1IN C',* 21tt15/703~351 PC F!EP2004/0508(60 1 Field of the invention 5

The invention relates to novel pharmacological applications of
glycosaminoglycans, in particular those having an average molecular

weight of 2400 (200) D. State of the art Emotional disturbances belong to

tHe a4 OF Py chiatric 1.0 illnesses included in depressive, arsaety;004/050860
psychotic and manic syndromes and are mainly expressed in the form of

an abnormal reaction to the surroundings, ranging from aggressiveness,

to a state of confusion and to apathy. Emotional disturbances are treated
pharmacologically in 15 various ways depending on their origin. Unipclar
affective disorders are treated with tricyclic antidepressants such as
imipramine or heterocyclic antidepressants such as selective serotonin

uptake inhibitors like fluoxetine, or with monoamine-oxidase inhibitors

such as phenelzine (drugs of 20 this type are preferably included in the
pharmacology textbook "The pharmacological basis of therapeutics”,
Chaptes1d9c X edidonRQk)i a contrast, bipolar affective disorders are

yeated with lithium, valproic acid orlogher drugs with 25 anticonvulsant
action (drugs of this type are preferablyincluded in ER%pter 266 HecoLogical
aforémehtiohetiBtrarntdcol gy aexebsok) Primasy anxiety disorderd ssuchthose

as generalizachanxies RyndIemes and Qbsessive--SapPUsVE,, o
synd gmes, are reated 30 with the categories of products already
menfioned O wit eb%ﬁ%odiazepines and/or buspirone. However, all the

conditions ®destiibed havie the heonretatiohoobsyndronecs and are gefibrdatric
1in the:Diagnosiic 2 .and Siatistica Manual.ofMental Qisorders (MANUALE o
di achosticc i
manic syndromes and are mainly expressed in the form of an
abnormal reaction to the surroundings, ranging from
aggressiveness, to a state of confusion and to apathy.
Emotional disturbances are treated pharmacologically in
15 wvarious ways depending on their origin. Unipolar affective
disorders are treated with tricyclic antidepressants such as
imipramine or heterocyclic antidepressants such as selective
serotonin uptake inhibitors like fluoxetine, or with
moncamine-oxidase inhibitors such as phenelzine (drugs of
20  this type are preferably included in the pharmacology
textbook "The pharmacoclogical basis of therapeutics®, Chapter
18, X edition 2001).
In contrast, bipolar affective disorders are treated
with lithium, valproic acid or other drugs with
25 anticonvulsant action (drugs of this type are preferably
included in Chapter 20 of the aforementioned pharmacology
textbook) .
Primary anxiety disorders, such as generalized anxiety
syndromes and obsessive-compulsive syndromes, are treated
30  with the categories of products already mentioned or with
benzodiazepines and/or buspircne.
However, all the conditions described have the

connotation of syndromes and are defined in the Diagnostic
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;ta-i.sti_co ;:lei. dis_.u__bi mentali, DN -Iv-R) . Treatment of all of these
conditions is strongly recommended and it _s considered that about 755
of patients derive clinically 5 significant benefit from them. Ph - r~acoo
aica7_ treatment of emotional disturbances is, however, accompanied by
a number of. side effects including, among others, alteration of the normal
state ci consciousness. It is considered that certain emotional
dlsturbances such as 10 aggressweness the confu5|onal state and

inability 1 acfapctTo a Hew environment, are AU 16 alte¥aion of thgaonostico e
exracelitiar matrix (ECK) it bidin, Bothif t8ms of fluidity and of
volumer with neonseguent effects ensthe-braintsynapses and oy the levelnmended

af, intracergbral transmission (alsg, in terms of \folgme of515 O(ansmlsaf) ])1:Lca 11y

Therefore products that are able to modify the fIU|d|ty and’ volume of the

EER A B usEiE forimproviiyhtracerebral t-.r ansmissi.on,

furtherrfibee it ¢ heowrethat thie glyeosamiroglycans hiave a @@turbances  is,

ﬂ(}’*ﬂ;&l‘aﬁxmgﬁfbm§£ﬁ%@ when injected: |ﬁr3§%@b@dWe§%mm@yuQE% among
invention NPW suﬁrpn& IyTi it has been f%und in vivo that

thers

glycosammoge[ycans Wlfhg an average molecular weight of%ﬁ%beﬁiom D
are ablé to ‘corfettemdtivhalth/sfGReNiGAS iitltduirarériAgther?s rstmalsuch as
state ©f conscieusness; becausea ofdtheisability 4aprevent 1arreducedhert to a

alé;%raémoéma%trageguame&r%iﬁgé\él_mh%f_bfall% E@%E%f%%fhﬁar matrix

fractlon of gl osamlnogl cans havmg an average molecular weight o

10/(x200Y 1 cBhDE uséd'far the “36'bt 85aFatT8ﬁb?5bh%ﬂ?ﬁwa%%uY%ane' with
compositions suitasiesforcthe treatimentrof emetional dysfunctionshe level of

Therefose dhednventionnrelates to the use of a glycosaminoglygan fractione ¢
having an average molecular weight of 2400 (200) D for the preparatior of

pharmaceutical compositions 35 for the treatment of emotional
dysfunm§f§eﬁ8 EﬁﬁSﬁBﬁaF that are able to modify the fluidity and

volume of the ECM can be wuseful for improving intracerebral
fransmission.

