SCREENI NG METHODS EMPLOYI NG ZEBRAFI SH AND THE BLOOD
BRAI N BARRI ER The present invention relates to use of

wo pals/0849m4 particul ar zebrafish, in screening fBPET/GB2005/000583
substances wi th an opht hal nol ogi cal effect or
bi ol ogi cal effect on the brain or central nervous
system and/ or effect on a di sease or disorder of the
brain or central nervous system It further relates to
use of zebrafish i.n screening for substances that have
a desired biological activity and which do not cross
the bl ood brain barrier. The invention is based in
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bl ood brain barrjgs &,?EBEQL@@BJI]—; a_thtBl}j rigood brain
| efl

barrier becones esta shed at ned tinmes. Wile
all vertebrates have sone formof BBB, this barrier

is
poor | haracterised in |ower vertebrates . Wile so
T RS 1P e SNCE R t5on o) B6ht FF1 6a°Tn Phebartictlar

zebpaopehi i os ofrédelBRE I dudlseasicesardtABEABbEht BaUnological
n 0oss the BBB._ of tel eosts but not

nonoam . nes. can c )
effpGhent sbﬂ(%%%l%#é Teseta®t, hgoPraint PFecrREkAbWRET VOUS
sys88QUANALYE tder BBB G T4 lisdaRet @ 186raLLNEE SLLUSLAN L or
or function between vertebrate species. Furthernore,

centyal SRRAGWE tHeRten n fdmBarsherhseBBBest Fghreasst zebrafish
in EBf@é&D&ytf&FMﬁl ex@@%a%shgg%yana%ggggacg?%lo ical

post-natal animals (Ibiwye et a urg and
activppyl aitd #e0d dMagiqt 2608 thénblobdt heaimjbarrier.

benefits of the zebrafish as a nodel organismis the

ability to performscreens on juvenile stages, but
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brain barrier 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 teleostsg and
mammals, e.g. monoamines can cross 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 is 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 screens 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 biological



avai lable in the art. The know edge now provi ded for
the first tine herein has inportant technica
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subst ances that have desired biologicaleffects in the
brain or central nervous system ophthal nol ogically
and so on. In manmal s, the BBB provides a conpl ex
barrier to the penetration of,drugs into the CNS. The
capillary network in the brain is so dense that every
neuron and glial cell is no nore than 20 m croneters
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(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 movement of fluid and only minimal pinocytosis
(Brightman, 1977). The three component cells of the blood-brain
barrier are the endothelial cells themselves, the capillary
pericytes and the perivascular astrocyte foot processes
(Pardridge, 2003), all of which express a variety of enzymes such
as aminopeptidases, carboxypeptidases, endopeptidases and
cholinesterases which inactivate wmany drugs (Pardridge, 2002),
although the enzymes may also activate pro-drugs. Transporter
systems permit the entry of a variety of molecules that would

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



(Pardridge, 2003) , all of which express a variety of

enzynes such as am nopepti dases, carboxypepti dases,
werespepPri dases and chol i nest erases whi ch i nacPCa&B005/000583
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Addi tionally,certain nolecules freely diffuse across

the bl ood-brain barrier, but are actively effluxed by
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have a bl ood-brain barrier at all . There is evidence
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but there have been no previous reports of a BBB in
zebrafish. (Borg-Neczak and Tjalve, 1996) | ooked at
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brrsxi?ho,o3 iniil-g}eq:ce) Eg\a{g’ ayggen\f/eep!éripeegnfonro trreypp%rotp%an in rainbow
trout brain (Aldegunde et al., 2000), although the time course of
radiocactivity 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 BBB 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 Biology,

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



to date on whether zebrafish possess a BBB and i ndeed
there is also contradictory evidence suggesting
wa@eoosasr74 i sh speci es do not have a bl ood brai PCT/GB2005/000583
barrier. Bashaur (Bachaur, Failing, CGeorgii) exam ned
concentrations of polychlorinated bi phenyls (PCBs) in
various tissues of rainbow trout (of unstated ages) ,
foxes, roe deer and humans and noted excl usion of PCBs
fromthe brain of mammals in conparison to fish
concluding that the bl ood-brain barrier in fish nust
be less efficient than in mammal s. Khan and Deschaux
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Furthermore, it is recognised that the blood-brain barrier
gradually matures during development in mammals, with
permeability to small molecules 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 is critical
in the interpretation of potential blood brain barrier

" penetration in zebrafish, given that the evolutionary strategy of
zebrafish is to develop extremely rapidly to attain an édult-like
stage within 72 hours in order to be able to escape predatiomn.
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 wmany processes to be

studied and modelled at this larval stage when their small size



enbryonic brain capillaries (Wl burg and Li ppol dt,
2002) . Simlarly the devel opi ng nouse BBB shows
walewsosmed pernmeability to conpounds as it mat BEEEB2005/000583
(Stewart and Hayakawa, 1987) . These contri bution nmade
by the work described herein is critical in the
interpretation of potential blood brain barrier
penetration in zebrafish, gi§en that the evol utionary
strategy of zebrafish is to develop extrenely rapidly
to attain an adult-like stage within 72 hours in order
to be able to escape predation. Thus by day four they
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schematic flowhart setting oyt screening in
compound’s braln penetration in vivo.

Brief Description of the Figures

Figure 1 is a schematic flowchart setting out screening in
accordance with an embodiment of the present invention. Here, as
elsewhere here, reference to “post day 5”7 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 sét of bars represents
a single time point with solid bars representing saline injected
controls and shaded bars representing Evans Blue injected

samples. There is an age dependent decrease in the fluorescent



accordance wi th an enbodi nent of the present

invention. Here, as el sewhere here, reference to "post
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foll owi ng establishnent of the blood brain barrier as

determ ned herein. Figure 2 is a histogram show ng

mean fluorescent intensity in the brain of Evans Bl ue

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 tinme point wwth solid bars
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the brain, indicative of the exclusion of Evans Bl ue
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solid bars representing 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 thisg 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.£f.). Although similar in molecular weight to
sodium fluoresgcein, 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. Each 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.f£., indicative of the exclusion of R123 from the brain at

this time. This time point coincides with the onset of



nol ecul es fromthe brain at this tinme. Figure 5 shows
t he excl usion of rhodam ne 123 (R123) dye, a | ow
worelososioad wei ght dye, fromthe brain by 10 dapeT/GB2005/000583
postfertilisation (d.p.f.). Although simlar in
nol ecul ar wei ght to sodiumfluorescein, 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. Each set of bars represents a
single tinme point with solid bars representing saline
expy ey sictre Ay dins thed veRayéar bardopkigemi A RA® . Hence,
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there is a sharp age dependent decrease in the fluorescent
intensity in the brain at 8 d.p.f., indicative of the exclusion
of R123 from the brain at this time and coincident with the
expression of Pgp as detected by immunohistochemistry. This age-
dependent exclusion is reversed by incubating larvae in embryo
medium containing the Pgp inhibitor verapamil such that
fluorescence in the brains of these samples at 8 d.p.f. and 10
d.p.f. is equivalent to that observed at younger ages (3 and 5

d.p.£.).

It is well known that pharmaceutical research leading to the
identification of a new drug may involve the screening of very
large numberg 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.



intensity in the brain at 8 d.p.f., indicative of the
exclusion of R123 fromthe brain at this tinme and
wa@oisosent with the expression of Pgp as det et BABRY05/000583
I mmunohi stocheni stry . This age - dependent excl usion
is reversed by incubating | arvae in enbryo nedi um
containing the Pgp inhibitor verapam | such that
fluorescence in the brains of these sanples at 8
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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 target site. As noted,
the present invention provides an important contribution to the
design and use of new screens and assay methods, 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 nervous system (CNS) and/or exert

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



(Anichtchik et al ., 2004), retinal degenerations
(Goldsmth et al ., 2003), and sensorineural deafness
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phar maceuti cal conmpounds have been shown to be simlar
in zebrafish to manmal s (Langhei nrich, 2003), a mgjor
guestion regarding the utility of small nolecule
screening for a neurol ogical jor ophthal nol ogi ca
condition is whether a small nolecule wll reach its
target site. A s noted, the present invention provides
an i nport ant contrlbutlon to the design and use of new
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pre§§%%gﬁéﬁgi:L%bfﬁgkgﬁﬁgggl Cugggeg&lgggpghaglgﬁa ler 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 specifically, it is established herein that molecules of 960
daltons or greater are excluded at five days and molecules of
less than 960 daltons are excluded at ten days, except where the
is 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 be slower or
faster development rates if in particular the temperature of the

