Arg-palmitate 17149 1908 0.668 Arg-Vitamin E 18316 1502 0.044 Control 15613 1186

WO 2007/079394 PCTIUS2006/062680

{0038] A heteromer of arginine and vitamin 13 was prepared by dissolving
triphosgene (0.1g, .33 mmole) in 1 m! anhydrous methylene chloride. The
triphosgene solution was added dropwise to a cooled sohttion (0 degrees) of vitamin
D3 (0.385 g, 1 mmole) and DMAP (0.61g, 5 mimole} in 2 ml methylene chlioride. The
reaction mixture was allowed to stir at zere degrees for 1.5 hours. A mixture of L~
Arginine (0.261g, 1.5 mmole) and N.N-Diisopropylethylamine (523 ul, 3 mmole) was
added dropwise to the triphosgene mixture. The reaction was allowed o warm to
room temperature overnight and yielded 205 mg white solid (35% vield). This

experiment demonstrates the synthesis of Arginine-Vitamin D3 heteromer and the

TLL is shown in Figure 3.

Example 3:

{0639] In vivo cumulative efficacy for topical delivery of arginine across
murine skin.

(0040} Purpose:

{HEESY The potential for a heteromer of arginine to cross the skin and exert

previously characterized benefits related to arginine/NOS activity was evaluated by
examining arginine-vitamin E and arginine-palmitate heteromers in an animal model
system. While both heteromers improve the lipid solubility relative to arginine alone
and should increase transdermal flux, the vitamin E heteromer is also expected to

afford additional functional benefits due to its anti-oxidant properties.

100421 Preparation;
j0643] Argmnine-palmitate and arginine-vitamin E heteromers were

synthesized from L-arginine (Batch # 02202JA, A924G6-25G, Sigma Aldrich). The

stock solutions were prepared by adding the following:

[0044] 1. Arg-palmitate: 0.9996 g of arginine + palmitate were dissolved in 6
ml of jojoba oil (Essential Wholesale, Portiand, OR), then diluted with 6 ml (1:1
éilution) of Cetaphil cream.

§00457 2. Arg-vitamin E: 0.419 g of arginine + vitamin B were dissolved in &
mi of deionized HyO then diluted with 6 ml (1:1 dilution) of Cetaphil cream.

[0046] 3. Cetaphil: prepared with 6 m! of cetaphil only.

i1



Epidermis: Asg-paLmitate 11086 749 0.939 Arg-VitaminlE 16475 1513 0.0004 Control 11082 890

WO 2007/0793%4 PCTUS2006/062680

{0047} Daily-dose topical treatments of metered 200 pl aliquots were prepared
for treatments of Arg-palmitate, Arg-vitamin E, or Cetaphil control in 650 pl

microcentrifiige tubes.

[0648] Topical Application of Arginine Compounds
[0049} Stndy Procedures:
HEICHY Animals (C57 black 6 female mice, Charles River Laboratories,

Wilmington, MA) were anesthetized via inhalation of isoflurane mixed with oEygen
and then mjected with 0.5 ml rodent anesthetic cocktail (3.75 ml of 100 mg/ml
Ketamine, 3.00 mi of 20 mg/ml Xylazine, and 23.25 ml of saline) intraperitoneally.
The animals were supplemented with isoflurane as necessary, Treatment groups
contained 4 mice each and the control group 3 mice. After being anesthetized, a 2.0
cm x 2.0 cm dose site on the dorsum of each mouse was carefully shaved with a hair
clipper on the first day of treatment application and animals underwent depilatory
treatment in the same dorsal region using a rosin mixture (Surgiwax, Ardell
International, Los Angeles, CA). Animals were anesthetized via inhalation of
isoflurance only during the application of treatments in Cetaphil moisturizing cream
(Gaiderma, Fort Worth, TX) and had metered 200 pl doses of the appropriate
treatment applied to the cranial portion of dorsal back skin (selected because the
mouse cannot reach this region with mouth or limbs). Animals remained under
anesthesia for 1-2 minutes while the appropriate treatment was applied into the skin
with small metal spatula. Animals recovered in a controlled heat environment to
prevent hypothermia and once regponsive were provided food and water ad libitum
overnight. This procedure was repeated once daily at the same approximate time of
day for 7 days. After the day 7 treatment, mice wers euthanized via iphalation of
C0;y, and treated skin segments were harvested at ful] thickness by a blinded ohserver
at 24 hours post application of the last treatment. Treated segments were divided into
three equal pottions and the cranial portion was fixed in 10% neuiral buffered
formalin for 12-16 hours then stored in 70% ethanol until paraffin embedding. The
central portion was employed for Hematoxylin & Eosin for morphological assessment

and Chloroacetate esterase staining to evaluate neutrophil infiltration as an indicator

