WD 2005/ 080974 PCT/ GB2005/ 000583 1 SCREENI NG METHODS
EMPLOYI NG ZEBRAFI SH AND THE BLOOD BRAI N BARRI ER The
present invention relates to use of fish, in

zebrafish, in screening for subs
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an ophthaInDIoglcaI effect or biologic
on the brain or central nervous system and/or effect
on a di sease or disorder of the brain or centra
nervous system It further relates to use of zebrafish
in screening for substances that have a desired '
bi ol ogi cal activity and which do not cross the bl ood

brain barrier. The invention is based in part on the
i nventors' f|SHBFE§IHQNﬂ£TEQB§r%#?%9¥ﬂN§VéEBR%ﬁ1ﬂﬁj brai n

barrier (BBB) andagmains Br.eob! 90y lyAg!REEQar rier

becones established at defined tines. Wiile al
vertebrates have sone formof BBB, this barrier is
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rodent s (Khan gnd Deschayx, 1997) little is known
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Fur t her nor e i.s known that, in manmals, the EBB
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and Lippoldt, 2002; Nag., 2003). One of the mmjor

benefits of the zebrafish as a nodel organismis the
Tladi drivieptti onpes frerduads ehepast Gh thnéemhb@nt&lsagﬂndbﬁ@ that

Znow. g%gg about. the presence aof a blood brain barrie
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br&unuharrler becomes established at defined times. While all
vertébrates have some form of BBB, this barrier is poorly
characterised in lower vertebrates. While some clear differences
have been identified in the properties of the BBB in teleosts and
mammals, e;g. monoamines can c¢ross the BBB of teleosts but not
rodents (Khan and Deschaux, 1997) little is known about how the

- BBB differs in terms of either structure or function between
vertebrate species. Furthermore, it is known that, in mammals,
the BBB “tightens” throughout development and ig only mature in
post-natal animals (Ibiwoye et al., 1994; Wolburg and Lippoldt,
2002; Nag., 2003). One of the major benefits of the zebrafish as
a model organism is the ability to perform sgcreens on juvenile
stages, but knowledge about the presence of a blood brain barrier
in such organisms and developmental time of formation is not
available in the art. The knowledge now provided for the first
time herein has important technical application in design and

execution of screens for substances that have desired bioclogical



avai lable in the art. The know edge now provi ded for
the first tinme herein has inportant technica
application in design and execution of screens for

§%$%é%@@gé t hat have desired biol ogi cal WO 2%95/080%%&5m
/000583 2 effects in the brain or "Ceftral
nervous system ophthal nologically and so on. In
manmal s, the BBB provides a conplex barrier to the
penetration of drugs into the CNS. The capillary

network in the brain is so dénse that every neuron

and glial cell is no nore than 20 mcroneters froma

nei ghbouring capillary. Yet the presence of the
S5EBEEEE brhithepRER IR rOhsebEah wervafs shetgneat est

ophshathivdikal I &A@y elopment of drugs to treat
neur ol ogical conditions, with |less than 1% of snal

nol ecul es penetrating this barrier. There are
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- therefore is quantitatively the wmost important barrier system

{Dohrmann, 1970).

The first level of barrier is presented by the endothelial tight
junctions, which possess the high resistance tight junctions seen
in epithelial cells, rendering brain capillary- endothelia sealed,
unlike their leaky peripheral endothelial cousins. There is thus
no paracellular wmovement of fluid and only minimal pinocytosis
(Brightman, 1977). The three component cells of the blood-brain
barrier are the endothelial cells themselvesg, the capillary
pericytes and the perivascular astrocyte foot processes
(Pardridge, 2003), all of which express a variety of enzymes such
as aminopeptidases, carboxypeptidases, endopeptidéses and
cholinesterases which inactivate many drugs (Pardridge, 2002),
although the enzymes may alsoc activate pro-drugs. Transporter
systems permit the entry of a variety of molecules that would

otherwise not enter the brain (Pardridge, 2002). Additionally,



pericytes and the perivascul ar astrocyte foot
processes (Pardridge, 2003), all of which express a
vari ety of enzynes such as am nopepti dases,
ti dases, endopepti dases and cholinesterases
&ﬂé?@ |ng@t|vate many drugs (Pardridge, 2002)¢T/GB2005/000583
al though the enzynes may al so activate pro-drugs.
Transporter systens permt the entry of a variety of
nol ecul es that would otherw,se not enter the brain
(Pardridge, 2002). Additionally, WD 2005/ 080974
PCT/ GB2005/ 000583 3 certain nolecules freely diffuse
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barrier was
trout brain (Aldegunde et al., 2000), although the time course of

radioactivity levels in brain and plasma could be explained by an
incomplete blood-brain barrier. A similar result in rainbow trout
showing axonal transport bypassing a blood-brain barrier was
reported for tributyltin, a waterborne organometal (Rouleau,
Xiong, Pace Pavicius 2003). There have, however, been no reports
to date on whether zebrafish possess a BBR and indeed there is
also contradictory evidence suggesting certain fish species do
not have a blood brain barrier. Bachaur (Bachaur, Failing,
Georgii) examined concentrations of polychlorinated biphenyls
(PCBs) in various tissues of rainbow trout {of unstated ages),
foxes, roe deer and humans and noted exclusion of PCBs from the
brain of maﬁmals in comparison to fish, concluding that the
blood-brain barrier in fish must be less efficient than in
mammals. Khan and Deschaux (Journal of Experimental Riology,

Volume 200, 1997) noted that biogenic amines could pass through



reported for tributyltin, a waterborne organonetal
(Roul eau, Xiong, Pace Pavicius 2003). There have,
however, been no reports to date on whether zebrafish
BBB and i ndeed there is also contradictor
g@?%@%@%aguggesting certain fish species do FTStCHYY
a bl ood brain barrier. Bachaur (Bachaur, Failing,
Georgii) exam ned concentrations of polychlorinated
bi phenyls (PCBs) in various tissues of rainbow trout
(of unstated ages), foxes, rbe deer and humans and
not ed exclusion of PCBs fromthe brain of mammals in
conparison to fish, concluding that the bl ood-brain
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ettt OFdbrain barrier of teleost fish, referring to
the evidence of Fritsche (Fritsche, Reid, Thomas and

Perry, 1993), although the referred to paper does not
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Furthermore, it is recognised that the blood-brain barrier
gradually matures during development in mammals, with
permeability to small wolecules decreasing with age. It is known
that substances excluded from the adult rat brain do permeate
embryonic brain capillaries (Wolburg and Lippoldt, 2002).

- Similarly the developing mouse BBB shows decreased permeability

~to compounds as it matures (Stewart and Hayakawa, 1987).

These contribution made by the work described herein ig critical
in the interpretation of potential blood brain barrier
‘penetration in zebrafish, given that the evolutionary strategy of
zebrafish is to develop extremely raﬁidly Lo attain an édult-like
stage within 72 hours in order to be able to escape predation.
Thus by day four they are already able to see, escape predation,
and feed, although sexual maturity is not reached until three
months. This rapid development has enabled many processes to be

studied and modelled at this larval stage when their small size



gradual |y matures during devel opnent in mammals, with
perneability to small nol ecul es decreasing wth age.
it is known that substances excluded fromthe adult
rat brain do perneate enbryonic brain capillaries
w¥ebdkus@zand Lippol dt, 2002). Simlarly thepcrcp2oosooosss
devel opi ng nouse BBB shows decreased perneability to
conmpounds as it nmatures (Stewart and Hayakawa, 1987).
These contribution nade by the work descri bed herein
is critical in the interpretation of potential blood
brain barrier penetration in zebrafish, given that

t he evolutionary strategy of zebrafish is to devel op
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as well as generating an in vivo systemfor
determning a conpound's brain penetration in vivo.
5a Summary of the Invention In a first aspect, there
is provided a screening nmethod to obtain 5 a
substance with biological activity in the centra
nervous system (CNS), brain or eye, the nethod
conprising: administering a test substance to test
zebrafish determining effect of the test substance on
an activity or function of the central nervous
system brain or eye, or efggct 10 of the test

substance on a synptom or a di sease or disorder of
§E@@£Eé_25n£i%L£ﬁE%ﬂ%M§lsysten1 brain or eye of the test

fish, thereby identifying a substance with said

blologlcal activity; wherein: 15 the test substance

In aj %lkﬁ@WRQﬁfpertét&m d st peolided br acneehangi metlaod tdeobtain
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fest substance |s NOWN “Not- penetrate
System aleNDar rherimnd teh/@ mehlkodeithogecbapeding: zebrafi sh

ge. | ess tha s post-fertilisation for
ﬁlecu o an‘-’ge?o tdfl“?’&%@“&re PeLEaF, Z?}%%g’tﬁén ten
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funci iy ¢hdhei Gt iddy $e559UST 6VEEENz aPFBRNT BF PF ectil exffect
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wherein;:

the test substance is known to penetrate the blood brain
barrier and the method is performed on zebrafish of any age;

or the test substance is known not to penetrate the blood
brain barrier and the method is performed on zebrafish of age
less than five days post-fertilisation for molecules of 960
daltons or greater, less than ten days post—-fertilization for
molecules of less than 960 daltons not effluxed by p-glycoprotein
{pgp) or less than eight days post-fertilization for molecules
actively effluxed by pgp, and/or is performed on zebrafish of age
at least five days post-fertilisation for molecules of 960
daltons or greater, or at least ten days post-fertilization for
molecules of less than 960 daltons not effluxed by pgp and at
least eight days post-fertilization for molecules actively
effluxed by pgp, and comprises direct delivery of the test
substance to bypass the blood brain barrier;

or, without knowing whether or not the test substance is
able to penetrate the blood brain barrier, the method is

performed on zebrafish of age at least five days post-
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| east eight days post-fertilization for nolecul es

actively effluxed by pgp, and conprises direct

delivery of the test substance to bypass the bl ood

brain barrier; 30 or, wthout know ng whether or not

the test substance is able to penetrate the bl ood

brain barrier, the nethod is perforned on zebrafish

of age at |least five days post 5b fertilisation for

nol ecul es of 960 daltons or greater, and at |east ten

days post-fertilization for nolecules of |ess than 960

5 daltons, with direct deliygry of the test substance

to bypass the blood brain barrier ; where the stated

ages refer to zebrafish grown under standard
fertf?fgéﬁiQQZFéguhéyéagﬁgsu%ke@6bfd%ﬁ%oﬂgbr%fg§gaﬁég 9l P, ¢

under conditions that "accel’erate or Tetard achievenent
leasoftéemeddPs qups tvaicarniti ldtzagd cof fdevebapnebts A besecdmh 960

aspect,. there is pr.avi ded reeni ng thod to
dalt @E o i U TR P R b0 %&iec Fsécﬂqgr“’{:?zn?% tpdoypass the
bloogentsbh baermous; system (CNS), brain or eye, the

net hod conpriskgﬁ: 15 adm nistering a test substance

e et thentEtich a98sh Tetg&t EPnPRPRG T éFReGFOWR WMEST

stand @84 SRS ANGE UhARRCHMuY Qr 1 £f YRSt OB 9Fi th€are grown
central nervous system brain or eye, or effect of

unde¥ neendktignpsihatc @ cor lereyrpresnret agddpshageement of the

.equi€%f§%ge£t£)e 5§Nﬁé§§¥qﬁ¥§anrvous system brain or eye

e test fish, reby identifying a substance
with said biological activity; wherein the nethod is

perf ormed for lL.ecul es of 96 altons or greater on
n 2 T ot e ks SenaroP e day Soppening Hetied o

obtain a substance with biological activity in the central
nervous system (CNS), brain or eye, the method comprising:
administering a test substance to test zebrafish fish,
determining effect of the test substance on an activity or
function of the central nervous system, brain or eye, or effect
6f the test substance on a symptom or a disease or disorder of
the central nervous system, brain or eye of the test fish,

thereby identifying a substance with said biclogical

-activity:;

wherein the method is performed for molecules of 960 daltons
or greater on zebrafish of age less than five days post-
fertilisation and on zebrafish of age at least five days post-
fertilisation , or is performed for molecules of less than 960
daltons on zebrafish of age less than ten days post-fertilisation
and on zebrafish of age at least ten days post-fertilization,
without direct delivery of the test substance to bypass the blood
brain barrier, whereby a substance which has said bioclogical
activity and has ability to penetrate the blood brain barrier is

obtained;
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fertilisation and-on zebrafish of age at |east five
days post 25 fertilisation , or is perforned for

nol ecul es of |ess than 960 daltons on zebrafish of
age less than ten days post-fertilisation and on
zebrafish of age at |east ten days post-fertilization,
W thout direct delivery of the test substance to
bypass the blood brain barrier, whereby a substance
whi ch has said biological 30 activity and has ability
to penetrate the blood brain barrier is obtained; 5c
where the stated ages refergto zebrafish grown under
standard conditions and are adjusted if the zebrafish
are grown 5 under conditions that accelerate or

r [ ?Qgpt t equi v nt..stage of
dgbgF%pﬁﬁé%tsy n a atch)lsr d&:fseﬁ:e%%, Z%%efagefllgé %F%VPd%ﬁd%\r
stangetfodofdit dhimiaridigire =ljhsttaace fwiche bebkegishl are grown
activity.in the central nervous system 10 (CNS
undeﬁr%i?ﬂd#l%%,aﬁte AR | SPNGT és%és}(ﬁ?mgzsggythe
equicahduct etady afiridisiticgiiaig .a test substance to test
zebrafish whereby a substance with said biol ogi ca
activity is obtained, wherein design of the screening

In a28B2YdeARbaYS, Ahldad WiBy i@l akedohorbakent M Qing a
account the presence of and tine of 15 formation of a
subshpeed BiEh PIEdiarl matieizebdaf téh. centaat onerhous system
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condgebedfhphadminidiedesi gn tefsta ssbseaencagtassaytf aebaafish

subst ance wi th bi.qlogical ,20.activity in the central
wner STV SGE indk OHte Yairhb caRSpaL Frthvi Y. £E achiinea,
wheréherées sgprayiwed streemgery B saEt Bag159s0bhahlgoRi thn
substance with biological activity, which substance
formylateq oo take into account the presence of and time of

formation of a blocod brain barrier in the zebrafish.

In a fourth aspect, there is provided the use of the existence of
and time of formation of a blood brain barrier in a zebrafish in
the design of a screening assay for a substance with biological

activity in the central nervous system (CNS), brain or eye.

