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WD 2005/ 061694 PCT/ US2004/ 016477 DRUG TESTI NG SYSTEM
W TH Bl O ARTI FI Cl AL LI VER BACKROUND OF | NVENTI ON
TECHNI CAL FI ELD [ 0001] The invention relates to a drug
testing systemw th a biological artificial liver
Wgﬁﬁ",smﬁ’%?‘b particularly, a bioreactor for ePAT{SRI04HG6477
detection and testing of drug candi dates, drugs and
drug netabolites. BACKGROUND ART [0002] In 2001, the
average cost to devel op a new drug exceeded $800
mllion, according to a study by the Tufts Center for

_ | . i
DRUG TESTING SYSTEM VAT BIOAR TIFIERAL LIVER
pre-clinical research. Reduction of testing tinme and
cost in drug developnent is therefore a critical
factor to the B QHND&FMNEHQNn&ceuti cal
conpanies. In addition, since there is usually nore
than one conpany conpeting in the sane drug arena,
any conpetitive advantage woul d be wel cone. A nmgjor
TECHNIOATi IRLBf drug devel opnent costs is borne during the
FDA approval process. However, much of this cost
[0#0hjo (The mvemtivageldtes b 4 dog SRR syeirmiwith a Picogitdl BitiFRlal liver
costs can. To address soaring pre-clinical costs,

and, md¥® pertiehlbnly; iaciibreacidr foF &aRkfon, @Bt@cdoin%byteﬁﬁ% ReAPuOEanlifdates,
vivo and in vitro testing and sel ection of potenti al

drugs altEdYug idebempdi dates are of significant interest in
the rndustry. [0003] In devel oping a new drug,

toxicity is always an inportant consideration. Since
the |liver netabolizes nost drugs, liver damage is of

BACK@@@@E iern. Conventional in vivo and in vitro
izing small animals and cell culture
' rethereforea/viciely V‘D%OOS/OGl 94 .
IEQ [’fg%@i,/ glfﬁazy?rﬁge cost to develop 2 new drug exceeded $800 million,
according to a study by the Tufts Center for the Study of Drug Development. Of this,
approximately $16 million on average per company was used for pre-clinical research.

Reduction of testing time and cost in drug development is therefore a critical factor to the

survival of most pharmaceutical companies. In addition, since there is usually more than one

‘company competing in the same drug arena, any competitive advantage would be welcome,

A major portion of drug development costs is borne during the FDA approval process.

However, much of this cost cannot be managed in the same way that pre-clinical costs can.

To address soaring pre-clinical costs, more efficient, affordable, and timely méthods of in

vivo and in vitro testing and selection of potential new drug candidates are of significant
interest in the industry.

[0003] In developing a new drug, toxicity is always an important consideration.
Since the liver metabolizes most drugs, liver damage is of great concern. Conventional in

vivo and in vitro tests utilizing small animals and cell culture techniques are therefore widely
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used to assess liver function in drug devel opnment.
However, these conventional tests have particul ar
di sadvant ages, such as individual variation, high

ts to use large animals, and | oss of naturall
Wégﬁﬂé‘ﬁ)lﬂr‘?&“ characteristics of liver in situ. ‘}/"F@W

overcone these di sadvantages, cell culture systenB

have al so been used. However, with these nodels

cell-to-cell connective interactions cannot be

mai ntained for a desired length of tine. This | eads
used td essésiliver fmedontih @nipedevelopmet h eRvevEr) B0 cobil @iibhdl fréstsi 1Rlve