Furthermore, 1t is known that the glycosaminoglycans have a
hyperanxiogenic effect when injected intracerebrally.

Summary of the invention

Now, surprisingly, it has been found in vivo that
glycosaminoglycans with an average molecular weight of 2400 (£200)
D are able to correct emotional dysfunctions without altering the
normal state of consciousness, because of their ability to prevent
or reduce the alteration of the extracellular matrix (ECM} in the
brain.

Therefore the fraction of glycosaminoglycans having an
average molecular weight of 2400 (#200) D can be used for the
preparation of pharmaceutical compositions suitable for the
treatment of emotional dysfunctions.

Therefore the invention relates to the use of a
glycosaminoglycan fraction having an average molecular weight of
2400 (£200) D for the preparation of pharmaceutical compositions
for the treatment of emotional dysfunctions, said emotional
dysfunctions being selected from the group consisting of depressive
disorders, anxiety disorders, anxiety neurosis, agitation,
confusion.

Detailed description of the invention



cysfu.nctions being selected from the group consisting of depressive
disorders, anxiety disorders, anxiety neurosis, agitation, cccifus ion.
Detailed description of the invention WO 2004/103381

PY G 328585050860 S The present invention therefore relates torthesusesso
of a fraction of glycosaminoglycans with an average molecular weight of
2400 (200) D for the preparation of pharnaceutical compositions capable

of preventing or reducing 5 pathologic changes of the extracellular matrix

in the brain. Said composition can therefore be used in the treatment of
emotional dysfunctions and in particular in depressive disorders, anxiety

disorders, andepraeufasisnagitation apde copfysion 10 Ag is wellknown, .
the %oscaiglinno%@canf PI}GAGS are the most abundant
heteropolysaccharides If the RUMAaA boty Snd"dre” matle 43 SfF8peatingecular

unitswofigisacchafidesahat arefoaned in their tgen frofAONe 9EdWOration  of
mod@gggmég}!aggegggggaﬁg%%n% %al\g)-%ceggglucosamine and from

. reventi i
uronic 7.5 acid, for example glucuronaté or iduronate. The present educing

%veﬁ%ﬁ??&lﬁ%ir{cﬁaﬂﬁﬂaf’fe icssamterpycdr fraptibnéitmanhe brain.
averégeé anclevplas Wweight Gi2400:(200):3. Reeferakly, the GAGS eEthSent of

presgRbinvEion ares 2g,abtained from hygluronates, dermatan ;
sulphates, chondroigﬁ sulphates, heparin and ﬁgﬁzcr%%uzﬁﬁhaf“er}s, ofepressive

kerafhr® {EGFaes? THe EXidfrachdRs tarfbe prbtuselInpis, agitation and

depctpmevizition of the corresponding glycosaminoglycan(s) in various
18teps 25 cpmprising; ifragiatign of the glycosaminoglycans) with gamma
radiation, followed by gel filtration and %I rgﬁﬁﬁar%ﬁ)%%égﬁwaodgs fégr%%%ginﬁﬁ the

the J\VESsARISEPERS CAECBRING 36 the Bre_ent veiridiarnkhodm iand are

the arede up of repeating units of disaccharides that are formed
in their turn from one or two modified sugars  N=-
acetylgalactosamine or N-acetylglucosamine and from a uronic
15 acid, for example glucuronate or iduronate.
The present invention relates in particular to
glycosaminoglycan fractions with an average molecular weight
of 2400 (+£200) D.
Preferably, the GAGs of the present invention are
20 obtained from hyaluronates, dermatan sulphates, chondroitin
sulphates, Theparin and heparan sulphates, or keratan
sulphates.
The said fractions can be produced by depolymerization
of the corresponding glycosaminoglycan(s) in wvarious steps
25 comprising: irradiation of the glycosaminoglycan(s) with
gamma radiation, followed by gel filtration and
ultrafiltration. Methods for obtaining the glycosaminoglycans
according to the present invention are known iﬁ the art.
According to a particularly preferred embodiment of the
30  present dinvention, the fractions of GAGs of the present
invention are obtained from heparin, for example according to
the method described in EP 1181024.

Pharmacological tests



According to a particularly preferred embodiment of the 30 present
invention, the fractions of GAGs of the present invention are obtained
from heparin, for example according to the method described in EP

HS1Q%40Bearmacological tests WO 2004/11)3381 PCT/EPRBPHYR086 060

4 For pharmacological investigation of the fraction of
glycosam_noglycans according to the prgsent invention, an experimental
model was applied in the rat for the following evaluations: 5 1) reaction to
the environment, with the "open field" or. OF test; 2) learning in the water
maze, with the "Morris water maze" (MWM) test; 3) conditioning to a
hostile environment, with the 10 "context-dependent fear conditioning”

(CDFC) teE2 M ABHEN G2eATH IR edp¥Rfic tAnRe& BroVh NGRfgjion of
(BNYy tatsowere usetly obtained:fror ibarlan Spiague-Rawley InGvention, an

