1 Attorney Docket No.: J896-006 US | NTRAVENOUS FORMULATI ON W TH

WATER- SCLUBLE COCRYSTALS OF ACETYLSALI CYLI C ACI D AND THEANI NE FI ELD OF THE
| NVENTI O\WO[20002397e present invention relates to a nov@CTASRINOM48215

adm ni stering acetylsalicylic acid, nore specifically to a novel

i ntravenous formul ation, using a water-soluble cocrystal product of
acetylsalicylic acid and theanine that has a neutral pH and provides
enhanced stability and bioactivity as c%npar ed to previously known

wat er - sol ubl e formul ati ons of aspirin. BACKGROUND OF THE | NVENTI ON

[ 0002] Coronary artery disease is the |eading, ,cause_of nprta

devel oped countries. In the United States, %‘tWéﬁ?Y Dé’f’k‘%'tlwoocjgé%sdoré us
approximately every 20 seconds. Aspirin inhibition of cyclooxygenase has
been shown to be beneficial in patients presenting vvith acute coronary
syndrone and acute nyocardi al infarction. Researchers f ound that the nmedian
pl atel et inhi HNT%HEN%FQRMH&M% WA TER-SOLUBLELORRYATALB n
(al ka-sel tzer) 325ny, an@ﬁﬁ@ﬁwl&ﬂdﬁh D ANR THEANINEJ aspirin
324ny, were 7.5 mnutes, 7.5 mnutes, and 10.0 m_nutes, respectively.
Schwertner, et al, "Effects of GIELBrQRTHEINVENTHONW| ations on pl atel et
aggregation tines and on plasnma salicylate concentration.” Thronb Res.
2006; 118(4): [6@@1]34. EQule presentinvention relates to a novel method of administering

acetylsalicylic acid, more specifically to a novel intravenous formulation,
using a water-soluble cocrystal product of acetylsalicylic acid and
theanine that has a neutral pH and provides enhanced stability and
bioactivity as compared to previously known water-soluble formulations
of aspirin.

BACKGROUND OF THE INVENTION

[0002] Coronary artery disease is the leading cause of mortality in
developed countries. In the United States, a heart attack occurs
approximately every 20 seconds. Aspirin inhibition of cyclooxygenase
has been shown to be beneficial in patients presenting with acute
coronary syndrome and acute myocardial infarction. Researchers
found that the median platelet inhibition times for chewed baby aspirin
324mg, soluble aspirin (alka-seltzer) 325mg, and whole compressed
non-enteric coated aspirin 324mg, were 7.5 minutes, 7.5 minutes, and
10.0 minutes, respectively.  Schwertner, et al, “Effects of different
aspirin formulations on platelet aggregation times and on plasma

salicylate concentration.” Thromb Res. 2006; 118(4): 529-34. Epub



2 2005 Novenber 18. Wthin 7.5 mnutes, though, an individual could be dead
fromone of a nunber of potentially fatal arrhythm as such as ventricul ar
t achycar dwve,2owense7rcul ar fibrillation or conpl ete heart PolraskoooBas27y
adm ni stration of a novel intravenous aspirin fornulation could start
benefitting the patient in a matter of seconds, whereas the full benefit of
traditional aspirin nay not take effect until major sequel ae, conplications
or death has occurred. In a person presenting with an acute nyocardi al
infarction, intravenous aspirin is the greferred route for early platelet
aggregation inhibitjaon. Accordi ) th nerican, Heart Association's 2007
Noti onal STEM St adDBiNavernasn i Witng:s Ginuadnpeo ket i spache: not
capabl e of performng |ife-saving PCl (Percutaneous Cbronarﬁ | nterventi on)
for STEM (ST el evaleagnirafoeas difa nunateercafi peipnpalty iaksarrpgthaiigs sucheaase i s
a clear unnmet need for a novel intravenous aspirin with inproved
phar macoki neti cs anénploalareecldyozrdiac sentnicplat fierilisiqn esemhplege Wehlt HoeK. e
nyocardi al infarction. [0003]Aspirin inhibits prostanoid biosynthesis, in
particul ar that of HAwQERIXARALIOR oﬁé‘ﬁo@él‘ﬂﬁkﬁ@n@ﬂ@%%?(iriﬁ%tﬂ&ﬁ'or%%@d SB¥PI ri N
irreversibly inhibits platel et cycl ooxygenase 1 ( -1) through acetyl ation
of the amno acid LA at ! r i j i C
aci d acoess to t he EORIEEIERaHbh Attt el SRS PSRk R SFO
inhibiting COX-1, the.platelet is unable t nt hesi ze prostagl andin H2,
wht ch would ot ner wiGgi el e iy b ke fast B Erale” sestelan, Simithearts
pl atel et aggregation, an early step in the coagul ati on cascade. .
[ 0004] Control of tesdeath ameecriedor Bcere SPE Prestiagadthin acaseyrards
bi ool ecul ar nmechani sns. These mechani sns occur via two pat hways: the
cycl ooxygenase pat linayctionhiithavessubtaspinm ishehe prafatredrroafe forosarbgplatelens,
and the |ipoxygenase pat hway, which results in the formation of
| eukotri enes. Non- siggfsdadioanihhibitidil armwabedidg € thasA BB PHeak i Assorsdlion’d,
function via the cyclooxygenase pathway. There are three major human
| i poxygenases. The HIN | i &1 ;

POXyg 0Bz l}lag'for{?.ﬁsfrﬁﬁ/u %Qéﬂuét‘c?”?é’% dr it sia §?€l§g@?ﬁé;h(g§_b?tals

arachi doni ¢ acid nolecu ese human poxygenases | nc 12-,
and 15-1i poxygenases i % spectd vel tal yzesthesinsertio en
ot the C B BT e bR BT FRLoling BRI el Lot Gre Y

| eukotri enes and |ipoxins. provi i |l ing mol ecul es, _associated with a
vari ety of human dil @a&%ﬂlomgw ngMggﬁa‘?le%tm W@P@W@i'@,arg@ip&é‘%tsand
inflanmat ory bowel disease. Leukotrienes and |ipoxins, have been inplicated
as critical signal iAsgsuabl thaie ésa cigaauneet segd §r aaeNa IrdravesoHs @spisiv Wten
shown to be a key biological agent in colorectal cancers, while 12-HLO is
i nvol ved i n pancr eamnpevear episdrneaudkiratiet ataddc gutearncolyhufidss inp-patigatsat ed
in prostate cancer and its inhibition abolishes all cell proliferation,

i nduci ng apopt osi s.presenting with acute myocardial infarction.

[0003] Aspirin inhibits prostanoid biosynthesis, in particular that of
thromboxane A2 and prostaglandins PGE2 and PGI2.  Aspirin
irreversibly inhibits platelet cyclooxygenase 1 (COX-1) through
acetylation of the amino acid serine at position 529, thereby preventing
arachidonic acid access to the COX-1 catalytic site through steric

hindrance. By inhibiting COX-1, the platelet is unable to synthesize

prostaglandin H2, which would otherwise be converted to thromboxane



[ 0005] Tyl enol accounts for nost drug overdoses in the United States 4 and
ot her Western countries. The hepatotoxicity of Tylenol (acetam nophen),
statins (wWbabegies7el | owering drugs), antiretrovirals (trakars2do9n4ddry/ and
AIDS), and al cohol are well known. Researchers at Yale University have now
provi ded new i nsight into the nmechani sm by whi ch acetam nophen causes |iver
damage in mce and determ ned that aspirin provides substantial protection
fromthese toxic effects of acetam nophgn. Waj ahat Z Mehal ; Acet am nophen-
i nduced hepatotoxicity in mce is dependent on TIr9 and the Nal p3

I nf | ammasone; Jour of. Cinical Investigatjon; Jan. 26, 2009. 006
Currentty o nt T avensVREHCARRES DA 0nPaeta fast Salbe R i e eaadulaio
States. The poor solubility of aspirin in water and its rapid hydrolysis in
the plasma to sal i ®@fadé&ci d and acetic acid have linited its intravenous
use. [0007] Attenpts have been nmade in the past to produce an aspirin

product havi nqoeddacceptGdritel bthebnflamynatort prooess isaggulpter/ienatcasbadd ot al | y
satisfactory. [0008] For exanple, the introduction of Bayer aspirin, as well

as Disprin (distri bygmeeclidr AfedHanhists. KrinastombehamEMs\WRESF vi Bedibathwayst he
formati on of a cl oudy suspension indicative of inconplete dissolution in

. Aspro O i 514 | | @nd | <6t o
}tAﬁﬁ glrjghou!to r cI%ur OS:; ttl('%;)gﬁlg%%ﬁﬁggl %@wﬂé In@\rf]v%g' 6%%6%‘3@0?{?”%\%?@&]‘@ j

more than three m rﬂ)%s 219 afntdlenrs,tahned h?eblligct)fyg%%\éeseegétﬁ\r/v\ée,s(\:N%qéh results in the

formation of leukotrienes. Non-steroid anti-inflammatory drugs
(NSAID), like aspirin, function via the cyclooxygenase pathway. There
are three major human lipoxygenases. They differ in the position of the
double bond on the arachidonic acid molecule. These human
lipoxygenases include the 5-, 12-, and 15-lipoxygenases, which
respectively catalyze the insertion of oxygen at the C-5, C-12 and C-15
positions of arachidonic acid.  The resulting leukotrienes and lipoxins
provide signaling molecules associated with a variety of human diseases
such as asthma, atherosclerosis, psoriasis and inflammatory bowel
disease.  Leukotrienes and lipoxins, have been implicated as critical
signaling molecules in a variety of cancers. 15-HLO has been shown
to be a key biological agent in colorectal cancers, while 12-HLO is
involved in pancreatic, breast and prostate cancers. 5-HLO is up-
regulated in prostate cancer and its inhibition abolishes all cell
proliferation, inducing apoptosis.

[0005] Tylenol accounts for most drug overdoses in the United States



5 [0009]It is well-known that |ysine acetylsalicylate (sold as, e.g.,
Aspegi ¢ and Aspisol) is suitable for intravenous adm nistration. The

sui t abi | iwgQ 20fo/12gg7ne for intravenous adm ni stration i sPdumaSe@oie275
formation of a salt of acetylsalicylic acid with a basic amno acid, with
the salt formexhibiting inproved solubility. Lysine acetylsalicylate,
however, is not approved by the FDA for use in the United States. See e.g.,
FDA Reports 2006-2008: Aspegic Side-Effgct Report #5076936-8 (after drug
was adm ni stered, patient devel oped cardio-respiratory arrest and

ventricular fibrillatjon, and died); FDA Reports, 2006-2008:. Aspegi¢c Sid
Erfect Report 453760 Oehs NASTHH, LORUNGRm nf 36 eNeaaraiaiieGh; obx URNEhced
angi na pectoris and recovered). [0010]U.S. Patent Nos. 5,665, 388 and

5, 723, 453 to Phyki t@cetanieopian)astaiinsemhiolasigros dewenng dsegs)s @ntirgteoviialal i ne
aspirin conpound. The fornul ations disclosed in these references, however,
suf fer from a nunbédtakeh fdi ldBbzacANY8} .andredcahd ade aetl kgewns Reatatdhersiae of
bi carbonat es, as di sclosed therein, causes gas to be formed when ingested

by patients. Anot herydirmebtain Raee hémﬁd’r@bidﬁeh%éﬁﬁr@@gﬁﬁhﬁb thiethe s r$mt
conpositions disclosed therein (i.e., greater than 8.0) |eads to rapi

Chorcebeu”sharr. 117 BiaflptgredResiist anaso R Sigimg iRy

Egﬁrggtsi l\||0 3}1551 é57’ %gé%ir%n%rg\?ige?g SA[J %tén%a?%r%%ec%%ﬁ ¥r8an?ﬁle§es tE))‘?ch): 8&8&%38
acetaminophen. Wajahat Z. Mehal; Acetaminophen- induced
hepatotoxicity in mice is dependent on TIr9 and the Nalp3
Inflammasome; Journal of Clinical Investigation; Jan. 26, 2009.

[0006] Currently, intravenous aspirin is not approved for use in the
United States. The poor solubility of aspirin in water and its rapid
hydrolysis in the plasma to salicylic acid and acetic acid have limited its
intravenous use.

[0007] Attempts have been made in the past to produce an aspirin
product having an acceptable solubility, but none have proven to be
totally satisfactory.

[0008] For example, the introduction of Bayer aspirin, as well as Disprin
(distributed in the United Kingdom), into water results in the formation of
a cloudy suspension indicative of incomplete dissolution in water. Aspro
Clear (distributed in Australia and New Zealand and marketed

throughout Europe) imparts a non-cloudy, snow globe effect in water for

more than three minutes after the tablets have effervesced.



(mxture "A" and m xture "B"), which is disadvant ageous from nmanufacturi ng,
packagi ng and use standpoints. Furthernore, the formulations in these

ref erencesoanw/f2Bnded and then directly added to wat er PCTHS2@9i0$32MH

i ndi cation that the blended product is stable. Further, conpositions

formul ated in accordance with the Galat patents take up to two to three

m nutes to substantially conpletely dissolve in water. [0012] Conpositions
formul ated in accordance with the nmethods disclosed in Patent Application
Publ i cati on No. 2006/ 0292225 to Felix take up to 15-30 seconds to

conpl etely di ve in water with stirring. 0013] . Theani.ne, |ike aspirin,
is known to hjé&@al ut arlvsé‘fquglﬂoé".’mi t[@'%cﬂﬁ?&y'?%'m&m?%&?a?e%rgrae%ip@@?qrom
Canel lia sinensis and the mushroom Xeroconus badi us, but is otherwi se rare
in nature. Prelin macdyAspsapisshitabledgeistravenaus adminsiration. priensititedildy pha

wave generation in the brain. Thereby, an awake, alert and rel axed physical

and nmental conditi dysinefadhirevarthusvddminisientionds dates thd éamatiensof a salt of
ef fectiveness in stress managenent. L-theani ne does not cause drowsi ness or

impair a person’s REB)sAkylid Scidvith@babie’inihb UMY, vathReks b Al @xhiitirg! | Y
agai nst the negative side effects of caffeine, to increase dopam ne and

toni " . . br ai. o . e .

Pyper tensi on and di SPCRBe eIy B sbPyRRIEBET hWRVE i RTsEr ]
ffeine, d to dim pj t f I L

ctudi es. | ndicat e ¢ 3¢ " DRUGRY RS BB ATl . Setees £y oronnatGa2PRE e

level of GABA (gamma-ani no_butl):[ri C aci d%, an Eiﬁgortant inhibitory

neurotransnitter i MPe8iGPigienEfeedienart #Ra469eR (REpLAUSIWER RAMIRBERTPHe

supports the i nmune system and may reduce plasma total chol esterol,

chol esterol ester gatientigvalavetkeesdioyrespipaionoareési aobokesstoatarffibrillation and
[ 0015] Studies on the effects of theanine on al cohol netabolismand hepatic

IttrJIXqul ty have showrigd)aF DAR&IHrE2006-20 0@ RIpegicSiakEitechRepbalise 700 74X
e (after drug was administered, patient experienced angina pectoris and
recovered).
[0010] U.S. Patent Nos. 5,665,388 and 5,723,453 to Phykitt, disclose an
essentially sodium-free, soluble alkaline aspirin compound. The
formulations disclosed in these references, however, suffer from a
number of disadvantages. One disadvantage is that the use of
bicarbonates, as disclosed therein, causes gas to be formed when
ingested by patients. Another disadvantage is that the relatively high pH
of the compositions disclosed therein (i.e., greater than 8.0) leads to
rapid hydrolysis and instability of the drug substance and, therefore, a
shortened shelf-life.