liver devices are currently being developed. It is

partlcum | disai RhtdpBR buchn@RAdibiaud WaBhA) hipAtoftd b/ uRtlafel RhAAd and

th the blologlcal Substrate, that is, liver cells or

loss offﬁatu}‘mleﬁ ﬁ%//c%'ér ﬁﬁic@@ﬂlvei"‘ﬁ's?tp. requires the

aval | abl Iver tissue from xenogenic or hurran

g % oﬁ%&%@tﬂ}egé b3 cfvg.nth Ve%e(f!gcnl&arne tereC a\%' sg lfeen used

gi c suppor sys
The onent of these hybr
Howeng yfitGesepeel G Ciclﬁc SRS anipissfons ColiR o tneilased fr o
rr between fhe patient's serumand the biologic
des’redgﬁ?ﬁﬁfbﬂ’[etﬁf‘ % ‘Pfabl@i“g geing gdigiee. The bi ol ogic
onent _of these hybrid Ilver support devices
d@%i Bioagificial Jiger daviceeare cyrranflyl baiegidavelpped. Kris believed that
hepat ocytes from | ow grade tunor cells or porcine
hepatichfpetioncopn esly bermsplecadi witto the dialogipa sebstrate athet fsplisedells or a
W thin chanbers often referred to as bioreactors.
whole IHenepeeimeny whick reguiresrizs availattlity o€ K ¢issut Grombiendgehition fuman
the functionality of the individual cell l|ines used
sources, NREJBRISETIS Ha v Sombiiid tm M€ Snd BRIJeIBphcH bysRehsGR |h§,rbnd
lines. It has been found that over tine these cell

liver sippe® dePiess. f Tie MbdMahicANDmpbRAP OF (HERE hfbrl feviReY Qér@és both to
groups devel oping bioartificial |iver devices,

removeetﬁﬁﬁpﬁlﬁl tg ’cfgact%%%mgxhgg@rfgé I\/Eatb é ﬁ’ﬁ%&%ﬂp&%%@%@gﬁﬁomnt
of the h%e? %géﬁ&yé%%b@lé Z‘g‘lhg Wi olcl\gl\@ congzhﬁeng Jf(i:ﬁesg %?%H;ﬂgfﬁx%g tsu];%ﬂ%rt deVices
may cogglgt %f?hvg/ g]lfcg%hogr% eétel%vaeg,oc; € %??}stesbtég? t ae g% ﬁ@ﬂlt colis or

vice) Artifici Liver .is
porclne{'lﬁaate Eﬁq}pgﬁa \rpmponents are oused within chambers often referred

to as bioreactors. However problems remain with respect to maintaining the functionality of

~ the individual cell lines used in these devices. Most devices use immortalized cell lines. It

has been found that over time these cells lose specific functions.
{0006} There are several groups developing bioartificial liver devices, for example,
Circe Biomedical (Lexington, MA), Vitagen (La Jolta, CA), Excorp Medical (Oakdale, MN),

and Algenix (Shoreview, MN). The Circe Biomedical device integrates viable liver cells with

biocompatible membranes into an extracorporeal, bioartificial liver assist system. Vitagen’s
 ELAD® (Extracorporeal Liver Assist Device) Artificial Liver is a two-chambered hollow-

fiber cartridge containing a cultured human liver cell line (C3A). The cartridge contains a




fiber cartridge containing a cultured human |iver cell
line (C3A). The cartridge contains a 2 WD 20051061694
PCT/ US2004/ 016477 semi perneabl e nenbrane with a
characterized nol ecul ar wei ght cutoff. This nmenbrane
W RessI6Yor physi cal conpartnental i zati on oPCT/HE2004/016477

cultured human cell line and the patient's
ultrafiltrate. -Al geni x provides a systemin which an
external |iver support system uses porcine |Iiver

cells. Individual porcine hepatocytes pass through a

semlpé}ﬁmlélﬁfen{b?ang Mg ﬁschgﬁ&eﬂéﬁo e%ﬂlf& elglgl dufsfe, GO LRmbrane

dical"s device contalns nenbrane
allows(th ﬁ)@h gqugtﬁ?par%%ia@%%na}]g}g 6? %he ac ;;1 Ahnd glr ﬁpﬁi‘%l&ﬂ? thtehpeauent'
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h.a cylinder f|IIed wi th hol | ow pol ynmer fibers
liver Cal%ﬁd Lﬂg{h‘éﬁ‘?; Brrsins hepaipeyaas mrsigthrqyigh |2 raemsbrane tgingogers, the human
cells. The fibers act as a barrier to prevent proteins
blood gells. cBxqonh Mndisalie deviess contdins pibgllow| fibsr frembratic r(wdth| 100kDa
contacting the patient's blood but allow the necessary
cutoff) baoreastar thab edparaten thepationd’s blsod fromhapprokinetdlp Ki0ngammof grimary
bl ood can be renoved. [0007] Various aspects of these
porciriglbepaoeges thirasebden ihapvesadeliom perposeeraised, PatBudenified Pigs. Blood
technol ogy, but they still have particul ar
passes dhGigl enpylagesfilledh iR THoRek I peBaeS Siefs 4daes @us‘é@ﬂéﬁc&e&ntammg
all of which use individual hepatocytes, is l[imted
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characterize the liver inits in
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- technology, but they still have particular disadvantages. The effectiveness of these devices,
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all of which use individual hepatocytes, is limited due to the lack of cell-to-cell interactions,
which characterize the liver in its in vivo state, Accordingly, a bioartificial liver with
improved efficiency, viability, and functionality for use in drug development would be

beneficial.