In a fifth aspect, there is provided a screening method to obtain
a substance with biological activity, which substance does not
pass the blood brain barrier, the method comprising:

administering a test substance to test zebrafish

determining effect of the test substance on an activity or
function in the zebrafish or effect of the test substance on a
symptom or a disease or disorder in the test fish,

thereby identifying a substance with said biological

activity,
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pass the bl ood brain barrier, the nmethod conpri sing:

25 adm nistering a test substance to test zebrafish

determining effect of the test substance on an

activity or function in the zebrafish or effect of

the test substance on a synptomor a disease or

di sorder in the test fish, thereby identifying a

substance with said biological 30 activity, 5d

wherein the nethod further conprises determning

ability or inability of the substance with said

bi ol ogi cal activity to crosgyq 5 the blood brain

barrier in test zebrafish of age at |east five days

post-fertilisation for nolecules of 960 daltons or
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thanlbeb Naal snd h wspeddy idhena fanlr avikdedtbhhgeUsecRf sihe
exi stence of and tine of formation of a bl ood brain

biolgg}¢dbradhi vl Bemng ("WH on dags n@ésrgAssf theskieedirpin

parr@ssay for a substance with biological activity and
whi ch does not cross the blood brain barrier. 20 In a
seyernt hthes pctted ares ire ferovicdedbtrhéiabegobwzebnaér sh

stan&grd conditions and are adjusted if the zebrafish are grown
under conditions that accelerate or retard achievement of the

equivalent stage of development.

In a sixth aspect, there is provided the use of the existence of and
time of formation of a blood brain barrier in a zebrafish in the
design of a screening assay for a substance with biological activity

and which does not cross the blood brain barrier.
In a seventh aspect, there is provided the use of zebrafish to

determine whether a test substance is actively transported across

the blecocod brain barrier.

In an eighth aspect, there is provided the use of zebrafish to

“determine whether a test substance is actively transported into

the brain.

In a ninth aspect, there is provided the use of zebrafish to
determine whether a test substance is actively transported out of

the brain.
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determ ne whether a test substance is actively
transported across the blood brain barrier. 25 In an
ei ght h aspect, there is provided the use of zebrafish
to determne whether a test substance is actively
transported into the brain. In a ninth aspect, there
is provided the use of zebrafish to 30 determ ne
whet her a test substance is actively transported out
of the brain. 5e In a tenth aspect, there is
provi ded the use of zebrafish to determ ne whether a
test substance is transporteg across the 5 blood brain
barrier by p-glycoprotein. In an el eventh aspect,
there is provided the use of zebrafish to determne
r t
R e e R R
detethéne whepMQW|ﬂetbsﬁmﬁuhﬁiaﬂbezahra&a&hpbmtedehernkﬂethe

ther a test substance alters p-glycoprotein
bloofiEHESH Badf ﬁ%Fﬁ?VePt qqaﬁﬁ%$155pect there is

exXpr essi on.
provi ded the use of zebrafish to determ ne whether a
i nation of test substances have altered BBB

co
In aBe%E‘f’Y%W}bna?%e%%nﬂ%ﬁ%ﬁst Frevigst &hBstafcefgreRafish to

detebfOhat iddehed 4 Nea:sd aid8en R %%@%lerggeﬁgthsp -glycoprotein
rovided the use of zebrafish to determ ne body:

funcgiﬁﬂn drug concentration gradients. In a fifteenth
aspect, there is provided the use of zebrafish to
conpare rel ative efficacies of test substances with

In adbselbth GN®ect, there is provided the use of zebrafish to

determine whether a test substance alters p-glycoprotein

expression.

In a thirteenth aspect, there is provided the use of zebrafish to
determine whether a combination of test substances have altered
BBB penetration in comparison to a test substance given in

isolation.

In a fourteenth aspect, there is provided the use of zebrafish to

determine body: brain drug concentration gradients.

In a fifteenth aspect, there is provided the use of zebrafish to
compare relative efficacies of test substances with desired CNS

activity in the presence of a blood brain barrier.

In a sixteenth aspect, there is provided the use of zebrafish to
determine penetration of a test substance across the blood-

retinal barrier.



25 activity in the presence of a blood brain barrier.
In a sixteenth aspect, there is provided the use of
zebrafish to determ ne penetration of a test
subst ance across the blood- retinal barrier. 30 5f In
a seventeenth aspect, there is provided the use of
zebrafish to determ ne whether a test substance is
net abol i sed by the blood brain barrier. Brief
Description of the Figures Figure 1 is a schematic
flomchart setting out screening in accordance wth an
enbodi nent of the present imwention. Here, as
el sewhere here, reference to "post day 5" is to 5 days
post- fertilisation or later, i.e. foll ow ng
In a€$kabhi8BABAL a8betPe PhOPY i DR S NBJ 18c @83 e of zebrafish
determ ned herel n. ﬁlgure 2 1S a histogram show ng.
to dggrmipgorbsEbar #ntestisybsandre ibmetahgfl iBeandyBlthe blood
braibnbgﬁgggrfish and saline controls. The X axis
i spl ays days post-fertilisation and the Y axis
di spl ays fluorescent intensity in the brain. Each set
of bars represents a single tinme point with solid
BrielfaPsscrjpesuntamghealriqerdsnj ected controls and shaded
bars representing Evans Bl ue injected sanples. There
. 1s an age dependent decrease in the fluorescent WO
Figu@ 05/ U809 -He@R EB2ODB/ DRAH8 3et 6ingt ®nsiscreienihein

acoot?ﬁ%ﬁc%%g’rﬂ%& %?Eelg}ﬁgog{metlﬂze O%X%hgsbgense?r];t %‘ﬁ%@%t?loll{e I?esre, as
elsewhere here, reference to "post day 57 is to 5 days post-
fertilisation or later, i.e. following establishment of the blood

brain barrier as determined herein.

Figure 2 is a histogram showing mean fluorescent intensity in the
brain of Evans Blue injected fish and saline controls. The X axis
displays days post-fertilisation and the Y axis displays

fluorescent intensity in the brain. Each set of bars represents

"a single time point with solid bars repreéenting galine injected

controls and shaded bars representing Evans Blue injected

samples. There is an age dependentidecrease in the fluorescent

~




Figure 3 is a schematic flowchart incorporating the

features of claim1 and further illustrating use of

results obtained in screens according to the present

[ ' in assessing biological activities of test

éﬂ%%@%%?@g Figure 4 shows the exclusion of S&d{QHP0s/000583

fluorescein dye, a low nolecular weight dye, fromthe

brain by 10 days post- fertilisation (d.p.f.). The X

axi s displays days post- fertilisation and the Y axis

di spl ays fluorescent intensity in the brain. Each set

of bars represents a single tine. point with solid

bars representing saline injected controls and shaded
ipfgnsitye b cllam thineg vs odlirdist iver e§ceha extjlestiod of Evans Blue
asaAm &8s dheLsd S a sharp age dependent decrease in

the fluorescent intensity in the brain at 10 d.p.f.,

i ndi cative of the exclusion of small nolecules from
FI draip ats t e |

r hodam ne %%E?%Fﬁ%n?loﬁﬁﬁﬁﬁkal§08 %ﬁh%ﬁﬁ% g§8m£§é§§kes of

Cjo%f’é“ If pBth Fweisrailh LByt uet igey $sposf - rerse:rlm pbammﬂ in
sdbdhsl abcoPifpughtsb %f@é’eﬂtﬂ 1 ARERCH AN 1) gggsiﬁ’g

sodi ym fluorescein, RI23 is a substrate for Pgp and is
bIHGIICBL 02T HIEPy Of r PR FUOEE28EES of the ONS. The X
aX|s di spl ays days post-fertilisation and the Y axis

xplays fluorescent iptensity . in the brain. Each set

HUT5a s SRYPT dSbnCECLugtoRyIF FPRBUP G MorafirehnsdYsd 2 Low
m&ﬂ&f@lé&pﬁ@ﬁ@‘[ﬁ |d3@ sabém ecHenpeali 80pF oY IdRlye BBg: shaded

bar, [ese 23 injected sanples. There is a
f%ﬁ’f&ﬁfrﬁ& &1 g 5?1 BN GG N HelqA, SREE cRARt -
feﬂﬁﬂaﬁsatyomrhﬂdWthrﬁlikiﬁ &1spda§sff1udﬂ@§b%ﬁﬁ|Yﬁtéﬁsﬂﬂ?eln

£ %%y3|on f .R12 Eon1the brain at his_tine. This
i Bi nt 5Bt AECd8E VRt L SERTE? %fS%l?OEB‘T“BSYYQL?’tF with
sdIIH'GBEQOﬁéﬁKHHEﬁﬁlng saline injected controls and shaded bars

representing sodium fluorescein injected samples. There is a
sharp age dependent decrease in the fluorescent intensity in the
brain at 10 d.p.f., indicative of the exclusion of small

molecules from the brain at this time.

Figure 5 shows the exclusion of rhodamine 123 (R123) dye, a low
molecular - -weight dye, from the brain by 10 days posﬁ—
fertilisation (d.p.£.). Although similar in molecular weight to
sodium fluorescein, R123 is a substrate for Pgp and is therefore
actively transported out .of the CNS. The X axis displays days
post-fertilisation and the Y axis displays fluorescent intensity
in the brain. Bach set of bars represents a single time point
with solid bars representing saline injected controls and shaded
bars representing R123 injected samples. There is a sharp age
dependent decrease in the fluorescent intensity in the brain at 8
d.p.£., indicative of the exclusion of R123 from the brain at

this time. This time point coincides with the onset of



7 expression of Pgp in the vascul ar endot helium of the
CNS. Hence, although sodium fluorescein and R123 are
of simlar size, R123 is excluded fromthe brain at

ﬁ‘%m[@gr es than sodiumfluorescein as it i

P enoved by Pgp. Figure 6 shows that PSI@IBG@IS’B?PS”
of rhodam ne 123 (R123) dye from the brain is through

a Pgp-dependent nechanism The X axis displays days
post-fertilisation and the Y axis displays :
fluorescent intensity in the”rain. Each set of bars
represents a single tinme point with solid bars

representing R123 injected |arvae raised in enbryo
exppdisgivandt shaddd bhe svaspriesenthdoicheRI2H ofnfleet@s. Hence,

f%ﬂg% %S %&%é%‘%l nrgggeﬂﬂ 3&?%&29fa9 QQPSém?iQ£t§H2e, R123 is

vera ral se I N norna con
ex@ﬂdﬁﬁofmluh@ bratLhea’@ yengeshages ddendepdhdentlucrescein

%gg__r qgsgc&ﬂredl Cae{ng%g%;tgfrggpel ntensity in the brain at

tlve 0 xclusion of R123 from
t he. braln at this tinme and coincident with the

LESLAN PR eQélQSnf&Pto%d rﬁé!déﬂ”ﬂé”‘i'ﬂgsﬁﬁﬂ‘ff“ & ¥rom

I's age- dependent exclusion i's reverse

thenduBani by Yhaouas enPeprbiapendaptli ngateodsd ni ﬂlget}h@:ﬁgp
iRt a t I e

SALeRs Shvy ACTLL A of! ana| i T S8PGCalBplatR

flamresarentintenshay @bs@wé@aafl yoﬁéﬁfﬂjmseég@g l(agr%rmgesents

a %ﬁgﬁ.e) tltﬁé ﬂcﬁ.n‘e’eln!\.tﬁ n@ﬁﬁﬂ.dt @)@Es %ﬂ@%ﬁ%&h&%lﬁfsﬁﬁ (élEed

ing to the identification of new drug nay
lanvps valeerd %b@@éﬁlfﬁgm%ﬁl%la?d ?%ﬁfcbﬁ,d PaiBerspPBEsenting R123

isfRdedal SnPis L0688, 1P 0 %%fagéﬁc@'?ﬁ av @8? aiﬁl%[bnﬁ)r,

| 'ead conpound has been foun This is one fTactor which
VeRaPER il h Er nadeEri EalseddanPeRmgbrGeneiFaABE Y fembigyo medium) ,

tHd 22 16 ORSINE N agMB@BSendent decrease in the fluorescent
intensity in the brain at 8 d.p.£., indicative of the exclusion
of R123 from the brain at this time and coincident with the
expression of Pgp as detected by immunchistochemistry. This age-
dependent exclusion is reversed by incubating larvae in embryo
medium containing the Pgp inhibitor verapamil such that
flucrescence in the brains of these samples at 8 d.p.f£f. and 10
- d.p.f. is equivalent to that obgerved at younger ages (3 and 5
d.p.£.).

It is well known that pharméceutical regearch leading to the
identification of a new drug may involve the screening of very
large numbers of candidate substances, both before and even after
- a lead compound has been found. This is one factor which makes
pharmaceutical research very expensive and time-consuming. Means
for assisting in the screening process have considerable

commercial importance and utility.



for assisting in the screening process have

consi derable commercial inportance and utility. WO

2005/ 080974 PCT/ GB2005/ 000583 8 Zebrafish are

Jncreasingly popular as a sophisticated

3§$een|n§JtOOI for the effect of small nol ecdiCd&HZHPS/000583

conpl ex physi ol ogi cal and pat hol ogi cal - processes

(Goldsmth, 2004). This 1is because they are

vertebrates with a simlar genone size and conplexity

to hunans, yet- it is possibl& to generate hundreds of

t housands of offspring in a noderate size of aquarium

every year. As the offspring are no nore than a few
Zehnafiigbt pee berdndpgt ncrsgstinolyr perulaw aggai sonivl hhested
s A%etBY! 851 %fntﬁé%ffeeats of! BRY11 I R ELCYL arfclnﬁ%ex

anenable to h-t hr oughput conpound screeni ng
rhyisdedasiayt rﬁﬂﬁg@atbﬁlwmlspépcmm Qﬁoééagletlar EWing This

id eRenhed Lied *h%-el 'vEFf@éth%s &HEH éssfuﬁrla?aPEh&%@%l%e and
di sease (Anichtchik et al 2004), retina

cQﬂﬁ%@ﬁéF&t??ﬂh&W@9§hdgﬁﬁtqﬁ éf pgpsibby0®) geapgate hundreds of
£HRRIBSAKE NSEI S £ ﬂﬁ@ﬁﬁ ess { Whakkhel dsi 2003) aqbil st B8y vear.

effects_of a nunber of pharmaceutical conpounds have
Ao ShbWRring ﬁéesP?n 7efe ithadepr £9Y JH 1l dmghRaw & length,

wilthangkehdri thing 20083 1unedTRSOEmALESEd @srm &QG%ﬁii&st hehey
utility of small npl ecul e screenin
oAb R UL R GPRE A b B G SRR ] TP QundRSEREPing.
Ard 1geekhs IR) atibe Vb | mnd@AGN o t Bubiad gﬁlse%.lsb EardHdiglied,
t he present invention provides an |@%Fytant

Tt PO | T O CERECD SEHaAR TR BERBRPRCE chireashd
(msgaychek hadsl .al bowing de@final dedddddeatibag ansh asa taf et

e L 0 B T
nmeans, and substances identified
Whilst the effects of a number of pharmaceutical compounds have
been shown to be similar in zebrafish to mammals {Langheinrich,
2003}, a major question regarding the utility of small molecule

screening for a neurological or ophthalmological condition is

- whether a small molecule will reach its taxget site. BAs noted,

the present invention provides an important contribution to the
design and tuse of new screens and assay methodes, allowing for

identification and use of new drugs.