(Indj selneL withweight of 300:350.0 apd,age ot 11 Ez%m@aél%ﬂ‘fowing

animals were adapted to the new environment for two weeks betore
begmig &y iiéatment or biological test. Assignment to treatment with

fhe drug (2 anmeads)ionwith thiee vehiclecalnastp animmalshwaSopen field" or
randgimized. .The animals were kept in individual. cages and were

assessed in accordance with 20 the Association for Assessment and

Accreditation of Tabdt8tory ARiRalCLfs (RAAS ACTIRan&RirfRRERE water
withmngeatroldMentpeetature (22-26C) and with circadian light rhythms of

12 h (light starting fom 490 hows). The,aaimals were;giyendoed and.y e

water ad libitum. All assessments of 25 behaviour were carried out in a

L ounGPHberEd STRTEIHENT Froxt $8HE HRARG MliartérSBind befleen the
houMase09:06 asdd 360 the tleepedioktitesexperiment, i.e. after 42-44

Thirteen Brown Norway ({(BN) rats were used, obtained from
Harlan Sprague-Dawley Inc. (Indianapolis In.) with weight of
300-350 g and age of 11 months.

15 The animals were adapted to the new environment for two
weeks before beginning any treatment or biological test.
Assignment to treatment with the drug (7 animals) or with the
vehicle alone (6 animals) was randomized. The animals were
kept in individual cages and were assessed in accordance with

20 the Associaticn  for  Assessment and Accreditation of
Laboratory Animal Care (AAALAC) in an environment with
controlled temperature (22-26°C) and with circadian light
rhythms of 1Z h (light starting from 7:00 hours). The animals
were given food and waterkbad Iibitum. All assessments of

25 Dbehaviour were carried out in a sound-procfed environment
next to the living quarters and between the hours of 09:00
and 13:00. At the end of the experiment, i.e. after 42-44
days of treatment with the product under investigation or
with the wvehicle, the animals were sacrificed with

30 pentobarbital sodium at high dose (100 mg/ kg
intraperitoneally). All the procedures were approved by the
Institutional Animal Care and Use Committee (IAUC) of the
Loyala University Medical Center (IACUC).



days of treatment with the product under investigation or with the vehicle,
the animals were sacrificed with 30 pentobarbital sodium at high dose

(100 mg/kg intraperitoneally). All the procedures were approved by the
INGiHiEREPANnimal Care and Use Committee (IAUC) of the Liaysia2004/050860
University Medical Center (IACUC). WO 2004/1103381
PCTYA:P2004/1150860 5 A glycosaminaglycan fraction with average
molecular weight of 2400 (200) n (identified hereinafter with the symbol.
C3) was obtained by depolymerization of heparin by gamma-irradiation

and successive fractionation to obtain the 5 desired molecular weight, as

described i Eglﬁg%ﬁvi%@ql%g%iStefjrgggnggter?vs:l.%leleaV\ﬁV%%%p medgf[écular

This was dissolved in drinking water at a concentration suc the
anim¥is Feteivéd athily AdrfiRistration iolers ifg/ikg forerpenmtt aaryingh the

betwsencA2 tod4 days. Thewateacansuamiionatthe 10 jadividpal, .o 5

animals was measured during the first two weeks of .adaptation. During
therg%periment, the c?r?r?ﬂngrvg\/jatg}m&)ensﬁfﬁ'iﬁg W FEHeWad Evefpae4n the

days3aHir82petmhéental procetist for the adalsisbebenhaviobP iSshOM, and
in the dokowingiseliemey subdivigedinto weaeks. Foqak Prosgaurg Armiyal of 1 veq

the anjmals apd adaptation in_iindividual cages P2 Start of measurement
of the amount oﬁ%\;/di/ater ec%nélltjmaédcfgfgﬁto?aa{:dlrﬁfhis?t%ﬁfbn%?» fps animals

mg/KS o Yeliclé5ibpendia toryassen 12 firkfie s EdVIaivis wataseriod
mazed{ MAg) Heagrdsition 2(6w:d:aysh Reygssaligdays) 8- consumption of the
1@0n%ﬁ@f&ﬁ%ﬂ%¥”§§§ﬁgfgngggngggégggﬁcguring the first two weeks of

adaptation. During the experiment, the drinking water
containing C3 was renewed every 3-4 days.
The experimental procedure for the analysis of behaviour

is shown in the following scheme, subdivided into weeks.

Week Procedure

1 Arrival of the animals and adaptation in

individual cages

2 Start of measurement of the amount of water
consumed

3 Start of administration of C3 (25 mg/kg) or of
vehicle

5 Open-field (OF) test ~ 12 minutes

6=-"7 Morris water maze (MWM)

Acquisition (6 days)
Reversal (3 days)

8 Context-dependent fear conditioning (CDFC)
Adaptation (2 days)
Conditioning (3 days)

9 Sacrifice of the animals

15



Adaptation (2 days) Conditioning (3 days) 9 Sacrifice of the animals 15
WO 2004/103381 PCT/1X2004/050860 6 After two weeks (one of
adaptation and one for evaluating the consumption of water) the animals

