WO 2011/ 077760PCT/ JP2010/ 053594 1 Descri ption Title of Invention
LEARNING‘WE@hMﬁEg | MPROVERS Technical Field [0001] Thgcghgiﬁ&%ﬁkgyention
relates to0 an antidepressant or a |learning notivation inprover, ich
conprises a cyclic dipeptide with the_ 2,5-di ketopi perazine structure as an
active ingredient. Background Art [0062] In a highly conpl ex nodern
society, a reduction of willingness turns into a problem For exanple, the
term"notivation crisis" is used to describe the problem of reduced
notivation in young people. Nbreowgr,.ih is said that depression patients
of ten show synptons of hypobulia, FGPH&Pe is a demand for the devel opnent
of drugs capabl gyl of fiRfeitbRI EXRAING MOIRATTON BRI ERRsCr ProPhyl acti ¢
agents for depression currentTy used in ¢ |n|caF)cases are tricyclic

anti depirggaadhgiagd tetracyclic antidepressants, as well as selective
serotonin reuptake inhibitors (hereinafter referred to as "SSRI ") and

ser ot on[ombggr THE PR IR ehBYPEREs folthl ALHEsshitesr@l 1BAhI8 méiRfafbh ed 10 as
"SNRI"). SSRI and SNRI are antidepressant's that are designed to greatly
reduce iny@osérd@hehiceaipsised a eyelivdijdptidatvithithe . sldiketopipéd£ipe S@scie s adour nal
of clinical and experinmental nmedicine (lgaku no Ayum), Vol. 219, No. 13,
963- 968act®O@mgdrediclatnvever, al t hough these side effects have been reduced,
SSRI and SNRI are reported still to have other side effects. [0004] In

t erms oBackgreund Ariere are reports of various therapeutic or prophylactic
agents for deg;ession, whi ch conprise a conponentés) extracted from

nat ur al [QP0BE clir 2 highlyroseniet modesnispeipty, asedugion phjvBbngness tumsrini®éanpl e, a

gi nkgo | egkﬁext ract whj c% i s a,conponent extracted from ginkgo | eaves

( JapaneB@OsH-enk OflfﬁfB’InPLe’ ederb JHPEVaion cpisis7 s wed GDﬁ‘?SC‘ab%'gﬁ pedhlemg Of
(Japanesg P%#en. Publ.i ¢ _Di sclogyrﬁghb. 2082-584 0{ and so on are_.reported,
but it JSUEREPPUTALONIR YRHIERGRIS: + MAPTeP Vst 15:581G Dat depresian patiehls PEFed safety
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of improving hypobulia.

[0003] Therapeutic or prophylactic agents for depression currently used in clinical cases
are tricyclic antidepressants and tetracyclic antidepressants, as well as selective serotonin
reuptake inhibitors (hereinafter referred to as “SSRI”) and serotonin/noradrenaline
reuptake inhibitors (hereinafter referred to as “SNRI”). SSRI and SNRI are
antidepressants that are designed to greatly reduce the side effects of conventional tricyclic
antidepressants (Journal of clinical and experimental medicine (Igaku no Ayumi), Vol. 219,
No. 13, 963-968, 2006). However, although these side effects have been reduced, SSRI
and SNRI are reported still to have other side effects.

[0004] In terms of safety, there are reports of various therapeutic or prophylactic agents
for depression, which comprise a component(s) extracted from naturally occurring
products as their active ingredient. For example, a ginkgo leaf extract which is a
component extracted from ginkgo leaves (Japanese Patent Public Disclosure No. 2007-
99660), a hop extract (Japanese Patent Public Disclosure No. 2002-58450) and so on are
reported, but it is difficult to consider that these extracts have established safety because
their starting materials are not usually ingested and people have little experience in eating

them.



2 [0005] On the other hand, cyclic dipeptides including

2, 5-di ketgpi e ring corrpounds are known to have v | ogi cal
activiti e\§8 A (1[?,H6H| s expected that such dipeptides wil ?Elrﬂggvmﬁlﬁ%g%ﬁa din
t he nedi cal and pharnmacol ogi cal fiel di Di pepti des can be designed to have
addi ti onal physical properties and/or“new functions, which cannot be seen
in single am no acids, and hence they are expected to be applicable to a
wi der range than that of ami no acids. Mreover, dipeptides are also known
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sone reports

pyrrol o hy, 8aS) and
pyrrol o{i% ét %{1 g(%vpngl ale"i ngllﬂc?)% g%)éga§?%?éa%010ggctdﬂﬁ lg%'op?%p) tgé%gs 8as),
whi ch_agg &%@fgﬁ&@eb Iﬁaﬂ'e ra@@ﬁfbﬁﬂ @9&@@1 pegper&&rane/or ReRduidiRm, wReR caxﬁ%t
7222-7231) or in coffee (J. Agric. Food Chem 2000, 48, 3528-3532), serve
as bittedseef rﬂfpgﬂgllatamm@aadé had hédcettidesre @kpdryed tobedbpepbletes wider gener at ed
froma heat-treated product of chicken neat (Eur. Food Res. Technol. (2004)
218: 589ranf¢ Jhan ltimt @f dinficoatidsot Misresepadipeptitay eresitsovimotsinad have additional
2, 5- pi perazi nedi one, 3, 6-bi s(1H i ndol - 3-yl net hyl ) -, (3S, 6S) and
pyr r ol opliysabproperties med/or devd fumaeorse defepding-03-theih smydturat difieiencds3&g8aS) have
an anticancer effect (J. Pharm Pharmacol. 2000 Jan; 52(1):75-82),
pyr r ol ofhetherthpy argdingar ar eyclic.
di one, hexahydr o- 3- (1H i ndol - 3-yl net hy] ) -, (3S, 8aS) and
pyr r ol of0P08 aﬁgﬁrﬁrph@dlpeaud% @H@WW&]@@G bslovphasisyaerrisaysd - Foss, 8as) have

an anti bacterial effect;