In various further aspects the present invention relates to
‘screening and assay methods and means, and substances identified

thereby.

More specifically, the present invention employs zebrafish in -
screening and assay methods for substances that are biologically
active in the brain or central nervoug system (CNS) and/or exert

an ophthalmological biclogical effect, e.g. in ameliorating one



thereby. More specifically, the present invention
enpl oys zebrafish in screening and assay nethods for
substances that are biologically active in the brain

D nervous system (CNS) and/or exert _ an
g‘é%?ﬂﬁ%{{’%“ogi cal biological effect, e.g. in PCT/GB2005/000583

anel i orati ng one WD 2005/ 080974 PCT/ GB2005/ 000583 9

or nore synptons of a disease or disorder of the brain

or central nervous system wherein the screening or

assay met hodol ogy takes intco® account know edge (1)

that zebrafish have a blood brain barrier and (2)

that the blood brain barrier fornms in zebrafish
oRMNBROSYAPLOhY ol ay sliserss yuldd shudeot el thieabrain or central

néf#d%&?%%@tgﬁreWﬂé élneﬁﬁébééngHQEISQL é%séy %%ghgégﬂéby takes

barrier“at five days post ferti ation
inkd acspratt sneskedss dhheratofzelrpldsh mﬂWQ @ bépoﬂé¢raln

beéxma%at &gorﬁa@'t%@ebﬂaé@wa% BErP aapke; 11}” éﬂ:aflsh

Evans 'er nol ecul es, ctlve

ST QF B&r?FE?‘&ﬁV%Iopnent may be excluded | at er.
Thus, in all aspects and enbodi ments of the present
i nvention, should it be determ ned that smaller

Itheaildebe Bpeediihett sefrrancehaekeip - degtabbashnent st a

bide HHANS BRStied @it khisaidyrn phut ééﬁtﬂ&caia%%ﬂ {soma
later point in time, then "that point in tine

rofRRENGE $OURSRNIGEENERE (71 % AUPGR) DTALA hgrBRST Gifficient to

exfuihfld Woledufsy drelengaeslo e daysviosteiierti bblsaémemler
where the test substance is of such small er size.

I RENESe afFEoCTiVS 1St dbTaish ©arRie®i IevatoP AR dtal ése

exd1 G 1daki OnSI‘Irﬂ,fs (LB EN AR clsChieduiiihibMes 0 Lhe
and nol.ecul es of _|ess than 960 dal tons are exc| uded

praefs%,] :Lag?gt 1 es&pue‘ﬂ et G getermined that smaller molecules

are able to pass the blood brain barrier at five days post
fertilisation but are excluded from a later point in time, then
that point in time (e.g. 6 days or 7 days post fertilisation) is
to be substituted for reference to 5 days post fertilisation

- where the test substance is of such smaller size.

More speéifically, it is established herein that molecules of 960
daitons or greater are excluded at five days and molecules of

- less than 960 daltons are excluded at ten days, except where the
ig active efflux of the molecules by pgp at eight days, the
stated ages refering to zebrafish grown under standard conditions
and are adjusted if the zebrafish are grown under conditions that
accelerate or retard achievement of the equivalent stage of

development.,

As any zebrafish biologist will be aware, there may bé glower or
faster development rates if in particular the temperature of the

aguarium is altered or if a different strain is used. Increased



Is active efflux of the nolecules by pgp at eight
days, the stated ages refering to zebrafish grown
under standard conditions and are adjusted if the
%ﬁ?&ﬁ;&%@mare grown under conditions that accelerate
or tetard achi evement of the equival ent stagdCafeB2005/000583
developnent As any zebrafish biologist will be aware,
there nmay be slower or faster developnent rates if in
particular the tenperature of the aquariumis altered
or if adifferent strain is &8ed. Increased WD
2005/ 080974 PCT/ GB2005/ 000583 10 tenperature i s known
to accel erate devel opnent while | ower tenperature
tewpeiiadairgele| lopentto Srantierate dadelowmnt nidlleelower

tQﬁﬁ@%dﬂ%r@eQéégfé§1d@ﬁe§obﬁ&ﬂ?ra%%%ﬁd&idﬁﬁ#&hf%&ogg $nvolve

speC|f|caII¥ condi ti ons may ose
ayesing Zeeratigh gos R saupetatune ofe?d nedChy ll(omrel et

?éelfl(ohaaj'?») ,c&mcamh%a%ngy b@ tth%geea@ﬂﬂe% #8sPe rrgfféld

om1den3|ty (no nore | arvae per In e
Judngs Wbmdefenw mem«z@e@ 88 m@adﬂp@m} sp@cnazacally

aMdiratal S erdd. s 1@[&% f]]o'éa"/‘aé@é{w ene Rbug) t}‘lijé}h% $rvae

hour da 10 hour _ night light cycle. Under s
P&B it .an%ml?ﬁéD SOHYH 1 f&l‘é\?@lcépw@n%'élm%tf@ée@ 3R emdCacl,,

o eaGhedigao,?, 16 °8Ndetif,AaNs sl 88PEH 2V ehYiholl)am,, daﬁﬁs hour
the tlng at mhlch goblet cells first present in

©-ossification is present in the
operculun1and the sheath of the anterior tip of the

tochog %‘51‘5‘&% 8das- the tinme at_which
%ﬁ"@“ﬁ tf 1 e LRENt P H QW ngedeiRIRPSR tRAeStages are
ryaeme@baal 5£0d WHE 1BgRals wdpeRsseei¢n the vascul ar

(i} & days - the time at which goblet cells first present in the
posterior gut, ossification is present in the operculum and the

sheath of the anterior tip of the notochord;

(ii) 8 days - the time at which ossification of the centra is
evident in the vertebral column, Pgp is expressed in the vascular
endothelium surrounding the CNS and mature compacted myelin is

seen in the hindbrain;

(iii) 10 days - the time at which ossification centres are
evident in Meckels cartilage and the palatoguadrate, neural
.arches are present on cervical vertebrae, ossification is

apparent in all cexrvical and thoracic centra. '

Accordingly, where reference is made to performing a method at 5,
8 or 10 days, an alternative definition of the required time is
by reference to the eqguivalent developmental stage, i.e. 5 days

for zebrafish under standard conditions equates to appearance of



endot hel i um surroundi ng the CNS and mat ure conpacted
myelinis seen in the hindbrain; (iii) 10 days - the
time at which ossification centres are evident in

rtilage and the pal at oquadrate, neura
arcﬁe ag&g present on cervical vertebrae, os§K¥W%ﬁWF@ﬂB%

is apparent in all cervical and thoracic centra.

Accordi ngly, where reference is nade to performng a

nmethod at 5, 8 or 10 days, an alternative definition

of the required tinme is by +eference to the

equi val ent devel opnental stage, i.e. 5 days for

zebrafish under standard conditions equates to
thpfeacunee ista0 20051 DSOS PEI-GBAB0%ve@066838di Uilnshéhe

S at n tever n
Zé@gtf&rzsgb?gé fg}{oq,g r,ewm%% qpaqymﬁo!._l 48l ﬁ&ab% %arfggld W% i ve
dassgy |foar thlheaf:famgromet frampeebiafs Sﬁre@lt@wnthan 28 5 °C or

15{1_%@3 %EQE Uf &0 rc%%e Eok h%b:l:?aa_’ :Léh Phwn a%t em%eggtﬂxhé/ S ower

days for zebratrsh grown at tenperature
thegl 3865, °i-ni Pami sl v dy dagg ueded-eso tappere a0 Pt e

féeﬁ:@ir'é%e§1éﬁe§§ %@ E{Elg ' éﬂo@é’%\ﬁ@ 2Pk daysregqual ea?pﬂe%rance

pear ance eatures listed™at (ii11) abov
Ofrﬁl’ienﬁeﬁmlfﬁsaéé@@}ﬁﬁ Fhr (i) oabayesing fromalter atl on

TeMingC Qﬂ%tdémﬁmtmhﬁﬁéﬂiﬁ% efrlgeﬁg £:0a0 a%grgeiéﬁref may

be excl uded by _between day d 13, especl al |y
cPptiidens ddiplecangs19£ Jaﬁ’ﬁf |tﬁanp%ffft |4ﬁ]4té’ﬂsb5&la.‘da7?/e jexcluded by

bevleRnaghi ve id hux &ﬂ@r@sﬁéﬁhiﬂf‘%e@ch@én tasgw@eéh@@m 6and in
and 12, and espeC|aII bet ween da

PRRARLCHERT Y 5RYdaP gwi ea%leeeﬁﬁf%y%ernaPe}l%@p%

bdl:rwé\éhd&éiyas Bidad, Ohng CE RN BYLy I LR 2UBELANCEMIN) and in

th e3|re effect wherein the nethod is
partlcu ar by day 8.

The present invention for example provides a method of screening
for a substance with the desire effect wherein the method is
substantially as set out in Figure 1. “Compound x” refers to a

test substance.

The present invention provides a solution to technical problems
associated with lack of knowledge in relation to the blood brain

barrier.

In the absence of knowledge about formation of a blood brain
barrier in zebrafish, false negative or false positive results
may be obtained when searching for substances with an effect on

the brain or central nervous sgysten.

For example, if screening is performed after the blood brain
barrier has formed (as determined by the present inventors) then

a substance that could exert the desired biological effect if it



substantially as set out in Figure 1. "Conpound X"
refers to a test substance. The present invention
provi des a solution to technical problens associated

‘%6'2&:0:/%57401‘ knowl edge in relation to the bl %%%ﬁ%rzai /rﬂoosss
Qo)

barrier. I'n the absence of know edge about f
of a blood brain barrier in zebrafish, false negative
or false positive results nay be obt ai ned when
searching for substances with an effect on the brain
or central nervous system Fof exanple, if screening
is perforned after the blood brain barrier has forned
(as deternined by the present i nventors) then a

verh Sdiiderefato ddw draxerhul Hioegeppt eekditoltbgi dasired
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delivered to the brain but does exert t

begapssyiltaloas faely axRen Her Risiody bragh sprxyifrculily Yield a
£ iR i vBerASR || tAdﬁ@ﬁsd?Ptte%'i'_Qﬁé e lglugegaﬁéélwhthout

barrier will yield a false negative result. A person
kpggimich Fhefat et dtancklond FEFin RABYW-FIy acwasst neieh jthe

swbdt00e Brahor Raidd %&1@%%%%&@ Lﬁesta'émss@nﬁ& useful
cannot, pass wi 'l discard the substance as not usef ul

95 ACHERVADINEhT (e sdest rRPIddIcadi eafeetf even Bheysh Lf the
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into.the brain or e substance would in

this SURSTRBFS Sy |lﬁgf?%tb@o|“c§le€&flcﬁ‘l’r écfhé@f’m@wtlf'#e

bidlhkeyichandfsédt such a search is perforned using
zebrafish prior to formation of the blood brain

barrier (as determned by the present inventors),
ot her athesUhdndyay fheuewtaigeeecnol i e¥rmed using zebrafish

prior to formation of the blood brain barrier (as determined by
the present inventors), thenm a result may be obtained equivalent
to a false positive result. For instance, a substance may exert
the desired biological effect in the screen, but then later fail
in adults because it is not able to cross the blood brain
barrier. The Substance may then be discarded as not useful,
after some significant input of effort in the light of the
initially positive result in the screen. Assessing ability to
cross the blood brain barrier and, moreover, employing test fish
at an appropriate stage of development, taking into account the
knowledge provided by the present invention, avoids such problems

and is of great benefit in the art.