[0011] Many of the formulations disclosed in U.S. Patent Nos. 5,157,030

and 5,776,431 to Galat are formed as two separate compositions



[ 0016] Theani ne al so has the potential to protect neurons from excesses of
glutamate. Qutamate is an essential brain chemcal that may be released in
excess amwonbr/mBem some di sease conditions (e.g., anyoPrcolsze9lostes al
sclerosis and cerebrovascul ar denentia) and with brain injuries, as occurs
wi th strokes or physical injuries. Theanine may protect against this danmage
by bl ocking glutam ne entrance to cells due to the simlarity in the

st ereochem cal structures of theanine agd gl utam ne. [0017] A direct

nmet abolite of am no acids glutam ne and”glutam c acid, theanine is nade

different by its ethyl-N aJ kylation of glutamne s . nitrogen. The anjino acid
scaffol ds gl ut ani ndBiES ¢ & makhdnpdueg HanBIehe s isaoraaaoRauSelfaRI

al pha am no acid core structure responsible for theanine's transport, while
et hyl - N al kyl at i on e@nfRoiusROnPaPkaginge andotrei standpaipofurtagsmore, the

phar macol ogi cal properties. The simlarity of 8 glutamne's and glutamc
aci d's structure wiformulbbams indhasd mierdriveasire blenaebearsiihsn cireetlyaaddgul teduct
conpetitors for all physiological glutam ne and glutam c acid reactions,

providing their chajfigs Bidted Md IndficatibRengftRe BlentRePYSlct s stade. Murtier,
glutamc acid is a netabolite, theanine can activate, inhibit or add to

target activity. T@oﬁﬁo&ﬂ]ﬂ’éﬂﬁ\é fobRufhd® é%%"drﬁar?@e ‘thE ¥dlaEatehts fakedyn

glutamine mnetic w ar macol ogi ca Ivity. utamne 1S a signiflicant
consuner of ATP for_nitrogen incorporation ich xplain _sone, of the
anti -cancer and ant? PP F?WWVE%tOtWaQ‘HWgHVICP”@%eE'a@%ﬂV?én WA t ed,
cell or viral structure gromh is also inhibited. [0018] The am no aci ds

gl ut ani ne and [BP1Rlani ¢ 4Qrapesitiens JRrBH AR elbulascolangenidthnith® Medetdse.
Some exanpl es of comon nol ecul ar el ements are pl (isoelectric point),

pol arity, hydropat ldjsdlosbekin RatentAppbcaton Rablicatippdie. 201H6/0292825 wsFelix
netabolite targets for theanine. The overl appi ng nol ecul ar properties all ow

theanine to functi qakéiepao 9bLE@ERENTR todontEisicly aisboivanahegeewitl Besig.
properties relate to the electrostatic profile of theanine under

physi ol ogi Calm,[éco j Ui onsrandidd %ik@vﬁéﬁ#ir‘], %Wr&&&#rté‘!hc?g/%gﬁb{a%q SRicEd It is

i ncludes ato nto the rélated core am no aci tam ne and
glutam c acid. The _.coinci dent array of ato and.the relative electrostatic
Jt Pucture of gl ut areond Earear i ades FoR Rt AnebS AR dn FBaRL °f or
t heanine. The targets al so include the enzynes, proteins, receF)t ors or

ot her macr onol ecul eXCrER@YIUET padiusy BLY iHidthervwige taee dasealyre gl ubPEelneinaey d,

the atons that nmake up
research, suggests that L-theanine promotes alpha wave generation in

the brain. Thereby, an awake, alert and relaxed physical and mental
condition is achieved, which demonstrates theanine’s effectiveness in
stress management. L-theanine does not cause drowsiness or impair
a person’s motor skills. It has been shown to work antagonistically
against the negative side effects of caffeine, to increase dopamine and
serotonin concentrations in the brain, to be effective in reducing the
hypertension and disturbance of sleep often associated with the use of
caffeine, and to diminish symptoms of premenstrual syndrome.

Laboratory studies indicate that theanine produces these effects by



9 the isosteric structure up to the C5 or ganma carboxyl are in the sanme
array as theanine. In the case of glutamne, the isosteric and

i soel ect rwoi2o10a28978 of gl utam ne are equal to theani ne' $CRUSe@lystrvbgen has
been repl aced by ethyl (-C2H5) on the carboxam de nitrogen of gl utam ne.
[0019] G utathione is the liver's first-line defense agai nst drugs and
chemcals. It is used by cancer cells against drugs and chem cals. Cancer
cells use glutathione to detoxify doxor?bicin and escort the drug out of
cells. Theanine is able to interfere with this process due to its
structural simlarity to glutamate tamc acid, or glutamate, is one of
The component 5. of | TP ADCHE oveh ! GAGA fArosar BinoBin A, a5 igaRgant ke
glutam c acid, cancer cells take up and m stakenly use the theanine to
create gl utat hi one.inBotoymeugPinargmitiend thehrait.eat e wi t h t heani ne does not
detoxify like natural glutathione. Instead, this theani ne-based gl utathione
appears to bl go@14Jhe abill haybeén espurtad ibet tredninastipportythe ifi0afd systetrher,
in addition to enhancing doxorubicin's cancer-killing effects w thout

harm ng heal thy ti spitnaj ReRIREPSHE RrhPBResirsRithbicstdto Risteidnd R ) dWy-
tissue. This is a major added benefit, since one of the drawbacks of the

use of doxorubicin .S LGl heart. The potential of theanine
as an adjunct to céjne(?:]g‘w(ﬁ;?éﬂnéﬁgﬁcﬁg%%\s\%gﬁproposed by researcher Yasuyuki

Sadzuka, who i.rmed that. t heani ne jor amno acid in green tea,
onhances the 01SLior Staties e tipladuRieantionor BisghakTeeiaRo e Ao
increase in DOX-induced side effects. He postulated that the action of

t heani ne i s due to hg¢petieddeity hayg shewmadtikatipearivevs gffeativeragaioat alcohelic

glutamat e transporter and reduction of glutathione and DOX export fromthe
cell. Theani ne enhdimeemjurpe antitunor activity not only of DOX but al so of
cisplatin and irinotecan (CPT-11). In essence, Sadzuka found that theanine

coul d bl ock theofgport ofhcd@s 415h AhStHASHtEAIMN % PlotbSIHBUEGNCRE MESbSsdy
bl ocki ng the glutamte and gl utathi one transporter nechani sns; the el evated

| evel of the drug widneARCaseahh R AP0 Snbiied YIB masaslz uka

Y, et al., "The ef heani ne, as a nove i'ochem cal nmo on
the antitunor activity of adrianycin,” nc Letters 1996; 1 FénZ :

205- 500.  Sagruka. vielesd MO eBER AT SEh,SEhec HsrBoRO PR TRe dedbn
tea," Cinical Cancer Research 1998; 4(1): 153-156; Sadzuka Y, et al.,

"Ef fi caci es of tea a¥YRIORNE Bleal gelesrsivicodcararayagcat femeptiahand withy and
reversal of nultidrug resistance,” Toxicology Letters 2000; 114 (1-3):
155-162; Sadzuka Ybran igjuries; asnocovrsneitth strbkesar @hiysical infudiesed driteianimeor
activity and bone marrow suppression by theanine, a conponent of tea,"”

Cancer Letters 200@ndyBlolact abhths2this Sathagkdyblotkingglutaminelsmieacens cals t he

activity of doxorubicin by inhibition of glutamat e"t ransporter,” Toxicol ogy

on the anti Lumor  aqe Ly ol Haugr (o & ereCspRinical FoRFEs 2h LRI "' ©

157-163. 11 glutamine.

[0017] A direct metabolite of amino acids glutamine and glutamic acid,
theanine is made different by its ethyl-N alkylation of glutamine’s
nitrogen. The amino acid scaffolds glutamine and its metabolite glutamic
acid provide the general, alpha amino acid core structure responsible for

theanine’s transport, while ethyl-N alkylation of glutamine provides both

its transport and pharmacological properties. The similarity of



[ 0021] Ther apeuti c conpounds, such as aspirin, are nost stable in a
crystalline form but can display poor aqueous solubilities and sl ow

di ssol ut iwo 2088977 These properties inpart the tendencyPCo/useadnes2ihe

bi oavail ability of the active pharmaceutical ingredient (APlI), thereby

sl owi ng absorption. [0022] A cocrystal is a nultiple-conponent crystal, in
whi ch two or nore nol ecul es associate (but do not bond) on the nol ecul ar

| evel in solid crystalline formunder agbient conditions. They are
attractive to the pharmaceutical industry because they offer opportunities
to nodify the chem cal and/ or physical properties of an APl w t hout the
need to make of br GIKBEINGP SAC SRIARNC aph b Faning alRweiheanite
nol ecul ar structure of the APl is not changed. This has inportant .
inplications for sti®&grgubstrate agdirsedia) capinasierns for alh@hb/ﬂilgi%@sc_al Blutamine
very nature, APIs, nolecules that contain exterior hydrogen-bonding

noi eties, are prediaspoghdamic favidratcaaction$, Eoavigingaliwir Rinarges earei sithilar.
cocrystals will afford forms of APIs with inproved physical properties such

as solubility, stabiHdrétore WHressinide opglidtdthieseliditiadnetadbhte, fiResirtal
properties are not just dependent upon nol ecul ar structure. They are al so

critically dependegﬂg&gggﬁ{mmhﬁgybﬁ é&r@%ﬁhéﬁ\m&. afifls id ﬁzhkoﬁ’ﬁé'eégfe{&?éaaﬁéoon

crystal structure. catio oncepts of supra ul-ar
synthesis and crystal._engi neering to the devel opne f pharmceuti.cal
cocrystals of fert g asn & 29 b8 rhevBRSHRRREr AR
delivery. 12 [0023] Thus, a water-soluble aspirin-theanine cocrystal.
conposi tion whi ch KaSaEAREHE 8FIgRIHERM GAPSHMETHTSALT Qi Rilfogen dxiesRe@doho
previousl y-known, water-sol uble anal gesic conpositions, and which delivers
the salutary effectvgidi rpay expiam rsomeed theeznti-eancdrsantadtiddV aotvdlyTok
present invention satisfies these and other nedical needs and overcones
defici enci es found thearihe. pir Nefixagioh.is inhibited, cell or viral structure growth is also
inhibited.

[0018] The amino acids glutamine and glutamic acid have common
molecular elements with theanine. Some examples of common
molecular elements are pl(isoelectric point), polarity, hydropathy index,
and elements that support their role as metabolite targets for theanine.
The overlapping molecular properties allow theanine to function as a
glutamine or glutamic acid analogue. These properties relate to the
electrostatic profile of theanine under physiological conditions and its
overall structural geometry, which includes atoms common to the related
core amino acids glutamine and glutamic acid. The coincident array of
atoms and the relative electrostatic structure of glutamine and glutamic
acid allow them to serve as targets for theanine. The targets also include

the enzymes, proteins, receptors or other macromolecules they

effectively bind. In the case of glutamic acid, the atoms that make up



SUMVARY OF THE | NVENTI ON [0025] Accordingly, it is an object of the present
I nvention to provide a water-sol uble aspirin-theanine cocrystal conposition
havi ng a woysteal2B47me structure and whi ch has enhanced sw®abiuszeog/oasds

bi oactivity, as conpared to previously-known, water-soluble anal gesic
conpositions. [0026] A further object of the present invention is to

provi de a water-sol uble aspirin-theani ne cocrystal conposition having the
above characteristics and which is rapigly water-soluble. [0027] Yet a
further object of the present inventionis to provide a water- soluble

aspirin-theanine cocrystal . co sition hav t he above characteristics and
Whi ch may be used A 1§9STaIA SRR B 6 (B85 gBTA SEoR MEli Pe Famé:
anti-inflammatory treatnment. [0028]1t is an object of the present invention
to provide a met ho@r&y &gnihranieg.i nd dh@acase s&f ghitamigi Henisasdenc rand
cocrystal conposition intravenously in humans that has a neutral pH,
provi des enhanced ssadiedtranic atomndofighetaming gre eaqudl tstheaninetd wehérerydregeament
of various di seases
has been replaced by ethyl (-C,H.) on the carboxamide nitrogen of
glutamine.
[0019] Glutathione is the liver's first-line defense against drugs and
chemicals. It is used by cancer cells against drugs and chemicals.
Cancer cells use glutathione to detoxify doxorubicin and escort the drug
out of cells. Theanine is able to interfere with this process due to its
structural similarity to glutamate. Glutamic acid, or glutamate, is one of
the components of glutathione, the drug detoxifier. Because it looks like
glutamic acid, cancer cells take up and mistakenly use the theanine to
create glutathione. But the glutathione they create with theanine does
not detoxify like natural glutathione. Instead, this theanine-based
glutathione appears to block the ability of cancer cells to detoxify.
[0020] Further, in addition to enhancing doxorubicin's cancer-killing
effects without harming healthy tissue, theanine also keeps doxorubicin
out of healthy tissue. This is a major added benefit, since one of the
drawbacks of the use of doxorubicin is its toxicity to the heart. The
potential of theanine as an adjunct to cancer chemotherapy was

proposed by researcher Yasuyuki Sadzuka, who confirmed that

theanine, a major amino acid in green tea, enhances the antitumor



13 and nedical conditions. [0029] Still another object of the present
invention is to provide aqueous aspirin-theanine cocrystal formulations
sui t abl e Wonoim2gservenous admi ni strati on havi ng t he aboveCthse@ones2rsti cs
and which allow for rapid delivery of acetylsalicylic acid to the

bl oodstream [0030]Yet a further object of the present inventionis to
provi de aqueous aspirin-theanine cocrystal fornulations suitable for

i ntravenous adm ni stration having the %Qﬁve characteristics and whi ch may
be used for extended periods of tinme wthout causing the gastrointestinal

upset and/or erosions,. bl eeding,. or oration of the gastrointestinal
FPact wni ch may ocunvy phIcObiet HRaK) BiBbubdn asase BOSTARGLERS S ec:
of the present invention is to provide aqueous aspirin-theani ne cocrystal
fornul ati ons sui t alifiectsoHe prstaitembinat timaction ofdheaming iy fng ta decrgpsoein
characteristics and which allow for delivery of therapeutic quantities of

t heani ne to the bl ghdstraganuptak®082] irffieiien aod tbé hglutarhatkec tisanspottbe gaesent
invention are achieved in accordance with one enbodi nent of the present

invention by provi se@iictRin af Whitathicmd Wilde DRI dxpdrt Reanithe ¢LICT YiHeahine
conposition which includes a quantity of acetylsalicylic acid and a

quantity of at hea'@n’ﬁ%pﬁ@é‘ﬂ{é Qﬁﬁ@rgﬁ?ﬁ%i@trﬁﬁo\ﬂaﬁﬁ BlO)S b@%‘&@b#%isﬁfaﬁin and

acetylsalicylic acid, e cocrys conpositio el ng fornme y physically

tcﬁgginininggeagﬁt ?gﬁgﬁriié%?géré%strﬂ 1'5)‘?le IinC éée%c%?%%d%&lga wuenoq{‘h%rt]ttﬁé nir% Buld
block the export of doxorubicin (Adriamycin) from cancer cells by
blocking the glutamate and glutathione transporter mechanisms; the
elevated level of the drug within cancer cells strongly inhibits the tumor.
Sadzuka Y, et al., “The effects of theanine, as a novel biochemical
modulator, on the antitumor activity of adriamycin,” Cancer Letters 1996;
105(2):203-209; Sadzuka Y, et al., “Modulation of cancer chemotherapy
by green tea,” Clinical Cancer Research 1998; 4(1): 153-156; Sadzuka
Y, etal., “Efficacies of tea components on doxorubicin induced antitumor
activity and reversal of multidrug resistance,” Toxicology Letters 2000;
114 (1-3): 155-162; Sadzuka Y, et al., “Improvement of idarubicin
induced antitumor activity and bone marrow suppression by theanine, a
component of tea,” Cancer Letters 2000;158(2): 119-24; Sadzuka Y, et
al., “Enhancement of the activity of doxorubicin by inhibition of glutamate
transporter,” Toxicology Letters 2001; 123(2-3):159-67; Sadzuka Y, et

al., “Effect of dihydrokainate on the antitumor activity of doxorubicin,”

Cancer Letters 2002; 179(2): 157-168.