2] pyr az?’ﬁ’éﬂ cmpdrsid s iR af(ﬂ%f‘i]‘ﬂﬁﬁ% T]@ymzwf% drdjone hexahydrg- 3511(1 2,5
Pt Pt RIS oS sas by &algﬁéﬁ ehEBeR By aRRY 220 ANt LT UngR
repor t egl {h*}gho&)if 58 SISRSRHIRS sl o Moo Bold.STLUERL 1800 AEnpaGUENt i On

of depreSS| ave an | ect on

| ear ni ngs mpbh VALY 61~1n§8ﬁ“9@ JYAgﬁc'F‘b\bﬁ@Heﬁ{‘ 266,48, 8893- ﬁ&?'&%e[é%%@t@r The

present i nvention ains to provide antidepressants which are free fromthe

3 probl eghpdnenisden®hbheTt §padét Yekc 8peptidedAte fdhefddElym aHegr-REREENt
invention also ains to provide | earning notivation inprovers which are

usef ul peduttrgiichicker fiteanEuk. FodiReg. Terhhola(2004d) 218I58RH9De  imghiitiad
continuously. Solution to Problem[0008] As a result of extensive and

i nt ensi véheefeports baveatiewn eha @) S¢pipeiaginpdiohé,8,tebistlEk-mdolabglesthyihe(3508¢nt or s of
the present invention have found that conponents having SSRI or SNRI

act i vi t yndapidrdeltpbaletazinealsidipramekahydoyBrighetyimethybn(3 %&Shhiﬁ(j a¥pt i vati on

are contained in chicken extract. The inventors have further identified

t hese aé@ti%cqrﬁgfra@cﬁlel%h%mt%aﬁ%a@y@@ﬂ@ Tan; é@ﬂt)ﬂée%?)mrwlelﬂe? -a]pyrazine-1,4-
2, 5>-d k E}? i aﬁr ng (fIE[—lngotl% ;]me-lily i%é,ha Spylrr%fjo[ia T];t]}g‘azclge l etl on of the

pr esent ’ioﬂ
dione,hexahydro-3-(phenylmethyl)-,(3S,8aS) have an antibacterial effect; and pyrrolo[1,2-

a]pyrazine-1,4-dione,hexahydro-3-(1H-indol-3-ylmethyl)-,(3S,8aS) and 2,5-
piperazinedione,3,6-bis(1H-indol-3-ylmethyl)-,(3S,6S) have an antifungal effect
(Pharmazie 1999 Oct; 54(10):772-5). However, it has not been reported that cyclic
dipeptides are useful for treatment and/or prevention of depression, or that cyclic
dipeptides have an improving effect on learning motivation.

Summary of Invention

Technical Problem

[0007] The present invention aims to provide antidepressants which are free from the



[0009] Nanely, the present invention is directed to [1] to [8] shown bel ow

[1] An anfpdepresaant conprising a cyclic dipeptide wt 90?9?”%?{"53594
e

2, 5-di ketopi‘perazine structure as an active ingredient.

anti depressant according to [1] above, wherein the cyclic dipeptide is one
or nore nenbers selected fromthe groap consi sting of

2, 5- pi perazi nedi one, 3, 6- bi s(phenyl net hyl) -, (3S, 6S),

pyrrol o[ 1, 2-a] pyrazi ne-1, 4-di one, hexahydro- 3- (1H i m dazol 4-yl met hyl ) -, (3S, 8

aS), and 1,.2- ine-1,4-di hydr.o- 3-.(1H i ndol - 3-
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rrol of 1,.2- | Re; - gl hydr o- 3- ( 2- net hyl 1)-, (3S, 8aS),
and pyrIrnéfléh%],n%%g?%?glznﬁgﬁé?q?‘%ﬁgﬁugﬁ%?hgx;(r)\ydr E, 3?"(9 1 et L;th )hyl ) ( ( 38?83318) .
[4] Thes@ntibsePPessiant according to any one of [1] to [3] above, which is
for oral admnistration. [5] The anti depressant according to any one of

[1] to fobbSPbAY & reshilio Bxtefisite M RfExkiRE eifortaidioto {d1ed dppriblémaganl for
depression, senile depression synptons, depressed nood, hypobulia, anxiety,

or i nsos#toive, thé ireatexefaha prscitdivedtivh hivet foesetiay ophporents Maving]SSRI@ar ni ng
notivation inprover conprising a cyclic dipeptide wwth the 2,5-
di ket opSNBI activity antl comiponentabavamg aicinpreving gifect cntarninghiidtevatienare ng
notivation inprover according to [6] above, wherein the cyclic dipeptide is
2, 5- pi pemdaingreigichivkes egirdsit.s (‘pheeiny entersthary furtwsidsgified these active
ingredients to be cyclic dipeptides with the 2,5-diketopiperazine structure. These findings
led to the completion of the present invention.
[0009] Namely, the present invention is directed to [1] to [8] shown below.
1] An antidepressant comprising a cyclic dipeptide with the 2,5-diketopiperazine
structure as an active ingredient.
2] The antidepressant according to [1] above, wherein the cyclic dipeptide is one or
more members selected from the group consisting of 2,5-piperazinedione,3,6-
bis(phenylmethyl)-,(3S,6S), pyrrolo[1,2-a]pyrazine-1,4-dione,hexahydro-3-(1H-imidazol-
4-ylmethyl)-,(3S,8aS), and pyrrolo[1,2-a]pyrazine-1,4-dione,hexahydro-3-(1H-indol-3-
ylmethyl)-,(3S,8aS).
[3] The antidepressant according to [2] above, which further comprises one or more
members selected from the group consisting of 2,5-piperazinedione,3,6-bis(1H-indol-3-
ylmethyl)-,(3S,6S), pyrrolo[1,2-a]pyrazine-1,4-dione,hexahydro-3-(2-methylpropyl)-,
(3S,8aS), and pyrrolo[1,2-a]pyrazine-1,4-dione,hexahydro-3-(1-methylethyl)-,(3S,8aS).