In accordance with aspects and embodiments of the present
invention, applying knowledge of the existence and time of
formation of the blood brain barrier in zebrafish, the ordinary
‘skilled pexson will obtain better and more useful results with
test substances. For instance, a substance known not to be able

to cross the blood brain barrier may be tested for desired



to a false positive result. For instance, a substance
may exert the desired biological effect in the
screen, but then later fail in adults because it is
b o cross the blood brain barrier. Th
gﬁ%g@gﬁggknay then be di scarded as not usequ%TKg?WEPME%
sone significant input of effort in the Iight of the
initially positive result in the screen. Assessing
ability to cross the blood brain barrier and,
mor eover, enpl oying test fish® at an appropriate stage
of devel opnent, taking-into account the know edge
provi ded by the present invention, avoids such
biprbiTicRd 28REViLY df gr saredeieRitt iFndesioned takhng into
28668t anee phebh ASREC LB Rk P QAbLIEDS So:fi ot %9:.»9.{%56{}& the

i nvention, applying know edge of the existence an .
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tBeF afdriie 1 bheoOriab pSKid e REE SO WillsQBE&L Nfound to
better and nmore useful results with test substances.

hevt Giescafidesd Pialpsiant e kifiin ndfdibignaldnl ex to
altostdileld| oosbdt=Ricesbasy iy tRY il 65ited 160knich a bloed
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to cross the blood brain barrier. An option is to

Iﬁk%dfﬂ%%rtgﬁbodiments, the invention provides for screening
methods for substances that exert a desired biological activity
in the body but also an undesired biological activity on a target
that exists in the brain, central nervous system and/or aye.
Thus, a screening method may be employed to determine bioclogical
activity of a test substanée and to determine ability or
inability of the test substance to cross the blood brain barrier,
e.g. by determining whether or not the substance appears or

- appears to any significant extent within the brain, central
nervous system or eye when not administered directly to these
tissues. Knowledge about the existence of the blood brain
barrier in zebrafish and time of ite establishment allows for
screening methods to be designed in which exclusion of substances
froﬁ the brain, central nervous system and/or the eye by virtue
of inability to cross the blood brain barrier can be determined,
~and employed for example in selection of iead compounds for

further development as drugs.



substance directly to the brain in a fish in which the

bl ood brain barrier is known to have forned, thereby

testing its ability to exert the desired biologica

hout limtation as to its ability to cro

Sﬁéﬁﬁﬁgﬁ%kbraln barrier. In further enbodlneﬁ?gﬂn?ﬂgmmsm

i nvention provides for screening nethods for

substances that exert a desired biological activity

in the body but al so an undesired biol ogical activity

on a target that exists in the brain, central nervous

system and/ or eye. Thus, a screening nethod may be

enpl oyed to determ ne biological activity of a test

substance and to determine ability or inability of

r he..b L ,
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e;tﬁal%aw; Cefu Eﬁjeseﬂ@r:\.’r&:\!-é%ti%ﬁté@é?{dsel’:% whe Ngexgﬁm

dm nistered difectly to these tissues. Kno

o Z%hﬁﬂﬁ?Sﬁhﬁh%QuQﬂ%§né§t@fa¢¢R¥q§Iébﬁ ?#%ﬁQ$nC§aﬂﬁlﬁhelhiOOd brain

p e hﬁhz@&cgftllsﬁeaﬁé thS Sababli styrenbakhgus for

screeni-ng nethods to be designed in which exclusion of
substances fromthe brain, central nervous system

:@n;yr%ug hgs 8 DYLMi é&as@dm%tb Nl | drleseh® %Géét ihe éarovides

bl ood brain barrier can be determ ned, = and enpl oye

R SUBH §ADTER GHRTs BB cPorib it PP eGP St RS f or
further devel opnent as drugs. WO 2005/ 080974
PCT/ GB20Q05/ 000583, 14 The skilled person is well

Ity 28 IR 1R e BRodeHpmemer: wiedieor "BiLEFEHF i

mémﬁage@rks& apRl beabl oprLin BRPEOPF Bl @sG@RELAY the
erl nents. -E-ﬁqg resent_invention extends to SCy eens

LAbOL 4 BF PR EBke f9% 6 LeRbuTHRstRECEXRETEN TSGR Poth
béﬂﬁ%ebbﬁﬁdaiﬂéﬁ BRE formation.

The invention is generally applicable to any of a variety of
diseases and disorders, and a range of examples is sSpecifically
set out as follﬁws: The following diseases are common disorders
of the central nervcous gystem. A common feature of all these -
disorders is that the cell to be targeted by a therapeutic lies
behind a2 cellular barrier - the blood brain, or blood retinal

barrier.

Retinal degenerations, including:
| Macular degeneration
Retinitis pigmentosa
Ganglion cell degeneration {glaucoma)
Demyelingating disorders, including:
Multiple sclerosis
ADEM

Degenerative disorders, including:



barrier in zebrafish and the tine of its formation. in
various aspects and enbodi nents the present invention
provi des the subject-nmatter set out in the clains
Qﬁ#ﬂ%ﬁam&mcan additionally be determ ned whet her

Yol ecul

assessing the netabolite profile by HPLC for a test
subst ance admi ni stered both before and after BBB
formation. The invention is generally applicable to
any of a variety of diseases and disorders, and a
range of exanples is specifically set out as follows:
The foll owi ng di seases are common di sorders of the
cenPaukimmmv/eudisgstem A common feature of all these

di sQt gL & d.S tgggeégﬁicell to be targeted by a

t herapeutic |ies nd a cellular barrier - the
bl oBunkinguen’'sr Phkeate reti nal barrier. Retinal

deggneL ald Ong « v RELHH I e onMag ggeneration

Retinitis pigmentosa Ganglion ce egeneratlon
gIﬁﬁEQ@RBhleBenyel|ngat|ng di sorders, including:

NUIEbpkfbggg ﬁoﬁbé joRegenerative disorders,
i ncl udi ng 20057 080974 PCT/ GB2005/ 000583 15

NePa‘Pkﬁlﬁ%?ﬁté-’llg déagedehdngbrdsngy sease Huntington's
Di sBasfession

Bipolar digease

Schizophrenia

Anxiety

Aggression

Sexual dysfunction
Miscellaneoug, including:

Epiliepsy

Headache

Pain .

Sleep disorders

Satiety

CNS / retinal malignancies

Rarer conditions of the CNS and retina can be found in any

standard medical textbook.

net abol i sed by the bl ood brain ﬁgFﬁF@WEﬂVEM

The present invention provides for formulation of an algorithm to

apply in design of screening assays, taking inteo account the

existence of the blood brain barrier in zebrafish (as determined

by the present inventors) and the time of formation of the blood

brain barrier, optionally also whether or not a test substance is

knownn to be able or not to be able to penetrate the blood brain

barrier., By means of an algorithmic approach, the skilled person



D seases with notor neuron inclusions Tauopathies
Corti cobasal degeneration Neuropsychiatric disorders,
i ncluding: Depression Bipolar disease Schizophrenia
ressi on Sexual dysfunction M scellaneou
i nc#ﬂgﬁ%ﬂ%ﬂngl | epsy Headache Pain Sleep d?%’r@é?“gmossg’
Satiety CNS / retinal malignancies Rarer conditions of
the CNS and retina can be found in any standard
medi cal textbook. The present invention provides for
fornulation of an algorithmt® apply in design of
screeni ng assays, taking into account the existence
of the blood brain barrier in zebrafish (as determ ned
deheroioepr elsight dombdn2ov®) amgorhénaiimsobif expatiremtef

eﬂ%%?yg ?Ogebfgé§éﬂ gfrﬁéfﬂlcdﬂgf 9 é'H%x%%%ﬁd“@fEQ 6§(aﬁglvery

est substance is known o be '@ "or " not
ofglilestt gubstaniaeat sathee Kifodeshr abhstdmre.i eeth8y wbans

aler@nhg oLt dduy GnaPRE QAL Ryl BRDE REESO0 M5
S RllpEhg Ot SnaPRS AL Barel Bfip2ydd A% RAESEE: M ing
method. Furthermore, such an approach allows for interpretation

of results obtained in different experiments, e.g. as illustrated

in Figure 3.

The test zebrafish may have one or more gsymptoms or signs of a
disease or disorder prior to use in screening £or a substance

with the desired activity.

The test substance may be administered with or prior to the
administration of a substance which also induces one or more

symptoms or signs of the disease or disease of interest.

Thus the invention is equally applicable to screening for
substances which exert a biological effect that alters an
activity or function in the central nervous system, brain or eye,
whether normal or subject to a disease or discrder, as to
screening for substances which exert a biological effect that is
ameliorative of ‘a sign or symptom of a disease or disorder, is

therapeutic or is prophylactic.
The test organism is a zebrafish.

The zebrafish is an organism which combines many of the
advantages of mammalian and invertebrate model systems. It is a
vertebrate and thus more relevant in models of human disease than
Drosophila or other invertebrates, but unlike other vertebrate

models it can be used to perform genetic screens.



16 determ nes whi ch conbi nati on or conbi nati ons of
experinments enploying zebrafish of particul ar age,
node and site of delivery of test substance, nature
bstance, nethod of determ ning effect and
%Olﬁéﬁspiﬁenpl oyed in the screening nethod. 20 e
Furthernore, such an approach allows for
interpretation of results obtained in different
experinments, e.g. as illustrated in Figure 3. The
test zebrafish may have one of nore synptons or signs
of a disease or disorder prior to use in screening
for a substance wth the desired activity. The test
substance nay be administered with'or prior to the
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nore  synptons or Si g I Sease or |sease
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ef f ect that alters an_activity or function'in the

sTauht o) PHERY dliseaper e nnyi APoPieyein GRmether #wd mal

. D&FelTphiact 16 0; @sdlgeaseraf M 8aRdeE, ﬁﬁS(b@oo?Cﬁéﬁihéﬂﬁg the
for substances which exert a_biological effect that is

PR G abt EPIR 4 58] gR rmasiphpfem oman dilsease Bysiological

cdtichiidels : | o-giher aperhd M (RS0Py ORBHBGELC . T dRSl cal
%ﬂ%%ﬁ'gn1ls a zebrafish., The_zebrafish is an organi sm-
i Smbi FESHENG ObF 1ARP- Yddvant ages of mammalian
and i nvertebrate nodel systens It is a vertebrate
nore rel evant, i.n nmode of human di sease than

d_th
Iy GRIGHEPED G5, ROPOTHANLbPaE oSS B PE K ohfran e
cangrinelt ai eof NpferScbtattdbdaeatsedty Ariektet B8NS idelling

qéﬁaﬁ?ig§ias. They develop rapidly, with the basic body plan
already having been laid out within 24 hours of fertilization.
‘Moreover, their ex-uterco development within a transparent capsule
allows the easy in vivo visualisation of intérnal organs through
a dissecting microscope. Many disease states can be modelled
within the first week of life, at which time the embryos are only
‘a few millimetres long and capable of living in 100 pl of Ffluid.
This permits analysis of individual embryos in multi-channel
format, such as 96 well plate format. This is particulaxly useful
for drug screening, with many chemicals being arranged in 96 well

plate format.

A population of zebrafish in a petri dish or a tank may be
employed. A population of fish way be treated together, and may
be tested together, e.g. via addition of one or more or a

combination of test substances to the water.

The zebrafish has a short maturation period of two to three

months and is highly fecund, with a single pair of adults capable



WO 2005/ 080974 PCT/ GB2005/ 000583 17 A nunber of peer
revi ewed papers highlight and validate the use of
zebrafish as a species in which to nodel human

| d [ Dool ey K and Zon LI (2000) Zebrafjsh: a
%D(gg({%@s;()g"t‘temfor the study of human di sease FCE(ff2&h{000583

opinion in CGenetics and Devel opnent 10 : 252-6 -Barut
BA and Zon LI (2000) Realising the potential of
Zebrafish as a nodel for human di sease Physi ol ogi cal
Genoni cs 13: 49-51 - FishmanifC (2001) zebrafish: The
Canoni cal Vertebrate. Science 294: 1290-1]. The
inventors have appreciated that zebrafish offer the
SfnPTRRICIBENBP Pate AP0oPLf AREInE Beat veskal Rndl eybayos and
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rapidly, with the basic body plan already having been
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sule allows, the easy in vivo visualisation o

Ofﬁ'{)aéﬁ’?aﬁcﬁﬁ'@%ﬂs“’%rough a di ssecting microscope. Many

di sease states can be nodelled wthin the first week

f ljfe, at ich tipe the enbrygs are only a few
Z%?ﬁ"éﬁﬁ?& PES Oy FangledpatIadish Fo%i srreePingo fpsr sybstances
wih fHivl8gicdhifcyiennit sn anadoesharef, | NNl nefRi oS
| | ti-channel . format, such as 96 well plate
LRHHPS BRTERT s YHPR SOPA A eds F eI USHioH deugive, for
esgigdenhagthatddeurany . chemd galeschel NgvardiangedcbAadbhe value”
o Ielbraglig%e foer mat Aﬂg ul ation of zebrafish in a
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add simprayedeudadaned st ofj etdmilcsabBtded be tested

together, e.g. via addition of one or nore or a

conbi nati on of test substances to the water.
Following identification of a test substance with desired

biological activity using a screening method in accordance with
any aspect or embodiment of the present invention, the test
substance may be formulated into a composition comprising at
least one additional component, for example including a

pharmaceutically acceptable vehicle, carrier or excipient.

In various further aspects, the present invention thus provides a
-pharmaceutical cowmposition, medicament, drug or other composition
comprising a substance that has the desired biological activity
or exerts the desired biological effect, the use of such a
material in a method of medical treatment, a method comprising
administration of such a material to a patient, e.g. for
treatment (which may include preventative treatment) of a.medical
condition, use of such a material in the manufacture of a
composition, medicament or drug for administration for such a
purpose, e.g. for treatment of an ophthalmic disorder or disorder

of the brain or the CNS, and a method of making a pharmaceutical



The zebrafish has a short maturation period of two to
three nonths and is highly fecund, with a single pair
of adults capable WD 2005/ 080974 PCT/ GB2005/ 000583 18
of Ergducing 100 to 200 offspring per week. Both
DI adults are small, enbryos bei ng PETIGRRPIF§P0583
and adults 2-3 cmlong. They are cheap and easy to
mai ntain. The ability to generate |arge nunbers of
offspring in a small place offers the potential of
| arge scal ability. Zebrafishl8re thus a valid organism
for screening for substances wth biological activity
in vertebrates, including manmmals, including humans,
cohp o tebs canpets ne adeeking isval womaterialexdnpl e as
AReUL| T, t od 0 .oNn S e'
p%gﬁgebrakfgﬁlgcgg% g%%ﬁ@a *%Rgﬁﬁftfoygﬁkgggfgggggé?%ﬁ' and
optignaldenothandingmadieatsusef ul ness of results
obtai ned. Follow ng identification of a test substance
with desired biological activity using a screening
Opetdddrg Bebk depasuieshmayme pyperred Wryesdenbhts of
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formulated into a conposjtion conprising at |east one’
HaWey 4 offle éBRpehEt mapobe asgadhite iAentHingrpropriate

R vReGR healbyapGrRRbhabh e-nehiny/, eth@f‘é%}j’ &led@hted through
exci pient. In various further aspects, the present
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substance that has the desired biological activity or
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conprisin adm nistration of such a material to a
SBBf'%ﬁﬁg' gpgmayoﬁe touched or rubbed on their surface or .

injected into them.

A further advantage of zebrafish is the fact they live in water.
This makes administration of test substances easy as they may be
added to water in which the fish are. Zebrafish readily absorb

chemicals. The effective concentration of chemicals in the water

often eguates to the effective plasma concentration in mammals.