14 m xture and wetting the mxture with a quantity of a wetting agent and
grinding the conbination for a length of time sufficient to produce a

dri ed- cr ywpabio/nemass. | n sone enbodi nents, the wettingCagseasnngidyed i s
met hanol . [ 0033] Formul ati ons accordi ng to enbodi nents of the present
invention protect aspirin fromhydrolysis, wth the bulk active ingredient
being a well-defined, free-flowing crystalline solid which has enhanced
stability and bioactivity. The solid h%s a solubility in water of about 10
ng/ mL, and yields a clear aspirin soluti'on shortly after being m xed.

[ 0034] Conpositions accarding to enbodi nents of the present inventiqn are
very sol ubl e i[hbgﬁl{ er, ré“t?&@&?%tf @Happun ssUtCI%'a"T"IS 88RMPaffe WA SIHIE DA t
solute, especially when conpared to traditional aspirin, which is only very
slightly sol uble, mcsgiallinadgoabBobut Tao0display 109W@08qyRASs SHEbEitiedandoalow
solute. [0035]1n accordance with an enbodi nent of the present invention, a
met hod of creati ng dissgiutemn eodsibTaess propartiéhaapanehe taridesicglto codpastid on

i ncludes the steps of (i) providing a quantity of acetylsalicylic acid,

adding a quantity ®fiosdiBBMf) Bf3tﬁé‘%ﬁi/@rﬁ?farﬁrﬁcbbﬁcélqﬁgﬁécﬁé/nt_(){API), thereby
acetylsalicylic acid to forma mxture conprising the quantity of

acetylsalicylic faCis?iovﬂH .atb@‘ca) fa)zf}]njti oner of theanine; (ii) wetting the

m xture; and (iii) gri ngl ng [Fﬁe m xture for a length of tinme sufficient to

produce a dri ?gofé]ySt al lAi\ cr;]oecrys% is al r%uﬁi%fet-g(i)rrr]lp%e%thcerflgtaﬁri];?ev iic trv]vtosér m%rSe
molecules associate (but do not bond) on the molecular level in solid
crystalline form under ambient conditions. They are attractive to the
pharmaceutical industry because they offer opportunities to modify the
chemical and/or physical properties of an API without the need to make
or break covalent bonds. In pharmaceutical cocrystals, the molecular
structure of the APl is not changed. This has important implications for
streamlined regulatory approval of new forms. By their very nature,
APls, molecules that contain exterior hydrogen-bonding moieties, are
predisposed to formation of cocrystals. Pharmaceutical cocrystals will
afford forms of APls with improved physical properties such as solubility,
stability, hygroscopicity, and dissolutionrate. Physical properties are not
just dependent upon molecular structure. They are also critically
dependentupon supramolecular chemistry and its influence upon crystal
structure. The application of the concepts of supramolecular synthesis

and crystal engineering to the development of pharmaceutical cocrystals

offers many opportunities related to drug development and delivery.



met hanol is enployed in the step of wetting the mxture. In certain of

t hese enbodi nents, the dried crystalline nass has an aqueous solubility of
at | east wbaoto/@397ng/ L. [0036] I n some enbodi nents of Phe/USL@9OU275
invention the quantity of acetylsalicylic acid falls within the range of
about 5% to 95% by wei ght of the m xture of the quantity of acetylsalicylic
acid and the quantity of a theanine enantioner. |In other enbodinents, the
gquantity of acetylsalicylic acid falls wthin the range of about 15%to 85%
by wei ght of the m xture of the quantity of acetylsalicylic acid and the

guantity of a ni ne antioner. | urt her. enbodi ments, the quantity of
acetyl sal i cyl i[égggi dis utd W%?g'\lﬂbegﬁ?p'é'ﬂ'tgg@n'ﬁpx%?rés@ X Qﬁlﬁé’rﬁll ty
of acetylsalicylic acid and the quantity of a theanine enantiomer. [0037]
In sone of these emnbuch haseshancas stabiity ard bivaativityrasy carspated toprevieuslyn

ot her enbodi nents, the theanine enantioner is the D-form In further
enbodi ments, the thkeaninnevateasdlubleanalgesibecobhpdsitions, dnd0w@Bichl delivense thef

t hese enbodi nents, the resultant aspirin-theanine cocrystal conposition is

di SSO! ved in a sol \é%TUtartyOefféHtérbﬁBo@ﬁ@édiﬂirﬁ‘hh@@ﬁéé’rﬂnég‘érrﬁé%béb. f50| ution. In
certain of these enbodi nents, the solvent is water. In certain of these

enbodi nents, t sul t ant LA s i cOC i -
that is physi (EP(G;%‘?]? I nqzheer ai re}ﬁt)ﬁvieﬂﬁ@@ sgﬁ%fge% %%ancfﬁg%&esgqlpgﬁ?&w
aspirin-theanine cocrystal solution has a pH in the range of about 7.35 to
about 7.45. In cer BROPYGCRRES Lefigigneiesday m@le R &Bsul t ant
aspirin-theanine cocrystal solution has a pH which is about 7.4. [0039]In
accordance w th anot her enbodiSUMMARYtQE THENVENTIONNt i on, a met hod of
creating a water-soluble aspirin-theanine cocrystal conposition includes

the steps of: [0025]pr ovi dAbgoraingiarnitistan ebjeecstifib pabsantlingeraiohdo drovideaddi ng
a quantity of an enantioner of theanine to said quantity of acetylsalicylic

25 d enant] onar of "HhE SR St B AR S DA SRl bhRAfiel and
i f I f L on; i NG Sai ' f

A ength of time sonpehfeaBoMe fatbhRthodl GatliNal Wb RRLTT S SOl o

of these enbodi nents, the qri ed cr?‘/vstal | ine mass has an aqueous solubility

of at |east about $°REGPYRY-KNRAWEEMRLEFSQYDIE CSHEUNREAS S wat er i s

enpl oyed as the solvent. In certain of these enbodinents, the drying step
i s perforned HQ02Glans ofA &urtharasljeelvalpiheapriesanpinyestien is to provide a water-

soluble aspirin-theanine cocrystal composition having the above
characteristics and which is rapidly water-soluble.

[0027] Yet a further object of the present invention is to provide a water-
soluble aspirin-theanine cocrystal composition having the above
characteristics and which may be used in the relatively large dosages
that are required for anti-inflammatory treatment.

[0028] It is an object of the present invention to provide a method of
administering a water-soluble aspirin-theanine cocrystal composition
intravenously in humans that has a neutral pH, provides enhanced

stability and bioactivity, and is suitable for treatment of various diseases



[0040] I n certain of these enbodi nents, the theanine enantioner is the
L-form In sone of these enbodi nents the theanine enantioner is the D-form
I n furthewoabiwfexe enbodi nents, the theani ne enanti onePCraszég/oB4275 or m
[0041] I n sone enbodi nents of the present invention, the theanine enantioner
further conprises a carbohydrate functional group thereon. In these

enbodi nents, the carbohydrate functional group may be of the 17

L- conflguratlon or the D-configuration. |n these enbodi nents, the

car bohydr at es enpl oyed nay be nnnosaccﬂé?ldes di sacchari des,
trisaccharides, oli osac | des,.or polysaccharldes [0042]In sone

embodi ment s of theE%FQEQ ﬂW@ﬁ??%% the theani ne enantiomer further
conprises an am no acid functional group thereon. In certain of these

enbodi ment's, 082%ni no ddill@notiertabgectiof Hreopiesest iaventspisitel erovide aqueous
aspirin-theanine cocrystal  formulations suitable for intravenous
administration having the above characteristics and which allow for rapid
delivery of acetylsalicylic acid to the bloodstream.

[0030] Yet a further object of the present invention is to provide aqueous
aspirin-theanine cocrystal formulations suitable for intravenous
administration having the above characteristics and which may be used
for extended periods of time without causing the gastrointestinal upset
and/or erosions, bleeding, or perforation of the gastrointestinal tract
which may occur with conventional oral aspirin.

[0031] Another object of the present invention is to provide aqueous
aspirin-theanine cocrystal  formulations suitable for intravenous
administration having the above characteristics and which allow for
delivery of therapeutic quantities of theanine to the bloodstream.

[0032] These and other objects of the present invention are achieved in
accordance with one embodiment of the present invention by provision
of a water-soluble aspirin-theanine cocrystal composition which includes
a quantity of acetylsalicylic acid and a quantity of a theanine enantiomer
associated with the quantity of acetylsalicylic acid, the cocrystal
composition being formed by physically combining the quantity of

acetylsalicylic acid and the quantity of a theanine enantiomer into a



[ 0043] The various features of novelty which characterize the invention are
pointed out with particularity in the clains annexed to and formng a part
of this dwvechosmsEgs For a better understandi ng of the i BCEAtS2@/048205
operating advantages and specific objects attained by its uses, reference
I's made to the acconpanying figures and descriptive matter in which a
preferred enbodi nent of the invention is illustrated. BRI EF DESCRI PTI ON OF

THE DRAW NGS [0044]1n the drawi ngs: [0045]FIG 1 depicts photom crographs

taken at two magnifications of the crys1t4al |l ine cocrystal product formed by

acetylsalicylic acid and Ltheani ne accordi ng. to enbodi nents of the present
Cnvention: [0046] TEKETE ANOWEIRO RS MU LA AHARKLY Xl B IEHIAG 398 HA b gr am

of the cocrystal formed by acetylsalicylic acid and L-theanine according to
enbodi ments of the %iﬂé'ﬁ@w{hq po@ptIadAN %’Jowﬁpgtfﬁof 3ime saffickentdy poddes a
diffraction pattern of the cocrystal 18
dried-crystalline mass. In some embodiments, the wetting agent
employed is methanol.

[0033] Formulations according to embodiments of the present invention
protect aspirin from hydrolysis, with the bulk active ingredient being a
well-defined, free-flowing crystalline solid which has enhanced stability
and bioactivity. The solid has a solubility in water of about 10 mg/mL,
and yields a clear aspirin solution shortly after being mixed.

[0034] Compositions according to embodiments of the present invention
are very soluble in water, requiring about less than one part water per
part solute, especially when compared to traditional aspirin, which is only
very slightly soluble, requiring about 1,000 to 10,000 parts water per part
solute.

[0035] In accordance with an embodiment of the present invention, a
method of creating a water-soluble aspirin-theanine cocrystal
composition includes the steps of (i) providing a quantity of acetylsalicylic
acid; adding a quantity of a theanine enantiomer to the quantity of
acetylsalicylic acid to form a mixture comprising the quantity of
acetylsalicylic acid and the enantiomer of theanine; (ii) wetting the

mixture; and (iii) grinding the mixture for a length of time sufficient to

produce a dried crystalline mass. In certain of these embodiments,



formed by acetylsalicylic acid and L-theanine according to enbodi nents of
the present invention; [0048]FIG 4 is an infrared absorption spectrum of
t he cocrywoabioiasered by acetylsalicylic acid and L-thealrCmaSa@ooustiig to
enbodi nents of the present invention; [0049]FIG 5 is a Raman spectrum of
the cocrystal forned by acetylsalicylic acid and L-theani ne according to
enbodi nents of the present invention; [0050]FIG 6 depicts photom crographs
taken at two magnifications of the crystalline cocrystal product formed by
acetylsalicylic acid and Dt heani ne; déﬁ]FlG. 7 is a differential scanning
calorinetry thernogram of the cocr |Sa|IC¥|IC aci d_and

Dt heani ne’ acoor di tBEBNEISEMAGNE %%ﬁ&epppgy@ﬁt el T GeEaT G g

is an x-ray powder diffraction pattern of the cocrystal
these embodiments, the dried crystalline mass has an aqueous solubility

of at least about 9.0 mg/mL.

[0036] In some embodiments of the present invention the quantity of
acetylsalicylic acid falls within the range of about 5% to 95% by weight
of the mixture of the quantity of acetylsalicylic acid and the quantity of a
theanine enantiomer. In other embodiments, the quantity of
acetylsalicylic acid falls within the range of about 15% to 85% by weight
of the mixture of the quantity of acetylsalicylic acid and the quantity of a
theanine enantiomer. In further embodiments, the quantity of
acetylsalicylic acid is about 50% by weight of the mixture of the quantity
of acetylsalicylic acid and the quantity of a theanine enantiomer.

[0037] In some of these embodiments, the theanine enantiomer is the L-
form. In other embodiments, the theanine enantiomer is the D-form. In
further embodiments, the theanine enantiomer is the DL-form.

[0038] In some of these embodiments, the resultant aspirin-theanine
cocrystal composition is dissolved in a solvent to form an aspirin-
theanine cocrystal solution. In certain of these embodiments, the solvent
iswater. In certain of these embodiments, the resultant aspirin-theanine
cocrystal solution has a pH that is physiologic. In certain of these
embodiments, the resultant aspirin-theanine cocrystal solution has a pH

in the range of about 7.35 to about 7.45. In certain of these



formed by acetylsalicylic acid and D-theani ne according to enbodi nents of
the present invention; [0053]FIG 9 is an infrared absorption spectrum of
t he cocrywoabioiasered by acetylsalicylic acid and Dt heamCmaSa@ooustrig to
enbodi ments of the present invention; [0054]FIG 10 is a Raman spectrum of
the cocrystal forned by acetylsalicylic acid and D-theani ne according to
enbodi nents of the 19 present invention; [0055]FI G 11 depicts

phot om crographs taken at two rragnificagnons of the crystalline cocrystal
product formed by acetylsalicylic acid d DLt heani ne;

embodiments, the resultant aspirin-theanine cocrystal solution has a pH
which is about 7.4.

[0039] In accordance with another embodiment of the presentinvention,
a method of creating a water-soluble aspirin-theanine cocrystal
composition includes the steps of: (i) providing a quantity of
acetylsalicylic acid; (ii) adding a quantity of an enantiomer of theanine to
said quantity of acetylsalicylic acid to form a mixture comprising said
quantity of acetylsalicylic acid and said enantiomer of theanine; (iii)
dissolving said combination in a quantity of a solvent to form a solution;
and (iv) drying said solution for a length of time sufficient to produce a
dried crystalline mass. In certain of these embodiments, the dried
crystalline mass has an aqueous solubility of at least about 9.4 mg/mL.
In certain of these embodiments, water is employed as the solvent. In
certain of these embodiments, the drying step is performed by means of
a rotary evaporation process.

[0040] In certain of these embodiments, the theanine enantiomer is the
L-form. In some of these embodiments the theanine enantiomer is the
D-form. In further of these embodiments, the theanine enantiomer is the
DL-form.