DISCLOSURE OF INVENTION
[0008] It is one object of the present invention to provide a system to test the toxicity
~ of a potential drug candidate and its metabolites.
[0009] The present invention provides a system for testing a potential drug candidate
| for toxicity. The system has a liver-slice culture apparatus made up of a chamber having a

medium inlet and a gas valve, a plurality of animal liver slices positioned securely within the



[ 0009] The present invention provides a systemfor

testing a potential drug candidate for toxicity. The

system has a liver-slice culture apparatus nade up of

a chanmber having a nediuminlet and a gas valve, a
WORIS&PI684, of animal |iver slices positionedCEEsMILI1§477

within the 3 WD 2005/061694 PCT/ US2004/ 016477

chanber so as to maxim ze the surface area of the

liver slices exposed to the nmedium neans -for

sel ectively supplying and renoving a nediumin the
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the medium at requ]l ar_intervals so that said slices
slices, gpd aggsBesyios |°91§P1H’agéh%/ megiughes isaietnangnexits dhe ¢hamberaThe
When the live slices are exposed to the potential drug
animaldiyeesliras aretchlburedini ani anyirerfmenh of arportygenatesll gad modpr the supply of
candi date can be determ ned by observing the
the mediufread tregnéam drgerval$ sd thet daidvaticessdre egmsed aitematelbiolheziedium and
conpound. in the presence of the potential drug
to the gaanWida tie. live 6Bt hreleRpaed torthdgotertiabdrdy b@ididateltherofi¥iss &the
has a nmesh at |east partially surrounding the aninal

potentihll 48§ cHldidaRSoak Be ﬁ&eﬁﬂn&%ﬁ?@eﬁﬁ%@ﬁ‘e R il QedsUr MeNiveP fices

slices wwthin this space n thi's enbodi nent the nesh

to mctdb%hﬁ’aod'oﬁiﬂo{ﬁi igkde ﬁf@s’éﬁde%ﬂhe Bteh{i4l dgl%:étm te.Addi ti onal
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area_of liver slices exposed to the culture medi um
have twpraeshesAtirost paglally suonpding e Hverslissid a gas val ve, nmeans

for selectively supplying and renoving plasma in the
{0011] The invention also provides methods for evaluating the toxicity of a drug. The .

methods involve supplying a culture medium, contacting the culture mediom with animal
liver slices, where the animal liver slices are positioned securely in a chamber so as to
maximize the surface area of liver slices exposed to the culture medium, The chamber has a
plasma inlet and a gas valve, means for selectively supplying and removing plasma in the
chamber so that the plasma in the chamber comes into contact with the liver slices, and is
removed from contact with the liver slices, means for supplying a gas to the chamber, and a
reservoir for containing plasma as it enters and exits the chamber. The method further
involves contacting the liver slices with a gas mixture of oxygen and carbon dioxide,

exposing the liver slices alternately to plasma and the gas mixture of oxygen and carbon

dioxide gas, and exposing the liver slices to the drug to be tested. When the live slices are
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chanber so that the plasma in the chanber cones into
contact with the liver slices, and is renoved from
contact with the liver slices, neans for supplying a
as to the chanber, and a reservoir for containing
WORLNSMHMs it enters and exits the chanber. POHESHHMRGT

further involves contacting the liver slices wth a
gas m xture of oxygen and carbon di oxi de, exposing
the liver slices alternately to plasma and t he gas

m xture of oxygen and carbon di oxi de gas, and
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of the 1{\):% élg%%%tﬁ&@é&égsg{ng%ggxﬁeggﬁ% og{h%%r&%m toxicity of