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



nol ecul es, effective blood brain barrier devel opnent
may be excluded later. Thus, in all aspects and
wenisaseyent s of the present invention, shoul d PCT/B82005/000583
determi ned that smaller nolecules are able to pass the
bl ood brain barrier at five days post fertilisation
but are excluded froma later point in tinme, then that
point intinme (e.g. 6 days o o/ days post
fertilisation) is to be substituted for reference to 5
days post fertilisation where the test substance is of
such smal | er size. Mire specificalli, it is
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s0eG) B titier TR GBYAPE: SRE>End® Al ddplslatt Tyt ield
(Lobbp aedradittsieArd Qe ynaemnedndtt&00s {heds) , specifically
accel erate or retard achjievepent, of the equival ent

a LePRYEA BIrRlel Thrent 2t ASCHNELEYAT i%h TS dgiagt Swilprvae

per P81 AW GemBRRY SndBBiYunD & 5S hWRECO! b ash e dRYE! @PIENMMCac,,
rates if in particular the tenperature of the aquarium

0.33 sml4| NgSOa, 0k 0i°F HelthvienenBleg) &ith a sl4udwir day, 10 hour
nig%@ci Q%fggﬁrature is known to accel erate

evelopne il'e lower tenperature retards
devel opment. Standard conditions involve grow ng
zebraf.ish at..a te rature of 28.5 0C . Mor
unad8 e i A RiToRe i) 88 FRBSEOHI oY Hipoes are
rea¥sd esdf i®l B (EHRO5)0 angsf uetheetdeéiped by Kimmel et al
., (1995), specifically a tenperature of 28.5 C at | ow
density (no nore than 5 larvae per m) in enbryo

(i) megli gy 5 rdNaGine Qtl GhAMhKEbpPeB3cdIMaf] 25t present in the

posterior gut, ossification is present in the operculum and the

sheath of the anterior tip of the notochord;

(11) 8 days - the time at which ogsification 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;

(1iii) 10 days - the time at which ossification centres are
evident in Meckels cartilage and the palatoquadrate, neural
arches are present on cervical vertebrae, ossification is

apparent in all cervical 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 equivalent developmental stage, i.e. 5 days

for zebrafish under standard conditions equates to appearance of



0.33 mM Mg2SHM4 , 10 5% Met hyl ene Blue) on a 14 hour
day, 10 hour night light cycle. . Under such

wa@eovdiogidans t he fol |l owi ng devel opnent al st agesPEr/€B2005/000583
reached at 5, 8 and 10 days respectively: (i) 5 days
- the tinme at which goblet cells first present in the
posterior gut, ossification is present in the
opercul um and the sheath of .tthe anterior tip of the
not ochord; (ii) 8 days - the]tlne at whi ch
ossification of the centra is evident in the vertebra

colum, Pgp is expressed in the vascul ar endothel i um
the sigatowead gg\sm@l @Ns<ahdahavar@@%pmwmaqmi%tswns the

zeb%ﬁ&ﬂ rértehg 'w?wLI (ﬂﬁ'l@h &\ég' %Og‘ t |n Slk%éxgtthat five

0SSl on centres are eV|
daysaffdn |zgperadnd ht Igeopwal atoqampleaamrmegmﬁtﬂ dies1 &% 5 °C or

ent n C rV|c ver ossi ficat.i [
Tac 8l SHEN A Bares 2y SRR REASh ST Rl g et ure lover
thar\cxorgicagly, smﬂaﬂ@rlﬁf@rm duatRie tho appebotitRJod the
method at 5 , 8 or 10 days, an_alternative definition

featgirashel éqd Péd tl.lﬁrea?ogvsya%f Y e 1B HE R VARG anCe
of deyelonnriial istageati (211p d8ysefor zebrafish under

standard conditions equates t o appearance ofthe
Tak ¥rechtirtes ddosued aﬁreaylaaovélﬂmrfmt%\mrm tdfons

concﬁ{a\ﬁ T Z?rL l%%]p ':fowe sm@hgﬁrg@ c% tcﬁ@%fﬂée excluded by

ays or ze grown at
betWﬁrpeiaa_s,t U exngr eat eentthasp28isl DL thmIerdat}ham a‘nd/étl and in

for ze rafish mm t te atur.e | ower
par5%¥€ Q¥I13rlvg 848§ lgaun?§£u¥cw eaﬁgﬁ'ca e by
betwdwn fRat & esd i1%t, ednat eépéa:labbyao@mﬁeélﬁ) atay s emitati®s and in

t 0 appear ance of the features listed at (iii) above.
particular 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 system.

For example, 1if 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



Taking into account variation arising fromalteration
of conditions, nolecules of |ess than 960 daltons may
wheoosnglonded by between day 7 and 13, and esperCHEIGB005/000583
between day 9 and 11, and in particular by day 10,
with active efflux where applicable by between day 6
and 12, and especially between day 7 and 10, and in
particular by day 8 . The prgsent invention for
exanpl e provi des a nmethod of 'screening for a substance
wth the desire effect wherein the nmethod is
substantially as set out in Figure 1 . "Conpound x "
were efelkvered tedihes lpyeianeet fReSpreteprerhvidm idppired
: V, ) - :
o R T et abd PETIOrEeh RoPSt AR Eid o ey prain
becdyaze i ¥ doda rndie calosentbeoblkndwbedie bdvorter origl iyoreld a
-_-0f a blood brain barrier_in zebrafish, fals egati ve.
Faldl Poyad Fodi THE 1 eQUPEL Ry B8 bBEat e T Sice without
knowaad cthatg fiadresukstantesdwbirhiainbetteet afrdde Wadn the
or central nervous system For exanple, if screening

subgianet (HIMY A "HHe BLS68THr &PR BRPFFARChRS rftmatpeful

for (2Sh A8F BIdN IR )5 16R@ BEBS8BLchIVEPESES) dR&D though if the
subst ance that could exert the desired biol ogica

riglef fdekivery tiRice el dergd gdrerelpr ko bihe doesimotr eye)
the eé‘@éét%értteei 4RI b'f%'c@gbéahséffﬁf%oi‘ma%hi@Jirﬁg‘g lipvar ed
specifically to the brain because It does not Tross
bioldwiddloorffmadi.n barrier will yield a fal se negative
result. A person testing that substance w t hout
knowi ng that there is a blood brain barrier across
On i cbthdie st dfceuednaokepass W& | pediSowsd ddihg zebrafish
substance as not usefu] _ °
prior to formation of t%e blood brain barrier (as determined by
the present inventors), then 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, wmoreover, 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 person 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



for achieving the desired biological effect, even
though if the right delivery were used (e.g. directly
WO pa06/08G924 br ai n or eye) the substance woul d i nPE¢BGB28/000583
useful for achieving that biological effect. On the
ot her hand, if such a search is perfornmed using
zebrafish prior to formation of the bl ood brain
barrier (as determ ned by the;present inventors) ,
then a result may be obtai ned equivalent to a fal se
positive result. For instance, a substance may exert
t he, desired, bjological effect in the screen, but then

biojeghrat AFLivEHUTR & F6E8GTe TPRTI $Sndesiphedt brkirgsinto
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di scarded as not useful, after some significant I nput
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account the edge prov ded b he p esent
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enbodi nents of the present i nvention

n
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croégetl%%cpcﬁ%fhlk}?rﬂdﬁle'rn ZgRr bt by iber OreliNalyr the

' ed person wll obtain better and nore usefu
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enbryos may be used prior to
In further embodiments, 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 eye.
Thus, a screening method may be employed to determine biological
activity of a test substanqe 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 its 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 crogs the blood brain barrier can be determined,
and employed for example in selection of iead compounds for

further development as drugs.