[0041] In some embodiments of the present invention, the theanine
enantiomer further comprises a carbohydrate functional group thereon.

In these embodiments, the carbohydrate functional group may be of the



[0056]FIG 12 is a differential scanning calorinetry thernogram of the
cocrystal fornmed by acetylsalicylic acid and DL-theanine according to
enbodi merwe 20fo/28g7pr esent i nvention; [0057]FIG 13 is &OTASR@Y/opsxdsier
diffraction pattern of the cocrystal formed by acetylsalicylic acid and
DL-t heani ne according to enbodi nents of the present invention; [0058]FIG
14 is an infrared absorption spectrumof the cocrystal formed by
acetylsalicylic acid and DL-theani ne acc70rdi ng to enbodi nents of the
present invention; and [0059] FIG 15 i s'’a Raman spectrum of the cocrystal
formed by acetylsal I|c acid an he n|ne accor to enbodlne s of
the present invent ||-0 NfigEE¥aTbAr d%e@ Ebt g@)]
The present invention satisfies needs | eft unresol ved by the pr| or art
provi di ng a net hod cRERONRY@RREEseTIPHYedl SHIBIce MiVISpSERANdas: riigagsnarides,
acetylsalicylic acid and L-theanine which is readily admnisterable to

I ndi vi dual s t hr oughrisaocaaridéy, aigosackharides or polysaccharides.

[0042] In some embodiments of the present invention, the theanine
enantiomer further comprises an amino acid functional group thereon.
In certain of these embodiments, the amino acid functional group is a
dipeptide.

[0043] The various features of novelty which characterize the invention
are pointed out with particularity in the claims annexed to and forming a
part of this disclosure. For a better understanding of the invention, its
operating advantages and specific objects attained by its uses, reference
is made to the accompanying figures and descriptive matter in which a
preferred embodiment of the invention is illustrated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] In the drawings:

[0045] FIG. 1 depicts photomicrographs taken at two magnifications of
the crystalline cocrystal product formed by acetylsalicylic acid and L-
theanine according to embodiments of the present invention;

[0046] FIG. 2 is a differential scanning calorimetry thermogram of the
cocrystal formed by acetylsalicylic acid and L-theanine according to
embodiments of the present invention;

[0047] FIG. 3 is an x-ray powder diffraction pattern of the cocrystal



[ 0061] Enbodi nents of the present invention enploy L-theanine, a rare 20
am no acid. L-theanine is a water-soluble, white crystalline powder, having
a Chem cavoAbrarnsers Service (CAS) Registry Number of 308TAISEM9O42nE a GRAS
classification (GRAS Notice Nunmber: GRN 000209). L-theanine has the
enpirical fornula C7HL14N203, a nol ecul ar weight of 174.20, and the
systemati c nane of 2- Am no-4-(ethyl carbanoyl)butyric acid. Being 5-Nethyl
gl utam ne, theanine differs fromglutanine by the CH2-CH3 (et hyl) group
(repl aci ng hydrogen). N-Ethyl confers df theanine its active properties.

[ 0062] Enbodi nents Qf the present .inventjon, include cocrystals of .

acetyl salicylic aciemied b eressrieicacid athiineaniva reeryinoig rkadimenis

t heani ne contained in conpositions according to enbodi ments of the present

i nvention may be ofof &g pegsent fryentiom- f orm DL-form [ 0063] Enbodi ments of
t he present invention may include the am no acid scaffolds gl utam ne and/or
gl utam c aci d.[0048]64] Nor- Gl #iig aminfexradpbesrpiibnespactruonafibe abclystat brmed
enbodi ments according to the present invention nmay include a D enantiomner

of Theanine, D-G uyHelyl&dticyRc et L oR@4rin@Ackoiiy o &fBbdiients ertiae,
L-J u(NHEt)-0H, 2 R'enantionér; a DL enantioner of Theani ne,

DL-d u(NHEt) - 0H, 2 §é}ﬂri‘rt1\i/é?{ﬁ%h; a D-enantioner of Theanine, D-d n(Et)-0H,
2R enantionmer; an L-énantioner of theanine, L-A@n(Et)-0H 2R enantiomner;

and a DL enanypggy of 8am g RS F dsehun? R0 Ll 10"y Y
acetylsalicylic acid and L-theanine according to embodiments of the
present invention;

[0050] FIG. 6 depicts photomicrographs taken at two magnifications of
the crystalline cocrystal product formed by acetylsalicylic acid and D-
theanine;

[0051] FIG. 7 is a differential scanning calorimetry thermogram of the
cocrystal formed by acetylsalicylic acid and D-theanine according to
embodiments of the present invention;

[0052] FIG. 8 is an x-ray powder diffraction pattern of the cocrystal
formed by acetylsalicylic acid and D-theanine according to embodiments
of the present invention;

[0053] FIG. 9is an infrared absorption spectrum of the cocrystal formed
by acetylsalicylic acid and D-theanine according to embodiments of the
present invention;

[0054] FIG. 10 is a Raman spectrum of the cocrystal formed by

acetylsalicylic acid and D-theanine according to embodiments of the



21 enantioners of theanine, DA u(NHEt)-0H, 2 R enantiomer and DA n( Et) - OH,
2R enantioner; the L enantioners of theanine, LA u(NHEt)-0H 2 R enanti oner
and L-d nyaprdiag72R enanti omer; and the DL-enanti oner s Pofi/ush@anisras

DL- 3 u(NHEt ) -0H, 2R enantionmer and DL-d n(Et)-0H, 2R enantioner in
conpositions according to enbodi nents of the present inventionis 99 + /0;
99 + /02 R enantioner. The D-enantioner at 99+% 99+% ee% (2R) is where the
first neasure is the overall chemcal purity (hplc) and where the second
neasure is e e% (2R) known as the "percent enantioneric excess." The % e
is the neasure of chiral r|t equal to [%-/0S/%=1] *100 defined by the
ratios of their di &N d’g‘éﬁ' ©Nderivatives. Purity percentages may range
from90%to 99.99%in any D or L configuration of any theanine or any
enant i oner t hdP@2%]. [oo&ﬁ@Eﬂrb@i@pmphot@mlcn@@rqm@stahenahmma@nlfwayonmi ude
cocrystal conpositions of acetylsalicylic acid and al pha variants of

L-t heani ne, acetyl sia¢ icojstallinecocrystat pabdhiva foraiedhby acefylditieaadid eandaDOd-
acetylsalicylic acid and al pha variants of DL-theani ne. [0066] Non-1limting
exanpl es of al pha yRga@pgs used in enbodi ments according to the present

i nvention may include L-northeanine, Dnortheanine, DL-northeanine,

L hormt heani nqgoBh oot hgani a5, DHAGIRLDRANI g La Bhﬁfé?@“th?ﬁ@@b%‘?qof e,

D- bi shonot hea rne,” and om)t eani ne RS
cmbod: ment s of ¢ he HEBEIANTOGE R ee GG asid apg-DL-teaning acSording to
embodiments of the present invention;

[0057] FIG. 13 is an x-ray powder diffraction pattern of the cocrystal
formed by acetylsalicylic acid and DL-theanine according to
embodiments of the present invention;

[0058] FIG. 14is aninfrared absorption spectrum of the cocrystal formed
by acetylsalicylic acid and DL-theanine according to embodiments of the
present invention; and

[0059] FIG. 15 is a Raman spectrum of the cocrystal formed by
acetylsalicylic acid and DL-theanine according to embodiments of the
present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0060] The present invention satisfies needs left unresolved by the prior
art by providing a method for synthesizing a soluble cocrystal formed by
acetylsalicylic acid and L-theanine which is readily administerable to
individuals through a variety of media.

[0061] Embodiments of the present invention employ L-theanine, arare



al pha am no acids of theanine and their side-chain carbon honol ogues (nor,
hono, and bi shonol ogues) may have a functional R group, where Rl nmay

cont ai n Iwoearo/12897¢l i c, or branched al kyl groups and dePCYAtS2ae8482n2r eof ;

|l inear, cyclic, or branched al kenyl groups and derivatives thereof; and
aromatic radicals and derivatives thereof. In enbodinents of the present

i nvention, the aromatic radicals may be aryl radicals. [0068] According to
t he enbodi nents of the present inventi %t he single enantionmers (S and R)
and racemc fornms (S, R—m’xture) of th eta am no aci ds of theani ne may
have a functional R- contain linear, cyclic, or branched
o kyl “ar oups and d@nogradke CHEeRIRS R AnRaleT Sy cnie Fissaline doudeny |
groups and derivatives thereof; and aromatic radicals and derivatives
thereof. In embodi Méwing aChemaicalAksiracts Seeviee (RAS) Redistondumber 83881s may
be aryl radicals. [0069] Enbodinments of the present invention may include
cocrystal conpositiedn8 aotl aaGEAB slaksifigatian @eRASaxotidenisueent GBRNME0E)209). and
D-isoners, D, L-racemic mxture, S- and Risomers, S, R-racemc mxtures,

al | rotaners, tautongrganis@hhs ties Bmpifdad idhinaces. 8,0, he niddhiaaangigheba
amino aci ds of theanine in which the N-substituted functional Rl- group [C4

or ganma- CH2-C(0) - N%%&%ﬁd%@ts%t‘érﬂ%tf&er%[me% 51AfiinoS L{Zﬁ[bgl fb%gré@ylirﬁdt i ouPs

and derivatives there near; cyc ranched s and

derivatives thereof dical s and derivatiyves er eof Ki ng
ip &l the: anal oguddbraengr Rihrdidarn ARG RaN Ss G 9@%%%9@*

i nvention, the aronatic radicals may e aryl radical s [ 0070] An aqueous
solution is a sol utGd&rGhS eIyl @R (Tepladieg diiesenng Nedhyintenfespiarent

and which is essentially free of colloidal solids. Dissolved crystals form
true sol uti ons and theanipaisEicivebrerastieésg t hrough a seni - per neabl e nmenbr ane
as in dialysis, whereas colloids are unable to pass through a

sem - per meabl §00&21br ane.Enbedieymesaft trenpresarridvagtidro isdibesli soonysialef of he
present invention forma true solution when dissolved in water, are able to

pass through a senigp ;néaog, {H\ﬁje i alpy

Exanpl es of aqueous ? l&gﬁ%a"té'@lﬁﬂgne N?ﬁ]yﬁ@%&h ts o t%]r the
present invention i f D5
0. 300S, D5 0. 45%\13,“9%’%8%@ Fpdf i brad g't@%&gﬁﬁﬁ@?g ‘ﬁﬁé\lﬂ'ﬂ%ﬁgﬁﬁm
and Xylitol solutions. r{ 1] Sol uti ons for m?ﬂgp% oI ving, acetylsalicylic
aci d-theani ne cocr y¥¢%f td'@) onimanSe L AVA %Mot~ t he
present invention in water do not contain coll oidal partlcles, and hence,
do not exhi bi {0063 st r odgMbgdicEnts efthe pressmainventon gy inafdeibiel asninalacid

di spersions. [0072] It should be understood that the term"suitable," as
it is used herein, sgefielsldlytanehenndta? didtanfi@atidt hat the sol ution can be

adm ni stered intravenously to hunmans, w thout causing unfavorabl e side
effects. [0064] Non-limiting examples of enantiomers utilized in embodiments
according to the present invention may include a D-enantiomer of
Theanine, D-GIlu(NHEt)-OH, 2 R enantiomer; an L-enantiomer of
Theanine, L-GIu(NHEt)-OH, 2 R enantiomer; a DL enantiomer of
Theanine, DL-GIu(NHEt)-OH, 2 R enantiomer; a D-enantiomer of
Theanine, D-GIn(Et)-OH, 2R enantiomer; an L-enantiomer of theanine,

L-GIn(Et)-OH, 2R enantiomer; and a DL-enantiomer of theanine, DL-

GIn(Et)-OH, 2R enantiomer. The purity percentages of the D-



24 [0073] The effective anmount of acetylsalicylic acid adm nistered to a

patient (i.e., the

a di seasewonononsd7i on being treated) wll

wei ght, body fl uid

treated, liver enzyne function, and renal excretion of salicylate which,

turn, is dependent

i s concentration-dependent. [0074] The term "carbohydrate,” as it is used

anount that will have a salutary effect with regards to

status, severity of the disease or condition being

be i nfl uenceaClyusgendes27s age,

in

upon urine pH, and protein binding of salicylates, which

herein, generally refers to sinple or gz%?i c conpounds that are al dehydes or

ket ones substituted wth nmultiple hydrax o) he gener al

For mul a( ho0) | -wh@nantomers sy theame. br kBB o 4 Epalfome? and D-
[ 0075] Monosacchari des, di sacchari des, tri sacchari des, oligosaccharides,
pol ysacchari des, di@eget)§¥d, 2Ahderanisnmerti ties lofenansioaearay obethggaieni kh t he
acetylsalicylic acid - theanine cocrystal conpositions according to
enbodi ments of the Glu@dldit)-OHy 2t enantiomepand LaGIngEt)-Qi t 2R einasBomecrarst al s
formed according to the steps applied in Exanples 1-8 bel ow.

[ 0076] Conposi ti ons tRe DRrshdHliohfere B afameiy, DLOGIU (NG RI-EHE TR MRty

contain the trisaccharide theanderose (06-a-glucosyl sucrose), a substance

found specifically
sugars that nay be

[0065]

[0066]

[%JI_SQQ(QH’(’E‘F)YOI—[,OOZF?] NontibMek ! N9 oMo abaGHinAt 4 al

embodiments of the present invention is 99 + %; 99 + % 2 R enantiomer.
The D-enantiomer at 99+%; 99+% ee% (2R) is where the first measure
is the overall chemical purity (hplc) and where the second measure is
ee% (2R) known as the “percent enantiomeric excess.” The %ee is the
measure of chiral purity equal to [%R-%S/%R]*100 defined by the ratios
of their diasteriomeric derivatives. Purity percentages may range from
90% to 99.99% in any D or L configuration of any theanine or any
enantiomer thereof.

Embodiments of the present invention may include cocrystal
compositions of acetylsalicylic acid and alpha variants of L-theanine,
acetylsalicylic acid and alpha variants of D-theanine, and acetylsalicylic
acid and alpha variants of DL-theanine.