[4] The antidepressant according to any one of [1] to [3] above, which is for oral
administration.
[51] The antidepressant according to any one of [1] to [4] above, which is a

prophylactic and/or therapeutic agent for depression, senile depression symptoms,
depressed mood, hypobulia, anxiety, or insomnia or anorexia associated with these

symptoms.



[ 8] The | earning notivation inprover according to [6] or [7] above, which is
for oral 1.ni tion. Advantageous Effects of Inventi e

pr esent fﬁggh ﬂgzkgrovides anti depressants and IearningbggPiggéﬁ%ﬁip

i nprovers, which have SSRI activity or SNRI activity. The anti depressants
and | earning notivation inprovers of the present invention are not only
excellent in their effects, but are also extrenely safe, and are further
suitable for use in foods and beverages because they are tastel ess and
odor | ess._and ve .a white.color in purified form, Brief cry pbtion of

b avi ngld1 {00 A foeprng Moty gt mibroust Rl By B oGP Wik Mieter t he

i ngesti of. a test SQHR| reduyces the time required for mce to reach an
escape %PQP?%?W%ngggpe f%f%ﬁ%@ X gh“?%peating the test. [Fig. 2]

Flg. 2 F’/ﬁ‘ﬁ‘g’s tfﬂ%ﬁe&rﬂﬁl ﬁ@g&&:ﬁtg? i%ﬁ;rd%ﬁéé&ﬁfdiﬁ f%a[igf'glﬁﬁzte! lein eEﬁfxfc sanpl e

reduces Ime requir ce to reac escape plattorm (escape
| at encygipWAgm if £BSArAAnddISnd £6 bis(phenylmdifiy1g(38]6shi 9- 3 shows the test
results lgwmhét h’eﬁﬁ% ﬁe ?ngest’i’onlstg}? egytnéstyg-é(nd elfr educes the tinme required

for m Eg] t o reaabardhgafictaReioniRbfeMJBREAPR [6RLEIT] vbovd) @hidhap adtoralg t he
test. Scription of Enbodi nents [0012] A detail ed explanation wll be
gi ven bsingiwisfratiod. he enbodi nents of the present invention. [0013] The
present invention is directed to an anti depressant or a | earning notivation
i npr oveAdvartagdous Effecissfdnzentjeri i ¢ di peptide with the 2, 5-di ket opi perazi ne
structure as an active ingredient. ) o

[0010] The present invention provides antidepressants and learning motivation improvers,

which have SSRI activity or SNRI activity. The antidepressants and learning motivation

improvers of the present invention are not only excellent in their effects, but are also

extremely safe, and are further suitable for use in foods and beverages because they are

tasteless and odorless and have a white color in purified form.

Brief Description of Drawings

[0011] [Fig. 1] Fig. 1 shows the test results of whether the ingestion of a test sample

reduces the time required for mice to reach an escape platform (escape latency) when

repeating the test.

[Fig. 2] Fig. 2 shows the test results of whether the ingestion of a test sample
reduces the time required for mice to reach an escape platform (escape latency) when
repeating the test.
[Fig. 3] Fig. 3 shows the test results of whether the ingestion of a test sample

reduces the time required for mice to reach an escape platform (escape latency) when

repeating the test.

Description of Embodiments

[0012] A detailed explanation will be given below for the embodiments of the present

invention.

[0013] The present invention is directed to an antidepressant or a learning motivation

improver, which comprises a cyclic dipeptide with the 2,5-diketopiperazine structure as an

active ingredient.



5 [0014] The term "anti depressant” as used herein is intended to nean an
agent ha\QVB%ﬁ/qg %Bhyl actic and/or therapeutic effect on QBBE qﬁ/ﬁ%sﬁ&’ senil e
depressi on synptons, depressed nood, hypobulia (e.g., r EGGdEH V) I hgnhess
to live, reduced |earning notivation), anxiety, or insomia or anorexia
associated wth these synptons. [0015f In particular,

2, 5- pi perazi nedi one, 3, 6- bi s(phenyl nethyl)-, (3S,6S) (CA Registry Nunber:
2862-51-3) (hereinafter referred to as "conpound A"),

iy ?ngoéé%f iﬁ%ﬁ%ﬁ BRHeDSSb. 153558 JCHOs JTHELED iogh ap PEEP PV S S bonpound
B" 1 2 i ng- 1, 4- . ) .

i éni?h%@é@%t%?@%iﬁlﬁ%ﬁﬁ% S dsprepson Senl opsRnALEPATY Nurber
2o B T 2 S P Ak i B

2, 5- Di D&Tad|, N HhsRR o Bidksbd hsbadel wirnheRiSplomd 35, 6S) (CA Regi stry
Nunber: 20829-55-4) (hereinafter referred to"as "conpound D),

pyr r ol ojobi 8 alnaktaskildred, 5 ik Re d16d)§ BisPpldn Rn R INYBBIGSPYCA RelgBEy8asS) ( CA
Regi strgl N%Inbeﬁjéé 2873- 36 )1%( her ei naf t er S’rqpef e?r eegmti E)L)(gs " ggd:rrpoudr%d I}E,") and
pyr r ol oN&mBeaPR2-81-3) ¢helciflaftatirofeered exadicdmpoBad A2 yypiyhwloft BydlpyraZits, 8aS) ( CA
Regi stry Nunber: 2854-40-2) (hereinafter referred to as "conpound F") have
i nhi bi t biyliemtliexaliydrod-(ABrepdazpdr ylmetityha (35833 CAoR egistrigNummher: 5010fr ar e
useful as SSRI antidepressants, and the latter are useful as SNRI

ant i depd23)teradnafise refersetbiorrs I’ cofnppuny”)smd pyfrotahb2fajpyrazine{ldo16] Anong

t hem conpound A showed no_ toxi ci ti) in a %i ngl e- dose (acut e% ééox('égﬁty st udy
in m cediepehexphrdroattthtrindokBedmethyD)-£IS5:8pS) 4G RegistRaNpmbes: 813 7&) dose