Different test substances may be added to each well of a multi-
well plate, such as a 96 well plate, to identify that test
substance exhibiting a beneficial or deleterious effect. There
may be one or multiple fish in each well exposed to the test

substance,

Zebrafish are also DMSO (dimethyl sulphoxide) tolerant. This is
Amportant as DMSO is used as a solvent to digsolve many drugs.
The inventors have established that zebrafish can tolerate 1%

DMSO. Thus, a candidate drug or other test substance may be



treatment (whi ch may include preventative treatnent) of
a. nedical condition, use of such a material in the
manufacture of a conposition, nedicanment or drug for

1.0k tion for such a purpose, e.g. for treatnent
mﬁ:’@%ﬁzhal nic disorder or disorder of th&CHEHRPIEHOsss
the CTS, and a nethod of making a pharnmaceutical WO
2005/ 080974 PCT/ GB2005/ 000583 19 conposition

conprising adm xi ng such a nmaterial with a

phar maceutical |y acceptabl e é%cipient, vehicle or
carrier, and optionally other ingredients. One or

nore smal |l nol ecul es may be preferred therapeutics
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nmor phol i nos. - The zebrafish may be treated with the
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pacehcefit tedtt @ubbban®dTRlay. beDkhd@t @itughest SUPSHARGEST
eng§¥igg added to each well of a multi- well plate, such

as a 96 well plate, to identify that test

Additionally, the test substances may be added in combination.
For example, well A2 may contain test substance 1 and 2, well A3
test substance 1 and 3, well B2 test substance 2 and 3.
Alternatively, every well may contain test substance x, with
individual wells containing a panel of additional test

substances.

In other options, a population of zebrafish in a petri dish or a
tank may be employed and treated together, e.g. via addition of.

one or more or a combination of test substances in the water.

For delivery into the brain a delivery system may be employed,
for example using a lipophilic delivery molecule, with the whole
“trojan horse’ being administered to the figh water.
Alternatively, the test substance may be injected directly with
the aid of a micromanipulator, into the CN8, for example intoc a

ventricle, thus bypassing the BBB.



substance exhibiting a beneficial or deleterious

effect. There may be one or nultiple fish in each

mell exposed to the test substance. Zebrafish ere
so DNBO (di met hyl sul phoxide) tolerant. This

r‘rb@ﬁ’%ﬂ% as DMSO i s used as a solvent to di §’§B4G\?é°°5/"00583

many drugs. The inventors have established that
zebrafish can tolerate 1% DMSO Thus, a candidate
drug or other test substance nay be WO 2005/ 080974
PCT/ GB2005/ 000553 20 dissol $éd in DVSO and

adm ni stered to zebrafish by adding to the fish water
to give a final concentration of DMSO of at |east up
to lo. This is enployed in various preferred aspects
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test substance may be added to di
Ve FERERt TR diR disesppdnin Faori'lléi?—ahbl‘@gltr:e&t fsabstmance 1
may be added to well Al at a concentration of 1nM to
at,a caqncentration of 100uM to well A3 at a
kt ﬁggﬁ?}l‘ét Jrfb‘F?n&flO?oaM cegaifepPFPe@tsitard evheodimemts grovides

fcﬁf doubbang tomahl ASefdrd1 @aewfﬁtn!%ogroébé’af&'\qg

n_test. substance 2 to we etc he pane

5 FREEb S AN TS VAHGS R %ﬁﬁla%ﬁsc%fﬁﬂlﬁém@hem@alamther
smn:rahces oAt kepabhing the bﬁét?éémfa%&‘ e§d£&?f¥1@%ng or

n_conbi nati on. For exa

GRTAPR TEC L AL 0EE AR UETSRE bhavciaseRber peevide an

addabiVan@E dyﬂ&&élgtlﬂwﬁdmﬂaﬁatﬁ§ﬁ SURSHARGE Bedd¥h 3.4 often
ternati vel ever wel | contain test substance
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scaddnin@rﬁysdemsﬁn sesiRMee@Swith the present invention allows

for identification of such synergistic combinations.

Thus, in certain embodiments the invention comprises treating the
zebrafish, as discussed, with two or more substances, at least
cne of which is a test sﬁbstance, and comparing the effect of the
two or more substances in combination to determine the coptimum
effect (whether simultaneocusly or sequentially applied) on an
aspect of behaviour or physiology with the effect of either or
hoth of the'two or more substances when applied individually or
alone. BEither all (or both) of the substances applied may each
be a test substance, or one of the substances may be a drug known
to have a beneficial effect in the disease that ig the subject of

the screen, or at least an effect in the test Figh.

The invention thus provides for screening for and preferably
identifying or obtaining a substance that provides an additive
effect to a known drug or a synergistic effect with the known
drug. It also provides for screening for and preferably

identifying or obtaining a combination of two or more substances



In other options, a population of zebrafish in a Petri
dish or a tank nmay be. enployed and treated together,
via addition of. one or nore or a conbination of

e. g.
tances in the water. For delivery into the
&&gﬁﬂégﬁﬁglivery system may be enployed, f o CELHANH/QR00583
using a lipophilic delivery nolecule, with the whole
"trojan horse" being adm nistered to the fish water.
Al ternatively, the test substance nmay be injected
directly with the aid of a #cromanipulator, into the
CNS, for exanple into a ventricle, thus bypassing the
BBB. WO, 2005/ 080974 PCT/ GB2005/ 000583 21 Thus,
- thath papvife eh atineroh et bntdifecti otogpamd patrhnwale Gdffect of
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enbodi ments provides for screening for and preferably
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treating the zebrafish, as, discussed, wth two or
nore substances, at |east one of which is a test

Theubstanedrafidncaapasd nrhbed offofed: @hahng wi Qbe. 1t is
nor e su.ﬁyances in conbination to determ ne the

- EOSP PRTHC S ECEoPRhetHer I FTRF 1 iR 6d§Pgtr either beneficial
sysegobsticaldfffeappl | €fl)deQRta8Rious effects, of the mutation plus

. the test substances. Alternatively, the analysis may be of the
known therapeutic agent and the genetic mutation to discover

- either a new drug target of benefit in combination with the known
drug, or a genetic marker of uge in predicting which patients are
most likely to benefit (or not benefit) from préscription of the

known drug.

In another embodiment, a combination of potentially useful égents
- is administered to a test zebrafish having one or more symptoms
of a digease or disorder, which may be generated through addition
. of an agent to the test fish, e.g. via addition to the fish water
or through expression or knock out of a gene, to assess whether
the combination is more effective than either of the individual

agents.



aspect of behaviour or physiology with the effect of
either or both of the two or nore substances when
applied individually or alone. Either all (or both)

f.1he hbstances applied may each be a test
gﬁ%%?ﬂﬁ%%? or one of the substances may be aFPHT{yf2005/000583

known to have a beneficial effect in the disease that
is the subject of the screen,, or at least an effect
in the test fish. The invention thus provides for
screening for and preferably?23 dentifying or obtaining
a substance that provides an additive effect to a

nown drug.or a synergistic effect with the known
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synergistic effects, or deleterious effects, of the

mutation plus the test substances. Alternatively, the
Imrgepsisnemyvisd Ghet beesdotownvehet@apewich agents aie

sdﬂ@%ngsnf%f(idngéﬁgggfsﬂFﬁﬁﬁﬁiggﬁeédministration of the active
substance induces a side-effect or other phenotype reflective or
indicative of a side-effect. Thus in embodiments of the
invention, an active agent is adwinistered to test zebrafigh
having one or more symptoms of an autoimmune disease and the
side-effect of other phenotype is agsessed for such fish when
subjected to one or more test substances. This does not require
a priori knowledge of action of the co-administered agent. In

. other embodiments, agents that achieve the desired therapeutic
effect with a reduction of side-effects can be screened for and
preferably identified or obtained by means of assessment of
disease phenotype and side-effect phenotype. As with other
aspects and embodiments of the present invention, this may
involve co-administration of a primary compound together with
elther a battery of candidate substances, or together with
randomly induced genetic mutation. With the latter approach,

i.e. mutation, subsequent steps are needed to identlify the



either a new drug target of benefit in combination
with the known drug, or a genetic marker of use in
predi cting which patients are nost likely to benefit

enefit) fromprescription of the known
Qﬁg%\ {) gr enbo?all ment, a combi nation of poteﬁFF‘ngg)"S%‘msaf’

useful agents is adn1n|stered to a test zebrafish

having one or nore synptonms of a disease or disorder

whi ch may be generated through addition of an agent

to the test fish, e.g. via addition to the fish water

or through expression or knock out of a gene, to

assess, whether the conbination is nore effective than
SBPTARTL3)t® CRethevARAUFIS fohdewing iEN2ODEI0ABR8T4f fish with

aPElt £B20 2hA00583 1 i3 sheaﬂéff&rgt vggﬁy Ial SO

provi des for screening for and prefe denti fying
or obtaining a substance that aneliorates one or nore-
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JcCca acti ve subst ance ere are nany
mﬁ h gmaL desBERET nere dthien Chembt fdge tPﬁ-liAaMsCOplnore

daversmrdoabefa ot a1i m&beﬂﬂfﬂt l%ﬁggtg#\]/ letri% gggééug‘gealnst

t therapeutic
P’ft"ﬁ"g%/‘%u gled gé??"e%t BEEF I BAY g gRd nguciTise ion channel
1ghckeciefsf ects poycdia Lebas+vedy benign, but significant
to the patient, such as renal damage (e.qg.
cyclosporin). it is desirable to allowthe
Feldimvwiingt ddentit iehatsoahoflragactiivths R Qeide Bepssi Sidreen in

d tration of
SRR PURR Lo ER: ST Ihhe i vbedoprerme be used

in m astbedant enawlitchlt bieeprreseniori BNE WrdedRntS YEPaRORM,S with
Cﬂ'l;l%lh = 9‘%2?&? gaxfe%%r‘laﬂlg; e:Pr[ 6}; ! “%Qolpﬂyi@étclhca%ggfn Q.If E éétalt\;eo "
amount” or a “therapeutically effective amount” (ag the case may
be, although prophylaxis may be considered therapy), this being
sufficient to show benefit to the individual. The actual amount
administered, and rate and time-course of administration, will
depend on the nature and severity of what is being treated.
Prescription of treatment, e.g. decisions on dosage etc, is
within the responeibility of general practitioners and other

medical doctors.

Pharmaceutical compositions according to the present invention,
and for use in accordance with the present invention, may
include, in addition to active ingredient, a pharmaceutically
acceptable excipient, carrier, buffer, stabiliser or other
materials well known to thoée skilled in the art. Such materials
should be non-toxic and should not interfere with the efficacy of
the active ingredient. The precise nature of the carrier or

other material will depend on the route of administration, which



substance i nduces a side-effect or other phenotype
reflective or indicative of a side-effect. Thus in
enbodi ments of the invention, an active agent is
'giﬁ%g;ed to test zebrafish having one or nore
(g% YH8f an aut oi mune di sease and the sFH&CEI08RQ0583

of ot her phenotype is assessed for such fish when
subjected to one or nore test substances. This does
not require a priori know edge of action of the
co-admi nistered agent. In otther enbodinents, agents
that achieve the desired therapeutic effect with a
reduction of side-effects can be screened for and
Ty BfePEBl y GTdENt ARl etk e 0Bt 8i naitdngosansulpdutaneous or
indsseeanen! of di sease phenotype and si de-effect :
phenotype. As with other aspects and enbodi nents of
the present invention, this may involve
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a%:lther a battery of candidate substances, or togéether
AR eh: TERRIR y PPYHARE F defBER cL9rR-at Rohablgt maphdnclude a

sdlatit earaidy @aeh, asig&latTut 8Li &N aBURagAUEN ; 1SlLPS are
needed to identify, the WO 2005/ 080974
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subhl howrdiger, deatidisat,i eninkl fos hre%iegablé é&illt@,tbinaﬁekafiltoil
lver se Iporary O

provjdes, an.aneljorative effect., g
°*d F_‘dﬁ*fﬁl?e“ree" COpouiiS Y eERCas THETEOPREIE Iy slgytrose or
oth&i gsaycinay deesobethordbrt §eyédasmicdges RHARMRG ROV &,
rd'Vféﬁg %pnbgnatorlal |2rary. ot her targeted
PEPPHrarT &5 Y5§ iﬁgtpoﬁﬁﬁﬁﬁ fRarglvsedeay drasidrd udsd - be
used, such as ion channel libraries or G protein
[ ri.es. Followi ng identification of, an active
F . . i :
Og‘ ugégraén‘f:een st nau%a%eg)ruge A% AR COFauR P IF T H Fhe OF
inpeeskon dtnebat sbre dhefsubst soice theyabei s Gtgredient will
‘be in the form of a parenterally acceptable agqueous solution
which is pyrogen-free and has suitable pH, isotonicity and
stability. Those of relevant skill in the art are well able to
prepare suitable solutions using, for example, isotonic vehicles
such as Sodium Chloride Injection, Ringer's Injection, Lactated

Ringer's Injection. Preservatives, stabilisers, buffers,

antioxidants and/or other additives may be included, as required.

Examples of technigues and protocols mentioned above can be found
in Remington’s Pharmaceutical Sciences, 16th editibn, Osol, A.
{ed), 1980.

The application of a test substance to zebrafish in a screening
method may be as follows, in accordance with embodiments of the .

present invention:



in a nethod of medical treatnment of the present
invention, with admnistration preferably in a
"“prophyl actically effective anbunt” or a

\ ically effective anount"” (as the case nm
B%?ﬁéﬁﬁﬁgﬁgh prophyl axi s may be consi dered tﬁi?ﬁﬂ?%FNME%

this being sufficient to show benefit to the

i ndi vidual . The actual amount administered, and rate
and tinme-course of adninista%tion, will depend on the
nature and severity of what “i's being treated.
Prescription of treatnent, e.g. decisions on dosage

etc, is wthin thelresponsibilité of gener al ,
1.pr aethastosgbstanee citheddefet? ddi® §68EoFssh either prior to

thENASPBeeMeCalE ERANISHchbeNStRACL O Ret P1hd&MI@BEBEion of
invention; and for use in accordance with the present

thendbidsen SCaks: PRATIGE, Thh IMAG6R PE Bt idiesase state.