Non-limiting examples of alpha variants used in embodiments
according to the present invention may include L-northeanine, D-
northeanine, DL-northeanine, L-homotheanine, D-homotheanine, DL-
homotheanine, L-bishomotheanine, D-bishomotheanine, and DL-

bishomotheanine, i.e., the respective C-1, C+1, and C+2 homologous



in enbodi nents of the present invention include abequose, allose, 25
allul ose, altrose, apiose, arabinose, beet oligosaccharides, bifurcose,
deoxyri bose,20ue8970se( D- gl ucose), erlose, erythrose, eryChusbasmss2is uct ose
(l evul ose), fucose, fucul ose, gal actose, gentiobi ose, gentiotriose,
gentiotetraose, etc., gulose, hamanel ose, inul obiose, inulotriose,

i nul otetraose, isonmaltose, isonaltotriose, isomaltotetraose,

i somal t opent aose, isomaltul ose (palatlggfe kest ose, koji biose, |actose,

| act ul ose, | am nari bi ose, |yxose, nmannos¥, naltose, naltotriose,

mal t ot et r aose, etc gfltulo % nel et zi t ose, nelibi ose, nethose, nigerose,
nyst ose, panose, ‘% he¥VBPose, psicose, raffinose, rhamose,

ri bose, ribul ose, rutlnose sor bi nose, sorbose, soybean ol igosacchari des,
st achyose, sudPeed, tagd’t@@édlngiaﬂMQOdWﬁQéW@ﬁGSQMHWOMh%haIDos@L-
turanose, xyl obi ose, xylotriose, etc., xylose, or xylulose, all of which

may be used with acithd amliric:actidsoaﬂie@nirre anhresi dideehamcecarbdh hgmalogues
enbodi ments of the present invention. The carbohydrates used in enbodi nents

of the present i ”Vgﬁéﬂ ﬂBrrfBa)énE%léHorﬁchggueé Qﬁﬁ)ﬁ*ﬁé\'/é’QfLPrct@hal-R group, where
confi gurations. 78]I'n cértain enbodi ot s, non-limting exanples of

sugar al cohols t hathmegé] yc&‘t’asiﬁqlgb? éﬁ/gfr'c %rlﬂréﬁ’éheoaélﬁg QrBLPs 3{1& vhfVes

galactitol, glycero Hosi t Ol
and wy1 1ol The sJgaledki Eor scvaﬁfedor e T yf ebei 8 afhgas
e 'C3EoHé‘eyq@g%@?{q%*é%art.Jrgé.%if’sta{n%edér?v%t.%s fheréor. Gn embbdiments
of the present invention, the aromatic radicals may be aryl radicals.
[0068] According to the embodiments of the present invention the single
enantiomers (S and R) and racemic forms (S, R-mixture) of the beta
amino acids of theanine may have a functional R-group, where R1 may
contain linear, cyclic, or branched alkyl groups and derivatives thereof;
linear, cyclic, or branched alkenyl groups and derivatives thereof; and
aromatic radicals and derivatives thereof. In embodiments of the
present invention, the aromatic radicals may be aryl radicals.
[0069] Embodiments of the present invention may include cocrystal
compositions of acetylsalicylic acid and the enantiomers, L- and D-
isomers, D, L-racemic mixture, S- and R-isomers, S, R-racemic mixtures,
all rotamers, tautomers, salt forms, and hydrates of the alpha and beta
amino acids of theanine in which the N-substituted functional R1- group

[C4 or gamma-CH2-C(O)-NR1] may contain linear, cyclic, or branched

alkyl groups and derivatives thereof; linear, cyclic, or branched alkenyl



26 benefits of having | ow glycem c indices. Mannitol, for exanple, has been
used to treat increased intracranial pressure. The followi ng crystall oids
may be uswo 2010/f2897ul at i ons accordi ng to enbodi nents of PCAISPE0RSEsLTS
invention: D5SW D ON D50, D5 0.3%N\S, D5 0.45%NS, 0.459%N\S, D5 0. 9%NS,

0. 99%N\S, 3%\aCl, D5RL, LR, NaHCO 3, and Xylitol solutions.

[ 0079] For nul ati ons according to enbodi nents of the present invention nay be
fully dissolved in an aqueous sol ution gnd adm ni stered via the parenteral
route. The follow ng infusion fluids be used in fornul ati ons accordi ng
to enbodi ments of the present jnyentjon: W, D1 ON D50, D5 Q.3%NS, D5

0. 459MS, 0. 459%\S, (50 .%%@,J%l@%@ t@x&%@%ﬁd[ﬁﬂmatm&dwg C%ﬁ'(\,fagéﬁsitol
solutions. [0080] Next, the present invention will be described in further
detai|l by neans of tesgepmakingwp ladjfe eneggierfgrms of thaaningdn seddidenthe
present invention to these exanples alone. The follow ng are exenpl ary
formul ati ons of watodithe ptagaingireeetigh stakiargphaticaadidalsanmpy betargivadioals.
accordance with the present invention. Exanple 1 [0081] A cocrystal product

of the presentoppgrEnt i OMAEGUAT RS GRbrOY NI G Wiidh Watef isAREeEeseRAALY! i C
acid and 340 ng of" L-theanine, and transferring the solids to an agate

mortar. The solids Mekie e S8Rl tdhd which is essentially free of colloidal solids.

Dissolved crystals form true solutions and are capable of passing
through a semi-permeable membrane as in dialysis, whereas colloids
are unable to pass through a semi-permeable membrane. The
compositions according to embodiments of the present invention form
atrue solution when dissolved in water, are able to pass through a semi-
permeable membrane, and can be used in dialysis. Examples of
aqueous solutions that may be used in embodiments of the present
invention include pure water, and the following: D5W, D10W, D50,

D5 0.3%NS, D5 0.45%NS, 0.45%NS, D5 0.9%NS, 0.9%NS,

3%NaCl, D5RL, LR, NaHCO,, and Xylitol solutions.

[0071] Solutions formed by dissolving acetylsalicylic acid-theanine
cocrystal compositions according to embodiments of the present
invention in water do not contain colloidal particles, and hence, do not
exhibit the strong Tyndall effect characteristic of colloidal dispersions.

[0072] It should be understood that the term "suitable,” as it is used
herein, generally refers to the fact that the solution can be administered

intravenously to humans, without causing unfavorable side effects.



500 1.11_ of nethanol, and hand-ground with a pestle until a dried 27
crystalline mass was obtained. This product was characterized using

di f f er entwal2onx¢2setrng cal orinmetry ("DSC, " see FIG 2), PCTAB2@oms2rs
diffraction ("XRP D;" see FIG 3), Fourier-transforminfrared spectroscopy
with attenuated total reflectance sanpling ("FTIR ATR " see FIG 4), and
Raman spectroscopy with diffuse refl ectance sanpling ("RAMDR " see FIG
5). In addition, 117 ng of the cocryst product was found to dissolve in
13 nL of water, making the aqueous sol Iity approxinately 9 nmg/ nL.

Exanple 2 [00 The aquequs olutlonfor i our in an
evapor at i ng d%% :?Jand aﬁﬁ%@@e?wedﬁg‘%ﬁ'& (—ﬁcgwsl‘zmﬁn@c 99@ Wa@‘ [®f2 t he
solid product is reflected in FIG 2, the XRPD pattern is reflected in FIG
3, the FTI R ATR spéeétieahdies, thefarrwrématrwwtha/easaaﬁarytef&qkmnhwagam@dpmm is
reflected in FIG 5. Exanple 3 [0083]1.721 g of acetylsalicylic acid and

1.667 g of L-theanidiseasere seidifimdbaing treaztedf ailr b infilemcad| By genddraage,
nortar. The solids were wetted with 20 nL of methanol, and hand-ground with

a pestle until a dij&ghtc @bﬁ}/aﬂldlﬁr@ams%e%ﬁtyoéﬁ m@@%eaEQ%r%dlm HagH@m of
the solid product is reflected in , the XRPD pattern is reflected in

P 1S T VRRBT B S S Bl g R UARE,
to turn, is dependent upon urine pH, and protein binding of salicylates,
which is concentration-dependent.

[0074] The term “carbohydrate,” as it is used herein, generally refers to
simple organic compounds that are aldehydes or ketones substituted
with multiple hydroxyl groups, of the general formula(CH,0O),, where n is
any number of three or greater.

[0075] Monosaccharides, disaccharides, trisaccharides,
oligosaccharides, polysaccharides, dipeptides, and combinations of
these may be used with the acetylsalicylic acid — theanine cocrystal
compositions according to embodiments of the present invention, in
particular, with those cocrystals formed according to the steps applied
in Examples 1-8 below.

[0076] Compositions according to embodiments of the presentinvention
may contain the trisaccharide theanderose (G6-a-glucosyl sucrose), a
substance found specifically in honey.

[0077] Non-limiting examples of other natural sugars that may be used

in embodiments of the present invention include abequose, allose,



28 dissolve in 80 nL of water, naking the aqueous solubility 9.4 ng/nL.

[ 0084] Aliquots of the aqueous solution were separately diluted in 1:1 v/v
rati os wiwo 20e)1284477. 4 tronet ham ne buffer, (b) 0.9% salPChnaSs@Ois§20hH, (cC)
7.5% sodi um bi carbonate solution, (d) 5% dextrose for injection, and (e)
50% dextrose for injection. The solutions were observed to remain

physi cal | y unchanged over a six-day period, indicating conpatibility of the
cocrystal product with each of the inf?%i on solutions. Exanple 4 [0085]435
ng of acetylsalicylic acid and 424 ny L-t heani ne were wei ghed into a 200

mL round-bottoned fl ask, anpd di ssolved in 100 nL of water. The sultin
e e ot onoe s i eq Ao, Shihse: GraBrse vk GHigtenrcriartes. Riaoss

crystalline nmass was obtained. The DSC thernogram of this solid product is
reflected in FIG ZeoxuebogpDdextroee(®-pkicpee) ectlegei remiepsa, anéreose- ATR
spectrumis reflected in FIG 4, and the RAM DR spectrumis reflected in
FIG 5. 752 ny of thhetascr yisvalose),oducbseaas fliauose,t ogalastosky e gentiBbiose, of
wat er, maki ng the aqueous solubility 9.4 ng/nL. Exanple 5 [0086] A cocrystal

product of the pregphatiofridsenNtdeprliortaddeeRAtedgliyseeingditedas, Mmulebiose,

acetylsalicylic acid and 341 ng of D-theanine, and transferring the solids

to an agate mortar ., fifgics8! indfodfhEsdGLdRiided, Rsomaltotriose, isomaltotetraose,
isomaltopentaose, isomaltulose (palatinose), kestose, kojibiose, lactose,
lactulose, laminaribiose, lyxose, mannose, maltose, maltotriose,
maltotetraose, etc., maltulose, meletzitose, melibiose, methose,
nigerose, nystose, panose, paratose, primeverose, psicose, raffinose,
rhamnose, ribose, ribulose, rutinose, sorbinose, sorbose, soybean
oligosaccharides, stachyose, sucrose, tagatose, talose, theanderose,
threose, trehalose, turanose, xylobiose, xylotriose, etc., xylose, or
xylulose, all of which may be used with acetylsalicylic acid in
compositions according to embodiments of the present invention. The
carbohydrates used in embodiments of the present invention may be of
their respective D- or L- configurations.

[0078] In certain embodiments, non-limiting examples of sugar alcohols
that may be used include allitol, arabitol, erythritol, galactitol, glycerol,
glycol, iditol, inositol, isomalt, lactitol, maltotetraol, maltotriol, mannitol,
ribitol, sorbitol, talitol, threitol, and xylitol. The sugar alcohols used in

embodiments according to the present invention may be of their

respective the D- or L- configurations. These sugar alcohols have the



500 IIL of methanol, and hand ground with a pestle until a dried 29
crystalline mass was obtai ned. Representative photom crographs of the
cocryst alwproouesszare shown in FIG 6 This product was ebansetsnisesi usi ng
differential scanning calorinetry (DSC, see FIG 7), x-ray powder
diffraction (XRPD, see FIG 8), Fourier-transforminfrared spectroscopy
with attenuated total reflectance sanpling (FTIR ATR see FIG 9), and
Raman spectroscopy with diffuse reflec'i?%rjce sanpling (RAM DR, see FIG 10).
In addition, 68 ng of the cocrystal pr ct was found to dissolve in 7.5 nL

of water, making the agueous solubility approximately 9 n.. Exanple 6
(00871 363 1 of ac RyEl § om0 ey ahickaSBieRs of YaRiiol SR A hed
into a 150 nL beaker, and dissolved in 100 nL of water. The resulting clear
sol uti on was then deeadused g reatainorgasachpyraaranial pressura. dihedfollowing
crystalline nmass was obtained. The DSC thernogram of this solid product is
reflected in FIG %rydtaloidiPiaypee used in ornmefldtertseakdondifg @ eBnbadimeRTd & ATR
spectrumis reflected in FIG 9, and the RAM DR spectrumis reflected in

FIG 10. Exanple 7h& tGReEMRInalDIW OO 0D5Hhe)5p0 896NS, DEVEABHENSWaS

prepared by wei ghing 368 ng of acetyl sal i cylic acid, 179 ng of L-theani ne,

and 178 0.45%NS, D5 0.9%NS, 0.9%NS, 3%NaCl, D5RL, LR, NaHCO ., and
Xylitol solutions.

[0079] Formulations according to embodiments of the presentinvention
may be fully dissolved in an aqueous solution and administered via the
parenteral route. The following infusion fluids may be used in
formulations according to embodiments of the presentinvention: D5W,

D10W, D50, D50.3%NS, D50.45%NS, 0.45%NS, D5 0.9%NS,
0.9%NS, 3%NaCl, D5RL, LR, NaHCOS, and Xylitol solutions.

[0080] Next, the present invention will be described in further detail by
means of examples, without intending to limit the scope of the present
invention to these examples alone. The following are exemplary
formulations of water-soluble acetylsalicylic acid compositions in
accordance with the present invention.

Example 1

[0081] A cocrystal product of the present invention was prepared by
weighing 352 mg of acetylsalicylic acid and 340 mg of L-theanine, and
transferring the solids to an agate mortar. The solids were wetted with

500 pL of methanol, and hand-ground with a pestle until a dried



ng of D-theanine, and transferring the solids to an agate nortar. The
solids were wetted with 500 Il L of nethanol, and hand ground with a 30
pestl e urwOlo0w/d847ed crystal line nmass was obtai ned. RepPEITAISL@I¥E7S

phot om crographs of the cocrystal product are shown in FIG 11. This
product was characterized using differential scanning calorinetry (DSC, see
FIG 12), x-ray powder diffraction (XRPD, see FIG 13), Fourier-transform
infrared spectroscopy with attenuated t refl ectance sanpling (FTIR ATR;
see FIG 14), and Raman spectroscopy vv|2(h dlffuse refl ectance sanpling

(RAM DR, see FIG 15) n_addition, . t he roduct was
found to dissol ve iABalNaiase YaF aolngR: gt REdGtabRdRRERNERE #oo
approximately 7 nmg/nL. Exanple 8 [0089] 358 of acetyl salicylic acid, 175
my of L-theani ne, m&pr@mnalngcmnlrmtqmﬁnﬁféyag? webemddG. Mo Xarayspowger
beaker, and dissolved in 100 nL of water. The resulting clear solution was
t hen dried using r difaaotign EX&RD;aseoRlGuUE)] Fowriatrraadfanyiafratdd spectrassomyas
obt ai ned. The DSC t hernmogram of this solid product is reflected in FIG 12,

the XRPD pattern i syiftedtiefkiash tofaliéfectdse $418ping RFAFRATFRCiS4IMIG.S), and
reflected in FIG 14, and the RAMDR spectrumis reflected in FIG

[0090] The Tyndal | q;&,j{rﬁgﬁt) it %\ﬂthvzﬁg SRR Amplird Q'Rﬁ!p@bo see

di spersed in water an effect s strong

L7, i spersions of ket 250 KR 3P4 f gﬁrt@p N O
enbodiment s of the srs%?\?enl% 1I3nr\r/1E%tf Ivv%rt]eraFneak?r%gstshgla\a%eo-us solubility approximately
9 mg/mL.
Example 2
[0082] The aqueous solution formed in Example 1 was poured in an
evaporating dish, and allowed to dry completely. The DSC thermogram
of the solid product is reflected in FIG. 2, the XRPD pattern is reflected
in FIG. 3, the FTIR-ATR spectrum is reflected in FIG. 4, and the RAM-
DR spectrum is reflected in FIG. 5.
Example 3
[0083] 1.721 g of acetylsalicylic acid and 1.667 g of L-theanine were
weighed and transferred into a large glass mortar. The solids were
wetted with 20 mL of methanol, and hand-ground with a pestle until a
dried crystalline mass was obtained. The DSC thermogram of the solid
product is reflected in FIG. 2, the XRPD pattern is reflected in FIG. 3, the