their formation of a blood brain barrier and
subst ances found to have the desired biol ogica
webdosos97Addi tionally or alternatively, substaPCESBREF/000583

be tested in fish in which a blood brain barrier has

formed, thereby establishing not only ability to exert

the desired biological activity but also ability to

cross the bl ood brain barrigh; An option is to deliver

the 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

bi ol ogi cal effect without limtation as to its ability
Thet%%fgﬂﬁﬁﬁ%ﬂgo | qad Arai pbaryi gf - ad '&ﬁ”&ﬁgﬂiﬁPlementation of

enbodi nent's, € invention provides for screening
biohetiveds sfureesgbshancpplihatiexerf appiesyristdiaddgicdal

activit iﬁ,the bod tbut al so_an que gred biol%% cal
eXp%ff:Jt"i‘%tt% on B8 PAESEP Tt REVCBET QT SF e 17 & o Lot al
zebFef IS ISS ttemeanaior aeyeunt htise exsora@ets ngf mHhadood brain

may be enpl oyed to determ ne biological activity of a
baryeaf WuFSHTde S8h@ o t8Et BHHT nel abfT | %a%F‘"Eﬁtﬂi%-bi lity

of the test substance to cross the bl ood brain

barrier, e.g. by determ ning whether or not the .
In substEhcermssarsidoenRppeBeat § ot yPLEe AT | Humntearemrovides

i, t.h | rain,..c r Vv : r eye when
cne fELdhe Ml degr o0 B PESVREEL AR Yoo cdge

about the existence of the blood brain barrier in

br af | sh ti fits, | i shent  al f
e &5 il g TBLAdOEt S8 HES g Ao I AT B of

met SEBL @t es, fumemdbibedbbabiin bential neramiss st ethe
and/ or the eye by virtue of ipabjlity to cross the

metﬁpg%kpqngﬁqf' HyéﬁP@gnfsg aeF%?Eiﬁ ’tance administered both

before and after BBB formation.

The invention is generally applicable to any of a variety of
diseases and disorders, and a range of examples is specifically
set out as follbws: The following diseases are common disorders
of the central nervous system. A common feature of all these
disorders is that the cell to be targeted by a therapeutic lies
behind a 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:



and enpl oyed for exanple in selection of |ead
conpounds for further devel opnent as drugs . The

W@ kioslogmd7per son is well versed in design and PCT/GB2005/000583
i mpl ement ati on of biol ogical screens and application
of appropriate control experinments. The present
i nvention extends to screens in zebrafish that take
into account the existence E the bl ood brain barrier
in zebrafish and the tine of 7its formation. In various
aspects and enbodi nents the present invention provides
the subject-matter set out in the clains below It can
addirkionahl y béSdéﬁ@rnined whet her a nolecule is

abol.i sed b | ood brain barrier by assessing
RS o B PR

ol Pte pro 'le by HPLC for a test substance
a@mmmhagebadsbntbehséore and after BBB formation. The

i nvention is gene | i cabl e.to any of a variety
0P1§P§§§§e¥lﬁﬂdm8Egﬁr%%?gg 1 aite of exanples is

sg%gbbb@@hgg set out as folloms The foll ow ng
di seases are common disorders of the central nervous
S\POTEMCOR2EFIMBAIERATHFEOBf al | these disorders is

'Neurtcg)%:ycgﬂ%tgglcl ai QoPgetar gﬁﬁ@ﬂl&ﬁ% therapeutic lies

a cellular barrier - the ood brain, or blood
r eipralssbaryi er. Reti nal degenerations, including:

o ¥ FarchaFaebEl (gl aucom) Denyeli ngati ng i sor ders
I reedhidiopdrektibt | pl e scl erosi s
Anxiety
Aggression
Sexual dysfunction
Miscellaneous, including:
Epilepsy
Headache
Pain A
Sleep disorders
Satiety

CNS / retinal malignancies

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

standard medical textbook.

The present invention provides for formulation of an algorithm to
apply in design of screening assays, taking into 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
known to be able or not to be able to penétrate the blood brain

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



ADEM Degener ati ve di sorders, including: Parkinson's
Di sease Al zheinmer's D sease Hunt ington' s Disease
whe®sasmws4+ Wi t h not or neuron i ncl usi ons Tauopat PCEEB2005/000583

Corti cobasal degeneration Neuropsychiatric disorders,

i ncl udi ng: Depression Bipolar di sease Schi zophrenia

Anxi ety Aggression Sexual dysfunction M scell aneous,

i ncl uding: Epilepsy Headache pain Sl eep disorders

Satiety CNS / retinal malignancies Rarer conditions of

the CNS and retina can be found in any standard

nmedi cal textbook. The present invention provides for
detﬁflﬁ‘iﬂrﬁﬁ%t‘“{fﬁﬂhofcoa‘ﬁlaﬁééiaﬂt fith Eomabpriylons dekigpegiments

emp Y SR D AFSAYS ort BEERIcLDLL BGEOURLAd NEid site of delivery

of test substance, nature of test substance, method of
determining effect and so on are employed in the screening
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 symptoms or signs of a
disease or disorder prior to use in screening for 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 disorder, 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.



exi stence of the blood brain barrier in zebrafish (as
determ ned by the present inventors) and the tine of
wo ecoosmsioan of the bl ood brain barrier, optionaPtGaR®6/000583
whet her or not a test substance is known to be able or
not to be able to penetrate the blood brain barrier.
By neans of an al gorithm c approach, the skilled
per sondet erm nes whi ch conbi pati on or conbi nati ons of
experi ments enpl oying zebrafish of particul ar age,
node and site of delivery of test substance, nature of
test substance, nethod of determ ning effect and so on
are enployed in the screening nethod. Furthernore,
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obtained in different experinents as Illustrated
of iebFafigle B .a Freaiest 1@ebhaﬁhsﬁom9dhbvleum d¥sqmsters .
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equal | 4§| cable to screenlngafor subst ances which
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Veréé%%%&é”1'ébféﬁ%é“§§4rahzﬁ%ti?us system brain or eye, -
whet her normal or subject to a disease or disorder, as

to screening for substances which exert a blologlca

The gﬁ@&ﬁté&at dal x’e%'&%‘c' L2 gfaggf:%hscyf@éxorg thique
| sease or I sor , |I'S t erapeuti c
commﬁmmﬁmbnumﬁ(1nVHn1dbrateosgamabmimsyaaﬁébwe&teﬂrate modelling
capabilities. They develop rapidly, with the basic body plan
already having been laid out within 24 hours of fertilization.
Moreover, their ex-utero development within a transparent capsule
allows the easy in vivo visualisation of internal 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 ul of fluid.
This permits analysis of individual embryos in multi-channel
format, such as 96 well plate format. This is particularly 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 may 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



The zebrafish is an organi smwhi ch conmbi nes many of

t he advantages of manmmalian and invertebrate node
Weymses®74 It is a vertebrate and thus nore rePEwaBR0NS000583

nodel s of human di sease than Drosophila or other

i nvertebrates, but unlike other vertebrate nodels it

can be used to perform genetic screens. A nunber of

peer reviewed papers highlighf and validate the use of

zebraf ish as a species in which to nodel human

disorders . [ Dool ey K and Zon LI (2000) Zebrafish: a

nodel stem for the study of human dji sease. Current
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rapidly, with the basic body plan already having been
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This is particularly useful for drug screening, wth
many chem cals being arranged in 96 well plate format

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 composition, 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



A popul ation of zebrafish in a petri dish or a tank
may be enpl oyed. A popul ation of fish may be treated
wo ogsismwr4 and nmay be tested together, e.g. VviBCT/GB2005/000583
addition of one or nore or a conbination of test
substances to the water. The zebrafish has a short
mat uration period of two to three nonths and is highly
fecund, with a single pair ofgadults capabl eof
produci ng 100 to 200 offspring per week. Both enbryos
and adults are small, enbryos being a few nm and
adults 2-3 cm|ong. They are cheap and easy to
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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 equates 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
important as DMSO is used as a solvent to dissolve many drugs.
The inventors have established that zebrafish can tolerate 1%

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



or exerts the desired biological effect, the use of
such a material in a nethod of nedical treatnent, a
woreaososhoconpri si ng adm ni strati on of such a naPeT/GaRo05000583
a patient, e.g. for treatnent (which may include
preventative treatnent) of a.nedical condition, use of
such a material in the manufacture of a conposition,
medi canent or drug for admnjstration for such a
purpose, e.g. for treatnent of an ophthal m c disorder
or disorder of the brain or the CNS, and a nethod of
. _maki ng a pharmaceuti_cal conposition conprising adm xi ng
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concentration in mammal s.
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 fish water.
Alternatively, the test substance may be injected directly with
the aid of a micromanipulator, into the CNS, for example into a

ventricle, thus bypassing the BBB.