ThENgIedi @Rlo sacRbaldme ekl fald yiiRagepbabhentesi pi ent,
carrier, buffer, stabiliser or other _mterials we|l
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efficacy of the active ingredient. The precjse nature
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- PCT/ G(B2005/ Q00583. 25 ma oral_,, or by injectiagn
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Phar maceuti cal conpositions for oral adm nistration

be j.n_ tab| et e, . or liguid form A,
2. (PR TR FRCFITE SoeRrn Gar AP BN ERE" Joiont P o

diaBasdéljavsaat.. Liquid pharmaceutical conpositions
generally include a liquid carrier such as water,
petrol eumy animal or vegetable oils, mneral oi
The following additional steps are highly desirable in screening,

and their use is provided by the present invention in preferred

embodiments:

Rather than add a single chemical, a combination of chemicals is
 added. For instance, a known therapeutic agent may be
administered to all fish at a dose at which a further beneficial
effect could still be detected. A random chemical library is

then added to fish and an incremental effect screened for.

1. Induce an autoimmune disease state by the administration of

antibodies to fish.
2. Administer drug 1 to row 1, drug 2 to row 2, etc.

3. . Administer dxug 1 to column 1, drug 2 to column 2 etc.



or synthetic oil. Physiological saline solution,
dextrose or other saccharide solution or glycols such

as ethylene glycol, propylene glycol or polyethyl ene

gﬁ%c@% ngy be included. For intravenous, cutaneous or
P0v%EBus injection, or injection at thePST{GB2YF000583

affliction, the active ingredient wll be in the form

of a parenterally acceptabl e aqueous sol ution: which
I's pyrogen-free and has suitable pH, isotonicity and
stability. Those of relevant?2skill in the art are well
able to prepare suitable solutions using, for
exanpl e, isotonic vehicles such as Sodi um Chl oride
4.l nj echpaors tRbn@ﬁmﬁ&cduﬁp&@BBﬁWﬁ difcrcat eff aRl ngel'sswith that
I cti resery e Stabilisers, buffers,
of ngd%?P nF@egngfggﬁé? er "additives may be |ncIuded
as required. Exanples of techniques and protocols
one a f t ;
B gﬁgﬁlraceeqr{hl ca gi %%%g.‘si %jfgg?w élg'lcﬁ%g%gg 8%&0%.011 Fcfd) ,
augB8ftative afphi partbrnlel druesthuyisbt anperticuder afFahion,
|@o§ Sedeening nethod may be as follows, in
accordance wi th enbodi ments of the present invention:
WD 2005/ 080974 PCT/ GB2005/ 000583 26 1. A test
1. SUPELANGE JeheRIBCH LR {hE chestol I8 S BRL RLdWY. 1O
't he appea ance of the disease statée, at the tine of
i nduction of the disease state, or after the
2.1 NAYEELQD Qfsekie Q&é@@%%r%h h Can e hie! shotao
situations are nore |ikely entify a prophylactic
chem cal, the latter a drug mhlch reverts the disease
3. stag§m§ggg%é@otgggngﬁemigy; test substance nmay be a
chem cal and nmay be a random cheni cal adninistered in
a hi gh-
4. Assess whether the combination of the mutation plus chemical

" is greater than either alone.

5, The mutated gene is then used as a beneficial target, as

described above.

A further embodiment of the invention allows identification of
genetic factors which help determine the appropriateness of a
particular therapeutic agent for a given patient. If the
mutation augments the effect of the drug, that mutation is
searched for in -human homologues. Patients with this mutation
should be preferentially prescribed the drug. If the mutation
leads to a deleterious effect or lack of effect, then patients

should avoid this drug.



t hroughput fashion to fish in 96 well plate format, or
a selected chemcal admnistered to a clutch of fish
in a Petri dish. 2. The fish is then screened for

viation fromthe initial disease state.
g‘g(?#(}g%sﬁgd"addl tional steps are highly desi ragpgqlaﬁoosmoosss
screening, and their use is provided by the present
invention in preferred enbodinments: Rather than add a
single chem cal, a conblnatlgg of chemcals is added.
For instance, a known therapé&utic agent may be
admnistered to all fish at a dose at which a further
‘ jeC] effect could still be detected. A random
%%%ﬁ&@é#%kibrary is then added to fish and an
increnental effect screened for. 1. Induce an

ease tate by the adm nistration of
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al one. A further enbodi nent of the above aI?
detection of augnentation of a particul ar drug

1)t RFoByhne Flaret iiouba®s malamioRas fﬁbédﬂédomﬁto1peﬂigggagal sac

i an thro t he above. 2. | nduce
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0.1%&s rathesivea ;n4e0m3$e&sawbeth®lthe conbi nati on of

the nmutation plus chem ca
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2) The larvae were left to develop for 6 hours to allow the dye

to penetrate from bloodstream into tigsues.

3} The larvae were viewed under fluorescent dissecting scope

(TRITC filter) to ensure that dye was pregsent in blood vessels.

4) Larvae were anaesthetised and fixed in 4% PFA at 4 °C

overnight.

5) They were embedded in 0.C.T. (Optimal Cutting Temperature
- compound} and 10 um frozen sections were taken in parasaggital

plane.

- 6) Midline sections were viewed on fluorescent microscope (TRITC
. filter) at x40 magnification. Images were taken of Evans Blue

‘injected and saline injected samples.

7) Fluorescent intensity was measured in 3 regions of control and
Evans Blue injected samples using AnalySis software. Mean

fluorescent intensity was calculated for each age group.



IS greater than either alone. 5. The nutated gene is
then used as a beneficial target, as described above.
A further enbodi nent of the invention allows

a,genotlfl cation of genetic factors which hel
T &MYt he appropriateness of a particul A’FT’GBZ"OS/O"%%

t herapeutic agent for a given patient. If the
~mut'ati on augnments the effect of the drug, that
mutation is searched for |n human honol ogues.
Patients with this nutation 22houl d be preferentially
prescribed the drug. If the nutation leads to a

del eterious effect or lack of effect, then patients
shoul d avoid this drug. WO 2005/ 080974
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L? s intact. In rodents, Evans Blue | eakage is
dtved fol | ow ng brain trauma. 1) 2% Evans Blue in
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ro days post-fertiljsation (d. to
il H80el (S G Gt RRe otk bEatb hag & Bokl rorevisiea
lnﬁue:attaonaﬂlamrmrahef Bli® dexwekapihty theh@uwesnt Qnﬁltl.lﬂféWBBB wasg
EXE 1tocpe t fr mﬁl opdstreaminto tissues.
‘%1%? T VRVE TS gati s Hinsrescente gis Je@men§lue
irgegped $SRPIEG ﬁmakst Eb)diﬂf&ﬁﬁur eréhafaldye WASeHF &5 Whples,
aqroal PREE IR pratid S1s) BB e R SO e

indication that the BBB had developed by 5 d.p. £,

METHODS

' Husbandry

Embryos were collected from matings of adults (TL, AB and WIK
strains), reared under standard conditions {(Westerfield, 1995},
Embrycs were reared in ehbryo medium (5 mM NaCl, 0.17 mM KC1,0.33
mMCaCly, 0.33 wM Mg;SOs, 107°% Methylene Blue) and staged using

standard criteria (Kimmel et al., 1995).

Dye exclusion experiments

Injection stocks of 2% evans blue in 0.9% saline and a 10% sodium
fluorescein in 0.9% saline were prepared and stored at 4 °C.
Larvae were anaesthetised by immersion in 0.2 mg/ml 3-amino
benzoic acid (MS222) prior to being immobilised and oriented in
3% methyl cellulose in embryo medium in a lateral position such
that the heart was accessible. Larvae and juveniles from 2 days
post-fertilisation (d.p.£.) to 30 d.p.f. were injected into the
pericardial region with 0.5 to 2 nl of dye or éaline control,

depending on age, using standard zebrafish egg microinjection



5) They were enbedded in O C. T. (Optimal Cutting
Tenperature conpound) and 10 mfrozen sections were
taken in parasaggital plane. 6) Mdline sections were

' n fluorescent mcroscope (TRITC .filter) at
&%gﬂﬁ%gﬁ?yication. | rages mereptaﬁen of EvandCBi({a005/000583
injected and saline injected sanples. 7) Fluorescent
intensity was neasured in 3 regions of control and
Evans Bl ue injected sanpl es using Anal ysis software.

Mean fluorescent intensity Was cal cul ated for each

age group. WO 2005/080974 PCT/ GB2005/ 000583 29 8)
Mean flugrescent intensity in Evans Blue injected vs
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ard criteria (Kinmel et al., 1995).
wéi%aggt at 10 pm thiékness. )

Quantification of dye fluorescence

Sections were visualised without mounting medium by fluorescence
microgcopy on.an Olympus BX51 microscope. Three midline sagittal
sections from each larva were identified and images were captured
using a ColorView camera (Olympus) and AnalySis software (Soft
Imaging System}. The fluorescence intensity within the brain was
quantified for eacﬁ midline section of each larva in each
treatment group using colour threshold and area wmeasurements in
BnalySis. Mean values, standard deviations and T-tests were

calculated using Excel software (Microsoft Office).

Transmission Electron Microscopy

Larvae at 3, 5, 8 and 10 d.p.f. were fixed in 4% glutaraldéhyde
in caccdylate buffer containing 0.006% hydrogen peroxide for 3
hours, then washed in cacodylate buffer before post-fixing in
osmium tetroxide. Samples were bulk stained with uranyl acetate,
dehydrated in ethanol and embedded in Spurr’s resin. Thin

sections (5 nm) were prepared with a Leica Ultracut UCT, stained



Dye exclusion experinents |njection stocks of 2% evans
blue in 0.9%saline and a 10% sodi um fluorescein in
0.9% saline were prepared and stored at 4 C Larvae

thetised by imrersion in 0.2 ng/nl 3-a
&@@8?}@8%&% d (MS222) prior to being i mobili 586’%%60%00583

oriented in 3%nethyl cellulose in enbryo nediumin a
| ateral position such that the heart was accessi bl e.
Larvae and juveniles from2_days post-fertilisation
(d.p.f.) to 30 d.p.f. were Pﬁjected into the
pericardial region with 0.5 to 2 nl1 of dye or saline

control, depending on age, using standard zebrafish
wilyguranylorapbets Gmanbead 05 DBt AnPCTierrbdsy 60BBESIPS

cm?@o a%@t%ﬂ%ié!?&éﬁpfe' gkdso 3885) . Fish vere

transterred to fresh enbryo mediumto recover from
anaest hesia, then viewed using a fluorescence
pgofli egenddsignn croscope at 1 hour intervals to
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Dye and saline,injected Larv wer e aest heti,sed
Weﬁeﬂaﬁﬁgvﬁﬁ e H%J#EggpgeF ?nﬁggfﬁ naﬁﬁgb |xe%alnlnﬁéﬁas
peﬁﬁtﬁﬁﬁé& | dehydediiutRBS. aﬂ.cﬂ) tihH \saalpmg adptegrtedpuaing Alexa
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mages wer
(Olympus) and AnalySls software (Soft Imaging System).

Drug exposure and distribution experiments
Approximately 100 larvae were tranferred into a single well of a

12 well plate (Corning) containing embryo medium. The final
volume of embryo medium per well was adjusted to 1.5 ml.

Compounds :of interest were prepared as 2 mg/ml frozen stocks in
DMSO. 11.25 pl of stock was added to each well to give a final

concentration of, 15 pg/ml. Larvae were incubated.in the drug for
"1 hour at room temperature, then anaesthetised on ice. For whole
uptake analysis, anaesthetised larvae were transferred to small
microfuge tubes and all excess ligquid removed. For brain versus
bddy uptake analysis, larvae were anaesthised by chilling then
decapitated using fine iridectomy scissors. Head and body tissue
samples were collected in separate microfuge tubes on ice and all
excess liquid removed. The total weight of tissue sample was
measured. The samples were then frozen at -20 °C prior to

extraction for HPLC. For subsequent HPLC analysis, tissue



using a Col orView canera (A ynpus) and Anal ysis

software (Soft Inmaging Systen). The fl uorescence

intensity within the brain was quantified for each
treat nent

i dlin ction of each larva in each r Qu
S@?Hﬁw§%$7ur threshol d and area rn=_\asurem=_\ntsPFﬁ"GBgO“S"OIi)"'583
Anal ysis. Mean val ues, standard deviations and T-tests
were cal cul ated using Excel software (M crosoft
O fice). Transmi ssion Electron Mcroscopy Larvae at 3,

5 8 and 10 d.p.f. were fixed?in 4% glutaral dehyde in

cacodyl ate buffer containing 0.006% hydrogen peroxide

for 3 hours, then washed in cacodyl ate buffer before
sﬁﬂﬁﬁesfM?Fﬁgthﬁwedo§ﬁﬁuﬁﬂt%ﬂﬁﬁ%@ldéxtﬁﬁwﬁﬂoasmefermndJ031ng
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and errbed ed in Spurr's resin. Thin sectl
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roc aed far cryosectjoning as describe
’%5@(" BsSMRYSE RER TResheBtPna PEBISmysbgp tabearm Waters

Syamnicic boslyi Sldi Mis00xVaD) Rekl ahaee: Als1l cJ;QQmﬂ' | i %sala,gre
anali éa}F %ﬂ.[ldet ect ed u/5| ng Al exa 568 fluoresc
ed8n 568% YHE/&y aiieﬁr%%%)cpnéé’ewwsm \B@ﬁétl‘fe
1ouomnder sm(aldmdlaﬂ@hmt@ edvesi 19 'f\é@'ﬂteaﬂ‘?ulﬁdn@@c%hm ng
Vect or ,Laboy at ori.es, Peterborough, h

Par?'é‘\?\}éﬁéuse}rr?ggéﬁ drﬁ/% dep%51 ni cr oscope under
fluorescence illum nation. Representative inmages were

Ad8§9£8£§¥’ 1%9ca f%ﬂé”@gr%“%ggﬁfiéﬁ for the extraction of
simvastatin and pravastatin, "in that 10 4L injections were made
onto the LCMS system using a Luna C18 (5 x 4.6) analytical
column. Samples were analysed by full scan LCMS/MS under EST
conditions in positive ion mode for simvastatin and negative ion
mode for pravastatin. LC conditions are given in Table 3. MS scan

parameters are given in Table 4.

The effect of Pgp inhibition on the distribution of rhodamine 123
. 'Rhodamine 123 was dissolved in 10% EtOH in 0.9% saline to make a
0.5 mg/ml stock. Dye exclusion experiments on larvae at 3, 5, 8
and 10 d.p.f. were performed as described above using 0.5 mg/ml

rhodamine 123 in the presence or abgence of verapamil. Larvae

were exposed to verapamil at 50 ug/ml for 2 hours prior to and
‘during intrapericardial injection of the dye and for 3 hours
after injection. At 3 hours after injection, larvae were
anaesthetised and fixed in 4% PFA prior to processing for frozen
sections. Quantification of fluorescence in the brain was

performed as described above.