FTIR-ATR spectrum is reflected in FIG. 4, and the RAM-DR spectrum is

reflected in FIG. 5. 752 mg of the cocrystal product was found to



31 water. Colloids are particles which range in size from1 -1 000 nm and
a Tyndall effect is created when a | aser beamis scattered by its passage
t hrough awoabliogi2eerl? di sper si on of non-di ssol ved parti cl @ST/USee098482M5

di spersions, the illumnation of a visible path through the coll oi dal

di spersion is observable. A true solution, such as water or a conposition
according to enbodi nents of the present invention dissolved in water, does
not contain colloidal particles, and h%ﬁge does not exhibit a strong
Tyndal | effect characteristic of colloi dlsper3|ons These fi ndi ngs,

detai |l ed bel ow, as well precedi n | es, denonstrate that
conposi ti ons accor(ﬂ??é"‘f%'neé{;g% %\/M@tber ?‘HS B¢ @9BRPUS ﬁ9®ﬁﬁ‘il%36§ 4in948lve to
formtrue solutions in water, and do not nerely disperse to forma

col | oi dal di s{i@@84lon. Tﬁl@aptscﬁm@aqmuss_olummware%eﬂar@tfelydllutedIn1 Tviv
Aspirin: (L)-Theani ne Cocrystal Product with Disprin [0091] 300 ng of the
aspirin: (L) -theani neticowith & pbH .4 thoctethamirg bsitéry ¢o) 0.0%184lind safitiowt(ey in
one beaker and a 325 ny tablet of Disprin was dispersed in 150 m of vvater

in anot her beaker. 7A5&lhdilim lrgRboRagBonddN | )3§°/oﬁé§§6§’e¥dﬂrrﬂé&fbrf BAd (e
aspirin:(L)-theanine cocrystal solution and then through the D sprin

di spersion. A st r°%°/“6é‘1§r§%e% ﬂ%&gtﬁ@fh%%e&%ﬁﬁohé‘v&e% ci’o%‘é‘?x?ébstf'réﬁ%fé' on

of Disprin, but was not observed osition accordin

present invention dissol n water. [0092 An i nv Stl a ionre n t he
degree of insol ubl é)hyallggtf Hegha@fdeover[a six-day period, d% ating comp%?kql 8f

the cocrystal product with each of the infusion solutions.
Example 4
[0085] 435 mg of acetylsalicylic acid and 424 mg of L-theanine were
weighed into a 200 mL round-bottomed flask, and dissolved in 100 mL
of water. The resulting clear solution was then dried using rotatory
evaporation until a dried crystalline mass was obtained. The DSC
thermogram of this solid product is reflected in FIG. 2, the XRPD pattern
is reflected in FIG. 3, the FTIR-ATR spectrum is reflected in FIG. 4, and
the RAM-DR spectrum is reflected in FIG. 5. 752 mg of the cocrystal
product was found to dissolve in 80 mL of water, making the aqueous
solubility 9.4 mg/mL.
Example 5
[0086] A cocrystal product of the present invention was prepared by
weighing 353 mg of acetylsalicylic acid and 341 mg of D-theanine, and
transferring the solids to an agate mortar. The solids were wetted with

500 uL of methanol, and hand ground with a pestle until a dried



remai ni ng after performance of the Tyndall effect experinent was carried
out. The dispersions in the beakers were stirred to collect any undi ssol ved
solid in wbeonensgr. An accumrul ation of undi ssol ved sol ipdTiuseemod4s20s5 t he
bottom of the Disprin beaker, but not in the beaker containing aspirin
(L) -t heani ne cocrystal product which displayed a crystal -clear solution.
Tyndal | Experinent 2: Conparison of Aspirin:(L)-Theani ne Cocrystal Product
with Aspro Clear [0093]300 ng of the aé%iori n: (L) -t heani ne cocrystal product
was dissolved in 150 m of water in on eaker and a 300 ng tablet of Aspro
Cl ear was dispersed in 150mlwater in anather beaker. A 514 nm | aser heam
was first passed tﬂ%@'ﬁ”? AEsERIS QHained %Qé%?ﬁrﬁ%t'v@o@?%@?‘éqrog@p%i%ﬁ‘eand

t hen through the Aspro Cl ear dispersion. A strong Tyndall effect was
observed in the aq@esustalipsperdiasn sbpwWAspridGbedhis Biodughwas ehassserizas
with the conposition according to the present invention dissolved in water.
[ 0094] An i nvest i gatusory diffgeardiahgcdrirenglegloeienadfy (D80] sad ElGs ut) sx-aancpowder
remai ning after performance of the Tyndall effect experinent was carried

out. The di spersi onfffiaBtibhexRPBKEEES FIG! &), Fourieefah&otdlihfsiedaipectiodtsspol ved
solid in the center. An accunul ati on of undi ssolved solid forned at the

Tt e cocs U AR BRRA e hcbolnig e SEATIRNR S a1
33 Tyndall Effect Exfarl 180k Sscop) WAl bRk 3on8BhEL LalnlindNRARMBR; see
FIG. 10). In addition, 68 mg of the cocrystal product was found to
dissolve in 7.5 mL of water, making the aqueous solubility approximately
9 mg/mL.
Example 6
[0087] 363 mg of acetylsalicylic acid and 354 mg of D-theanine were
weighed into a 150 mL beaker, and dissolved in 100 mL of water. The
resulting clear solution was then dried using rotatory evaporation until a
dried crystalline mass was obtained. The DSC thermogram of this solid
product is reflected in FIG. 7, the XRPD pattern is reflected in FIG. 8, the
FTIR-ATR spectrum is reflected in FIG. 9, and the RAM-DR spectrum is
reflected in FIG. 10.
Example 7
[0088] A cocrystal product of the present invention was prepared by
weighing 368 mg of acetylsalicylic acid, 179 mg of L-theanine, and 178
mg of D-theanine, and transferring the solids to an agate mortar. The

solids were wetted with 500 pL of methanol, and hand ground with a



Cocrystal Product with Bayer Aspirin [0095]300 ng of the

aspirin:(L)-theani ne cocrystal product was dissolved in 150 mM of water in
one beakewoOant/8®25 ny tabl et of Bayer aspirin was di sperasdononsge3Oml of
water in another beaker. A 514 nm | aser beamwas first passed through the
aspirin :(L)-theanine cocrystal solution and then through the Bayer aspirin
di spersion. A strong Tyndall effect was observed in the aqueous di spersion
of Bayer aspirin, but was not observedéﬁ'th t he conposition according to

t he present invention dissolved in wat [ 0096] An investigation regarding
t he degree of insoluble st&&%gce remai ni ng after perfornman e of the

Tyndal | effect exp&ESHEMHN igd frygtaline W?é t@'i”@Hs' pﬁﬁerﬁ%té‘{?ers

were stirred to collect any undissolved solid in the center.

accunul ati on of undihesyniceepraphs of the aeerysial Dmﬂl)f%taf%ﬁh@wnt”h@'@a%r Ta&spirin
beaker, but not in the beaker containing aspirin:(L)-theanine cocrystal

pr oduct which di splpayeuttavasrohairattedkexdhusiagldiffarential Egadaing cafdrieetn=0eC| nent
4: Conparison of Aspirin:(L)-Theanine Cocrystal Product with Water

[0097] 300 ng of theeaspi@.ife)( bray Maridiaifetive (XRAD sl rI@as3dirmgplered in
150 M of water in one beaker and 150 m of water alone was place in

another beaker. A SL4fiP 3RfArEAPBD LSS twilRSSfthuated total reflectance
sampling (FTIR-ATR; see FIG. 14), and Raman spectroscopy with
diffuse reflectance sampling (RAM-DR; see FIG. 15). In addition, 67 mg
of the cocrystal product was found to dissolve in 9.5 mL of water, making
the aqueous solubility approximately 7 mg/mL.
Example 8

[0089] 358 mg of acetylsalicylic acid, 175 mg of L-theanine, and 174 mg
of D-theanine were weighed into a 150-mL beaker, and dissolved in 100
mL of water. The resulting clear solution was then dried using rotatory
evaporation until a dried crystalline mass was obtained. The DSC
thermogram of this solid product is reflected in FIG. 12, the XRPD
pattern is reflected in FIG. 13, the FTIR-ATR spectrum is reflected in
FIG. 14, and the RAM-DR spectrum is reflected in FIG. 15.

[0090] The Tyndall effect is observed when particles of a solid are
dispersed in water but not dissolved. Such an effectis strongly observed
in dispersions of Bayer aspirin, Disprin, and Aspro Clear. No such
strong effect is observed in water, or when cocrystal compositions

according to embodiments of the present invention are dissolved in



t hrough the aspirin: (L)-theanine cocrystal solution and then through the
34 water. A strong Tyndall effect was not observed wth water, nor was it
obser ved wot2hior2897¢onposi ti on according to the present iPavarstéoonsgtrssol ved
in water. Both water and the aspirin:(L)-theanine cocrystal product

exhi bited crystal -clear solutions and were indistinguishable from one
other. [0098] An investigation regarding the degree of insoluble substance
remai ni ng after perfornmance of the Tyn eglll ef fect experinment was carried
out. The dispersion in the beaker conta'ning the dissolved aspirin:(L)-

t heani ne cocrystal produgt s stirred to collect any undi s d solid in
e center - Mo undiMEer vEaISE Al PRBIEies BoEhvE o8 e Tt BAPES heibaker
with the aspirin:(L)-theanine cocrystal product. Both water and the aspirin
: (L) - t heani ne cocr ystyldayefiegtis crraiad wdenc iseabeam éxscaiisired by s PaseRder e

i ndi stinguishable fromone other. Tyndall Effect Experinent 5: Conparison
of Aspirin: (D) - ThedmioughCaaojisical dspetsion of hbniisgulved ppOdey. 3abrnguakt t he
aspirin :(D)-theani ne cocrystal product was dissolved in 150 m of water in

one beaker and a 32fsga¥sibab) ee GfurRindRbh NoMasvidibtd §ase dhidughdthdrconbident er
i n anot her beaker. A 514 nm | aser beamwas first passed through the

anot her beaker. A’514 . h the
G Sper i on, A Stron R A I GPPRARIES SRR OE P NP Es bR A on

of Disprin, but was_not gbserved with the conposition.according to the
present invention d;pgéqﬂgﬁéo&] iaﬁ;c&écmg to 'emBOdREn:s ' 8 tRS preseng invention

dissolved in water, does not contain colloidal particles, and hence does

not exhibit a strong Tyndall effect characteristic of colloidal dispersions.
These findings, detailed below, as well as the preceding examples,
demonstrate that compositions according to embodiments of the present
invention dissolve to form true solutions in water, and do not merely
disperse to form a colloidal dispersion.

Tyndall Experiment 1: Comparison of Aspirin:(L)-Theanine Cocrystal
Product with Disprin

[0091] 300 mg of the aspirin:(L)-theanine cocrystal product was
dissolved in 150 ml of water in one beaker and a 325 mg tablet of
Disprin was dispersed in 150 ml of water in another beaker. A 514 nm
laser beam was first passed through the aspirin:(L)-theanine cocrystal
solution and then through the Disprin dispersion. A strong Tyndall
effect was observed in the aqueous dispersion of Disprin, but was not
observed with the composition according to the present invention
dissolved in water.

[0092] An investigation regarding the degree of insoluble substance



35 [0100] An investigation regarding the degree of insoluble substance

remai ni ng after performance of the Tyndall effect experinent was carried
out. The wWo2parreswns in the beakers were stirred to col PeTtusany/ous2ds ssol ved
solid in the center. An accumnul ation of undi ssolved solid fornmed at the
bottom of the Disprin beaker, but not in the beaker containing aspirin
(D) -theani ne cocrystal product which displayed a crystal -cl ear sol ution.
Tyndal | Effect Experinent 6: Conpari so&zof Aspirin: (D)-Theani ne Cocryst al
Product with Aspro C ear [0101] 300 ny the aspirin: (D)-theanine cocrystal

product was dissolved in 15@ m %fg wat er .in 'ﬁ}’%eﬂ‘ker and. a 300 t apl et
of Aspro dear was 'BEHEREBHCT REABIANREOCENS CHEF HRRKICNT Was £a

| aser beam was first passed through the aspirin :(D)-theanine cocrystal
sol ution and then tWitoughhehdispeisiansCiredhe deearersiwere Aliged dagcalasdaany
effect was observed in the aqueous dispersion of Aspro O ear, but was not

observed with the woalsssivedosoliddodhdigegtaero Amacpumseiioni ofuerdissoivat] seld ved
in water. [0102] An investigation regarding the degree of insoluble

substance remai ni ngoghéerat RAET BSHRACE e Digorily Beakér, afiasdt iexpry beBRér Was
carried out. The dispersions in the beakers were stirred to collect any

di ssol ved solid i - il @l ' '
oot SATECESEn R o el el

cont ai ni ng aspiri n:&@télt_aggrnéagtigr?cr ystal product which displayed a

Tyndall Experiment 2: Comparison of Aspirin:(L)-Theanine Cocrystal
Product with Aspro Clear

[0093] 300 mg of the aspirin:(L)-theanine cocrystal product was
dissolved in 150 ml of water in one beaker and a 300 mg tablet of Aspro
Clear was dispersed in 150ml water in another beaker. A 514 nm laser
beam was first passed through the aspirin:(L)-theanine cocrystal solution
and then through the Aspro Clear dispersion. A strong Tyndall effect
was observed in the aqueous dispersion of Aspro Clear, but was not
observed with the composition according to the present invention
dissolved in water.

[0094] An investigation regarding the degree of insoluble substance
remaining after performance of the Tyndall effect experiment was carried
out. The dispersions in the beakers were stirred to collect any
undissolved solid in the center. An accumulation of undissolved solid
formed at the bottom of the Aspro Clear beaker, but not in the beaker
containing aspirin:(L)-theanine cocrystal product which exhibited a

crystal-clear solution.



36 crystal-clear solution. Tyndall Effect Experinent 7: Conparison of
Aspirin: (D)-Theani ne Cocrystal Product with Bayer Aspirin [0103] 300 ng of

t he aspi rwo:20D)r2841@ani ne cocrystal product was di ssol ve@Cirus2®9/om$27Hf wat er
i n one beaker and a 325 ny tablet of Bayer aspirin was dispersed in 150ml
of water in another beaker. A 514 nm | aser beamwas first passed through
the aspirin: (D)-theanine cocrystal solution and then through the Bayer
aspirin dispersion. A strong Tyndall effect was observed in the aqueous

di spersion of Bayer aspirin, but was n observed with the conposition

according to the_pres I nvention dissqglved in mater 0l

i nvestigation re F‘Qﬁﬁg:-tff ré@eg § pafigoR of Aspitip: &é‘h@!eﬁpl'fbe after
per f ormance of the Tyndal | @Ppélﬁtabl?b@‘ﬂﬂ%mthvﬁ%y@aﬂ\$9'é@ out. The

di spersions in the beakers were stirred to collect any undissolved solid in
the center. Aj0G@5Jurul at306n g ahdhesabpieid:(Epthabrine neatrpstat erodottt avasof
the Bayer aspirin beaker, but not in the beaker containing aspirin

ol B *Eep SRR It ey st lgmoiac) son
aspirin was dispersed in 150ml of water in another beaker. A 514 nm
laser beam was first passed through the aspirin:(L)-theanine cocrystal
solution and then through the Bayer aspirin dispersion. A strong Tyndall
effect was observed in the aqueous dispersion of Bayer aspirin, but was
not observed with the composition according to the present invention
dissolved in water.