Different test substances may be added to each well of
a multiwell plate, such as a 96 well plate, to

WO desnsdogs t hat test substance exhibiting a bene€i/cBados/noosss
or deleterious effect. There may be one or nmultiple
fish in each well exposed to the test substance.
Zebrafish are al so DVSO (di net hyl sul phoxi de)
tolerant. This is inportant ag DMSO i s used as a
solvent to dissolve many drugs. The inventors have
establ i shed that zebrafish can tolerate 1% DVSO. Thus,
a candi date drug or other test substance may
bedi ssol ved in DVMSO and adm ni stered to zebrafish by
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present invention. The sane test substance may be
added to different wells at a different concentration.
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Thus, in certain embodiments the invention comprises treating the
zebrafish, as discussed, with two or more substances, at least
one of which is a test sﬁbstance, and comparing the effect of the
two or more substances in combination to determine the optimum
effect (whether simultaneously or sequentially applied) on an
aspect of behaviour or physiology with the effect of either or
both of the’two Oor more substances when applied individually or
alone. Either 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 is the subject of

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

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



substances . In other options, a popul ation of

zebrafish in a petri dish or a tank may be enpl oyed
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nore or a conbination of test substances in.the water.

For delivery into the brain a delivery system may be

enpl oyed, for exanple using a |lipophilic delivery

nol ecule, with the whole "trgjan horse" being

adm nistered to the fish water. Alternatively, the

test substance may be injected directly wwth the aid

of a micromani pulator, into the CNS, for exanple into
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tﬂ““ggkgégbg%t%gﬁﬁgg%%ggpgd}nEﬁF%i ing effects, either beneficial

synergistic effects, or deleterious 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 use 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 disease 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
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the substances applied nmay each be a test substance,

or one of the substances may be a drug known to have a
beneficial effect in the disease that is the subject

of the screen, or at |east agseffect in the test fish.

The invention thus provides for screening for and
preferably identifying or obtaining a substance that
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Al'ternatively, the analysis may be of the known

therapeutic agent and the genetic nutation to discover
In atedwlargenewtdr ket argetnof ibesmefidn,i swonhigeaidsOonre

scrggﬁéhtég% %%pg%brafish in which administration 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 administered to test zebrafish
having one or more symptoms of an autoimmune disease and the
side-effect of other phenotype is assessed 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
either a battery of candidate substances, or together with
randomly induced genetic mutation. With the latter approach,

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



drug, or a genetic marker of use in predicting which
patients are nost likely to benefit (or not benefit)
wo e@asiogmescri pti on of the known drug. |n anot hB€T/GB2005/000583
enbodi nent, a conbination of potentially useful agents
is adm nistered to a test zebrafish having one or nore
synptons of a di sease or disorder, which may be
generated through addition ofzan 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
t he cogblnatlon is nore effective than either of the
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a mhekt$eneeRhDOpfori @l 4 efnallsdidentiekyipg or
obt ai ni ng a substance that anellorates one or nor e
side effects of an active substance,
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adm ni stration of such drugs, with proven benefi ci al

effects, through the co-adm nistration of an
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amount” or a “therapeutically effective amount” (as 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 responsibility 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 ofher
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



i nvention, an active agent is admnistered to test
zebrafish having one or nore synptons of an autoi nmune
walcmsasw7and t he side-effect of other phenotypeCT/€B2005/000583
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-adm nistered agent. In
ot her enbodi nents, agents that achieve the desired
therapeutic effect with a reduction of side-effects
can be screened for and preferably identified or
bt ai ned by neans  of assessnent of di sease phenotype
MY Rfd Ficde- 6FF E¥t 1phBRBETDe. € A s SHEATSGYer PEegHg or
intreRReduEents of the present invention, this may involve
co-admi nistration of a primary conmpound together with
either a battery of candi date substances, or together
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'atter approach, i.e. nutation, subsequent Stéeps dre
tablipgededpsuliedepbiviigrt beapprwipt i fadren .coit hebidpeutay include a
f.0ol ]l ow.ng identification of fish with mut ati Qn t hat
801l€?§ﬁr é&gaﬁuﬁﬁeﬁﬁoﬁai?EﬁﬂéP%éEt?@g%ﬁ rse i rtgry of
pharthadgutiikelcesppuRisi oss cderds 4116, LIGRAG. Eréﬁguﬁgigﬂﬁfier
may be used, or the Chenpridge PHARVACOphore diverse .
such &5hia&ESr | RECFPLPERy . 2R TR QarifsisddbliepPadsesmineral oil
or s@@%b&%ﬁcpéﬁihCubﬁgsiéléﬁiééfﬂéﬁ¥$ﬁ% YR8 cHSEdexS¥EBe or
[

as ion _channel libraries or G protein |ibraries.
otherpsperRAg IREeAPLRE ol | @n DY saciche asubshaheseugilngol,

186e60LA1 AL 0L JRNCE, W t esent ,i.n |,.Qn; the
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of the present invention, with adm nistration
referably_in_a "prophylactically effective amunt" or
ror QLS BBty | e O et e S 489 ERE TRse0hmy
injection at the site of affliction, the active ingredient will

be in the form of a parenterally acceptable agueous solution
which is pyrogen-free and has suitable pH, isotonicity and
stability. Those of relevant gkill 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 techniques and protocols mentioned above can be found
in Remington’s Pharmaceutical Sciences, 16th edition, 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:



be, al though prophyl axis may be consi dered therapy)
this being sufficient to show benefit to the
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and tinme-course of adm nistration, will depend on the
nature and severity of what is being treated.
Prescription of treatnent, e.g. decisions on dosage
etc, is within the responsibglity of general
practitioners and ot her rmedi cal doctors.
Phar maceuti cal conpositions according to the present
i nvention, and for use n accordance w.th the presen

1. |ﬁvEﬁ?FoﬁUbﬁ%?n?%c+%d%i‘?%tﬁﬂgl i &7 5o FAEH étﬁer Sior to
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the Knewaseosthbse eRiiflar itha Hedotion ok ﬁraeerdrtaeése state.
hoyl d AL shod d sheh ) Rkerbebes wih the
The %%Fsgagggoggﬁﬁéggéﬁ?ve |ngred|eht yl 5recr§£&nature
proph&lehelcachEmicel otherlannaawamdnmq Mhdebewéveﬁtﬁhehe
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generally include a liquid carrier such as water,
petrol eum animal or vegetable oils, mneral oil or
5. SysLhetig oil eghgéf % gﬁl %%khﬂﬁn§9!%&b%nthe initial
dextr 658 of ~o er sacchari de solution or glycols such
disecaseethykene gl ycol, propylene glycol or polyethylene
gl ycol may be included. For intravenous, cutaneous or
subcut aneous i njection, or
The following additional steps are highly desirable in gcreening,

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 figh.

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

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



injection at the site of affliction, the active
ingredient will be in the formof a parenterally
waecwsps®@ e aqueous sol ution which i s pyrogen-pPEéT/eB82@8m00583

has suitable pH, isotonicity and stability. Those of
relevant skill in the art are well able to prepare
sui tabl e solutions using, for exanple, isotonic
vehi cl es such as Sodiun1ChIQ ide Injection, Ringer's
Injection, Lactated Ringer'S'Injection. Preservatives,
stabilisers, buffers, antioxidants and/or other
addi tives may be included, as required. Exanples of

4. t €chphyaeshantmprooserpresftitd GfedCibofe addnwee 1okl that
Ln Rem.ng 's P i cal Sciences, 16th edition,

of tagogfugg.&%gﬁ)?1?€%g§£$#%'application of a test
substance to zebrafish in a screening nethod may be as
follows, in,accordance with e dinents of .the.present
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augiientBtebhh8E Brperciculde @ppeatantehok thetdics@asemutation,
state, at the tinme of induction of the disease state,

as fellgMeer the induction of the disease state. The first

" two situations are nore likely to identify a

prophylactic chemcal, the latter a drug which reverts

1. tHeddiceegseettat wubatkor othierusdl amphetht SPyeance
may be a chem cal and nay be a random chemi ca
adm ni stered in a highthroughput fashion to fish in 96

2. Wwadduplatié skasmatiave thsel@ttaey cferbbealalaye-ni st er ed
to a clutch of fish in a Petri dish. 2 . The fish is
then screened for deviation fromthe initial disease

3. Stfnikherf ekkewcAgmadditi onal steps are highly
desirable in screening,

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.



and their use is provided by the present invention in
preferred enbodi nents : Rather than add a single
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i nstance, a known therapeutic agent may be
adm nistered to all fish at a dose -at which a further

beneficial effect could still be detected. A random
chemical library is then addegl to fish and an
i ncrenental effect screened for. 1 . Induce an

aut oi nmune di sease state by the adm nistration of

' ies to fish. 2 . Admnister drug 1 to row 1,
mm%%?@%%rowz, etc. 3 . Admnister drug 1 to colum

1, drug 2 to colum 2 etc.4 . Conpare the
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| S Qreat than either alone. 5, The nutated gene is
1) 45 Ve Todnef: ErLItE iR IR R e aeRE dial sac
of larfuae Ifatonezbadygepbsef rebeil lvertdon(@ld @S to 1 month old.
Jdentificatiqgn of genetic factors which hel p determ ne
0-9% & IFSi dPRESSAoRS a2 paPRTERX} ar t herapeutic agent
for a given patient. If the

2) The larvae were left to develop for 6 hours to allow the dye

to penetrate from bloodstream into tissues.