Wey 8oufamaitfed to the series of three tests: OF, MWM, CDFL. 5.0k (open.
field) The behaviour resulting from exposure to a new environment (for 12

minutes) permits measurement of a neophobic response (fear of new
environments) and of the exploratory response. 10 The OF test was

carried out on a platform with the dimensions 100 cm x 100 cm x 40 cm

high. The walls were constructed of varnished plywood. The floor was

painted white and divided into 25 squares (25 cm x 25 cm) marked out

with a thifbigek life!qn tHELtnertorratedf at #288§64@f thands one  for
squarexforaech Py theaine eeniral soiiares oOf the platformntherg s fourye re

holes, 3.6 digmater Theplatfpr, was Ipcated.in a sound-proofed

room with indirect lighting. The animals were p?ace'd at the centre of the
platform 28 antfler&Bbserved for 1.2 minutes. Their behaviour was
fecardedopewidd@rassette. The following behavioural elements were
evaluated; ) thegie, g secopds, [aken 1o lpaye the centre of the square |
(measurement of fear or initial "fre_ezmg"?an the time {025 enter Gne &f

the SHUAFSEEfdHgside e well (tRigHbRXis); 2 TmECRuniR VItRisares of a
trodrefhotizentaleesplorationted)r theenumaher ofiveatingsnke) NAWMMaBY the
tim@%@ggﬁp&é@g&gg its hind legs (vertical exploration); 4) the

number .
10 The OF test was carried out on a platform with the

dimensions 100 cm x 100 cm x 40 cm high. The walls were
constructed of varnished plywood. The floor was painted white
and divided into 25 squares (25 cm x 25 cm) marked out with a
thin black line. In the corners located at the edges of the

15 square formed by the nine central squares of the platform
there were four holes 3.5 cm in diameter.

The platform was located in a sound-proofed room with
indirect lighting.

The animals were placed at the centre of the platform

20 and were observed for 12 minutes.

Their behaviour was recorded on video cassette. The
following behavioural elements were evaluated: 1) the time,
in seconds, taken to leave the centre of the square
(measurement of fear or initial "freezing") and the time to

25 enter one of the squares aldngside the wall (thigmotaxis); 2)
the number of squares trod on (horizontal exploration); 3)
the number of rearings, i.e. how many times the rat raises
itself on its hind legs (vertical exploration); 4) the number
of times it puts its snout into one of the holes in the

30  floor.

After each session the OF was washed with a 70% ethanol
solution to remove any olfactory stimulus associated with the

individual animal.



of times it puts its snout into one of the holes in the 30 floor. After each
session the OF was washed with a 70% ethanol solution to remove any
olfactory stimulus associated with the individual animal. WO 2004/103351

ReL/RE2394/050860 7 MWM (Morris water maze) Learning aogbshatiabseo

memory can be evaluated using the water maze, in which the animal's

ability to learn and remember the Iocatiozn of a platform that permits it to

get 5 out of the water is measured. In addition, the test can evaluate the

state of excitation or sedation of the animals. The maze was constructed

from a plastic cylinder (152 cm in diameter and 74 cm high) painted white,
filled with water to a height of 56 cm and divisible into quadrants.

Hatf4hy MerBéfveaiere®a#tte and the edge, 1.5 [cm] below the surface

of the watesatheregvasia Bpat2 platiesan hecwatesavas Made capaguedy the

adding milk poyuder and {t5 lemperature was maintined n the range, -,
22-26C. The reference points outside the maze were eptyconstant. e

beNERMGHPEFeddit aniffaitwas 15fretoRrict: 6A ISR MR Aigedt to get
5Tracking Sfstene, Seat-Biegos Instiasnests, San Diegn.tGéy, Thewideest can
camera cannecied g fhe %an%%ﬁ)rtvﬁve&%%agedemvi%th%fepﬁfe ohhe .
maze. The computer calculated: 1) the lengt of the path (cm) taiennby

the animal &6 rBA&R the hida_AtNaFbRh; DY Wepatiss tdec) 20 brdeme(152 cn
distamcei(gmyteaveltet imeachgiadrapt jube laiesey (sechéal. fingdingrater
and.glimbing;Qpto the pigtiarm., [he aimajs ywere submitteg to the test 4, o
times a days In each test the animals were placea at the edrge of the

101 aPE Wi piEko rPeREEIRAT s TBeattGf thé sinféplakelq¥adiant p9rface
1) fof thehfirstB-days {learning)sand Wastherl putisra. difiererbpesitivds made

(QuagERe3) 19y the gravRysalteRt GaItigd,outonythe pext trge days, 7.9, | .
maintained in the range 22-26°C. The reference points outside
the maze were kept constant. The behaviour of each animal was

15 recorded on video (SMART Video Tracking System, San Diego
Instruments, San Diego, CA). The video camera connected to
the computer was situated above the centre of the maze. The
computer calculated: 1) the length of the path (cm) taken by
the animal to reach the hidden platform; 2) the pause (sec)

20 and the distance (cm) travelled in each quadrant:; 3) the
latency (sec) for finding and climbing onto the platform.

The animals were submitted to the test 4 times a day. In
each test the animals were placed at the edge of the maze.
The platform was always located in the same place (quadrant

25 1) for the first 6 days (learning) and was then put in a
different position (quadrant 3) for the "reversal" test
carried out on the next three days 7-9.

In the first test the animals were put in quadrant 2,
next to the one containing the platform, i.e. quadrant 1.