rug can erving 1 he

iyeness.. of the |iver.slLices to abol | ze
H136 b 58 PR5 QaymSits BETinet Wi s "ty tobE Bl gon e
odj nents di.scl osed herein, the conmpound to be
Sele"teﬁiggﬁ‘ﬁf&ﬁ gﬁ%coeﬂﬂlnﬁé’%a@@%@hﬁ?WT he group consisting
of ammonia and | i docai ne. BRI EF DESCRI PTI ON OF DRAW NG
" [0013] Further particularities and advantages of the
BRIEFi s ' clear from the foll ow ng
[ red enbodi nent, with reference to

awi ng, ..in which: . Fig. 1.is.a sche i ¢ di agram
Sl o it o iisfhes B U o Tl gecogie 1 Bom
asj de sectional view of the liver-slice_ arrangenent of
the follpwiee descaptinn of pebied grbodimept, witly reference fothe Sewing, i whighy -
of the liver-slice arrangenment of Fig. 2A; Fig. 3Ais
Higg | #pnichamatic dingesesfitha sysismarf thapresentinyventieicai ne
cl earance with continuous and intermttent perfusion
Uig B4 is hedddriectiontl idve vEthe livarelicsysngament ofttheprpseatiamention;
invention; Fig. 3B is a graphical representation of in
Yigt 2B id 4 phopeadtive vicvad tirrliver-slice arrangembawf Fan2lA; a 24 hour
run using the bioartificial |liver systemof the
PipeSAnt aighphinhl iepresehiafon 4f irSvifko Bidedathle GRdarance with continuous
representation of in vitro DMX concentration with a 6

and intdd@itfenBREFuSon using the bioartificial liver system of the present invention;

Fig. 3B is a graphical representation of in vitro lidocaine clearance with a 6 hour and
a 24 hour run using the bioartificial liver system of the present invention;

Fig. 4 is a graphical representation of in vifro DMX concentration with a 6 hour and a
24 hour run using the bioartificial liver system of the present invention; and

Fig. 5 is a graphical representation of in vitro amnmonta clearance with a 6 hour and a .

24 hour run using the bioartificial liver system of the present invention.

~ BEST MODE FOR CARRYING OUT THE INVENTION

[0014} The objective during the pre-clinical drug development stage is for a

pharmaceutical company to show that the compound is reasonably safe for use in the next

phase, which is small-scale clinical studies. The compound’s toxic and pharmacologic effects




24 hour run using the bioartificial liver system of
the present invention; and Fig. 5 is a graphica
representation of in vitro ammonia clearance with a 6
hour and a 24 hour run using the bioartificial liver
we yBs/easaf the present invention. BEST MODEPCIDRS2004/016477
CARRYI NG OQUT THE | NVENTI ON [ 0014] The objective during
the pre-clinical drug devel opment stage is for a
phar maceuti cal conmpany to show that the conpound is
reasonably safe for use in the next phase, which is
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acute toxicity of the drug in at |east two species of
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ranging from2 weeks to 3 nonths, depending on the
use of the epltance wuthapiopesed ichinical smdist. f['hepmu@s fisaoeonplicated fyal costly
proposed clinical studies. The process is conplicated
with huatdedcarltsbiretintstthoudainl beetnpondsbeligii¢stads t housands .of
conpounds being tested. [0015] This testing is often

PO 5P rTiRGedig & ofteh ﬁ&mrbfy anlthdeferdefittthird ?mﬁf #ider B rule
o] fo

rule out any appearance bi as. Every e i s made

out anylaBp &L S A EVRS HEWiSRhdRb Sndf MASS kR ﬁmﬁﬁl@ as poSiflie are -

and t hat they aré treated humanely. Usually two
e B85 5 AL T 00 S0 o808 il o it
i zed.in

non-rodefif o AR ‘%%%18? &%ﬁ%gﬁ%%dr S 36 FifeFrbty o il S8

th I 0 Th t t
* most a3k fep Sagiappliiea lﬁibl ekt e Becgrai 2oy 8P ti o oM e

devel opnent process. The nunber of animals required is
livet. i njnized, as is the need for

[0016] The present invention, by using liver slices, is ideally suited to the pre-clinical
development process. The number of animals required is minimized, as is the need for
subjecting the animal to often stressful and painful testing procedures.

[00177] In accordance with the present invention, there is provided a bioartificial liver
system for evaluation, detection and testing of drug candidates, drugs and drug metabolites.
The system has a liver-slice culture apparatus.