Nor covaMETiita e e Dk EPmpORKL davE MHEIOR gLy Gy sorp B e paiter
berratjon, t d. ] | .

mut agon? BRI Ve P RiBR RS R SR PHah A m R RERSe) AR, 1
fety. , ey d i v S0t ended

o mean MORER00RHER clRURIk i R P RL b RO SRTE &b o

I nhi bi t$ 4L f6nd iR4RA 836 -lﬁeﬂhg&;ieﬁm)-kﬁg,gmprhkégiw Rlugibe Jg7a3spgr ter.

| nhibitory actli Vit _serot transporter binding may be neasured, for
exanpl e(heasindlRs edtbREPto R “Ebapodnd E’h%ﬂgﬁgbmu,@&gpyrzﬁez,&_& 1999. Nanely, 6
it is nmeasured by determ ni ng whet her | abel ed i m pram ne binds to the
hunman  séioat aetahylioadr epaictigiethyl)y,@SBald) (CA RdgistrgNsnbeI285detc2Nnt r at i on
(1C50) of compound A required for 50% i nhibition of serotonin transporter

bi ndi ng(liesciBaffer kéfefr&0H3is “Tommpoendd™) iR indittitode petodtyamt toremnéphrisnded t o nean
an agent that binds to both serotonin and norepinephrine transporters, and
i nhi bi t srandperterchipdiage ‘Che Eamer atgivsefahad SR kegmtideprassanis. andhe Bittebasg activity
on norepi nephrine transporter binding may be neasured, for exanple, as
descr i basfilas SARIraatidegnessants yeiey Lombowd Witheany| Qre of the rmglasur ed by

det erm pi ng. whet her, 3H | abel ed ni.soxeti ne .bi nds t.o t human, pot epi nephri ne
trans pomoég] efprongdhem; ‘iﬁ’n@%‘)‘lg@t howef @8 oicCitn Iy %%n%}FR@Fe éﬁﬂtﬁ? pOLXFFé'[g'I\/br ris
wat er ze test has been reporte net hod_f or asurd tial menory
TR R R el TR SR e R Sl
require ~ ) 4 ) 1 i i

e o9 RS R SRR LRI RRRADSRLERAY) \rUE PR
scenery uﬁzﬂ&}y%%dﬁé V&fi}_eéABQ&'teJt; drSiflodintd? a¥@fiontt&st ¥ thoust ieroaldcieach the
escape platform which is a goal, with their nmenory as a guide. Since mce
to be ugRd édinfdind A SfwsaioBmbia8ali€itly, bAd hesbeGeistah @hfidépédswalek@Bmbly bei ng
allowed to swmin a pool having no escape platformbefore the Morris water
maze testcellentrifdatety.on in the time required to reach the escape platform
can be regarded as an inprovenent in |earning notivation. [0020] Active

i ngr edi 0019] i Ashset Ingeiaptip vernd“S§R Idniidépressent® yeintenddd pepeimdasagent that he

2, 5-di ket opi perazi ne structure, may be commercially avail abl e Sé;]t hetic

r eagent s¢ledsivelyt tinds toghestiretonin tegospertar add fnbabiisihe teuatdky obswratonimigrgwebduct s
are nore preferred for use_in terns_of safety. To obtain conpound A or the

li ke fr &his praetoni trapsprstasy r Inkdbifnry aetbtity ongsepntdrip dangponist Py maEDbS ol | owi ng

st eps can be resente asS ahn X e.
Ps A e et A3 aA B IPLS: . Pharmacol., 368: 277-283,1999. Namely,




(1) a pretreatnment step in which nmeat of l|ivestock or poultry, fish nmeat or

shel | fi S%H%ﬂil/47z%6ﬁsed as a starting material and heat egc'?.g},ﬂ)éh/h%g%P to

renove water-so e proteins contained therein ; eatl ng step
in which the liquid is replaced after_the pretreatnent and heating is
repeated again ; and 7 (3) a filtrat®on step in which the obtained liquid
sanple is filtered. [0021] A preferred starting material used in the above
pretreatnment step (1) is a naturally occurring product rich in usefu
conponen

li¢.di [ i .the 2,5- .di i i .
S S RONG TIER ET R
fish t, hel | fi.sh t .. EX I : i k
o0 s A GO e R A e ol LRI Py

-l .Anj il 6l . : t of ltry, i.e.,
QﬁPckggﬁﬁ%ﬁﬁkgggﬁgﬁ%@ﬁ?ﬂﬁgﬁgg?ﬁ%#gﬁ@@ﬂ%?@%%oséLregEgucE, ggume[y a; ﬁeat of
non- IO(-'JLS’[ke:)b![?]t V*tﬂe%ﬁ% RS Elﬁf)t}eg?esgﬂdt’dis%@hdeda%m%,aganaﬁit%dyto bbmush.