30 During the next three tests of the day the animals were
placed in the adjacent quadfants moving clockwise. The test
lasted until the animal reached the platform or up to a

maximum of 60 seconds. If the animal did not succeed in



In the first test the animals were put in quadrant 2, next to the one
containing the platform, i.e, quadrant 1. 30 During the next three tests of
the day the animals were placed in the adjacent quadrants moving

claskwisfizIdie test lasted until the animal reached the platfeum, 25140 & o
maximum of 60 seconds. If the animal did not succeed in WO

2964/103381 PC[YEP20041050860 8 reaching the platform in 60
seconds it was gently placed on the plattorm and left undisturbed for 60
seconds. Each animal was left on the platform for 60 seconds and
repeated the test immediately afterwards. At the end of the four tests the
5 animal was gently dried with a towel and put back in its cage. CDFC

(corltE2FAEPEnLBAt LR TsidtidmingP TRRSR nddsUres eafkivakstaced on
abilitrto tearnfamd. remeintisr axohsitioned sfiowles (Ex)opaisedte@N animal
advgrse Arunsangditional stiraylysLICR). %}Q&%ﬁa% to.hp performed i, . .o¢
five consecutive days, permits analysis of the animal’s abi |t$ to Fearn and

remEEEH e Plath 6EHREES evéits PhBregPsunet) thhe aréoesndifshad the
{CSaoritight) warsl urdniditiohal {C&imtildalT electriasogkyanddbe in its
envgggglent ("background"). The animals were adapted to a first
environmental context (context A) for two consecutive days. On the third

day TREG@niR R IFReRIent ataffssputifi@mir® successive stimuli
consistingifilight followeda 20rey shiock 4slighiipassageafigurrent urdeh  and

the pawsgtmogderats intensify but engughito praguce pain W@échaa adverse
a

. Orepresenteo_l the CS and the UCS respectively; these stimuli cause
statBYBIRE HEPFAsThiRfEfed HrfHe phenomenon of "freezing” (the
animal fre€zes irea tharactebistipstafice) kb vilichFineasdttbpRRisely days,

the degge Of feak 1 Thisseqeneqof smyllin fackiepresgnis e guenls . nq
Canggmgﬁg go%%g relation between events {("foreground"”} that are
conditioned (CS or 1light) and wunconditional {UCS mild
15 electric shock) and the environment ("background").
The animals were adapted to a first environmental
context (context A) for two consecutive days.
On the third day the animal's behaviour was analysed
during three successive stimuli consisting of light followed
20 by shock (slight passage of current under the paws of
moderate intensity but enough to produce pain) which
represented the CS and the UCS respectively; these stimuli
caused a state of fear that was manifested in the phenomenon
of "freezing" (the animal freezes in a characteristic stance)
25 which measured precisely thebdegree of fear. This sequence of
stimuli in fact represents the events called "foreground"
that were carried out in context A,
On the fourth day, the animals were put back in context
A without any CS or UCS stimulus being produced. This made it
30 possible to analyse the animal's behaviour in "background”
(i1.e. the environment in which the CS-UCS events previously
occurred) . Previous experiments indicate that lesions of the

hippocampus involve the total inability to remember that this



that were carried out in context A. On the fourth day, the animals were put
back in context A without any CS or UCS stimulus being produced. This
made it 30 possible to analyse the animal's behaviour in "background"

W dha/envionment in which the CS-UCS events previouslyp @gep660s0ss0
Previous experiments indicate that lesions of the hippocampus involve

the total inability to remember that this W§ 2004/103381

PCTIEP2004/050860 9 "background" is associated with the conditioning,

i.e. with the "foreground”. Complete absence of freezing on the fourth

day is indicative of memory dysfunctions; i.e. the animal does not

reme,mbe]g the c%r)'text in which the events occurred. 5 On the fifth day, the
animal WA 188 in & diFERT ERTirdHEnt iCorteRF B Aferialy thee . with
lightStimUiferespwat’ applied! ¢¢ detémnimeewhétherdbeiagimal the fourth
rememperad thay this: stimulis rRerESENte @fhﬁ\é%%ﬂfsén gdyersey animal

nature, indegengggweof the environment (no _stimulus of the UCS type 10

was Bpplidtin s LesTon) S He ARkl Abty §8 rbBFoRdeRith fEEsied -
%o this différentkentextindidated et it peredivedthemgadivén a different

significancsnebihe ligbhsdnulus, whichwes followed Ry the painful (cs) was
stimglusl.ic%ntexts Aé E‘QQ B A/\G/}erehqupresented by small chambers (48 15 '
cm 1oRg X 2 X 28 S HIGHY SFhé B pRPiien I5ERsPEe hffutd@ tnthis

to
‘cm deep
conteki s floctegresistetaf a gratirry fovinedo fronemetaldubesavitmature,

diametesfrsrom, b2 mrsapak (CenkadoGRNIR): mht.walls affbeycs type
lé:har;pber were all. 9{129 Plexiglas”,, the front wall was transparent, that at

the rear WAS biack: andthe Ségr;éovr\ll fe WHIts "THE 7 'S i A #oriRerespond
light*tiulG5spad 2d tHeeceHties of Ui ofehé siclenwalts ofitké ohieadberhat it
positieneslil4 emctiomrbgarearof hgshambeacd herforggrobight stimulus,
condioning,of the {rd daywas, a5 28 follqws, Aff an interval of 2
minutes, theeﬁght was
Contexts A and B were represented by small chambers (48
15 om long x 25 cm deep x 28 cm high). The experiment lasted 8
minutes.