[0018] In one embodiment of the present invention, the apparatus has a chamber with
a gas valve, and a plurality of animal liver slices positioned securely within the chamber so as
to maximize the surface area of the liver slices exposed to a medium. There is a means for

selectively supplying and removing culture medium to the chamber so that the culture

- medium in the chamber rises to come info contact with the liver slices. The culture medium

rises in the chamber so that the liver slices are completely immersed. This means is also able



subjecting the animal to often stressful and pai nful
testing procedures. } [0017] In accordance with the
present invention, there is provided a bioartificial
|iver systemfor evaluation, detection and testing of
WORWFOEEHdi dat es, drugs and drug netabol i t eBCT/US2@016477
systemhas a |i ver-sl ice culture apparatus. [0018] In
one enbodi nent of the present invention, the apparatus
has a chanber with a gas valve, and a plurality of
animal liver slices positioned securely within the
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is prefqrpbly dherporsgidateds Higb Birpuhliver sligesethe timapemturg inpicdambly ke at
plying a gas to the top of the chanber so that the
about 3@5@%@5 c dfpr gpdent kivep sliess, ihistkephbatwean abouitoetogddeareas C.
to the culture nedium Additionally, a reservoir is
Howevpr, g diver lives @unveriyndengjtiventy tudpetatwre rfbdfuationagnd it must be
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mainfajpeditS8alopryest®) dhemoreg blody thpedatmre Sipagen | i ver - sl i ces,
the tenperature is preferably kept at about 36.5
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eventually the liver slices are completely immersed.

[0020] Oxygenated gas is introduced by gas valve 17 in the top of the chamber.
Although the gas valve is shown in the top of the chamber, it is also contemplated herein that

the gas valve could be on the side or bottom of the chamber, provided with an appropriate

- seal to prevent leakage of liquid medium. The gas is preferably a mixture of 95% by volume |

0O, and 5% by volume CO,, and is supplied at a pressure ranging from 1 to 10 ATM to the

chamber through the gas valve and discharged therefrom, while controlling the pressure by a

_pressure confroller (not shown). A solenoid valve (also not shown) may be coupled with the

pressure controller to maintain a pre-set gas pressure. Gas sterilizing device 18, for example,

a syringe filter having a pore size of about 0.22um, is preferably installed in gas valve 17 to

filter out microbes, thereby sterilizing the supply gas to the chamber. Gas check valve 11
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pl aced vertically parallel within the bioreactor. As
culture nediumis introduced into the bioreactor, the
fluid | evel begins to rise until it comes into contact
with the liver slices, and eventually the |iver
wWaRIsessHr e conpl etely inmersed. [0020] OxyBETIES206H/QNST
is introduced by gas valve 17 in the top of the
chanber. Al though the gas valve is shown in the top
of the chanber, it is also contenplated herein that
t he gas valve could be on the side or bottom of the
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and the sygehited] gasnis gapplied | fiveudly tiieaop bT Kieethamber. NEsshob @applied at
thereby sterilizing the supply gas to the chanber. Gas
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to aboﬁt k| hahbe référaﬂl Gibbit Ve, %ﬁ@@ doditr thérﬁg\'irt(ﬁrﬂle culture
feature of t elnv ntion.” The ~Iiver slices
mediuf Ul tured under the supplies of liquid cult ure rredl um
' and an oxygenated gas. The quui d cul ture nedi um or

Lasma, ks supplied thro theres r.voi
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. the top of the chanber. EFach i s su I|ed at re ular
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1:4, preferably about 1:2.5
central necrosw, the gas mixture described above, 95% 0, and 5% CO,, is preferably used.

Since this mixture may produce free oxygen radicals, which are very toxic to liver cells, a
high concentration of glutathione and vitamin E, as oxygen free radical scavengers and anti-
oxidants, are added. For use of this medium, the formula should be supplemented with 10%
complement inactivated Fetal Vovine of Calf Serum and L-Glutamine.