[0096] An investigation regarding the degree of insoluble substance
remaining after performance of the Tyndall effect experiment was carried
out. The dispersions in the beakers were stirred to collect any
undissolved solid in the center. An accumulation of undissolved solid
formed at the bottom of the Bayer aspirin beaker, but not in the beaker
containing aspirin:(L)-theanine cocrystal product which displayed a

crystal-clear solution.

Tyndall Effect Experiment 4: Comparison of Aspirin:(L)-Theanine
Cocrystal Product with Water

[0097] 300 mg of the aspirin:(L)-theanine cocrystal product was
dissolved in 150 ml of water in one beaker and 150 ml of water alone
was place in another beaker. A 514 nm laser beam was first passed

through the aspirin: (L)-theanine cocrystal solution and then through the



Cocrystal Product with Water [0105] 300 ng of the aspirin:(D)-theanine
cocrystal product was dissolved in 150 m of water in one beaker and
150mlof waiDen10zi2897¢ was pl aced in anot her beaker. A 514Pomusa@en4fzeam was
first passed 37 through the aspirin:(D)-theanine cocrystal solution and
then through the water. A strong Tyndall effect was not observed with
water, nor was it observed with the conposition according to the present
i nvention dissolved in water. Both wat §4 and the aspirin: (D)-theanine
cocrystal product produced crystal-cle sol utions and were

I ndi stingui shabl e from one ot her. 06] An investigation regardi ng the
degree of 1 naol ubl SUBheReHERTd LTl EEAMas Mty bLh S h o yiaddl |
ef fect experinment was carried out. The dispersion in the beaker containing
t he di ssol ved aspi rabserven) withhieniceaRasdiofs egcofstirgl et thearesant rigvemtipn
coll ect any undi ssolved solid in the center. No undissolved solids were

observed at the botdigsolad inheateeakBothwvatertdre depaspinn (D) thehas@ cexrystal
cocrystal product. Both water and the aspirin :(D)theani ne cocrystal

product produced crysddtekhREdea)sidlldes RNGioM R d wWsteshdisenyrsraddiefrbrpm
one other. Tyndall Effect Experinent 9: Conparison of Aspirin:(DL)-Theanine
one other.
[0098] An investigation regarding the degree of insoluble substance
remaining after performance of the Tyndall effect experiment was carried
out. The dispersion in the beaker containing the dissolved aspirin:(L)-
theanine cocrystal product was stirred to collect any undissolved solid in
the center. No undissolved solids were observed at the bottom of the
beaker with the aspirin:(L)-theanine cocrystal product. Both water and
the aspirin:(L)-theanine cocrystal product produced crystal-clear

solutions and were indistinguishable from one other.

Tyndall Effect Experiment 5: Comparison of Aspirin:(D)-Theanine
Cocrystal Product with Dispirin

[0099] 300 mg of the aspirin:(D)-theanine cocrystal product was
dissolved in 150 ml of water in one beaker and a 325 mg tablet of
Disprin was dispersed in 150 ml of water in another beaker. A 514 nm
laser beam was first passed through the aspirin:(D)-theanine cocrystal
solution and then through the Disprin dispersion. A strong Tyndall effect
was observed in the aqueous dispersion of Disprin, but was not
observed with the composition according to the present invention

dissolved in water.



Cocrystal Product with Dispirin [0107] 300 ng of the aspirin:(DL)-theani ne
cocrystal product was dissolved in 150 ml of water in one beaker and a 325
ng tabl etwof20liiega7irn was di spersed in 150 ml of water i mrCarustévanifzenker. A
514 nm | aser beam was first passed through the aspirin:(DL)-theanine
cocrystal solution and then through the D sprin dispersion. A strong
Tyndal | effect was observed in the aqueous dispersion of Disprin, but was
not observed with the conposition accorqaj ng to the present invention 38
di ssolved in water. [0108] An investigat3| on regarding the degree of

I nsol ubl e sub e remgi ning after performance of the_ Tyndal | effect
experi ment \/vaj&il ki ed% INVEsEIR Yh EpeREHY ﬂ?‘? pﬁgr%gkﬁgoq@gpesgtﬁtarﬂ% to
coll ect any undissolved solid in the center. An accunul ati on of undi ssol ved
solid forned at théepainingaibér naiormasge ohtheclielall effact axperiment wasisesiast
contai ning aspirin: (DL)-theani ne cocrystal product which displayed a
crystal -cl ear sol utdupn. Theddikpefsidracin Eipeseakens i€re Ernmperrtosoollext any
Aspirin: (DL)- Theani ne Cocrystal Product with Aspro C ear
undissolved solid in the center. An accumulation of undissolved solid
formed at the bottom of the Disprin beaker, but not in the beaker
containing aspirin (D)-theanine cocrystal product which displayed a
crystal-clear solution.

Tyndall Effect Experiment 6: Comparison of Aspirin:(D)-Theanine
Cocrystal Product with Aspro Clear

[0101] 300 mg of the aspirin:(D)-theanine cocrystal product was
dissolved in 150 ml of water in one beaker and a 300 mg tablet of Aspro
Clear was dispersed in 150ml water in another beaker. A 514 nm laser
beam was first passed through the aspirin:(D)-theanine cocrystal solution
and then through the Aspro Clear dispersion. A strong Tyndall effect
was observed in the aqueous dispersion of Aspro Clear, but was not
observed with the composition according to the present invention
dissolved in water.

[0102] An investigation regarding the degree of insoluble substance
remaining after performance of the Tyndall effect experiment was carried
out. The dispersions in the beakers were stirred to collect any
undissolved solid in the center. An accumulation of undissolved solid
formed at the bottom of the Aspro Clear beaker, but not in the beaker

containing aspirin:(D)-theanine cocrystal product which displayed a



[0109] 300 ng of the aspirin:(DL)-theanine cocrystal product was di ssol ved
in 150 mM of water in one beaker and a 300 ng tablet of Aspro O ear was

di sper sedwOrod0sdmat er i n anot her beaker. A 514 nm | asecThiSamoma7$ i r st
passed t hrough the aspirin: (DL)-theani ne cocrystal solution and then

t hrough the Aspro C ear dispersion. A strong Tyndall effect was observed in
t he aqueous di spersion of Aspro Clear, but was not observed with the
conposition according to the present invention dissolved in water. [0110] An
i nvestigation regardi ng the degree of irsol ubl e substance remaining after
performance of the Tyndall effect experinent was carried out. The

di spersions in the #ler'eangRli i rred to coll ect any undissol ved solid in
the center. An accunul ation of undissolved solid forned at the bottom of
the Aspro O ear Hyadal Effeat Experimenhé: Coarparis@e of Aspirini(Ry-Theanine,

(DL) -t heani ne cocrystal prof@eocrystal ®roduspivitheBayeicAgpirin - cl ear sol uti on.
Tyndal | Effect Experinment 11: Conparison of Aspirin:(DL)-Theani ne Cocrystal

Product with Beyes] Aspi r3on [Rd1d4 3Re BEpiAh:(Dhenhasihé | dodribtht threantinavas

cocrystal product was
dissolved in 150 ml of water in one beaker and a 325 mg tablet of Bayer
aspirin was dispersed in 150ml of water in another beaker. A 514 nm
laser beam was first passed through the aspirin:(D)-theanine cocrystal
solution and then through the Bayer aspirin dispersion. A strong Tyndall
effect was observed in the aqueous dispersion of Bayer aspirin, but was
not observed with the composition according to the present invention
dissolved in water.

[0104] An investigation regarding the degree of insoluble substance
remaining after performance of the Tyndall effect experiment was carried
out. The dispersions in the beakers were stirred to collect any
undissolved solid in the center. An accumulation of undissolved solid
formed at the bottom of the Bayer aspirin beaker, but not in the beaker
containing aspirin (D)-theanine cocrystal product which displayed a

crystal-clear solution.

Tyndall Effect Experiment 8: Comparison of Aspirin:(D)-Theanine
Cocrystal Product with Water

[0105] 300 mg of the aspirin:(D)-theanine cocrystal product was
dissolved in 150 ml of water in one beaker and 150ml of water alone was

placed in another beaker. A 514 nm laser beam was first passed



di ssolved in 150 mM of water in one beaker and a 325 ng tabl et of Bayer
aspirin was dispersed in 150m of water in another beaker. A 514 nm| aser
beam was woreto/pswsed t hrough the aspirin: (DL)-theani ne PCOMISg&wAlS23d| ut i on
and then through the Bayer aspirin dispersion. A strong Tyndall effect was
observed in the aqueous dispersion of Bayer aspirin, but was not observed
with the conposition according to the present invention dissolved in water.
[0112] An investigation regarding the d ee of insol uble substance

remai ning after performance of the Tynddl | effect experinent was carried
out. The dispersions in the beakers were stirred to collect any undi ssol ved
2ol id i the' cent eRTOMANIAS AmaH AN DyA A R aPeYSIay s8luE8n PRGSO deh fike
bottom of the Bayer aspirin beaker, but not in the beaker containing
aspirin (DL) -t heaniwidetody sisang Tyrdrlueifeainvasnaelichiseayasiwih svajet alor wasdt
solution. Tyndall Effect Experinment 12: Conparison of Aspirin:(DL)-Theanine
Cocrystal Product wbskriatt enth] Ol Fpdiibsiprofactbmlirag dor the: pRisent haeention
cocrystal product was dissolved in 150 mM of water in one beaker and
150ntof water al ongligRived® WaReCUBbIh waRl R theaddirin:(DPihdaRNd ésRystipam
was first passed through the aspirin:(DL)-theani ne cocrystal solution and

then through the WirShucifr iR ARObL 81 RHs ARAVAIRINALRSINET N B

wat er, nor was it served wth the conposition acco pr esent
i nvention dissolved in ter. Both water and the aspirin:(DL)-theanine
cocrystal product &n&ﬂ} & cr ystal -cl ear solutions and were
i ndi sti ngui shabl e from one other. . . .

[0106] An investigation regarding the degree of insoluble substance

remaining after performance of the Tyndall effect experiment was carried
out. The dispersion in the beaker containing the dissolved aspirin: (D)-
theanine cocrystal product was stirred to collect any undissolved solid in
the center. No undissolved solids were observed at the bottom of the
beaker with the aspirin:(D)-theanine cocrystal product. Both water and
the aspirin:(D)theanine cocrystal product produced crystal-clear solutions
and were indistinguishable from one other.

Tyndall Effect Experiment 9: Comparison of Aspirin:(DL)-Theanine
Cocrystal Product with Dispirin

[0107] 300 mg of the aspirin:(DL)-theanine cocrystal product was
dissolved in 150 ml of water in one beaker and a 325 mg tablet of
Disprin was dispersed in 150 ml of water in another beaker. A 514 nm
laser beam was first passed through the aspirin:(DL)-theanine cocrystal
solution and then through the Disprin dispersion. A strong Tyndall effect
was observed in the aqueous dispersion of Disprin, but was not

observed with the composition according to the present invention



[0114] An investigation regarding the degree of insol uble substance

remai ni ng after performance of the Tyndall effect experinent was carried
out. The wWo2pwveBwn in the beaker containing the di ssol yea/tss@onisrsg DL) -

t heani ne cocrystal product was stirred to collect any undissolved solid in
the center. No undissol ved solids were observed at the bottom of the beaker
with the aspirin :(DL)-theanine cocrystal product. Both water and the
aspirin :(DL)-theani ne cocrystal produ;;%ir produced crystal -cl ear sol utions
and were indistinguishable from one ot . [0115] Deri vatives prepared using
conposi tions accordj nsgjvto enbodi nents of the present invention can be

adm ni stered via i ,qks,. NGUIRSVaeRt r anuscul ar, intradermal, subcutaneous,
intraperitoneal, intraarticular, sublingual, subconjunctival, and
intravitreal fd08108s, or Aminvestigaiion cegaging thepslegeaaaiof ynsalwpecsuasjance
rectally, via nasal spray, inhalation, and nanoparticle delivery systens.

[ 0116] The phar naceutmaiing aftpgseridrovas ce of thediymglatl effeotenghenarernt wak cadiled he
present invention nay be prepared as oral solids (tablets, oral

di sintegrating tablgks, ¢héesivgeafiHs ithetSearendswéres biiped! tol béll!édﬂ_sarghard
or soft gel atin capsul es, qui ck di ssolve, controlled rel eased, nodifie

rel eased, syrups, %ﬁ%%%ﬁ}eﬁns%lid%Efﬂé"c%ﬁterwa,&ﬁra CPHJIam%)n offidi&daived 83ifN9ES.
i nt ment's, SOt utlons,

powder s, chewabl es,” suppositories, Ol )

parenteral /injectahl e ers or. granules that are pre-m xed. o

Peconst tut ed. 1ot 1oiesd e Boudhedt '} Aidsin, BeaRh i doicing geaser the
phar maceuti cal conpositions accordi ng to enbodi nents of the present

i nvention may be c&RBiHBAEIH N Bleb s eognyhiabipreducgehics  dipplayed a

| i pooxygenase inhibitors, anti-hypertensive agents, antihyperlipidemc
agents, anti - hyper togystalvaléansolutirper | i pi dem ¢ agents, antitriglyceride
agents, anti-mgraine agents, blood nodifier agents, especially

thronbol ytic aggyphdapEfédtEetimabnogeonparisdn bF Apiddg§DLI-Theanine

anti-neopl astic agents, anticgayfdiai PFod@With Adpro @igrety agents,
anti convul sant agents, anti-Parkinsonian agents, "anti-di abetic agents,

anti-infl anmat gent u orti t. i ti-Ryreti
excl udi ng NSATBISIREA D2CBha &3ft s B dkfRan e keBYeEh FotHEr das of
aspirin), anti-rheumpatic agents excludi ng NSAI DS, agents for tre?t ment of
synpt oms associ at edISRAYEIPPETBL O ALCE RN RRAKSI ANGA HE0 RigAabist of Aspro
anti-arrhythmc agents, digitalis glycosides, anti-anginal agents
(nitrates, anti-pl &ledrvaagdispessediatinOpveier s ansdinesi keakeharn@l 4 brdeker s
and ranol azi ne), anal gesic agents, nuscul oskel etal rel axants,
anti-infective agemeanespesifiastl pagsdd bhuighsthepaspiningiDal)-theanine cocrystal
solution and then through the Aspro Clear dispersion. A strong Tyndall
effect was observed in the aqueous dispersion of Aspro Clear, but was
not observed with the composition according to the present invention
dissolved in water.
[0110] An investigation regarding the degree of insoluble substance
remaining after performance of the Tyndall effect experiment was carried
out. The dispersions in the beakers were stirred to collect any

undissolved solid in the center. An accumulation of undissolved solid

formed at the bottom of the Aspro Clear beaker, but not in the beaker



42 nutritional agents, magnesium Co-enzyne Q sarcosine, am no acids,
vitam ns (except vitamn K), and agents used to treat diseases associ ated
wi th excewe 2amoegd73 of gl ut anmate such as, but not |imtedTius2empas2rdphi c

| ateral sclerosis, cerebrovascul ar denentia, and with brain injuries, as
occurs with non-henorrhagi c strokes or physical injuries. The

phar maceuti cal conpositions of the invention with theanine are not limted
to these agents. [0118] I ntravenous formyl ati ons according to enbodi nents of
t he present invention include new conpoiinds that are conbined