12



Fat: Arg-palmitate 27918 2662 0.820 Arg-Vitamin E 21386 1092 0.007 Control 27419 1849 10055]

WO 20667/679394 PCT/US2006/062680

of inflammation. The treated candal segment was snap frozen for solubilization

studies.
60513 Image and statistical analvsis:
[6052] High resolution digital images of each section were obtained using a

Retiga 13008 camera (Qlmaging, Burnaby, BC, Canada). Images were analyzed
using Image-Pro Plus analysis sofiware (Media Cybernetics, Silver Springs, MD) to
determine morphological assessment and expressed as positive pizels. Mean and
standard error were subsequently determined for each proup using Statview software

(Abacus, Berkeley, CA), with analysis of significance at 95% confidence in Wilcoxon

signed ranks.
[a053] Resulis for Arg-palmitate and Arg-vitamin E;
16054} Mean, standard error, and p-values are shown in Table [ for groups

Arg-palmitate, Arg-vitamin E and confrol.

i3



Conclusions: 100561Arginine heteromers have sufficient flux across skin when applied topically to
afford several therapeutic benefits related to arginine and/or the additional functionality of the
heteromer. Example 4: 100571Purpose: [0058]The potential for a heteromer of arginine to cross the
skin and exeWprgvigtisBp€haracterized benefits related to arginine/NOS astivityswesmgyadsiated by
examining several arginine heteromers in a human model system. All heteromers improve the lipid
solubility relative to arginine alone and should increase transdermal flux and perfusion.
[0059]Procedure: [0060]Flowmeter probe modification and arginine heteromer fatulations 100611Lip
balm formulations were obtained consisting of Anhydrous Lanolin US?, Ethyl Methylphenylglycidate,
Cetyl Esters, D-Alpha Tocopheryl Acetate USP, Petrolatum US?, Salicylic Acid US?, Benzyl
Cinnamate and 4.0 rg%ﬁtlgo‘f elter Ui egr thirshgerief eomsaktiristning krgihines), L-Arg-E,
L-Arg-D3 or L-AFG-PAIA (ABBES BhUEERIGESE, NY). In addition, a control treatment was obtained
comprised of 100% white Petrolanun jelly (UnilesaeGreenwich, CT). Aqueous solution of L-Arg at 50
mg/ml (Sigma-Aldrich, St. Louis, MO) concentration was used. The probe tip of a Transonic Laser

Doppler Flowmeter BLE 21 Series (Trans¢nicxgysiems, diacaNY) wasipplanted in an elastic
headband such that the-probe-was-tightly helt-on-a-sgction-ef-skin-n-the-middle of the subject's
forehead. [0062]Forehead treatment [0068]Forehead temperature was normalized prior to treatment
by wearing the modified headba#Eaf8¥itivd minufES9@|lip balmM¥¥rmulatioh386 ¢ontrol was then
Arg-Vitamin E 35779 1425 0.038
Contro} 31408 1959
Hair:
Arg-palmitate 17149 1508 0.668
Arg-Vitamin B 18316 1502 0.044
Control 15613 1186
Epidermis:
Arxg-palmitate 11086 749 0.939
Arg-Vitamnin E 16475 1513 0.0004
Control 11082 890
Fat:
Arg-palmitate 27918 2662 0.820
Arg-Vitamin E 21386 1092 0.007
Control 27419 1849 J
16055] Conclusions;
f0056] Arginine heteromers have sufficient flux across skin when applied

topically to afford several therapeutic benefits related to arginine and/or the additional

functionality of the heteromer.