3) The larvae were viewed under fluorescent dissecting scope

(TRITC filter) to ensure that dye was present 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.



mut ati on augnents the effect of the drug, that
mutation is searched for in human honol ogues .
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prescribed the drug. If the nutation |eads to a
del eterious effect or lack of effect, then patients
shoul d avoid this drug. EXPERI MENTAL Evans Bl ue dye
(961 Da) was used to investiggste the presence of BBB
in zebrafish larvae. Evans Blue is used in rodent
studies of BBB and is excluded fromthe brain if the
BBB is intact. In rodents, Evans Blue | eakage is
observed following brain trauma. 1) 2% Evans Blue in
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Resthis | arvae were viewed under fluorescent dissecting

scope (TRITC filter) to ensure that dye was present in

bl ood vessels . 4) Larvae were anaesthetised and fi xed
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METHODS

' Husbandry

Embryos were collected from matings of adults (TL, AB and WIK
strains), reared under standard conditions (Westerfield, 1995).
Embryos were reared in embryo medium (5 mM NaCl, 0.17 mM KC1,0.33
mMCaCl,, 0.33 mM Mg,80s, 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.f.) to 30 d.p.f. were injected into the
pericardial region with 0.5 to 2 nl of dye or saline control,

depending on age, using standard zebrafish egg microinjection



Evans Bl ue injected sanples using Anal ysis software.

Mean fl uorescent intensity was cal cul ated for each age
w@e@aps®y4 Mean fluorescent intensity in Evans BLT/€B2005/000583

injected vs saline controls was conpared by neans of a

hi stogram (Figure 2). Results Hi gh | evel of

fluorescence in the brain at 3 d.p.f. provided

i ndication that Evans Bl ue c¢fpssed into the brain and

the BBB was not established. By 5 d.p.f., brain

fluorescence in Evans Bl ue injected sanples was no

differeﬁt from,sal.ine intected sanpl es, denonstratin
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Quantification of dye fluorescence

Sections were visualised without mounting medium by fluorescence

microscopy 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 each midline section of each larva in each

treatment group using colour threshold and area measurements in

AnalySis. Mean values, standard deviationg 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% glutaraldehyde
in cacodylate 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



pericardial region with 0.5 to 2 nl of dye or saline
control, depending on age, using standard zebrafish
weg@smsoroi nj ecti onapparatus (Westerf ield, 1986)/GB2005/000583
Fish were transferred to fresh enbryo nmediumto
recover from anaesthesia, then viewed using a
fluorescence dissecting mcroscope at 1 hour intervals
to determne the tine of upjpke of the dye into the
circulation and the tinme at which dye had perneated
fromthe circulation into non-vascul ar body tissue.
Dye and saline injected | arvae were anaestheti se q£.4
gn 111ps

with oy hrRF e Hourdihed Chr&et o and Frxed i n® 4%
om1oRaL Lo gl dehyde dfpPBS: sbOxlvar vae per age group and

Injection treatnment were enbedded in Sakura Ti ssue-Tek
OCT Conpound (Bayer, Newbury, UK) and frozen

Pgp %§§§§§?iéﬁ?! sec%igns rere cut at 10 nmthi ckness.
antification o e flyorescence, Segtions,

Larvepsahl b sed v t%tlmrﬂ-ifng WEHFuﬁ%ﬁfraf Fﬁogé\sﬂﬁg‘%cae“d
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fixed in 4% gl r ' t
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(Olympus) and AnalySis 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 liquid 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



hours, then washed in cacodyl ate buffer before post-
fixing in osmumtetroxide. Sanples were bul k stai ned
wowdok/osmwanyl acetate, dehydrated in ethanol anBCT/GB2005/000583

enbedded in Spurr's resin. Thin sections (5 nm were
prepared with a Leica Utracut UCT, stainedw th uranyl
acetate and lead citrate and viewed in a Philips CM QO
el ectron mcroscope at 80 K4, Pgp expression Larvae at
3, 5, 8and 10 d.p.f., were %ixed in 4% PFA and
processed for cryosectioning as described above. 10 mMm
sections were then washed.in PBS and Pgp (Abeam
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Larvae were~incubated Tn the drug for 1 hour at room
tenperature, then anaesthetised on ice. For whole

aaait'RKs ARRL¥SL8e:BRAILAC L a8 VAT e LR SUNeY,
simvastatin and pravastatin, 'in that 10 ulL 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 ESI
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 absence 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.



m crofuge tubes and all excess |iquid renoved. For
brain versus body uptake anal ysis, |arvae were
war@ssstwsed by chilling then decapitated usi npCT/iGB2005/000583
i ridectonmy scissors. Head and body tissue sanples were
collected in separate m crofuge tubes on ice and al
excess |liquid renoved. The total weight of tissue
sanmpl e was nmeasured. The sagples were then frozen at
-20 OC prior to extraction for HPLC. For subsequent
HPLC anal ysis, tissuesanples were thawed and an
initial extraction perfornmed using tertiary-butyl
net hyl ether (t-bme) . The sol vent extract was then
evaporated and reconstituted in I Macetate buffer pH
Beha? 3 burE8T bHET §i§%1ﬂ%v¥ﬁz§; ehlg eegowsi-ag a m xed- node

catl on- exchange) solid - phase extraction nethod. The
Larvekuat e3was @v&pﬁ}aigﬂjhnyeﬂ@05ﬁ§pﬁﬁggggdlhnto 96 well plates

(Mi lgEthangllaﬁgélﬁl oﬁ?% < Lgﬁ%ﬂhecbbﬂﬁ§19ﬁr§¥téﬁgifgls was

Wer é na system using a Waters
perfS)H?(H&t t 3 Shé ebell 1 50 ve 83 w3)hRRS fasal peircukltol uFhe final

Sanpl es were anal ysed by full sca ,LCVB, under -APCI
volumeneft PEREYP npesit iRRF (it Inids. 2 uéBﬁGNEPoHQOaP@- Master

LV a aMBIME $eaR RRr AtRLeLSsar 8oflb¥aBrafion.
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seda@ﬂabyaedgbyhiuhldseannk@MSkME @E@erdESﬂocgnddunsmsalhon-
positive ion nmode for sinvastatin_and negatiye | gg tock
sedapdde HlongpERRRSEAE? MOt CRBTiHi0RS ar & 8 veh i“ﬁs bl B°€

O BFF el B Bp ENT B o Gt he e Bt anet g plate:
12 wehadamweme EQB up for each compound at each larval age.
Activity was recorded 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.

Tn 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 orthologue
In silico cloning identified a potential zebrafish orthologue of

human Pgp.