(A ympus) and Anal ysis software (Soft |nmagi ng Systen)
Drug exposure and distribution experinments

Approxi mately 100 | arvae were tranferred into a single
well of a 12 well plate (Corning) containing enbr
REUR8% e final  vol une of enbryo nediun1p§F &Bmmwm
was adjusted to 1.5 ml. Conpounds of interest were
prepared as 2 ng/m frozen stocks in DMSO 11.25
[err]1 of stock was added to_each well to give a fina
concentration of, 15 g/m . BArvae were incubated in
the drug for 1 hour at roomtenperature, then

anaest heti sed on ice. For whole uptake analysis,
anaest hetised | arvae were transferred to snal

m crof uge tubes and all excess quuid renoved. For

BePh# ST §H§ly@9§%’ia‘i@5@%§% Qﬂéllgy ekpoghAd vae were

anaest hi sed decapi tated using fin
Lafvaciedt émﬁs@m@,sl&si PHB acHeRR taayrereadieinten jusil plates
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removed. The total weight of tlssqf

excess ul
peg%m}eéi Vils 96 n‘é%b]urﬁé&tefr“h‘él%ﬂ’plfé§hm}é?3é ki f f8geh

A h o H gyent
Voﬂ%%c%afﬁa éom?ﬁééig%ogzolog{aossgg 4815%/%%8%5 000585 "

st@<ﬂ<$a:fplt@stmr@mh’aiﬁedeaﬁdn%i¢ iafi 1P sl semcgptration.
Te réo%ﬁgdgs%gﬂe én@'lt—hﬁéﬂﬂrpﬂ{é’ ldrﬁEEhyJel&gm Og'lt tﬁ%as:.s of

Nt extract was t evapor ated and
thebe aisitlityt bd ¢¥pssMthecBBB elpukfeplpH dirherydragine, 2

se%g %u%@h?@kt; Hed YskAG 1 MeKeda8R0eratidine, a non-

ati1on- eXchange) solid- phase extraction nethod. The
seéhtirice dvag enapocik&t%dloandm@:mﬁ@t BBBt e2l Hin of master stock

O BB dOREFE s SHES B St L S APt
125yaa&ﬂ|wp$h|ebdlgiaﬁuxeacﬁ)c¢w§§u@dahyte@@¢ eovadn age -
Ac?gv ye S{nravée (€corded within individual wells of the 96 well
‘ plate over an 2 hour period using Ethovision TrackSys equipment
and software. Mean total activity was calculated for each

treatment group at each larval age using Excel software.

RESULTS

Zebrafish show anatomical evidence of a blood brain barrier
"TEM at 3 d.p.f shows no evidence of tight junctions.

In contrast TEM at 5 d.p.f. shows tight junctions are present in
some but not all vascular endothelium, with a gradual maturation

henceforth.

Zebrafish possess a pgp ortﬁologue
In gilico cloning identified a potential zebrafish orthologue of

human Pgp.



anal ysed by full scan LCMS/ M5 under APClI conditions in
positive ion node. LC conditions are given in Table

1. MBS/ M5 scan paraneters are given in Table 2.

Addi tional nodifications were required for the

A ¥ of sinvastatin and pravastatin, iBET(GRRPOSNENSE3
L injections were nade onto the LCMVS systen1u3|ng a
Luna C18 (5 x 4.6) analytical colum. Sanples were
anal ysed by full scan LCMS/MS under ESI conditions in
positive ion node for sinvasfdtin and negative ion
node for pravastatin. LC conditions are given in Table
3. M5 scan paraneters are given in Table 4. The
Zehraddsho PXPEesH nbFbiin endeveldpmeditst iy butgiomeli rashion
ribodaiBeedsds M adRg-dtd Wsothapply et L0104 B

saline to make

dé&dﬁG%@bﬁtéﬁﬁ%rﬁhﬁﬂﬂﬂftgn Iarvae at 3, 5, 8 and 10

d.p.f. were perforned as descri bed above using 0.5

ng/ M rhodam ne 123 in the presence or absence of

T@%H%HHWFPOHu%fvaéﬁQNérénéwpdgﬁuiﬁg Qereplatids developmental
cBitfed Qb arﬂngfgﬁyﬁngl&Q and during intrapericardi al

injection _of the dye and for 3 hours after injection.
Dwg =3 Hhgtir S0 dtercridFethe dIEB RapvEEesRtE thavagbotettlseiody
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sections. Quantification of fluorescence int rain

dad: pBFRST ndthta STAES CFD EPBaBES ecTH R0 OEA0800TRE in
sdipleeBd009/ HAVF83 and3aBenpvd pukal anal ysis fol | ow ng
drug exposure Larvae at 3, 5 and 10 d.p.f. were
transferred into 96 well plates (MIIlipore)
TIRO [0 abRe SPerRFD iY@ AR ¥ B £ @%@@Vb%&lﬂcﬁ%@lbyébﬁtz\‘@ls _I@.gent was

e forned I.n %) well plates with 1 fi'sh per well.
%%%%5 the br

. at various time points. Sodium fluorescein, like all other small

ain of zebrafish following perlpheral injection

molecules tested, permeates into the brain until day 8 but. is

excluded from day 10.

In contrast, Evan’s blue, a much larger molecule known to form

multimers, is excluded from the brain from day 5.

The presence of a blood brain barrier correlates with the
functional effects of drugs

Antihistamines known to be non-sedating in humans due to their
exclusion from the brain.were observed not to have a sedating
effect on di0 zebrafish, in contrast to those antihistamines
known to have a sedating effect in humans on account of their
penetration into the brain, which also héd a sedating effect on
dl0 zebrafish.

- Zebrafish show active transport of compounds across their blood

brain barrier



vol une of enbryo nedi um per well was adjusted to 200
|. Master stocks of test conpounds were nmade at 100x
test concentration. Test conpounds were
S@él&i%gégn1ne drugs selected on the basis of th

F{op cross the BBB in manmmal s; dlphenhfﬁF§ﬂ¥ﬂﬁmm5&’
a sedatlng drug whi ch does cross the EBB;
desl orati dine, a non- sedating drug that does not
cross the BBB. 2 | of master stock of test conmpound
was added to each well of t e screening plate. 12
welI's were set up for each conpound at each |arva
age. Activity was recorded within individual wells of

Rl?ﬁel%—"marﬂm@lr%%e 2p\FeHOERS oo FUPFEF fbRl fR3 mgp- Co-

adiRt ROV S QRn ThACKSYS, 80, pﬁi@n:tnhl%ﬁ@ogro&fv?é—g? 1Meal to
t ot al act|V|t%Pmas cal cul ated for each eat ment
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1tZabh8a fdrlerwhow @@aet;@iiuaaa, eydriteReea0ing Nioed Braitk of
barrier _ TEMat 3 d.p.f shows no evidence of tight

rhpgARif®iL3 1 n contrast TEMat 5 d.p.f. shows ti ght
junctions are present in some but not all vascul ar
endothelium wth a gradual maturation henceforth.
Zebra fish possess a pgp orthologue In silico cloning

pricdepsidwed a potential zebrafish orthol ogue of human
Pgp. WD 2005/ 080974 PCT/ GB2005/ 000583 34 Zebra fish
express PGP in a devel opnental |y regul ated fashi on

ZeBgafigheﬁq&@easedvélbnMaatua$pL&éyuﬂaméatbf&dduﬁnaﬁntberrier

at 8 .p.f and stages thereafter.. The fornmation

(BEE) o bIood brain barrier correlates developnental

The creation of a selective compartment through the formation of

an epithelial barrier, utilises two types of junctions: tight
junctions'and septate junctions. Both junctions are selective
and dynamic and can link to intracellular signal and pathways

through wmembrane associated proteins.

Fisgh brain epitheliél barriers have been studied anatomically in
a nuﬁber of species by electron microscopy (Nakao, 1979). On
ultrathin sectional electron microscopy, tight Jjunctions appear
at the zone of complete contact between the plasma membranes of
adjacent cells (Farquhar and Palade, 1965). On freeze fracture
electromicroscopy, they appear as a continuous anastomosing
network of tight junction strands of ripples and complementary
grooves kStaehelin, 1974) . Rascher and Wolburg (Rascher and
Wolburg, 1997) looked at ultrathin sections of adult carp and
showed tight, and gap junctions and desmosomes in the arachnoid
membrane. The same paper demonstrated a gradual maturation of the
‘tight junctions in chick. They conclude their discussion with the
statement (last sentence, last page): the large variability pf

the anatomy of the meningeal layers in vertebrates and - as we



changes in drug distribution Drugs that do not cross

the BBB are present throughout the body of sanples at
,3 d.p.f. but are excluded fromthe head at 10 d.p.f.

that cross the BBB are equally distributed in

E%‘#%ﬁﬁﬂ%s% 3 d.p.f. and at 10 d.p.f. The fl uSFE&EMEE00s83
intensity of test conmpound and control agent was
neasured in the brain of. zebrafish foll ow ng

peripheral injection at vaggous tine points. Sodium

fluorescein, like all other small nolecul es tested,
perneates into the brain until day 8 but is excluded
ay | tr nmuch_J ar
ha\te s@ow eh J%% vvn @féht Et\{ﬁlr(]_‘t_smn ?utsfueC%uFu dgﬁk Qte more
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S AREThIstam nes - known be "non se ating
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] contrast to those anti tam nes .
moteriiare vaigkld &7%6n§aef Fechaye begnamklotcasctounthef zebrafish

t t i t in [ .al.sp_had_a .
oo il BEOF LIHE0 b4 O Aee. e KBRS Po LR o
5, acxuméhpraﬁ%@d? tthet émmegel@%ssqueiaﬁ Birepts blue

(wlbiéﬂ RahREEher ind 2003/ A80%4BET/ &ﬁ@%@@@é%mﬁ%ms

i § rhodam nel23, a fluorescent substrate for pgp
tlr@~ Téﬂ@n?ﬁ?swnmn@n l@ﬁkWeer: = srqrﬂ%lbnpép%ie%gpﬁuch as

dnk%eq%et Sma PRI 88 @it {1NA3RNEER He3 ik BelnBaBiAld) on
time_points when
day 10, unless there is active efflux by pgp, in which case

effective exclusion occurs from day 8.

Thelzebrafish BBB possesses functional active transport systems
A good clinical example of the role of p-glycoprotein efflux is
the explanation for the non-sedating effects of second-generation
antihistamines, these belng actively effluxed from the brain
unlike their first generation counterparts (Chen et al., 2003).
For example, hydroxyzine, diphenhydramine and triprolidine are
all sedating antihistamines, whereas loratadine, desloratadine
{the active metabolite of loratadine), and cetirizine (the active

metabolite of hydroxyzine) are non-sedating.

Pgp is present in epithelial cells specialised in the secretion
and excﬁetion of undesired molecules, particularly in the gut,
liver, kidney and BBB.‘P—glycoproteins undergo extensive post-
translational modifications, including phosphorylation and
glycosylation, There are at least 3 types of p-glycoprotein type

in mammals. Bard (agquatic toxicology 2000) summarise expression



it would otherwi se be excluded, denpnstrating active
efflux of rhodam ne 123. DI SCUSSI ON Zebrafish have a
devel opnental |y regul ated bl ood brain barrier (BBB)

The_ creation of a selective conpartnent throu%h t he
PR8N 40f  an epithelial barrier, utilisedCE{fg2005/000583
types of junctions: tight junctions and septate
junctions. Both junctions are selective and dynam c

and can link to intracellular,signal and pat hways

t hrough nenbrane associ at ed %?oteins. Fish brain

epithelial barriers have been studied anatomcally in
( Nakao,

e of eci es by, electron m croscopy
°iaié%@l%ﬁ pﬂ‘l’%ferlé‘ﬁhﬁﬁ B i1@ndF9erectr G tiPeehséoppt report
BEY ghbreseidn ons appear at the zone of conplete
contact between the plasma nenbranes of adjacent
cell s (Farquhar and Pal ade, 1965). On freeze fracture
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ultra sectigns,_of adult carp and showe
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argr achhotly afdibredefrdihelagage paper denonstrated a

gradual maturation of the tight junctions in chick.
They conclude their discussion with the statenent

A gp@g@f@@hg@mbé,fbagﬂﬂpggﬂmoummQmﬁﬁﬂ@ﬁtiaﬁiabi|ity pf
A e IR R
meRTRnGRtse of dfug Irmuttighonjwn Gt @GRlSEhte] WEHTRKA bérfusion
'thF@ﬁﬁh solvents is not identical to diffusion across biclogical
membranes, never wmind the lack of information about active
transport systems (Lieb and'Stein, 1976) . Indeed, as a result of
transport proteins such as the p-glycoproteing the net effects of
a variety of hydrophobic'drugs, such ag digoxin, cyclesporin and

loperamide, ig relatively low (Schinkel et al., 1996},

Models of blood-brain barrier involving cell culture systems rlay
some role in assessing whether drugs may cross the blood-brain
barrier, but are limited in that transport systems and blood-
brain barrier enzymes may be severely down regqulated or not

- present at all (Terasaki et al., 2003). Furthermore,. they do not

form rigid tight junctions.