Li kew I's al so possi to use fish neat and shellfish nmeat which are

eat en g dtbifin@aY h@@pﬁlfepﬁiﬁtot&im*mmr@,ta.nd/%ﬂﬁsitmé r@pRdRel ESeropdramindrat eri al s
such as coffee and cocoa can al so be used. Anong these exanples for neat of

| i vest agdfesinerd@iib! I Inhibiiosadctialy cantbreisdphking ranspaiter bindimganayisat i s
preferred for use because conpound A and so on can be efficiently obtained
at hi ghmessnednforakimple, ag @8a#edAh MNadurg/ 3500 850-884,0199hhy Namehoifrisl A i s
obtained in | arge anounts when, using chicken neat is unknown, it is

i nf er r edeasinetd hyr detesindeing whethier iddda niggxstip¢ binds tp thaduwent i guous

phenyl al ani ne (-Phe-Phe-) structure and thereby generate a di peptide

( Phe- Prrorepinepining drapsnortepexpiessed if €HGY cellsi ch conpound A of interest will be

|t° e ﬁ%ﬁﬁs’e‘blﬁﬁ ﬁ%ﬁﬂ%&%@%?&? bV;agefltﬁ?ha%F sFlis3t Eoe o oGP

! | ciie & o
1'63?? oo il CLo i 4 MRk, %7?5%&@9%55-?@%&183%% mor e
Bt oot as U8l bRedkndB e i P BTHERARY] foePall FRANEG, EROCGT "

condi ti%?uatibﬁ%élusggl‘rﬁcgﬁﬁl? gﬁgelﬁlgéﬁhéilzguﬂoglggﬁl Is64RPY ¥nGHaRI 4 sded at a

hi gh tenperature un pressure (1 r nmore and 1 atm or nore),

for exafflewitBlvaldCugto FRA 8nd Afaeh AR Rcapefiftcrl, Whith id 2CapkvifiRher As a
heating device, a preSsure cooker, an autoclave and so on can al so be

conbi neghefRty aSEgiElenersihegmine tb e usét wnhiedest aredidatedrts redudd Air The

pretreatnent step (1) and the heating step (2) may be perforned

cont i numesiktiondy being allowed to swim in a pool having no escape platform before the
Morris water maze test, a reduction in the time required to reach the escape platform can
be regarded as an improvement in learning motivation.
[0020] Active ingredients including compound A, which are cyclic dipeptides with the
2,5-diketopiperazine structure, may be commercially available synthetic reagents, but the
ingredients extracted from naturally occurring products are more preferred for use in terms
of safety. To obtain compound A or the like from naturally occurring products, a process
comprising the following steps can be presented as an example:

(1) a pretreatment step in which meat of livestock or poultry, fish meat or shellfish

meat is used as a starting material and heated in a liquid to remove water-soluble proteins
contained therein ;

(2) a heating step in which the liquid is replaced after the pretreatment and heating

is repeated again ; and



as a single step without liquid replacenent. Alternatively, the

pretreat t y be foll owed by renoval of the start. r,al and

t hen repﬁggggéﬁﬁpgﬁathe | iquid before the starting nate?kgﬁg?gaﬁﬁg%gcted to
the heating step. Since sanples with Lower Brix val ues can be obtai ned when
liquid replacenent is performed after’the pretreatnment step (1) and before

the heating step (2), it is nore desirable to use |liquid replacenent.

[0026] It should be noted that heat treatnment in the steps (1) and (2) is

f bl forned i .Sol [ I d i mal
et cr 1 al s f 1 G bR SeB ARG ne e Piatied Huid safiely Bl or use | ncl ude
ter, ] Xt h fo: I i .mal i al
cont & A0t IprPistoracd sietpE ket Bt Ve a0 TR patiBy ' 2
henyl al ani - Phe-.Bhe- S i ofedvi | d subj ect ed
Fo hoatoEREaE sodler ol kel EbbHdhs 1.8, By e s e o
sol uti %&gl{%b@g%ﬂ in€ SRAAGnAudihb céﬁ?b!ﬁﬂii Rephatagy hrht sMRcsOBE sﬁﬁd@&y,ﬁn of

compou e quantified 1h various manners,” for exanple, by hig

per f or PRMGRedt] GHehelIfdhrAEAR! OBk s bHBk&Dof 1iveaA8dH orffvalteemdlude Agasof ut i on
containing cyclic dipeptides with the 2,5-di ket opi perazine structure

i ncl udilRgstoerrieurditid, pigyhdise, shash ati goat eyt abndnhéveagek nindald fiehps eskint
invention or, if necessary, may be purified or concentrated to further

i ncr eadwat hedeomen bf poulopsi.cof chidkenaturkoyequailg denesivtdick Conmestreddidkn may be
acconpl i shed by using an evaporator or by |yophilization, etc. [0028] In
the fi lasrvedl} srmeatof non-peulpryweitd birds Juch pawild sluglayphisesagie sparraw exthaush.
appropriate, depending on the formof the agent, and the filtration step
may be likewsp it #rrdsp passibledamse fishmept amow.uf?%x mﬁﬂsé@l%lwr?%@ni%awhe art.

[ 0029] The antidepressant, and | earnjng .notivation inprover of the present

[ nvent | HESs) arBalfifte ke X amBls TR EoG bR cPl e e g

carrier XCi pi ents, abilizers, antioxi.dants, antiseptiC rfactants,
etc. T é(’p“‘r’see‘é e Oé'ézf‘er?ﬁﬁx?}gs%ﬁf%rrlﬁ?%QﬁhYa%St%cpporI(?Blrﬂlt%'f gl%’ﬁ lee%teaﬁ?éi ng on the
severit . 0l sea j Al of
humans, gfrlshef;(%%tpf?l&ke%%@eaé?f%%e@%ﬁéfg%egﬁ%mlﬁggcél?l %‘%{as%\?gcrig 8;(1 ?ﬁge a day at
a dose gf: inistration. It is preferably given one
to thrégﬁfgﬁgggg&ggggtE%?%gﬁgﬁgg%?g% of adm nistration is not limted in
any wayjp20 AR K RAREMHPOMPOHERRBE Xotlaih 8D B0hred dnitmewhditusigut e of
adm ni stration may be oral or parenteral, oral dosage forns are preferred
i n ternghiedenané&y ioeiknBwa] it &tinfefred Ghtlpreteins frectickemmenm yrdudchi in thety for m