| i pooxygenase/ cycl ooxygenase inhi hjtqrs for treatnent of, anpng ot her
things, Jryocar di al SOSEREAsbsa- ifidaryth spEB R PredienvacR Qerns, 2
stroke, atherosclerosis, retinal ischema, rheumatoid arthritis,
osteoarthritis, inforgsidetloaysyoli@. di sease, and certain types of cancers.
[0119] Enbodi nents of the present invention have other potential clinical
appl i cati ons i nTyndahdgEffduttExperiment i @dCoen pdrésdmw lof Aspiign :(Div)-diheandcel| ar
(treatment of acute coronar CotypsiatPRoducEMitiEBayef Agpitire myocardi al
infarction, adjunctive therapy In revascul arization procedures:

per cut aneous | um n C r i - STV, £.an e
grafts, carot i[g?marter ?gtoo%, r@n%%{‘%ﬁ?‘?{l'%gﬂtegﬂn%n)%?& efjérl o‘P%’S%f)m
(treatnment of acute,ischem ¢ strpopke): dysphagi from et X

r heunat ol ogic (r heﬂ’r%stog\fqﬂﬂgﬂ rmt)&s‘%’atﬁﬁw%aﬁﬁ%%ﬁ@&ﬁ/%gmta%|e?%¥éayer
spondyl oart hropat hies, pleurisy and arthritis of systemc |upus 43

eryt hemat ous, psor iasPI't WaAs KisPereed i YN/ yalgr inRaneber bealerdr fnel4 nm
osteoarthritis, Lynme arthritis and gonorrhea arthritis); anti-inflanmtory
(epididymitis, Bor hssdrideantivaediss pasead dukiigh theaspidn ( Dk)-themninecocrystal
pericarditis, Dressler's syndrone, acute rheumatic fever, Ross R ver
fever); pain managesknion(amerthoe troughaneBapsraspititidigsersionn A elrbig Tehdalsea
urchins, star fish, Portuguese nman-of-wars, fire corals, sea anenones,

|l ionfish, stonefis I h@&ﬂ% : i i i i e
(primary) erythr on&ffaelég\?g:s‘bgg%@?%agut er erl\%ﬁﬁ%ﬁf%l?b oﬂ?’? g‘?né.sr%ﬂ”qn@ﬂ?galmgi a,
bone pain (osteoid t I i . I 1.4): i nal
stenosi s, netastat i”@&?’gg@?& \ﬁlﬁﬁ?}ﬁggghﬁ%%gﬁﬁga%%céﬁ@g?%&e{h?%g%@t'HY%@!&and
ot her chronic pain n(flro ®S; as an adjuvant to norphine for
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containing aspirin (DL)-theanine cocrystal product which displayed a

crystal-clear solution.

Tyndall Effect Experiment 12: Comparison of Aspirin:(DL)-Theanine
Cocrystal Product with Water

[0113] 300 mg of the aspirin:(DL)-theanine cocrystal product was

dissolvedin 150 ml of water in one beaker and 150ml of water alone was



di sease, and adhesive arachnoiditis); substantial protection against
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obesi t y- reDavwdi2B47ver di sease and radi ati on-i nduced | i vecTdiss@ases27and f or
providing anti-H V effects. [0120] Enbodi nents of the present invention may
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dissolved in water. Both water and the aspirin:(DL)-theanine cocrystal
product produced crystal-clear solutions and were indistinguishable from
one other.

[0114] An investigation regarding the degree of insoluble substance
remaining after performance of the Tyndall effect experiment was carried
out. The dispersion in the beaker containing the dissolved aspirin:(DL)-
theanine cocrystal product was stirred to collect any undissolved solid in
the center. No undissolved solids were observed at the bottom of the
beaker with the aspirin:(DL)-theanine cocrystal product. Both water and
the aspirin:(DL)-theanine cocrystal product produced crystal-clear
solutions and were indistinguishable from one other.

[0115] Derivatives prepared using compositions according to
embodiments of the present invention can be administered via
intravenous, intramuscular, intradermal, subcutaneous, intraperitoneal,
intraarticular, sublingual, subconjunctival, andintravitreal routes, orin the
form of eye drops, orally, topically, rectally, via nasal spray, inhalation,

and nanoparticle delivery systems.

[0116] The pharmaceutical compositions according to embodiments of



1. A nethod of making a water-soluble aspirin-theani ne cocrystal
conposition, characterized in that it conprises the steps of: providing a
guantity w0 2awet2gd73al i cyl i ¢ aci d; addi ng a ®aaniseaog/oef27R

t heani ne enantiomer to said quantity of acetylsalicylic acid to forma

m xture conprising said quantity of acetylsalicylic acid and said

enanti oner of theanine; wetting said m xture; and grinding said
m xture for a length of time sufficient, to produce a dried crystalline
mass. 2. The nethod of claim1, charact®rized in that said quantity of
acetylsalicylic acid conprises apout 50% by weight of said mxture of said
Guanti 1y of acet yi S¢ EGReY ueANGhdneuay NEH Fiyasprdl Sk it Oral
enantionmer. 3. The method of claim 1, characterized in that said dried
crystal | i ne mass héalisiategsafingotasledsl @fiemeﬁye@tftaétetas,ec@@tsuwgfal@qglds-gh&m 4.
The nethod of claim1, characterized in that it further conprises adding a
sugar al cohol to sardafi gelatie.cdpsuldsequiek lissobfe, doainmlldd releasad} erddifest i n
that said theanine enantioner further conprises a carbohydrate functi onal

group thereon. 6. ThraBedhayr@bs,Clsabperdsiond)aigrgiiges zaghfers tfihs)Sapdllets,
t heani ne enanti omer further conprises an am no aci d functional gr oup
t hereon. lozenges, powders, chewables, suppositories, ointments, solutions,
parenteral/injectable powders or granules that are pre-mixed or
reconstituted, lotions, gels, creams, foams, and nanoemulsions.
[0117] The pharmaceutical compositions according to embodiments of
the present invention may be combined with lipooxygenase inhibitor
agents, natural lipooxygenase inhibitors, anti-hypertensive agents, anti-
hyperlipidemic agents, anti-hypertensive/anti-hyperlipidemic agents, anti-
triglyceride agents, anti-migraine agents, blood modifier agents,
especially thrombolytic agents and platelet aggregation inhibitor agents,
anti-neoplastic agents, anti-psychotic agents, anti-anxiety agents, anti-
convulsant agents, anti-Parkinsonian agents, anti-diabetic agents, anti-
inflammatory agents such as corticosteroids, anti-pyretic agents
excluding NSAIDS (NSAIDS when combined with aspirin, negate the
effects of aspirin), anti-rheumatic agents excluding NSAIDS, agents for
treatment of symptoms associated with premenstrual syndrome
excluding NSAIDS, anti-arrhythmic agents, digitalis glycosides, anti-
anginal agents (nitrates, anti-platelet agents, beta blockers, calcium
channel blockers and ranolazine), analgesic agents, musculoskeletal

relaxants, anti-infective agents especially antibiotics, parenteral



46 7. The nethod of claim11, characterized in that said theani ne enantioner
further conprises an amno acid scaffold thereon selected fromthe group
consi st i nyoabiogizgd7am ne and gl utam c acid. 8. The net hogCofusedoions215
wherein said theanine enantiomer is selected fromthe group consisting of
L-t heani ne, D-theanine, and DL-theanine. 9. A water-soluble

aspirin-theani ne cocrystal conposition characterized in that it is forned
according to the nethod of claim1. 10. met hod of maki ng a water-sol ubl e
aspirin-theani ne cocrystal conposition aracterized in that it conprises

the steps of: providing a ,quantity of acetylsalicylic acid; , :
adding o quant |ty GUUAPREhdGemEoRes ERE A SRRNTES S datisine AgiRe acids,
acetylsalicylic acid to forma m xture conprising said quantity of
acetyl salicylic acivifagnis s@xeerinaiamief), odnd hagentaeused sooltigiah gdisaases
m xture in a quantity of a first solvent to forma solution; and
dryi ng sai d sol uti assboated Witimgkbteasfarnoomtssd hfutamaid suah as,ddd cet lanided &d
crystalline nass.
amyotrophic lateral sclerosis, cerebrovascular dementia, and with brain
injuries, as occurs with non-hemorrhagic strokes or physical injuries.
The pharmaceutical compositions of the invention with theanine are not
limited to these agents.

[0118] Intravenous formulations according to embodiments of the
present invention include new compounds that are combined
lipooxygenase/cyclooxygenase inhibitors for treatment of, among other
things, myocardial ischemia, myocardial infarction, cerebral ischemia,
stroke, atherosclerosis, retinal ischemia, rheumatoid arthritis,
osteoarthritis, inflammatory bowel disease, and certain types of cancers.

[0119] Embodiments of the presentinvention have other potential clinical
applications including, but not limited to the following: cardiovascular
(treatment of acute coronary syndrome, treatment of acute myocardial
infarction, adjunctive therapy in revascularization procedures:
percutaneous transluminal coronary angioplasty, coronary artery bypass
grafts, carotid enarterectomy, and stent implantation); neurologic
(treatment of acute ischemic stroke); dysphagia (from any etiology);

rheumatologic (rheumatoid arthritis, ankylosing spondylitis,

spondyloarthropathies, pleurisy and arthritis of systemic lupus



11. The method of claim 10, characterized in that said quantity of
acetylsalicylic acid conprises about 50% by wei ght of said m xture of said
gquantity Wb 2awet2g473al i cylic acid and said quantity of aPChasRe00®48275
enantiomer. 47 12. The nethod of claim 10, characterized in that said
dried crystalline mass has an aqueous solubility of at |east about 9.4

nmg/ mL. 13. The nethod of claim 10, characterized in that it further

conpri ses adding a sugar al cohol to saiég&nsol ution. 14. The method of claim
10, characterized in that said theanine antioner further conprises a

car bohydrate functional group thereon, said carbohydrate functional group
vt ng” an- L conts oS ANPBTAIGHS 2 PBSUEHR | At oRbroTD AGE. R etel ol e e
aspi rin-theani ne cocrystal conposition characterized in that it is fornmed
according to the mosSkRRArBYitis] byme eothritis and gonorrhea arthritis); anti-inflammatory

(epididymitis, Bornholm’s disease (coxsackie myocarditis), acute
pericarditis, Dressler's syndrome, acute rheumatic fever, Ross River
fever); pain management (marine envenomations such as from jellyfish,
sea urchins, star fish, Portuguese man-of-wars, fire corals, sea
anemones, lionfish, stonefish, and stingrays; Osgood-Schlatter disease,
idiopathic (primary) erythromelalgia, burns, acute renal colic, trigeminal
neuralgia, bone pain (osteoid osteomas, Pagets disease, sickle cell
anemia), spinal stenosis, metastatic disease, intractable headaches,
radiculopathies, and other chronic pain syndromes; as an adjuvant to
morphine for patient-controlled analgesia (PCA); ophthalmologic (retinal
ischemia and retinal occlusion); emergent use (in ambulances, hospital
emergency rooms and critical care units, doctors’ offices, air travel, in the
wilderness, etc.); with intubated patients and patients with severely
compromised bowel function, excluding Crohn’s disease and ulcerative
colitis; as an anti-pyretic for high grade temperatures, excluding
malignant hyperthermia; for prevention of post-anesthetic shivering; for
closure of patent ductus arteriosus; for familial cylindromatosis; for
inhibition of angiogenesis; for inhibition of niacin flushing; as an adjuvant
to thrombolytic therapy for the treatment of frostbite; the treatment of
rare diseases (including Kawasaki disease, Riedel thyroiditis, adult-onset

Still's disease, Kikuchi-Fujimoto disease, focal myositis, Weber-Christian
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disease, and adhesive arachnoiditis); substantial protection against
hepatotoxic effects from drugs, alcohol, herbs, toxins, chemicals,
obesity-related liver disease and radiation-induced liver disease; and for
providing anti-HIV effects.

[0120] Embodiments of the present invention may be employed to
provide substantial protection against a wide variety of medical
conditions, including but not limited to, the hepatotoxic effects from
Tylenol, statins, antiretrovirals, alcohol, and other drugs, toxins, herbs,
and chemicals that are capable of inducing hepatoxicity; obesity-related
liver disease; and radiation-induced liver disease.

[0121] Cocrystals according to embodiments of the present invention
may be used to improve one or more physical properties, such as
solubility, stability, and dissolution rate, of the active pharmaceutical
ingredient of a selected treatment or prevention.

[0122] While specific embodiments of the invention have been shown
and described in detail to illustrate the application of the principles of the
invention, it will be understood that the invention may be embodied

otherwise without departing from such principles.
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CLAIMS

1. A method of making a water-soluble aspirin-theanine cocrystal composition

comprising the steps of:
providing a quantity of acetylsalicylic acid;
adding a quantity of an enantiomer of theanine to said quantity of acelylsalicylic

acid fo form a mixture comprising said quantity of acelylsalicylic acid and said

enantiomer of theanine;
dissolving said mixture in a quantity of a first solvent fo form a solution; and

drying said solution for a length of time sufficient to produce a dried crystalline
mass.

2 The method of claim 1, characterized in that said quantity of acetyisalicylic acid
comprises about 50% by weight of said mixture of said quantity of acetyisalicylic acid

and said quantity of a theanine enantiomer.

3. The method of claim 1, characterized in that said dried crystalling mass has an
aqueous solublility of at least 9.4 mg/mL.

4, The method of claim 1, further comprising adding a sugar alcohol fo said
sofution.

5. The method of claim 4, characterized in that said sugar alcohol has a
configuration selected from the greup consisting of the L-configuration and the O-
configuration.

6. The method of ¢laim 1, characterized in that said composition is used to improve

a physical property of an active pharmaceutical ingredient, characterized in that said
property is selected from the group consisting of solubility, stability, and dissolution rae.

7. The method of claim 1, characterized in that said theanine enantiomer further
comprises a carbohydrate functional group thereon.

8. The method of claim 7, characterized in that said carbohydrate functional group
has a configuralion selected from the group consisting of the L-configuration and the D-

configuration.
a. The method of claim 7, characterized in that said carbohydrate functional group

is selected from the group consisting of monosaccharides, disaccharides,
trisaccharides, oligosaccharides and polysaccharides.

1G. The method of claim 1, characterized In that said theanine enantiomer further
comprises an amino acid functional group thereon.
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1. The method of claim 10, characterized in that said amino acid functional group is
a dipepfide.

12, The methad of claim 1, characierized in that said theanine enantiomer furiher
comprises an amino acid scaffold thereon selected from the group consisting of

glutamine and glutamic acld.

13.  The method of claim 1, characterized in that said theanine enantiomer is selected
from the group consisting of L-theanine, and D-theanine,

14. The method of claim 1, characierized in that said theanine enantiomer has a
carbohydrate functional group linked thereto.

185. The method of claim 14, characterized in that said carbohydrate functional group
has a configuration selected from the group consisting of the L-configuration and the D-

configuration.

16. The method of claim 14, characterized in that said carbohydrate functional group
is selected from the group consisting of monosaccharides, disaccharides, trisaccharides,
oligosaccharides and polysaccharides.

17. The method of claim 1, characterized in that said theanine enantiomer has an
amino acid functional group linked thereto.

18. The method of claim 17, characterized in that said amino acid functional group is
a dipeptide.

19, The method of claim 1, characterized in that said theanine enantiomer has an
amino acid scaffold linked thereto selected from the group consisting of
glutamine and glutamic acid.