{0023] Referring now to the drawing, and more particularly Figs. 2A and 2B, the
liver-slice apparatus of the present invention is shown, as represented by numeral 20. Two
stainless steel meshes 21 and 22 are provided, the size of which can be chosen based on the
dimensions of the chamber. These two meshes are preferably amanged in parallel. In a
preferred embodiment, the meshes have about a 0.26 mm pore size. Also, in a preferred

embodime_nt, the meshes are pressed to ensure consistent flatness. Between meshes 21 and




to about 1:3.5, and nost preferably about 1:3. Punp 19
controls the flow of the culture nedium [0022]
Al t hough plasma is a relatively good nediumto
maintain cell viability, there are too many unknown
W 2006/661694pr esent and therefore the resul ts PEFUSHE4OMG477
animal to animal. In the present invention Waynouth
MB 752/ 1 nmediumis preferred over plasma. To prevent
central necrosis, the gas m xture descri bed above, 95%
02 and 5% C02, is preferably used. Since this mxture
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apparatus of the present invention is shown, as
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- .contemplaclicteredsl tROR QitigleBmésh rhdyebaMReh €Bhah aiéch abRihed tddsugBuridiat

pore size. Also, in a preferred enbodinent, the

- least pdRARSheAver McOBSBEELT RrARE W BaceORd tSth tHehPIn @S Space. For

Bet ween neshes 21 and 8 WD 2005/061694

. examplehé Hﬁ%%ﬁ@%%d h?%sdi?%? Fgﬂé#iglﬁ%dh%sﬁpe] i ver-slices

23 arranged I n an order he“two neshes are

Rk 19800 WA (3] el ihBfidd HEY nSIbAERA A o sytaple

Froomso as to crus Iver SliIces,

B L s B KL LT (T

and 2B show a rel atively small nunher of liver slices
tho apERE, RSl BEYgE T R ESEEs S Sor Tl B SE6D

that the efficiency of the apparatus is dependent upon
and essgpfial functions thereof. In fhe present invention the liver slices are preferred to have

. a thickness ranging from about 10 gm to about 2,000 pum, and more preferably ranging from

about 100 um to about 500 pm.

[0025] The present invention is ideally suited to testing the toxicity and efficiency of
a drug. This testing is accomplished by exposing the liver slices to a drug or drug candidate
and observing the ability of the liver slices to metabolize a compound, which compound or its
metabolites can be detected. For example, ammonia and lidocaine are common compounds

that can be metabolized by healthy liver tissue. The following example shows this testing.



nunber of liver slices enployed. In addition, although
two nmeshes are shown, it is -contenplated herein that
a single nmesh nmay be used. That nesh is forned to
surround, at least partially, the liver slices
WORMBSEEM% or mi ng a space and to retain t henPCHUSHO/016477
space. For exanple, the nmesh could be forned in a
sui tably di mensi oned" U shape. [0024] Liver slices used
in the present invention may be obtained froma
suitable animal, for exanple, a rabbit, pig, dog,
rodent, or human, depggdivpgreq the intended use of
t he apparatus. Also, they nay be of any size or shape

sui table for nalntanth%P&gng&%blI|ty and essentia
functions thereof e present invention the l'iver

OB B P P 2ﬁ°83t%ﬂ§leggﬁ%%@r%3§¢r %e%ru‘s’ﬂl“g
. . 00, 500 0025] T
tiver i3 o Bk o] e &sﬁ tF%’;mg iiem of o rstenhigvintion. The

toxicity and efficiency a drug. This testing is
examplechegmshops Heetsjensy sékﬁ'eﬁ ghqeh@ metglolize pnpeniatend Hdetring inthe
drug candidate and observing the ability of the liver
preseneg ¢fckug qapdideie BBd00.ze a conpound, which conmpound or its
net abolites can be detected. For exanple, ammonia and
| [PeR5¢ dibe diver eeneartsranmandenioonrer) svhidhhia tex erated fieto the urine by the
J nmet abol i zed by healthy liver tissue. The follow ng
kidneyeXia i greseheanst seldrs lit @ Slidend, arBmdieh 28080660 the blood because
PCT/ US2004/ 016477 EXAVMPLE 1 In Vitro Performance