i ncluding tablets, capsules, powders, granules, solutions, elixirs, etc.
Mor eov e¢antignoissheagiapnie (et Pleosdgetfroambthetehy gantratea dipeptidd i(Blt-Phey
generally formulated into the intended formsuch as tablets with or w thout
exci pi eimabundseapisagenfit efvchiph eorpounsied) of titeresiiveill hgrobiniecd indargele gel ati n,
saccharides (e.g., lactose, glucose), starches (e.g., wheat starch, rice
starch,ame¥ns.st arch), fatty acid salts (e.g., calciumstearate, nmagnesium

o B ek Do SR 1B Bl OB, "I
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exanpl egret Il 6 3Ut§qlq1(ju?sg:[ hiag a%ﬁﬁn@ﬁﬁii&%ﬁ §f68§lﬁl3 whbier eCaRb @Rlenguch as

flavorings, syrups, pharmacCeutical mtce nd the |ike. [0032] The

present sd Hy 84 beodbnybihdd € ufd ddpBRIind 5 ¢hd MeMdbd comdlitordet ai | by way of the
foll owi ng exanpl es, which are not Intended to limt the present invention.

Exanpl ef024] The heating step (2) is preferably accomplished at a high temperature under a high

pressure (100°C or more and 1 atm or more), for example, at 100°C or more, and more
preferably at 125°C or more.  As a heating device, a pressure cooker, an autoclave and so
on can also be combined for use depending on the intended conditions.

[0025] The pretreatment step (1) and the heating step (2) may be performed continuously
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can be obtained when liquid replacement is performed after the pretreatment step (1) and

before the heating step (2), it is more desirable to use liquid replacement.

[0026] It should be noted that heat treatment in the steps (1) and (2) is preferably
performed in a solvent in order to prevent plant and animal materials from burning.
Examples of a solvent preferred for use include water, ethanol, or mixtures thereof.
Namely, a plant or animal material containing proteins (preferably proteins rich in the
contiguous phenylalanine (-Phe-Phe-) structure) is mixed with a solvent and subjected to
heat treatment, followed by collection of the solvent to obtain a solution rich in compound
A. It should be noted that the concentration of compound A can be quantified in various
manners, for example, by high performance liquid chromatography (HPLC).

[0027] The resulting solution containing cyclic dipeptides with the 2,5-diketopiperazine
structure including compound A may be used directly as the agent of the present invention
or, if necessary, may be purified or concentrated to further increase the concentrations of
the active ingredients. Concentration may be accomplished by using an evaporator or by
lyophilization, etc.

[0028] In the filtration step, the power of filtration may be determined as appropriate,
depending on the form of the agent, and the filtration step may be accomplished in a
manner well known to those skilled in the art.

[0029] The antidepressant and learning motivation improver of the present invention may
be supplemented as appropriate with additives such as carriers, excipients, stabilizers,
antioxidants, antiseptics, surfactants, etc. The precise dosage may be determined as
appropriate, depending on the severity of disease, age, sex, body weight and so on. In the
case of humans, for example, the active ingredient is given several times a day at a dose of
0.002 to 20 mg/kg per administration. It is preferably given one to three times a day, but

the period of administration is not limited in any way.
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580 1060 Compound D Compound E Compound F Norepi nephrine transporter 55 420
2100 [Oﬁg]zollﬁf‘/ml e 2] Inproving effect on | earning m%gm& .16’/9538914)

Conmpound Was evaluated for its antidepressive effect and enhancing effect
on |l earning notivation by the nmethod known in the art, i.e., Mrris Water
Maze (MMM . [0036] First, water which” had been colored black with Indian
ink was filled into a cylindrical tank of 90 cm di aneter and 35 cm hei ght
to give a water depth of 20 cm and the water tenperature was set to 22

10, To b PR TR PasghatBhS 5050 s o1 e
are preferred in terms of easy administration. Oral dosage forms may be in any form
including tablets, capsules, powders, granules, solutions, elixirs, etc. Moreover, in the
case of oral dosage forms, the active ingredient is generally formulated into the intended
form such as tablets with or without excipients. Examples of excipients used for this
purpose include gelatin, saccharides (e.g., lactose, glucose), starches (e.g., wheat starch,
rice starch, corn starch), fatty acid salts (e.g., calcium stearate, magnesium stearate), talc,
vegetable oils, alcohols (e.g., stearyl alcohol, benzyl alcohol), gum, polyalkylene glycols,
etc.

[0031] Oral dosage forms comprise the active ingredient of the present invention at a
content of 0.01% to 80% by weight, preferably 0.01% to 60% by weight. In the case of
solutions, suspensions or syrups comprising the active ingredient of the present invention
at a content of 0.01% to 20% by weight can be presented as examples. Carriers used in
this case are water-soluble excipients such as flavorings, syrups, pharmaceutical micelles
and the like.

[0032] The present invention will be further described in more detail by way of the
following examples, which are not intended to limit the present invention.

Examples

[0033] [Example 1] Measurement of various cyclic peptides for their inhibitory activity

on transporter binding

Various cyclic dipeptides were measured for their inhibitory activity on serotonin
transporter binding and norepinephrine transporter binding, as described in the prior
documents mentioned above (Eur J Pharmacol, 368, 277-283, 1999 for inhibitory activity
on serotonin transporter binding; and Nature, 350, 350-354, 1991 for inhibitory activity on
noradrenaline transporter binding). Compound C was synthesized by Peptide Institute,
Inc., Japan, and the other cyclic dipeptides were purchased from Bachem AG (Bubendorf,
Switzerland). The results were expressed as ICso values, i.c., the concentrations of the

various cyclic peptides required for 50% inhibition of binding to each transporter (Table 1).