Rhodam ne 123 was dissolved in 10% EtOH in 0.9% sal i ne
to make a 0.5 ng/ Ml stock. Dye exclusion experinents
woroosagosae at 3 , 5, 8 and 10 d.p.f. were perfpPeTes2@s/000583
descri bed above using 0.5 ng/ M rhodam ne 123 in the
presence -or absence of verapam |. Larvae were exposed
to verapam | at 50 ng/m for 2 hours prior to and
during intrapericardial injegfion of the dye and for 3
hours after injection. At 3 hours after injection,
| arvae were anaesthetised and fixed in 4% PFA prior to
rocessing for frozen sections . Quantification of
Zeb R SRR (P Phe Pbearin RLODBER P W 86 dresed | frghion
Pgp AhOVEkpRaE QY %'hea%ls}éﬁ&érf ehhovh &0; dlf Ugr SXROSHIL at 8
Larvae at 3 , 5 .p.f. were transferred into 96
d.pwlelang|siase s Mhelfle@ért@)-’ cont ai ni ng enbryo medi um
Behavi oural analysis was perforned in 96 well plates
with 1 fish per well. The final volunme of enbryo
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B

of SHRILHEEs 3 oSS ft-he PBBRA B et¥ o+ EdF Qi feom dhpdiead at 10
d.p sedatiAgyArug tt Q@bs@ogﬁenﬁﬁBcapésecgm Bii & Hipfe ed) in

master stock of test conpound was a de to each wel
sampkeg L scdednifng apidaps. 192dvel s were set up for each
conpound at each larval age. Activity was recorded
within individual wells of the 96 well plate over an 2
The r@momqe@d:wsmqnsuhgvosl bas T eorigSyisnde guti o et rarid agent was

of t n_total ac cal cuI at ed for
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at wfionar e&ime points. Sodlum fluoresceln, llke all other small
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

d10 zebrafish.

Zebrafish show active transport of compounds across their blood

brain barrier



RESULTS Zebr afi sh show anat om cal evidence of a bl ood
brain barrier TEMat 3 d.p.f shows no evi dence of

WO 2@hsjoahct i ons. In contrast TEM at 5 d.p.f. BODGB2005/000583
tight junctions are present in sone but not al
vascul ar endothelium w th a gradual maturation
henceforth. Zebrafish possess a pgp orthol ogue In
silico cloning identified agpotential zebrafish

. orthol ogue of human Pgp. Zebrafi sh express PGP in a-.
developnentally regul ated fashion Pgp is expressed in

vascul ar endothellun1of t he

t 8 d.p.f d
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Cross i stributed sanpl es at

rhoddmpné. 12hd at 10 d.p.f. The fluorescence intensity of"’
test conmpound and control agent was neasured in the
brain of zebrafish follow ng peripheral injection at
various time points. Sodiumfluorescein, |ike al
ot her small nol ecules tested, perneates into the brain

DISCHSSEPNday 8 but is excluded fromday 10. In contrast,
Evan's blue, a nuch larger nolecule known to form
tnultiners, is excluded fromthe brain fromd
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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 membrane associated proteins.

Fish brain epitheliél barriers have been studied anatomically in
a nuﬁber of species by electron microscopy (Nakao, 1979). On
ultrathin sectional electron microscopy, tight junctions 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



functional effects of drugs Antihistam nes known to be
non- sedating in humans due to their exclusion from

WO b@slos@rsar wer e observed not to have a sedati neCEGBe@s/000583
on dl O zebrafish, in contrast to those anti hi stam nes
known to have a sedating effect in humans on account
of their penetration into the brain, which also had a
sedating effect on dl O zebr¥i sh. Zebrafish show
active transport of conmpounds across their blood brain
barrierR123 is rhodaminel2 3 , a fluorescent substrate

have f%iovﬂg pnﬁ.x@ —adyd pigt Labhen,ahcY e6APEM ket @ iU DI Ht0Mmore
of pgp, lTeads to penetration of rhodam ne 123 into the
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5, w%?ﬁot? at £y Protigins 1 Hgsh RbakbueRLt Bebhals bagdh e H1ue
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(whibly wiectonstimiay dsgopyuliakgss) 107298 exchuded rarem ehis
. Seqti lectro LGl o tight . t ar
cime SO OO0 SLEEON NG CTERRY ey O UOE: 0 005 v =
drugAeike agesl Dfmolecules until the BBB has further matured on
day 10, unless there is active efflux by pgp, in which case

effective exclusion occurs from day 8.

The zebrafish BBB possesses functional active transport systems
B good clinical example of the role of p-glycoprotein efflux is
the explanation for the non-sedating effects of second-generation
antihistamines, these being 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 excfetion 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 (aquatic toxicology 2000) summarise expression



adj acent cells (Farquhar and Pal ade, 1965) . On freeze
fracture el ectrom croscopy, they appear as a

W@ 0usiogneeus anast onosi ng network of tight juncP@DGB2005/000583
strands of ripples and conpl enentary grooves
(Staehelin, 1974) . Rascher and Wl burg (Rascher and
Wbl burg, 1997) |ooked at ultrathin sections of adult

carp and showed tight, and gap junctions and
desnosones in the arachnoi d nmenbrane. The sanme paper

denonstrated a gradual maturation of the tight
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is the explanation for the non-sedatin
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tran@EBEHXEQSEEQEW?ﬂféﬁ”éﬂé]Steln, 1976) . Indeed, as a result of

transport proteins such as the p-glycoproteins the net effects of
a variety of hydrophobic drugs, such as digoxin, cyclosporin and

loperamide, is relatively low (Schinkel et al., 1996).

Models of blood-brain barrier involving cell culture systems play
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 regulated 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.



unlike their first generation counterparts (Chen et a
., 2003) . For exanple, hydroxyzine, diphenhydram ne
wa@r@sngiops ol i di ne are all sedating anti hi st anm PEBEGB2005/000583
wher eas | or at adi ne, desl oratadi ne (the active
metabolite of loratadine) , and cetirizine (the active
net abol i te of hydroxyzine) are non- sedating. Pgp is
present .in epithelial cells3agpecialised in the
secretion and excretion of undesired nol ecul es,
particularly in the gut, liver, kidney and BBB
T%BLE glycoprotelns under go extensive posttransl ationa
i fications, including phosphoryl ation and
LCc cohydesyhati on. There are at |east 3 types of
p-gl ycoprotein type in mammals. Bard (aquatic
t oxi col ogy 2000) summari se expressi onof pgp-Ilike

proteins in fish in figure 2, although do not report
BBB expression W have shown here both anatomical an
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Stein, 1976) . Indeed, as a result of transport

proteins such as the p-glycoproteins the net effects
of a variety of hydrophobic drugs, such as di goxin,
cycl osporin and

TABLE 2

MS Scan Parameters

Drug [M+H]* CE Isolation
| width
Loperamide 479.0 39 4.0
Haloperidol 377.0 50 4.0
Scopolamine t 304.1 36 2.0
Diphenhydramine 255.9 28 2.0




| operam de, is relatively [ow (Schinkel et a.l.
1996). Model s of bl ood-brain barrier involving cel
W@ os08®76yst ens play sone role in assessi hg WleT/B8r005/000583
drugs may cross the blood-brain barrier, but are
limted in that transport systens and bl oodbrain
barrier enzynes may be severely down regul ated or not
present at all (Terasaki et3al ., 2003) . Furthernore,
they do not formrigid tight junctions. Zebrafish may
therefore be enpl oyed very usefully in determ ning
I%BLgh?ther a conpound penetrated the BBB in an in vivo
Sifuation. Mreover, these results allqw for the
LC cpreilbhaPs sErE et A of 2 sl AN EVErES “8r ONS and
opht hal nol ogi cal endpoints in zebrafish. TABLE 1 LC
conditions TABLE 2 M5 Scan ParanetersTABLE3 LC

conditions for pravastatin and sinmvastatin TABLE 4 M5
Scan Paraneters for pravastatin and

Timegj myast af it REPEREREEER B¢ (1&g aRAECRTE t5F1e 3| BYWZzoolRate

(ming®89) 280nLukFlky- S5 . Ani¢htchik et al. J|fepsgehem
2004; 88: 443-53. Barut, |[B .A . and Zon,|L.I. (2000).
Physi ol ogiséal Cend@wiays 138im9- 5]1PrRYrg- Neczak et al
Foxieot—tet+—1996—84—307F 12— BrioghtmnEtxp—Eyre—Res

0.0 1977; 25 é&ppl 129 25, ¢Rén et a?b Dr ug Rﬁ?gb Di spos

3.0 2003; 312312 - 820 Dohrimpon GJ. | 8be chorol.d plexus: g
historical review BrainlRes

3.1 0 0 100 100 0.3

4.0 0 0 100 100 0.3

4.1 40 60 60 40 0.3

5.0 40 60 60 40 0.3

TABLE 4

MS Scan Parameters for pravastatin and simvastatin

Drug [M+H] " CE Isolation
width

Simvastatin 419.1 22.0 3.0

Pravastatin 423.1 30.0 2.1
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met hod to obtain a substance with biological activity
in the central nervous system (CNS) , brain or eye,
the met hod conprising: adm aiistering a test substance
to test zebrafish determ ning effect of the test
substance on an activity or function of the centra
nervou st b aln e effec the test
Tera§8%§t§ cg}iOnB 10 rﬁtﬁ é%<né§95se orgé S6rder of the