Example 4:
{0057} Purpose:
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[ [ n tipped applicator to the area of skin in contact with probe. Tlssge _perfusmn _
?gapclili?lzgv \I/t/r(l,rceoiocordpgd evee?/ 30 seconds for 5 minutes (n=55 per treatment) beginning odnesrir;]lnute
after application. [0064]Statistical analysis [OQGS]Mean gnd standard error were assesse eg " egasures
Statview (Ab&tgoCgieapts, Berkeley, CA), with comparisons ma_de usmgwéwﬁ)s\iﬁhg@ﬁ@;aé o mess
and significance determined at 95% with post-hoc testing using Fisher PLSD or Sc ehe d e rfusion-
procedures and analyses were perfolmed by blinded Qbservers. [0066]_R¢sults of forehead pe usi :
[0067]Mean, standard error, and p-values are shown in Table 2 for arginine heteromerhgro(;Jps and
control. Figure 6 shows effects of topically applied arginine heteromgrs on human forg sa pe
for arginine heteromer groups and control. Table 2. Forehead perfusion assessmentlln IESAl\Je_DS
perfusion units folf#fhg topicEicagimiie hetdromertieatment MeanStdLEmeLR,yalue L-Arg

13.727 0.9956 p<@:=0husxAigxRabmd0:800:< related to arginine/NOS activity was evaluated by
examining several arginine heteromers in a human mode] system. All heteromers
improve the lipid solubility relative to arginine alone and should increase transdermal

flux and perfusion.

[6053] Procedure;
[6065] Elowmeter probe modification and arginine heteromer formuiations
[0661] Lip balm formulations were obtained consisting of Anhydrous Lanolin

USP, Ethyl Methylphenyiglycidate, Cetyl Esters, D-Alpha Tocopberyl Acetate USP,
Petrolatum USP, Salicylic Acid USP, Benzyl Cinnamate and 4.0 mg/mi of either I-
Arg(9) (an oligomer consisting of nine arginines), L-Arg-E, L-Arg-Ds or L-Arg-Palm
(ABBE Labs, Farmingdale, NY). In addition, a control treatment was obtained
comprised of 100% white Petrolatim Jelly (Unilever, Greenwich, CT}. Aqueous solution
of L-Arg at 50 mg/ml (Sigma-Aldrich, St. Louis, MO} concentration was used. The
probe tip of a Transonic Laser Doppler Flowmeter BLF 21 Series (Transonic
Systems, thaca, NY) was implanted in an elastic headband such that the probe was
lightly held on a section of skin in the middle of the subject’s forehead.

10662] Forehead treatment

(0063 Forehead temperature was normalized prior to treatment by wearing
the modified headband for five minutes, A lip balm formulation or control was then
applied with cotton tipped applicator to the.area of skin in contact with probe. Tissue
perfusion readings were recorded every 30 seconds for § mimres (n=55 per treatment)

beginning one minute after application.

10064} Statistical analysis

{0065] Mean and standard error were assessed using Statview (Abacus
Concepts, Berkeley, CA), with comparisons made nsing ANOVA repeated measures
and significance determined at 95% with post-hoc tesiing using Fisher PLSD or

Scheffe F-test. All procedures and analyses were performed by blinded observers.

[G068] Resuits of forehead perfusion:
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03188 p<0.05 L-Arg(9) 9.198 0.4003 p<0.05 L-Arg-E 8.016 0.5719 p<0.05 aqueous L-Arg (50 mg/ml)
9.184 0.3009 p<0.05 Control 4.987 0.0621 [0068]Conclusion: [0069]All heteromers caused

statistically significant increases in perfusion
WO 2007/079394 PCT/US2006/662680

ity Mean, standard ervor, and p-values are shown in Table 2 for arginine
heteromer groups and control. Figure 6 shows effects of topically applied arginine

heteromers on human forehead perfusion for arginine heteromer groups and control.

Table 2. Forehead perfusion assessment in tissue

perfusion units following topical arginine heteromer

treatment.
Mean St¢d. Error P value

L-Arg-Iy 13.727 0.9956 p<0.05

L-Arg-Palm 10.800 0.7188 p<0.05

L-Arg(9) 9.198 0.4003 p<0.05

L-Arg-E 8.016 05719 p<0.05

agueous L-Arg 9.184 0.3009 p<0.05

{50 mg/ml)
1 Contro] 4.987 0.0621
{9068] Concluosion:

[0069] All heteromers caused statistically significant increases in perfusion

with respect to the base control. 1-Arg-Dy and L-Arg-Palm, which exhibited 175%

- and 117% increases respectively in tissue perfitsion over the base control.
Encouragingly, we find that all of the heteromers have greater soiubiiity and flux
across skin, while all but L-Arg-E exhibit increased perfusion after topical
application. Arginine heteromers have sufficient flux across skin when applied
topically to afford several therapeutic benefits related to arginine and/or the additional
functionality of the heteromer.
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with respect to the base control. L-Arg-D3 and L-Arg-Palm, which exhibited 175% and 117% increases
respectively in tissue perfusion over the base control. Encouragingly, we find that all of the heteromers
have p-eater solubility and flux across skin, while all but L-Arg-E exhibit increased perfusion after
topical application. Arginine heteromers have sufficient flux across skin when applied topically to afford
several therapeutic benefits related to arginine and/or the additional functionality of the heteromer.
CLAIMS A heteromer of formula 1: A-R wherein A is arginine covalently bound via a carboxy group or
an amino group of the argmme to a second compound R such that the guanadino group of the
arginine remains unreacted ; wherein R is a retinoid selected from the group consisting of retinol,
retinal, retinoic acid, and etretinate; wherein thedie}g%gger has greater flux across the skin than
arginine alone. 2. The heteromer of claim | wherein R. Is a vitamin. 3. The heteromer of claim 2
wherein R is vitamin C. 4. The heteromer of claim 2 wherein R. is vitamin E. 5. The heteromer of claim
2 wherein R is Wtamip =6 rihe.heteromer of claim | wherein R. is a fatty acid. 7. The heteromer of
claim 6 wherein R is palmitic acid. 8. The heteromer of claim | wherein R is a retinoid. 9. The
composition of claim 1 wherein A and R afe’bound by an amide bond. 10. he heteromer of claim 1
wherein A and R. arewbpund 9\y.an ester bong._l l. A toEical composition comprising a heteromer of

SR Rd6ia S EEPbORPHPOlG B AR HRBPGHoup of

formula | A-R. wherein A'is argenie ESY/afér’ﬁ%YthB
the arg nine to ésegondccompound Brsychuthidt theh that the guanadino group of the arginine

remains unreacted ;

wherein R is a retinoid selected from the group consisting of retinol, retinal,

retinoic acid, and etretinate;
wherein the heteromer has greater {lux across the skin than arginine alone.

2. The heteromer of claim | wherein R is a vitamin.
3. The heteromer of claim 2 wherein R is vitamin C.
4. The heteromer of claim 2 wherein R is vitamin F.
5. The heteromer of claim 2 wherein R is vitamin D.
6. The heteromer of claim 1 wherein R is a fatty acid.
7. The heteromer of claim 6 wherein R is palmitic acid.
8. The heteromer of claim 1 wherein R is a retinotd.
9. The composition of claim 1 wherein A and R are bound by an amide bond.
10.  The heteromer of claim 1 wherein A and R are bound by an ester bond.
I1. A topical composition comprising a heteromer of formula |
A-R !

wherein A is arginine covalently bound via a carboxy group or an amino group of

the arginine to a second compound R such that the
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guanad no group of the arginine remains unreacted, wherein R is a retino d selected from the
group consisting olretinol, retinal, retinoic acid, and etretinate; wherein the heteromer has greater
flux across the skin than arginine alone; and further comprising a dermatologically acceptable calTier
or vehicle for topical administration. 12. The composition of claim 11 wherein R is a vitamin. 13. The
composition of claim 12 wherein R is vitamin C. 14. The composition of claim 12 wherein R is vitamin
E. 15. The composition of claim 12 wherein R is vitamin D. 16. The composition of claim 11 wherein R
is a fatty acid. 17. The composition of claim 16 wherein the fatty acid is palmitic acid. 18. The
composition of claim BYaRdEreisRuE & Fetintidi1or<Prensompesitién of claim Il whercin A and R are
bound by an ester bond. 20. The composition of claim Il wherein A and R are bound by an amide
bond. 21. The compositiarisficiaim dfurthes comprising a,skip CHE:RIBRATALIORS. 22.dhe
composition Of;%@}mcl%iﬂ"i@&%&@@}ﬁ[@”g a bath-preparations. 23. The composition of claim 11
further comprising a coSMetic preparai’i’ons. 24. The composition of claim 11 further comprising an
eye-care preparations. 25. The composition of claim 11 further comprising a lip-care preparations. 26.
The composition of claife D fhethelctohsphsing @isufisereen prépakations: 2ZiThe dompasition of
claim 11 further comprising a hair care preparations.