Upon OSS, mce will cause changes in their behavior and enter a state
correspongj pression. After repeating OSS for 5 l ce were
di vi ded ir\gpgglf%gﬁo%ﬁps. [ 0037] Next, in the above cyli nd??}éa 20%1@@7(3@%{ 90 cm
di aneter and 35 cm hei ght, an escape %I atformof 10 cm di aneter was pl aced
at a water depth of 0.5 cm The abovél 7 groups of mce were each orally
adm ni stered with conpound A (Bachem AG (Bubendorf, Switzerland)) or with a
conparative drug, fluvoxam ne naleate, in the formof a suspension in

hysi ol agi cal |i.ne. After 60 m nutes, each nmouse was transferred to the
Itoa%k pr@@% pr[TsﬁﬁEr]thp escape platform and neasured for the tinme required
to find out| the inr'nsiubId escape pl atf(fém;@ d bel ow|the water surface
(i.e., escape-lat "Iﬁ 3 eval liate the sPatPal L mempey—and learning ability
of each nouse (MWW . As controll mc P experiencing no OSS were
adm ni stered w th physi ol ogi cal sal {%r?re&g&'ﬁgws?gmoi%{ ed tp MM MW was
repeated fi V@oﬂlb&ﬁﬂ& day for 10 days. [0G38] The results obtained are
shown in Fig. 1. As can be seen fromFig. 1, in the m ¢e experiencing no
0SS (no %S-(‘g’@lhh@dr@)]g t he escape | atency weg reduced when repeating the
test, wherejas the mce experiencing OSS showed reduced|l earning notivation
and there V\Jacsompomﬂcmmi on in the escape i@d0ency (OSS-§aline). In contrast,
t he group recerving conpound A[showed a dose- dependent |reduction in the
escape latency. In the 0.02 ng/ kg Nprepipephrine tessmypter | at ency at 10 days of
MAM was reduced by around 20% |when conpared to the control group

( 0SS- Sal i ne) Comporidd® ani mal s experi enci ngP30SS were admi ni stered with
physi ol ogi cpl saline. Moreover, in the 20 ng/ kg group, {the time required to
reach the estemeopidform at 10 days of was subst ant i ally the sane as
that of the gr oup (QOSS-Fl uvoxam ne) receiyj fl uvoxamine mal eate, which is
frequent |y LS®HPAEIIIER . This ilndi cates ti)!lizdbgjon’pound A has an enhanci ng
effect on learning notivation. [0039] [Exanple 3] Inproving effect on

| ear ni ng notivation (2) In the same manner as shown in Example 2,

' 1Nl ith 20..ng/ k qd h bj d h

i t 6900335 SR Fiimbio e i o SRR ATEARRNY) "L S nistered at 20
/'kg, foll h : ' i

Flo, 2. he corompukls ol iRk oy gt ek AR BT ot

confir 'ﬁ%&'mﬁrfg R CatRnByd : FeBRAKnB G the M) T ES ABorFiO WA HaRt QIO

a
significant G nproving effect on |earning notivation over the con?rol group
(Css Veﬁdoggp) Firda@ Rk Ywhich hh8 be@ifédiaded Gldckatit diaa)ek wvas dilp@pitb de structure
is required for exerting an inproving effect on | earning notivation. [0041]
[ Exanpl ¢/l#hritalnakvef o) ¢h Reletaant Saron hgghwd igivata witeX &pth of 20 cihparidhe same
manner as shown in Exanple 2, another group receiving 0.002 ny/kg
adni ni sthe atatariempaatprepas sd (@A +396) edodbis tankt B67Bheniviinates P weeB0d2] The
time required to reach the escape platformat 7 days of MMis shown in
Fig. 3 dgs) wesetachtangferrabapbullnyed ipesperinnte ppascspaes BXaming(©S8)f ect when

adm ni st ered . ) . . . .
Upon OSS, mice will cause changes in their behavior and enter a state corresponding to

depression. After repeating OSS for 5 days, the mice were divided into 7 groups.

[0037] Next, in the above cylindrical tank of 90 cm diameter and 35 ¢cm height, an escape
platform of 10 cm diameter was placed at a water depth of 0.5 cm. The above 7 groups of
mice were each orally administered with compound A (Bachem AG (Bubendorf,
Switzerland)) or with a comparative drug, fluvoxamine maleate, in the form of a
suspension in physiological saline. ~After 60 minutes, each mouse was transferred to the
tank provided with the escape platform, and measured for the time required to find out the
invisible escape platform placed below the water surface (i.e., escape latency) to evaluate

the spatial memory and learning ability of each mouse (MWM). As control mice, animals



12 at 0.02 ng/ kg or nore. In a case where the dose for humans is predicted
fromthe f dose in animals, the human dose is c be 1/10
of the m\ﬁégﬁﬁ%ﬁé‘%\%th a coefficient of 10 based on ani %ﬁ%%ﬁﬂﬁ%&
specificity (Safety Assessnent of Foq@A, edi ted by Kageaki Ai bara and

M tsuru Uchi yama, Japan Scientific Societies Press, 1987). Thus, 0.02 ng/kg

whi ch was effective in the above test corresponds to 0.1 ng/human (50 kg).

| f conmpound A-containing foods are prepared in the form of beverages and

their vqQlune i.s se o 100. m ef.f ec ncen ul at ed

Lo be FXgE R8s rarasig B“lwhymf’i?@ SRS k% IS,

provi deg n tivati on | nprovers, which have SSRI
act|V|tngQES leﬁéﬁ ‘?mﬂgg%e ant| ep essants and | earning notivation
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but are so extrenmely safe, and are further suitable for -use in foods and

bever agggeREFRMSEo DBSX(n@OSStVQII@IE}?$§e &REhdREEHEs AlddcdiavRertrepbiting €Ol or i n
purified form 13 Cains [Claim i An anti depressant conprising a cyclic

di pept ittle tast, twhelkdde thk, Iﬁrcetikbai@phﬂgemss biavesitre digded learmiag arvtdation end thereedi ent .
[ C ai m2] The anti depressant according to claiml1, wherein the cyclic

di pept i was nsreduction in the escape latency (OSS-Saline). In contrast, the group receiving

7ol

compound A showed a dose-dependent reduction in the escape latency. In the 0.02
mg/kg group, the escape latency at 10 days of MWM was reduced by around 20%, when
compared to the control group (OSS-Saline) in which animals experiencing OSS were
administered with physiological saline. Moreover, in the 20 mg/kg group, the time
required to reach the escape platform at 10 days of MWM was substantially the same as
that of the group (OSS-Fluvoxamine) receiving fluvoxamine maleate, which is frequently
used as SSRI.  This indicates that compound A has an enhancing effect on learning
motivation.