In context A the floor consisted of a grating formed
from metal tubes with diameter of 2.5 mm, 10 mm apart
(centre-to-centre). The walls of the chamber were all of

20 Plexiglas™, the front wall was transparent, that at the rear
was black, and the others were white. The 7.5 W lamp for the
light stimulus was at the centre of one of the side walls of
the chamber, positioned 14 cm from the rear of the chamber.

The "foreground" conditioning of the third day was as

25 follows. After an interval of 2 minutes, the light was
switched on (CS) and 20 seconds later an electric shock was
applied to the animal's feet ("foot shock"), via the metal
grating, lasting 2 seconds with a strength of 0.8 mA of
alternating current, supplied from a Grason-Stadler

30 generator, model E1064GS. The animals were submitted to
another two sessions of CS and UCS each with an interval of 2
minutes, giving a total of 3 paired CS-UCS. All the sessions

were video recorded and evaluated later.



switched on (CS) and 20 seconds later an electric shock was applied to
the animal's feet ("foot shock"), via the metal grating, lasting 2 seconds
with a strength of 0.8 mA of alternating current, supplied from a

er 30 generator, model E1064G5. The animals yyer
gg%%é%%t%f{ another two sessions of CS and UCS each witﬁlz?rﬁﬁllr)lzt%or%% 0860
of 2 minutes, giving a total of 3 paired CS-UCS. All the sessions were
video recorded and evaluated later. WO%O4/103381
PCTIEP2004/050860 10 The extent of "freezing" in the four sessions (for
a total of 2 x 4 minutes = 8 min/day) was measured in seconds on the
basis of the video recordings using a stopwatch. On the fourth day context -
A was uset&g&r Bt thet 5 ahkpats nete hot shismifieerto spsstmulusfor a
and theeafore the stegt servedder evaluatingdhe)respongedadbed in seconds
backgraund .alone, i.e. memaorty, of the hostile environment. Freezing was
megj%{g&ag%%g{%egt%ir%}lgayl ﬁ%h@eﬁﬁﬁ%larf%o%%ﬁ% Was %r%‘é%‘g e
chamber 970 diffenSidiEvedidenteiretthdseimsconted AeFGwevdnmt the

the gratagsand e fear wallneresteplaced with- alywoodRangle rtii®re the
chag‘n@dﬁeg W&srglggm% usiggaliet me™ hic@ removes colour. and odour)

: r ¥ h
immediately after each session. The PetZymém catses oftactory sftfizound

diffétAbfront tose"6RIEY70% Iethafdlissiutiay bisednatont@xeAdmy was

daysdatoipeAftes ash intervahaktivaayinutes the CS was applied (light for

20 sec) thyee times with 2-mjnute intervals, NQ,UCS was applie

Therefore the fifth day sprveé%c%’r’mézggl}r?ﬁ(é: thqé fovrqgésroﬁlr?c?p C{()ion%l oniRgeTPer
10 e, tHengRESERRIOFEBEWEEH BRGrONERetDaRE 2D IRARey tFReeiogsvay, the

meagtiredings andthenthircbday wSidtistiend anglysis < thedata waghasebane .
on egleulating the mean yalues,and fhe standard arror (SE) whereas .,

comparisons between the two groups were made using nonparametric
statféits @ﬁgﬁﬁ)wrﬁmm@tﬁix)_ after each session. The PetZyme™

causes olfactory stimuli different from those of the 70%
15 ethanol solution used in context A on days 1 to 5. After an
interval of two minutes the CS was applied (light for 20 sec)
three times with 2-minute intervals. No UCS was applied.
Therefore the fifth day served for measuring the foreground
conditioning, i.e. the association between environment and
20 hostility. Freezing was measured as on the third day.
Statistical analysis of the data was based on
calculating the mean values and the standard error {SE)
whereas comparisons between the two groups were made using
nonparametric statistics (Mann-Whitney "U" test).
25 Results
The amount of fluid consumed daily by the animals was 35.7 +

1.1 rnl and the C3 had no effect on this consumption.

Open field ‘
1) Time to leave the centre (seconds): mean + SE
30 (standard deviation)

{horizontal exploration)
Controls 25.0 £ 8.0
C3 12.6 + 2.5



25 Results The amount of fluid consumed daily by the animals was 35.7 t
1.1 ml and the C3 had no effect on this consumption. Open field 1) Time
to leave the centre (seconds): mean SE 30 (standard deviation)

Rerkematgxploration) Controls 25.0 8.0 C3 12.6 2.5 WO ?99/%{,129&';(@% 60

PCT/EP2004/050860 11 U test: p < 0.05 2) Total number o

squares tro

on: mean SE Controls 56.5 3.4 C3 76 5?4 5 U test: p < 0.05 These
results show that treatment with C3 reduces fear of the environment and
as a consequence increases the animals™ exploratory attitude. MWM
(Morris Water Maze) 10 With regard to this test, no noteworthy differences
were observed between treated animals and control animals. Both the
profile of dtduisitionParfd &of "reversal” turned out to be
superimpasable {datanobeepetediuSinee theoavaluatiers of thissest is
based both g thg path length,and on the time 15 taken to reach the
platform, it can be stated that C3 does not alter learning or motility and
therefore §des not Ekett §n§ stimulating action. In other words the
fanimals treatesbwithoC8 @xhibit neither sedation nor stimulation. CDFC
(Context dependent feac coudiligning) 20 1) Exgeaina Jine (Recondilee . rea:

mean_SE in the 4 sessions on day 3 ‘Session Freezing time

10

15

20

25

of the environment and as a consequence increases the
animals’' exploratory attitude.