turther comprising a dermatologically acceptable carrier or vehicle for topical

administration.
12, The composition of ¢laim 11 wherein R is a vitamin.
15. The composition of claim 12 wherein R is vitamin C.
14. The composition of claim 12 wherein R is vitamin E.
Is. The composition of claim 12 wherein R is vitamin D.
16. The composition of claim 11 wherein R is a fatty acid.
17. The composition of clatin 16 wherein the fatty acid is palmitic acid,
18. The composition of claim 11 wherein R 1s a retinoid.
19, The composition of claim 11 wherein A and R are bound by an ester bond.
20. The composition of claim 11 wherein A and R are bound by an amide bond.
21. The composition of claim 11 further comprising a skin-care preparations.
22. The composition of claim [ 1 further comprising a bath-preparations.
23. "The composition of claim 11 further comprising a cosmetic preparations.
24, The composition of claim 11 further comprising an eye-care preparations.
25. The composition of claim 11 further comprising a lip-care preparations.
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28. The composition of claim 11 further comprising an ant acne preparation. 29. The composition of
claim Il further comprising an ant oxidant preparations. 30. The composition of claim 11 further
comprising an anti-psoriasis preparations 31,The composition of claim Il further comprising a
corticostero d preparations. 32. The use of a heteromer of formula I: A-R in the manufacture of a
topical medicament for treating damaged skin wherein A is arginine covalently bound via a
carboxy group or an amino group of the arginine to a second compound R such that the guanadino
group of the arginine remains unreacted,; wherein R is an organic molecule selected from the
group coHsistinghofovitaminscand rétinoldsiand:whereinithe:haterormehhas greater flux across the skin
than arginine alone. 33. The use according to claim 32 wherein the topical medicament promotes
angiogenésis irf hafoiietessal drieudelaiteordimyptisalaimh3R wiepeintheisapical medieament
reduces signs of skin aging. 35. The use according to claim 32 wherein the topical medicament
reduces ?s%lmptgf‘?%%f’“é’éﬁgf%}é’wiﬁéé Suderting 1o siathsBaniiensin trertsipical medicament
reducesﬂ)ama cauged b{¥ exposure XL he skin to sunlight. 37. The use according to claim 32

dment redu E&\b@?h?ﬁﬁ&@ S RS AW RRKIEE v Bse skin. 38. The use

. .. e C LAY
wherein topical Mmedicament reducad
according,to IR B P Al M e e O ons.

31. The composition of claim 11 further comprising a corticosteroid preparations.
32. The use of a heteromer of formula I
A-R i

in the manufacture of a topical medicament for treating damaged skin

wherein A is arginine covalently bound via a carboxy group or an amino group of
the arginine to a second compound R such that the guanadino group of the arginine

remains unreacted;

wherein R is an organic molecule, selected from the group consisting of vitamins

and retinoids, and
wherein the heteromer has greater flux across the skin than arginine alone.

33 The use according to claim 32 wherein the topical medicament promotes angiogenesis in

hair follicies.

34, The use according to claim 32 wherein the topical medicament reduces signs of skin

aging.



39. The use according to claim 32 wherein the topical medicament provides an anti-oxidant to.the skin.
40. The use according to claim 32 wherein the topical medicament smqothes the texture of skln..41.
The use according to claim 32 wherein the topical composition moistu'rl'zes gnd lubricates the skln: 42.
The use according to claim 32 wherein the second compound is palmltl_c acid. 43. The use accc_)rdlng
to claim 42, wherein the topical composition smoothes the texture of skin. 44The_ use of_ac_cordl_ng to
claim 32 wherein R is a retinoid selected from the group consisting of retinol, retinal, retinoic acids, and

etretinte.

35. The use according to claim 32 wherein the topical medicament reduces symptoms of
acne.
36. The use according to claim 32 wherein the topical medicament reduces damage caused

by exposure of the skin o sunlight,

37. The use according to claim 32 wherein topical medicament reduces the appearance of

fine lines and wrinkles in the skin.

38. The use according to claim 32 wherein fopical medicament reduces glandular secretions.
39 The use according to claim 32 wherein the topical medicament provides an anti-oxidant

to the skin.

40. The use according to claim 32 wherein the topical medicament smoothes the texture of
skin.
41. The use according to claim 32 wherein the topical composition moisturizes and lubricates

the skin.

42. The use according 1o claim 32 wherein the second compound is palmitic acid.

43, The use according to claim 42, wherein the topical composition smoothes the texture of
skin.

44 The use of according to claim 32 wherein R is a retinoid selected from the group

consisting of retinol, retinal, retinoic acids, and etretinte.

20