Tsujﬁe@EraH nﬁﬂVODﬁu§yBéIﬂn Fairvor; ewe af77theotest fish,
er.eby ident substance with said blolggica

Mestagtr oty RARF cFRE FHRr 4 ot ST afc S rEok G ChG  Laboratory
Use Benethate;the i@t@pgl i dx barydielerand t B¢ eLBed bSess,
performed on zebraflsh of any age; or the test
EugegghsPaREE™ s known not to penetrate the bl ood brain
West%@%&'eiet[i %%daﬂhesgtﬁitl?éﬁds 'ﬁ1 FE‘aerlflo QﬁdD%r\}ei%%ﬁt%Htghl g&ology
'ess than five days post-fertilisatio or
1997nDBecaW5386f 960 daltons or greater, less than ten
..days .past-fertilization ul es of |less than 960
Whlt%&%ﬁgng hSPrgﬁf?kx %6%y %ﬁ Gy%gﬁbteln (pgp) or |ess
Wolblulran eei ght daysuposmafmﬁddtlznnz ;o gf:on28BBEcuUl es
actively effluxed by pgp, and/or is performed on
zebrafish of age



at least five days post-fertilisation for nol ecul es of

960 daltons or greater, or at |east ten days
w@omsA8mwrsi |l i zati on for nol ecul es of | ess thanP@BGB2005/000583

dal tons not effluxed by pgp and at |east eight days

post-fertilization for nolecules actively effluxed by

pgp, and conprises direct delivery of the test

substance to bypass the bl oed brain barrier; or,

wi t hout knowi ng whet her or not the test substance is

able to penetrate the blood brain barrier, the nethod

CLAIM% performed on zebrafish of age at | east five days
—po6stfertilisation for nolecul es of 960 daltons or
greater, and at |east ten days post-fertilization for

mol ecul es ,of | e han 960 daltons, with direct . ,
1. 81 PORPETORS: FiELhEd: L PRt AR #He B pagdogical

actiRfigin iBathkebent VAEr BetROuSIAIAGRIRNEl rali® or eye, the
zebrafish grown under standard conditions and are
methedj ¢orpa1isinghe zebrafish are grown under conditions

t%@hiﬁﬁ%%%ﬁgea% Letay @ﬂlﬂ'ee“cedmd%tst"fze‘b'}%gish
equl val ent stage o? developnent. 2 . A netho
acetedinaging efaeat lophehrei resgaisdiditeecte del evepygtivity or

Qnprises, Lnj i Into the brain or eye. 3 . A
rancf Bl RO EROt R BOL T IRt andE o R 65! ofF c&f fect

of taet ibeisty substhaceeahral syrgstwan s s tdEmeENShr, dikairder of
or eye, the nethod conprjsing: admnistering a test

the CoREFANCBFEOobEsEYEET ArY R [ Sh o lr TR NGOt FoEb:
ofchkkebliestenUREY 8RG € 0SB Afdd Wilth @ailu Mbh@?i@fﬁl

the central nervous system brain or eye, or effect of
actifhéYrest substance on a synptomor a di sease or

digardey . of

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
bfain 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 effiuxed 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 melecules 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-



the central nervous system brain or eye of the test

fish, thereby identifying a substance with said
whrebogiocal activity; wherein the nmethod i s perdDGBR@S/000583

for nol ecul es of 960 daltons or greater on zebrafish

of age less than five days postfertilisation and on

zebrafish of age at |east five days postfertilisation

, or is performed for nol ecyhes of |ess than 960

dal tons on zebrafish of age |less than ten days

post-fertilisation and on zebrafish of age at | east

t.en _days_p st-fe til] zatl ut direct deliver
fert&ﬁ1§ﬁ§¥ nsgoguﬂg ghe e?o g%ass H%OHE 56d FBES %ﬁr’ ahd at
leashatenedayBhpbeby farsubsianam it mdlagudaisdof less than 960

bi ol ogi,cal agtivity and has ability to penetrate the
dalqﬂnﬁodWBFBlﬁlﬁﬁFFlé?l%%e%%t%ﬁrﬁﬁf Rﬁ%&régFﬁ§a§F§t§8 Byesss the

blodebehihopzekrati sh grown under standard conditions and
are adjusted if the zebrafish-are grown under
cherei 6hs Ehatedcestrrmbenrta @te@rr@fa@m e¥ementngpr

staﬂ#% d?@gh&§£§85 S&ﬁgeafé Qﬁﬁ%%o oglca ér%%EEBd %%ggrown

taining a su Bstance w1 act|V|ty I'n
undegerbnal thengoubasbysteal ¢1GNS) ,orbraitardr acydeveentevhotdhe

risi a screenin say conduct ed by
equ%ﬁ&ﬁ%ﬁFsﬁgggﬁgog ?3%? %ﬂ% Stance to test zebrafish
whereby a substance with said biol ogical act|V|ty i's
obt ai ned,. wherei_n design of the_screening assa

eRpFE{ECEn a5PGERLRENT S o‘?lrﬁﬂ“ét]ed"hle& StEk &3 At 611§€€BuﬂFllverY

co}nﬁﬂ%e@r esgBeei0h 2AEL!LNE WiafDiUmiden of a blood brain
barrier in the zebrafish. 5. A method according to

claim4 wherein the algorithmis
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 biological
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 lesg 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 biological



further fornmulated to take into account whether or not
the test substance crosses the blood brain barrier. 6
WO 208588m92£ni ng net hod for a substance with bi oPOLGB2005/000583
activity in the central nervous system (CNS), brain or
eye substantially as set out in Figure 1 . 7 . A
nmet hod according to any one of clains 1 to 6 further
conprising fornul ating the qltai ned substance with
said biological activity into a conposition conprising
at | east one additional conponent.8 . A nethod

act S ERPACROC GaF ¢ FY ot SHUALIE ol ] &1 o0Ar PrafRppaseier is

obtagxedpient . 9 . Use of the existence of and tine of
formation of a blood brain barrier in a_zebrafish_in

t Hoegestan 8Fahedcreen RS & Zehad 18th Sraite UREER

stanRia@ogbaak achkVhhy Lie tA8 LA alr ReV oS S¥$LEMre grown
( ), . brain or eye. 10 . 'A screening nmethod to obtain
undexy sgbdihneaswrhat brotobgrriie &t ingteyd wehdlevenpstanéethe
: 0 s.th in barrier, the nethod
equlg’%%ﬁl?s%ﬁé.@éaa?ﬁ ﬁ?gl?g%%{tg test substance to test
zebrafish determning effect of the test substance on

an activity or nction in the zebrafish or_effect of ., |,
¢ ReRerbpu kel ahERTIAY L RAGE R baeitgiesl Steivity
in tWeseedeial Nnnéhectiessvitesh, (ANBrebyraidendtd LyenNgtae method

substance with said biological activity, wherein the
comprdERBd PuPFRBRREBAPFFIRE RABIGHSY Ry aPMipdytering a test

substance to test zebrafish whereby a substance with said
biological activity is obtained, wherein design of the screening
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.

6. A screening method for a substance with biological activity
in the central nervous system (CNS), brain or eye substantially

as set out in Figure 1.