MM (Morris Water Maze)

With regard to this test, no noteworthy differences were
observed between treated animals and control animals. Both
the profile of acquisition and that of "“reversal™ turned out
to be superimposable (data not reported). Since the evaluation
of this test is based both on the path length and on the time
taken to reach the platform, it can be stated that €3 does not
alter learning or motility and therefore does not exert any
stimulating action. In other words the animals treated with C3
exhibit neither sedation nor stimulation.

CDEC (Context-dependent fear conditioning)

1) Freezing time (seconds): mean + SE in the 4 sessions

on day 3
Session Freezing time

C3 Controls
1 6 + 2.7 5+ 1.1
2 30 £ 5.0 * 48 + 3.7
3 61 £ 8.5 * 88 £ 1.8
4 77 £ 9.0 * 86 + 6.4

* U test: p < 0.05

The results show that C3 significantly reduces freezing
in all the sessions where the CS and UCS stimuli were

applied, indicating an action on the foreground, consisting



1612.75t1.1 230 5048t3.7 361f85*88t1,8 477t9.0*86 6.4

" U test: p < 0.05 25 The results show that C3 significantly reduces

freezing in all the sessions where the CS and UCS stimuli were applied,
Qicating i action on the foreground, consisting WO 2004/},8%}%}00 4050860
PCT/EP20041050860 12 of reduction of panic when faced with the

hostile environment. 2) As indicated in the method, on the fourth day of
CDFC the animals were placed in the test chamber for a period of 8 5
minutes in which the sessions of 2 minutes each did not envisage any
stimulus. In these conditions, however, the animal tends to connect the
environment (background) with the memory of the hostile events
(for&frourr@aAdRBreféfe devaldps thefear FReedditivhtThe tasultsharetile
shownnintbenfellawing table. Freezing time (seconds): mean f SE in the 4

sessions on day sipn Freezing time.C3 Contr 123t7.6*601

9.5 276 Oﬂzg PR é_@%&%e%hf%’t A oDy Uest®h CPFC
< 0.68°THE Higd? ViRies Bt #56sk Hredted Wit CThrie firdosessikrransl of 8
significantlysmate reduced relativestosthnse afrthe centiolse @ general did not

indigator Q; ng; %Q:’l%%li%% fear 20 when faced with a hostile

environment. In the last sessions the differences between groups no
Iongerrenﬁﬁrléﬁ@fﬁé conditions, . however, the animal tends to

connect the environment (background) with the memory of the
hostile events (foreground) and therefore develops the fear
10 condition.

The results are shown in the following table.

Freezing time (seconds): mean * SE in the 4 sessions on day 4

Session Freezing time

C3 Controls
1 23 £ 7.6 * 60 + 9.5
2 76 + 11.2 94 + 9.1
3 69 £ 9.9 80 £ 6.5
1 70 % 6.4 | 84 £ 9.2

15 * U test: p < 0.05

The mean values of those treated with C3 in the first
session are significantly more reduced relative to those of
the controls, a general indicator of a more controlled fear

20 when faced with a hostile environment. In the last sessions
the differences between groups no longer remain and the
increase in freezing times settles at values that are not
significantly different between the two groups, indicating
that in both groups there is still the memory of an

25 environment that had been hostile.

3) The results for the fifth day, i.e. when the

environmental context is changed and only the light stimulus



increase in freezing times settles at values that are not significantly
different between the two groups, indicating that in both groups there is
still the memory of an 25 environment that had been hostile. 3) The
results fosthe fifth day, i.e. when the environmental context g%g%%g%%gg 0860
and only the light stimulus WO 2004/103381 PCT/EP2004/0 IS
applied but not the painful stimulus (thus in absence of the grating), are
presented in the following table. Freeziné%ime (seconds): mean SE in the
sessions on day 5 Session Freezing time C3 Controls 18t6.2 12 44.0 2
90t4.074t5.3 311044580 12.0 411-6-4.2106 6.2 5*Utest:p<

0.05 The results show that the freezing behaviour is similar in the two

groups, FEPHIER iU sitidytiferedsaifbbothc Igrsupst inthd gredpence of
treatecbWitha€3rilipreds arpatiesuatian of fraezingwhishhis significantly
different from zero at the sixth minute as well as being basically more

reduced in the entire session. Conclusions 15 Treatment with C3, at a

dosé& Bt O5 R/ kéTfay! RCRSEAG I B A4R-44Fays: SHsws #36 toliswiry day 5
eff aeaséj&eductlortnmgﬁemm@/e response andincrease in

exploration. 2) Reduetigr-in-freezing-duringth ecgr?t!iclin the 20
acquisition period (day 3), attenuation of it on exposu?esto the hostile

enyitonment alone thdégh veitRout producing |Hdstitity (@ay 4) and finally
attepuation of it on exgesHra o ; 74 T 5.3