Zebrafish may therefore be employed very usefully in determining
whether a compound penetrated the BBB in an in vivo situation.
Moreover, these results allow for the rational screening of small

molecules for CNS and ophthalmological endpoints in zebrafish.



difficult to elucidate the nechani sm of arachnoi d
barrier induction and to transfer a result from one
speci es to another Through the periphera

aﬁ&iﬂ}aé@ tion of sodiumfluorescein, of nolecular
gt Da, we have been able to shom1tha?CTK“ntmM5m

zebrafish do indeed have a blood brain barrier. This
begins to formon day 5, with the result that |arger
nol ecul es such as Evan's bl (which may sonetines
formmultinmers), are excluded fromthis tinme. The BBB
remai ns | eaky, however, to small nolecules, such as
4%5& i ke small nolecules until the BBB has further
ufed on day 10, unless there is active efflux by
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day 8. The zebra fish BBB possesses functional active
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MS Scan Parameters

Drug [M+HI" CE Isolation
7 ' Width
Loperamide 479.0 39 4.0
Haloperidol 377.0 50 4.0
Scopolamine ' 304.1 36 2.0
Diphenhydramine 255.9 28 2.0




37 of pgp-like proteins in fish in figure 2, although

do not report BBB expression. W have shown here both
anatom cal and functional evidence for active

transport of nol ecul es across the blood brain barrier

Y0 29¥0%Fi sh. Thus whil st non-pgp subst rat e PEHE2005/000583
nol ecul es can penetrate the BBB until day 10, those

whi ch are pgp substrates are actively effluxed from

day 8. A zebra fish nodel faqr, BBB conmpound penetration
Attenpts to predict drug pernieation through nmenbranes

i ncl udes neasurenents of drug partitioning in
sol vents, although perfusion through solvents is not
TABGEnt i cal to diffusion across biol ogical menbranes,
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TABLE 4 )
MS Scan Parameters for pravastatin and simvastatin

Drug [M+H] Y CE Igolation
width
1 8imvastatin 419.1 22.0 3.0
| Pravastatin 423.1 30.0 2.1




WO 2005/ 080974 PCT/ GB2005/ 000583 38 TABLE 1_LC
conditions Tine % acetic acid % Flow Rate (m nutes)
(0.19% acetonitrile mbmin-' 0.0 955 1.0 3.5 50 50
1.0 %@g 30 70 1.0 6.0 0 100 1.0 6.5955 1.0 _TABLE
VB 4 Par aneters Drug [ M-H© CE I sol ati of CT{fjp05/000583
Loperam de 479.0 39 4.0 Hal operidol 377.0 50 4.0
Scopol am ne 304.1 36 2.0 Di phenhydram ne 255.9 28 2.0
WO 2005/ 080974 PCT/GBZOOS/OQQﬁSS 39 TABLE 3 LC
conditions for pravastatin and sinmvastatin Tinme % 1nM
acetate % acetonitrile Flow Rate (m nutes) buffer

RE%H]EEQ’ SimPrav SimPrav 0.0 40 60 60 40 0.3
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daltons or greater, less than ten days post-fertilization for
molecules of less than 960 daltons not effluxed by p~glycoprotein
(pgp) or less than eight days post-fertilization for molecules
actively effluxed by pgp, and/or is performed on zebrafish of age
at least five days post-fertilisation for molecules of 960
daltons or greater, or at least ten days post-fertilization for
molecules of less than 960 daltons not effluxed by pép and at
- least eight days post-fertilization for wolecules actively
effluxed by pgp, and comprises direct delivery of the test
.substance to bypass the blood brain barrier;

or, without knowing whether or not the test substance is
able to penetrate the blood brain barrier, the method is

performed on zebrafish of age at least five days post-
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screening nethod to obtain a substance with biol ogica
activit |n the central nervous system (CNS), brain or
L2004 ot hod compri si ng: admi ni stering a PCB&B2005/000583
substance to test zebrafish determning effect of the
test substance on an activity or function of the
central nervous system brain or eye,- or effect of

the test substance on a synp ‘ﬁonwor a di sease or

di sorder of the central nervous system brain or eye

of the test fish, thereby identifying a substance with
ferki it SV ifo%I mOLeTHIAT Pf AR HLTONSt BE gEetter, and at

1e3bSt & GRiyisS pbBeWRe 0 1RSAGL6R ot HR1BbAREs DEAIss than 960
Eﬁgrrler and the nethod is perfornmed on zebrafish of

h§RSger Ty HREE edel idimbet aﬁcfeh% $ephofiHPRbings to bypass the

buaaaebféﬁﬁaﬂamalekopd brain barrier and the nethod is
formed.on zebrafish of " less than five days
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pgp, and/or is performed on zebrafish of age at | east
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cﬁPSt fertllléatlon for nglecules of Iess t han 960
p
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3. A screening method to obtain a substance with biological
activity in the central nervous system (CNS), brain or eye, the
method comprising:

administering a test substance to test zebrafish fish,

determining effect of the test substance on an activity or
function of the central nervous system, brain or eye, or effect
of the test substance on a symptom or a disease or disorder of
the central nervous system, brain or eye of the test fish,

thereby identifying a substance with said bioclogical
activity;

wherein the method is performed for molecules of 960 daltons
or greater on zebrafish of age less than five days post-
fertilisation and on zebrafish of age at least five days post-
fertilisation , or is performed for molecules of less than 960
daltons on zebrafish of age less than ten days post-fertilisation
and on zebrafish of age at least ten .days post-fertilization,
without direct delivery of the test substance to bypass the blood

brain barrier, whereby a substance which hag said biological



| east eight days post-fertilization for nolecul es
actively effluxed by pgp, and conprises direct
delivery of the test substance to bypass the bl ood
brain barrier; or, w thout know ng whether or not the
test substance is able to penetrate the blood brain
barrier, the nethod is perforned on zebrafish of age
at | east five days post WO 2805/ 080974
PCT/ GB2005/ 000583 43 fertilisation for nol ecul es of
960 daltons or greater, and at |east ten days
act199§? EeathLL ZaL ] O f of R RGUI8S QEelﬁigoﬁhggaggobarrler is
ons, with direct del'ivery of the test substance
obtapppdss the bl ood brain barrler where the stated ages
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equicebprit S€Sagdj €Etddrelidum@rithe brain or eye. 3. A
screening nethod to obtain a substance with biol ogica
activity in the central nervous system (CNS), brain or
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substance to test zebrafish fish, determning effect
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assay employs an algorithm formulated to take into account the
presence of and time of formation of a blood brain barrier in the

zebrafish.

5. A method according to claim 4 wherein the algorithm is
further formulated to take into account whether or not the test

substance crosses the blood brain barrier.



activity; wherein the nethod is perforned for

nol ecul es of 960 daltons or greater on zebrafish of
age less than five days post- fertilisation and on
zebrafish of age at |east five days post-
fertilisation , or is perfornmed for nolecules of |ess
than 960 daltons on zebrafish of age | ess than ten
days post-fertilisation andson zebrafish of age at

| east ten days post-fertilization, wthout direct
delivery of the test substance to bypass the bl ood
brain barrier, whereby a substance which has said

bi ol ogi cal 44 activity and has ability to penetrate
the blood brain barrier is obtained; where the stated

a f to. 7 braf S ro under stan
6. cggg %?oﬁéean aﬁﬁ“ﬁajﬁ%?%équﬂth 58Fgﬁgéﬂna?£ 3ri3hmed
brainnderrtendit i onsekteti Accel emat @etighebar d achbenengnissay
equi val ent, stage of devel opnent. 4. A nethod

for RopblEtatny gt e St Jwat%lml&wogpcgbe&lewww ngpvous

systkhe ( ggmraﬂ;rg}ﬁ{v&u%yseystem (CNS) brain or eye, the
nethod conprising a screening assay conducted by

adm nistering a test substance to test zebrafish
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forpulated to 0.account whether or not the
| S R o e ind Btosd B AT e bR RBr activity or
function in the zebrafish or effect of the test substance on a
symptom or a disease or disorder in the test fish,

thereby identifying a substance with said biological
activity,

wherein the method further comprises determining ability or
inability of the substance with said biological activity to cross
the blood brain barrier in test zebrafish of age at least five
days post-fertilisation for molecules of 960 daltons or greater,
or at least ten days post-fertilization for molecules of less
than 966 daltons, thereby identifying a substance with said
‘biological activity and which does not cross the blood brain
barrier;

where the stated ages refer to zebrafish grown under
standard conditions and are adjusted if the zebrafish are grown
under conditions that accelerate or retard achievement of the

equivalent stage of development.



45 6. Use of the existence of and tinme of formation
of a blood brain barrier in a zebrafish in the design
of a screening assay for a substance wth biol ogica
activity in the central nervous system (CNS), brain
or eye. 7. A screening nethod to obtain a substance
with biological activity, which substance does not
pass the blood brain barriedfs the nethod conprising:
adm nistering a test substance to test zebrafish
determining effect of the test substance on an
activity or function in the zebrafish or effect of
the test substance on a synptomor a disease or
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where the stated ages refer to zebrafish grown un
accelefifarrd E6RaATdi wsl&afmeaﬁeoﬁdtm%tmlwaltehe «z‘ecm%lfQﬁsh
deve Béghdftown under conditions that accelerate or retard
achi evenent of the equival ent stage of devel opnent.
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9. Use of the existence of and time of formation of a blood brain
barrier in a zebrafish in the design of a screening assay for a
substance with biological activity and which does not cross the

blood brain barrier,

10. A method or use according to any one of the preceding claims
comprising determining whether a test substance is actively

transported across the blood brain barrier.

11. A method or use according to claim 10 comprising determining

whether a test substance is actively transported into the brain.



8. A nethod according to claim7 conprising

identifying the substance with said biologica

activity in a test zebrafish of age less than five

days post-fertilisation for a nolecule of 960 daltons

or greater, |less than ten days post-fertilization for

a nol ecule of Iless than 960 daltons not effluxed by

pgp or |ess than eight days4ipost-fertilization for a

nol ecul e actively effluxed by pgp; where the stated

ages refer to zebrafish grown under standard
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rown under conditions that accelerate or reta
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braigd. Use of the existence of and tinme of formation of a

bl ood brain barrier in a zebrafish in the design of a

screening assay for a substance wth biologica
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test substance is actively transported across the
P-9lKFOBE°BT M n barrier. 11. A method or use according to

claim 10 conprising determning whether a test

substance is actively transported into the brain. 47
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transport out of t rain . nmethod or "use
p-glacepradiain tumryiane of the preceding clains

conprising determ ning whether a test substance is

transported by p-glycoprotein. 14. A nethod or use
15. amcoschag ¢10 Wy anerefinighe ophegednagotl 8h8Bpreceding claims

comprising determining whether a test substance alters p-

glycoprotein expression.

16. A method or use according to any one of claims 13 to 15
wherein the test substance is assessed both before and after

development of functional p-glycoproteins.

17. A method or use according to claim 16 wherein the test
substance is assessed on day 8 or 9 post-fertilisation as well as
day 10 or after, where the stated ages refer to zebrafish grown
under standard conditions and are adjusted if the zebrafish are
grown under conditions that accelerate or retard achievement of

the equivalent stage of development.

18. A method or use according to any one of the preceding claims
comprising determination whether a combination of test substances
have altered BBBR penetration in comparison to a test substance

given in isolation.



conprising determ ning whether a test substance
interferes with p-glycoprotein function. 15. A nethod
or use according to any one of the preceding clains
conprising determ ning whether a test substance alters
p- gl ycoprotein expression. 16. A nmethod or use
according to any one of clains 13 to 15 wherein the
test substance is assessed héth before and after
devel opment of functional p-glycoproteins. 17. A
nmet hod or use according to claim16 wherein the test
substance i-s assessed on day 8 or 9 post-fertilisation
as well as day 10 or after, where the stated ages
19. r%f@?tBde@br%§¢sﬁpgﬁﬁﬂmng‘dndewnstmwdafdthenprete@$ng claims
e t aflsh 2 rown u
Compgg%aﬁél%%gé%ﬁ f é%%éfgfé%é or 8%u8%F898ﬁ%E %%On
gradidetequi val ent stage of developnent. 18. A nethod or
use according to any one of the preceding clains
conprising determ nati on whether a conbi nati on of test
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a test substance given in isolation. 48 19
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concentration gradients. 20. nmet hod or use
a blaedopHrhy har kRt one of the precedlng cl ai ms
conprising conmparing relative efficacies of test
substances with desired activity in the centra
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1. A nethod Qr__yse ac%ordlng to ang one of
e t substa

arrier
comp?hel%gé%% ?QﬂQﬂQﬂrﬁgn lon © nce across the

blood-retinal barrier.

22. A method or use according to any one of the preceding claims
comprising determining whether a test substance is metabolised by

the blood brain barrier.

23. Use of zebrafish to determine whether a test substance is

actively transported across the blood brain barrier.

24, Use of zebrafish to determine whether a test substance is

. actively transported into the brain.

25. Use of zebrafish to determine whether a test substance is

actively transported out of the brain.

26. Use of zebrafish to determine whether a test substance is

transported across the blood brain barrier by p-glycoprotein.



conprising determ ning penetration of a test substance
across the blood-retinal barrier. 22. A nethod or use
according to any one of the preceding clains
conprising determ ning whether a test substance is
nmet abol i sed by the blood brain barrier. 23. Use of
zebrafish to determ ne whether a test substance is
actively transported across4Bhe bl ood brain barrier.
24. Use of zebrafish to determ ne whether a test
substance is actively transported into the brain.
offz t
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intez@prasishth eueherarnet admetiverctdaonest substance is
transported across the blood brain barrier by
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p- gl ycoprotei n expression. 29. Use according to any
one of clains 26 to 28 wherein the test substance is
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29 wherein the test substance is assessed
funcoipeal -Befkyaqersticdmsas wel | as day 10 or after,
where the stated ages refer to zebrafish grown under
standard conditions and are adjusted if the zebrafish
30. aiee growrdingddre cdrdint i2énshehat nachel ecat eswbst&ti@s di s

assegggélec%e@at 80fort I?)epo%%u'f\é%ltg 1sa§:age g.g ‘geei/lelggr‘rg ay 10 or
after, where the stated ages refer to zebrafish grown under
standard conditions and are adjusted if the zebrafish are grown
under conditions that accelerate or retard achievement of the

equivalent stage of development.

31. Use of zebrafish to determine whether a combination of test
substances have altered BBB penetration in comparison to a test

substance given in isoclation.

32. Use of zebrafish to determine body: brain drug concentration

gradients.

33. Use of zebrafish to compare relative efficacies of test
substances with desired CNS activity in the presence of a blood

brain barrier.

34. Use of zebrafish to determine penetration of a test

substance across the blood-retinal barrier.



31. Use of zebrafish to determ ne whether a
conbi nation of test substances have altered BBB
penetration in conparison to a test substance given
in isolation. 32. Use of zebrafish to determ ne body:
brain drug concentration gradients. 33. Use of
zebrafish to conpare relative efficacies of test
substances with desired CNSsactivity in the presence
of a blood brain barrier. 34. Use of zebrafish to
determ ne penetration of a test substance across the
35. bboadsfeldpal r DM M Slde RnidR wHe®n@l zehrati ?Hbg ance is
det erm ne whether a test sdbstance I's metabolrse %y
nmetabhélpedoely brle rbberd ikerain barrier.