[0039] [Example 3] Improving effect on learning motivation (2)

In the same manner as shown in Example 2, mice were administered with 20
mg/kg compound A and then subjected to the MWM test. As a control, a linear dipeptide
(Phe-Phe) was administered at 20 mg/kg, followed by the MWM test.

[0040] The results obtained are shown in Fig. 2. As can be seen from Fig. 2, the linear
dipeptide (Phe-Phe) was not confirmed to have a significant effect, whereas compound A
showed a significant improving effect on learning motivation over the control group
(0OSS-Vehicle). Namely, it is indicated that the cyclic dipeptide structure is required for
exerting an improving effect on learning motivation.

[0041] [Example 4] Improving effect on learning motivation (3)

In the same manner as shown in Example 2, another group receiving 0.002 mg/kg
administration was prepared and subjected to the same MWM test.

[0042] The time required to reach the escape platform at 7 days of MWM is shown in

Fig. 3 for each group. Compound A was confirmed to exert its effect when administered



one or nore nenbers selected fromthe group consisting of 2,5-

pi pera2| bi s(phenyl net hyl) -, (3S, 6S),

pyrrol o[ 1 §28 E(V%a@l nel, 4- di one, hexahydro 3-(1Him dazoIPCZ/-Jlﬁor%%/P?%ﬁA)
aS), and

pyrrol o[ 1, 2- a] pyrazi ne-1, 4-di one, hex&ﬁydr 0- 3- (1Hi ndol - 3-yl met hyl ) -
(3S,8aS). [Gaim 3] The antidepressant according to claim2, which further
conprises one or nore nenbers selected fromthe group consisting of 2,5-

L
Fé ai me%ﬁlefﬁ‘ée il;\#% H&I%mfnalsss% (e (o g xsaga Cgiag%étoobgleem @%gws%a?&@tﬁahl chis
for or acloeﬁ“%r%n bid %ée@ Bn ahfthA's %T cﬁ@ftﬂl gs%g tg m@ﬁﬁﬁr £YoB¢] eHRe@ny one

of clains rchis ap actic rapeutlc agent for
depresg ﬁlﬂAibgradﬁarMﬁﬁir@ @cﬁm{aofﬁi)an deRhAAS sac@@&obre&syw@m | hugnxi ety,

or insormi a or anorexia associated wth these synptons. [Cl aim®6]A [ ear ni ng
not i vatg,enmio/Ry WNieh wad BHEdt R tiee 00t test EirRgpériddao BiltHghaman (50 kg).
2, 5-di ket opi perazine structure as an active ingredient. [Caim 7] The
| ear ni g compowalt Aeontainigiceds aequehredintthe frai of Heyenaper andrth¢iheolume is
cyclic dipeptide is 2,5-piperazinedione, 3, 6-bi s(phenyl methyl)-, (3S, 6S).
[ O ai ms8} ko0l mhlthmmjfen‘ow saicentmationgs oa,lemlaiadc@bdil:ﬁ)gig/mlcl aim6 or 7, which
is for oral adm nistration.
Industrial Applicability

-,(3S, 8

[0043] The present invention provides antidepressants and learning motivation improvers,
which have SSRI activity or SNRI activity. The antidepressants and learning motivation
improvers of the present invention are not only excellent in their effects, but are also
extremely safe, and are further suitable for use in foods and beverages because they are

tasteless and odorless and have a white color in purified form.
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Claims
An antidepressant comprising a cyclic dipeptide with the 2,5-
diketopiperazine structure as an active ingredient.
The antidepressant according to claim 1, wherein the cyclic dipeptide is
one or more members selected from the group consisting of 2,5-
piperazinedione,3,6-bis(phenylmethyl)-,(3S,6S), pyrrolo[1,2-a]pyrazine-
1,4-dione,hexahydro-3-(1H-imidazol-4-ylmethyl)-,(3S,8aS), and
pyrrolo[1,2-a]pyrazine-1,4-dione,hexahydro-3-(1H-indol-3-ylmethyl)-,
(3S,8aS).
The antidepressant according to claim 2, which further comprises one or
more members selected from the group counsisting of 2,5-
piperazinedione,3,6-bis(1H-indol-3-ylmethyl)-,(3S,6S), pyrrolo[1,2-
a]pyrazine-1,4-dione,hexahydro-3-(2-methylpropyl)-,(3S,8aS), and
pyrrolo[1,2-a]pyrazine-1,4-dione,hexahydro-3-(1-methylethyl)-,(3S,8aS).
The antidepressant according to any one of claims 1 to 3, which is for
oral administration.
The antidepressant according to any one of claims 1 to 4, which is a
prophylactic and/or therapeutic agent for depression, senile depression
symptoms, depressed mood, hypobulia, anxiety, or insomnia or anorexia
associated with these symptoms.
A learning motivation improver comprising a cyclic dipeptide with the
2,5-diketopiperazine structure as an active ingredient.
The learning motivation improver according to claim 6, wherein the
cyclic dipeptide is 2,5-piperazinedione,3,6-bis(phenylmethyl)-,(3S,6S).
The learning motivation improver according to claim 6 or 7, which is for

oral administration.