3 110 + 4.5 80 £ 12.0 *

4 110 + 4.2 106 *+ 6.2
5

* U test: p < 0.05

The results show that the freezing behaviour is similar
in the two groups, i.e. there is a steady increase in both
10 groups. In the group treated with C3 there is an attenuation
of freezing which is significantly different from zero at the
sixth minute as well as being basically more reduced in the
entire session.
Conclusions
15 Treatment with C3, at a dose of 25 mg/kg/day for a
period of 42-44 days, shows the following effects.
1) Reduction in the OF emotive response and increase
in exploration,
2) Reduction in fregzing during the CDFC 4in the
20 acquisition period (day 3), attenuation of it on exposure to
the hostile environment alone though without producing
hostility (day 4) and finally attenuation of it on exposure
in a similar new context and with partial stimuli (day 5).
All these three elements, in particular that relating to the
25 period of acquisition, are unambigquous indicators of better

adaptation to the environment and to its possible hostility.



in a similar new context and with partial stimuli (day 5). All these three
elements, in particular that relating to the 25 period of acquisition, are
unambiguous indicators of better adaptation to the environment and to its
pBSsitilé tie¥ility. WO 2004/10338PCT/EP2664/050860 14 3)dN@r2004/050860
impairment of learning and spatial. memory in the condition and in the
phases (learning and reversal) that can he assessed by means of the

water maze. 4) Absence of CNS stimulating or depressing effects 5 that
can be revealed by changes in motor activity. Therefore, the results
obtained demonstrate that C3 improves the emotional response to the

environment withput, acting as a CNS depressant or stimulant. The .
glycosaminqglycans%m h an ave%a%esrlh% e%u% welghtHo 3 24867 @00)in  the

D caf theTEisid e dsdd f6Phepraparatibheonpharmadentvalcsal) that can
compesiionssthat dre suitade far the: treatgiert-ofemotional

dysfunctions. Thesaid compesitigns include a pharmaceutically effective
quantity of the active principle tg’lggthé’[;t &vﬂ‘ﬁ%‘%l&?ar%acé&ﬁggﬁmg effects
Acceptable anuBhits 6r R&prbitE 41 -BEADE h ferhes tivattdreidyitable for
subcutaneBusy eframausctlar, inttavenouspogdofabadministiatiote that 3

Exa of pharmaceisically acceptable diluents ar_excipients are, for
example: physiological. saline solutiogr??%zaecol c()lldécl s(ziliC%{?E%JhreoIs“z"atnl%“JC without

compositishShofmally COFRGRSS Yliantty BF igiyéeaaminoglycans in the
range fron¥B¢0 mig/ter 260imgg Ihreatment af emotional AysfuRationS ar weight

bl toe Pt b FEheIae ST PO B L6180 HGfagFparation
preféfre PR StsRItahEdLS, Arraeriscit@santdlintavenoussuitable for the
administrationt: Whereaswadninistatenf5¢100 mg/day is
' The said compositions include a pharmaceutically
effective quantity of the active principle together with
15 pharmaceutically acceptable diluents or excipients and can be
in forms that are suitable for subcutaneous, intramuscular,
intravenous and oral administration.
Examples of pharmaceutically acceptable diluents or
excipients are, for example: physiological saline solution,
20  colloidal silica.
The said compositions normally contain a quantity of
glycosaminoglycans in the range from 10 mg to 100 mg.
Treatment of emotional dysfunctions comprises
administration of approx. 10 mg to 400 mg/day of active
25 principle to the patient.
In particular, administration of 10-50 mg/day is
preferred for subcutaneous, intramuscular and intravenous
administration, whereas administration of 50-100 ng/day is

preferred in the case of oral administration.
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preferred in the case of oral administration. LLOYD WISE 15 CLAIMS 1.

The use of a glycosaminoglycan fraction having an average molecular

weight of 2400 (x200) D for the preparation of 5 pharmaceutical

compositions for the treatment of emotional dysfunctions, said emotiﬂr&?‘{lD WISE

dysfunctions being selected from the group consisting of depressive™ ™~ "~

disorders, anxiety disorders, anxiety neurosis, agitation and confusion. ?0

2. The use according to claim 1 wherein said glycosaminoglycan fraction

is the fraction of depolymerized glycosaminoglycan selected from the
consisting of hyaluronates, dermatan sulphates, chcndroitin

sulphates, heparin, heparan sulphates or 15 keratan sulphates. 3. The

sle?aeccgrcgn%%o %Iainlz, wlsﬁgglaiirrl1 sagiﬁ%o ami_nglycan fraction is the

raction 0f depolyfefized Haparin® 204 The st Actdruing o B, average
whereircthessaidy phahmaceutiedlocompositions cortain from 1orteckdmgon of
O R eesR o ES 9 A0 SRS TOIRRREN #2130, oy
dysfunctions, said emotional dysfunctions being selected
from the group consisting of depressive disorders, anxiety

disorders, anxiety neurosis, agitation and confusion.

The use according to claim 1 wherein said
glycosaminoglycan fraction is the fraction of
depolymerized glycosaminoglycan selected from the group
consisting of hyaluronates, dermatan sulphates,
chondroitin sulphates, Theparin, heparan sulphates or

keratan sulphates.

The use according to claim 2, wherein said
glycosaminglycan fraction is the fraction of depolymerized

heparin.

The use according to claim 1, wherein  the said
pharmaceutical compositions contain from 10 to 100 mg of

said glycosaminoglycans having an average molecular weight

of 2400 (£+200) D.