7. A method according to any one of claims 1 to 6 further
comprising formulating the obtained substance with said
biological activity into a composition comprising at least one

additional component.



inability of the substance wth said biologica

activity to cross the blood brain barrier in test
waelsagiosh of age at | east five days post-fertPCT/682006/000583

for nolecules of 960 daltons or greater, or at |east

ten days post-fertilization for nol ecules of |ess than

960 daltons, thereby identifying a substance with said

bi ol ogi cal activity and whi ¢4 does not cross the bl ood

brain barrier; where the stated ages refer to

zebrafish grown under standard conditions and are

adj ust j f_ the zebrafish are_grown under conditions
8- thafm%%%% gFﬁfgd&PQrgPaFgaé@h?gV%ﬁE Ilggh?PEPmPOSltlon
comgefik el e npthasimageuel cdevel apoeptadle Venmihod @ccordi ng
fo claim210 conprising identifying the substance with
eXCIRA PN ol ogical activity in a test zebrafish of age .
| ess than five days post-fertilisation for a nolecul e
of 960 daltons or greater, |ess than ten days post -
9. fdigs 19z &hcorxisteacropécand bing ezt fdrmptoBo ddll teods ood

t | d [ .
brailf bﬂrfléixﬁ_g; gy.zegﬁ_lfag?s{qe§ﬁ EI@@”d@é%}IE Voe zasesfc‘flieenlélgofssay

post-fertilization a nol ecul e” a uxe
for pmyrubstereet e tht bttedogiesl ratervity ziebridfd stergrain nervous

unde ?ﬁgan rd_conditions and are adjusted if the
Sysg%grg |§H g%glar8ﬁneﬁﬁder condi tions that accelerate

or retard achi evenent of the equival ent stage of

devel opnent. 12 ., A pethod according to claim10 or
10. ¢ B SAYEE R REFRe8npPi SPRALE of MHRA GRS e [dbtaiategical

act Skibstanga oW klbsakdchi gbegi ged @iedd WHyY H1IMA drain barrier,
conposj tion conprising at |east .one additiona
the awfdwtesomPE3sing: net hod according to claim 12 wherein

th&mﬁQﬂB&%&thna 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,

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 960 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.



conprises a pharnmaceutical |y acceptable vehicle,

carrier or excipient . 14 . Use of the existence of
wae@snseye4 of formati on of a bl ood brain barri ePCT/GB2005/000583

zebrafish in the design of a screening assay for a

substance with biological activity and whi ch does not

cross the blood brain barrier. 15 . A nethod or use

according to any one of the pfeceding clains

conprising determ ning whether a test .substance is

actively transported across the blood brain barrier.

16, A nethod or use according to claim 15 conprising
1. get é?‘?ﬁ%%&%ﬁﬁ’é‘fiﬁ’élﬂ 50t 4818 HEt GARRTisingtidentifying the

subéﬂéﬂﬁﬂﬂ%ﬂﬁﬁj§aﬂGObEB§o§E%Emlgcthf§§hﬂ@ P38 zehrafish of -
according to claim15 conprising determ ning whether a
age tlags ddt five PevEcPPeErfertahsparien Hut ofmdleerule of 960

1 | t 0 e.accordi t,0 any .one qof. th
B N R s i e et
molembst afcd siss thansp60t édlbynp- gby coff nixedd by Hyp Ar less

{. us cording.to_an ne of the preceding
tha%ﬁ%ﬁaﬁ} %%’Sr'ggﬁg% E#é?ﬁFﬁFﬁﬁxmﬁ%¥H%f“%}?qgiﬁ A<Etde
ef fliunteat foar @oypwi hepegtieopt ot €8 Nademctd iy 120 2ehBEROd grown
or use accordigg to any one of the preceding clains

under, fiAndarg §ePethi APAg iR etherady Yuisad sifbdthen cebalefdsy are

growg ieRRT @oridR t 8¥RE €ERAONacAd] e A tRINOL- QN 5€ 11 evement of
according to any one of clainms 18 to 20 j%ereln the

the qprivadisditafitagpsohisdevsbepmerntr- bef ore and after
devel opnent of functional p-glycoproteins . 22 . A
nmet hod or use according to claim21 wherein the test

12. A method according to claim 10 or claim 11 further

comprising formulating the obtained substance with said
bioclogical activity into a composition comprising at least one

additional component.

13. A method according to claim 12 wherein the composition
comprises a pharmaceutically acceptable vehicle, carrier or

excipient.

14. 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.

15. 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.

16. A method or use according to claim 15 comprising determining

whether a test substance is actively transported into the brain



substance is assessed on day 8 or 9 post-fertilisation
as well as day 10 or after, where the stated ages
WO ed0s/0819a4 zebr af i sh grown under standard condi PCDOB2@8M00583
are adjusted if the zebrafish are grown under
conditions that accelerate or retard achi evenent of
t he equi val ent stage of developnment . 23 . A nethod or
use according to any one of jfhe preceding clains
conprising determ nati on whether a conbi nati on of test
subst ances have altered BBB penetration in conparison
to a test substance given in isolation.24 . A nethod
or use according to any one of the preceding clains
17-Cqmnﬁéﬁhdﬂld¥ﬂd§éndﬁ%bk@@n@ftBOQYalﬁr@Snc5%éEh81ng determining
concentration gradients . . A nmethod or use
whelgeordli iRF T CunFaare 48 @ﬁ‘élﬁﬁéze*ém@sm:atm out of the brain
conprising conparing relative efficacies of test
substances with desired activity in the centra
18. nezk\lmlshcsystnemaen atch:er;iriesehoeany and| @b d: s a_:bjféceding claims
comPELILEL A A OBt o8, ESEL AP s Wutlporse by
p- gxynmﬂﬂdﬁexntof a test subst ance across the bl ood-
retinal barrier. 27. A nethod or use according to any
one of the preceding clains conprising determ ning
19. Wiethedha t@stussubstaprgenystgetapobhseast bhd he-Rody c1aims
brain barrier. 28. Use of zebrafish to determ ne
comRIRet It @?qﬁﬁméﬂéﬁﬁsWBﬁébersaaE@$We$®b$¢Qnﬁﬁxmﬁuﬁrferes with

- ain barrier. 29. Use of zebrafish
P gﬁygéﬁﬁbﬂéY% H00d 1 Bha

erm ne whether a test substance is actively
transported into the brain.

20. A method or use according to any one of the preceding claims
comprising determining whether a test substance alters p-

glycoprotein expression.

21. A method or use according to any one of claims 18 to 20
wherein the test substance is assessed both before and after

development of functional p-glycoproteins.

22. A method or use according to claim 21 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.

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

given in isolation.



30. Use of zebrafish to determ ne whether a test
substance is actively transported out of the brain.
w@200508@70f zebrafish to determ ne whet her a tBSL/GB2005/000583

substance is transported across the bl ood brain

barrier by p-glycoprotein.32 . Use of zebrafish to

determ ne whether a test substance interferes with

p-gl ycoprotein function. 3348 Use of zebrafish to

determ ne whether a test substance alters

p- gl ycoprotein expression. 34. Use according to any

one of clainms 31 to 33 wherein the test substance is

assessed both before and after devel opnent of
24. FUNGlir@Ral oR- GE¥CARESERINS to 3my Usee adCahdi pFelceding claims

claim 34 wherein the test substance js assessed on.day
compgigring geS§eTMERerlPRaff oPPRE: T Th STy CPRCER LA

re the stated ages refer to zebrafish grown under

grad@?ﬁﬁ%ﬁrd conditions and are adjusted if the zebraf ish

are grown under conditions that accelerate or retard

achi e nt _of _the equj e f ; ;
25 S P, B af e R TR et & e WGl het ca L Raing clains
conpiaEiinatdoapaet nest 1 subst antescdamias alft dreed BBBstances with

penetration in copparison 1o a test substance giv
des%?ﬁﬂzﬂQQ$Ylt§7?nU§gBo?eQEﬁ? IS determ ne' g%ﬁyiQes%nce ot
a bW b0 eereentration gradients . 38 . Use of

zebrafish to conpare rel ative efficacies of test

substances with desired CNS activity in the presence

26. szlf . Ued i alsk Bakbi8ing 88 atbeod Fehiaf ipfede@ing claims
determ ne penetration of a test
comprising determining penetration of a test substance across the

blood-retinal barrier.

27. 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.

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

actively transported across the blood brain barrier.

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

actively transported into the brain.

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

actively transported out of the brain.

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

transported across the blood brain barrier by p-glycoprotein.



subst ance across the bl ood- retinal barrier.40. Use of
zebrafish to determ ne whether a test substance is
waoredoalogdorsed by the bl ood brain barrier. PCT/GB2005/000583
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32. Use of zebrafish to determine whether a test substance

interferes with p-glycoprotein function.

33. Use of zebrafish to determine whether a test substance

alters p-glycoprotein expression.

34. Use according to any one of claims 31 to 33 wherein the
test substance is assessed both before and after development of

functional p-glycoproteins.

35, Use according to claim 34 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.

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

substance given in isolatiomn.

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

gradients.

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

brain barrier.

39. Use of zebrafish to determine penetration of a test

substance across the blood-retinal barrier.
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40. TUse of zebrafish to determine whether a test substance is

metabolised by the blood brain barrier.