~ of botll Q8:26dsed BR0d @lebiaibe) shdCacRR:A a!bhityl% E&ineérei rﬁe\l'a%dvérﬁﬁl&ua

performance of the system using iver slices and

levels EAY BB tok{AC cpRARly #0he bk, S0d'31 %pa?/easfl 1 %'é%'i%}ﬂﬁenﬁ be hepatic

present |nvent|on The “exa ere S

encephFlfoEétﬁﬂr %Egrdﬁfg hﬁl\é%ﬁnﬁeé&ﬁﬁgmg ?ﬁaﬁc%k&%réﬁ%esgilv r QIEC?BB g/lore

ocCal ne In ence O

specifically, measuring ammonia clearance provides an indication of the operability of the

present invention to mefabolize compounds that may or may not be harmful to the liver.
[0028] In addition, lidocaine is a drug that can be converted by the liver from a toxic
form into a non-toxic metabolite known as dimethyl xylidine (DMX). The measure of
lidocaine clearance is an indication of the performance of the present invention. By
maeasuring the clearance of ammonia or lidocaine in the presence of the drug candidate, a
toxicity profile for the drug candidate can be generated. If the drug candidate is toxic to liver
cells, there will be a build-up of ammonia and lidocaine in these examples. Therefore there is
an observable direct relationship between drug candidate toxicity and lidocaine or ammonia
levels.
[0029] A 3 to 3.5 kg rabbit was euthanized and liver slices obtained. The slices were
~approximately 1 em in diameter with an average weight of 50 mg. Approximately 2 grams

total were used in this example. The slices were then pre-cultured by immersion in

10



[0027] The liver converts ammonia to urea, which is
excreted into the urine by the 4J kidneys. In the
presence of severe liver disease, anmonia accunul at es
in the bl ood because of both decreased bl ood
WoPWaPHAYe and decreased ability to form ur BGI/URPEHPIHEY
anmmonia |evels can be toxic, especially to the brain,
and play a role in the devel opnment of hepatic
encephal opat hy. Accordingly, neasuring ammoni a
cl earance can assess liver function. Mre

approxRAEH 200 i lof WillRRs lE"lhElﬂ G%af(,@ %ﬁrcfi’ﬁr eslg:roﬁ\ékﬁ%ﬁreacg an

i ndi cation of the opera of t

°xygedg‘5\‘1r%5*-n?9fﬂ B EAT E%Seé:?uu%sw SR TR o B el
dru t hat .c e, converted by the liver froma
ech'sutr ngrat Fﬁ?ﬁr?ﬁl atﬁlyﬁo% toxic netabolite known as

i di . The measure of _|idocaine
Eﬂ’@ﬁ’ 5%8 5a ?ﬂ“‘i’ %DW%W K’ REVESr POr kac biAkMe was
present invention. nmeasuring the clearance of
maintaggddnthe ghambieyy Gﬁwaheutu the tstdy-p Fees gascaixgire tWas exehagged every
candidate, a toxicity profile for the drug candi date
twelve gainuigs @ehe dases obf lidpeainee(2ohgligr emmdiid 42@ mg viepx ingected. The
liver- cells, there will be a build-up of ammoni a and
ammoria chod: BIMEE were tnbassred dvasiieetiag sdthgleeital, e, t16e3® 60s 90 and 120
observabl e direct relationship between drug candi date
minutes, @ftecé byurand 15 KOG I BELOAtiod MVAE Rsults A¥eLdusamdrZOP R Figs. 3A,
to 3.5 kg rabbit was euthani zed and |iver slices
3B, 4 a8%ai ned. The slices were approximtely 1 cmin
di aneter with an average wei ght of 50 ny.

mﬁ?ﬁgﬁﬁk% ¥ Sgﬁpﬂfcﬁ% redddfa J)n YELS iy quur A # a2 mg dose of

exanpl €. The Ces were t pre-cu

e el OB HRAT, D  hc

s SR SRR SRS B 0 BB B e

as_a
circles). OFhree separate tltials were performed for each. At approximately 30 minutes after

lidocaine loading, the level of lidocaine dropped from between 3.2 and 5.8 pug to
approximately 0.9 ug. This level was reduced to approximately 0.5 pug at 120 minutes. The
results demonstrate that the device of the present invention reduced lidocaine levels to non-

toxic levels within 30 minutes even in the presence of drug candidate HL 100. As compared

- to continuous medium perfusion, the intermiitent perfusion (approximately 1:3) requires less

volume of medium while achieving substantially the same results. The results show that the

drug candidate does not substantially impair the ability of the liver slices to metabolize

lidocaine.

[0032] Fig. 3B is a graphical representation of in vitro clearance of a 2 mg dose of
lidocaine for prior run times of 6 hours and 24 hours. In these runs, the liver slices were

exposed to gas either continuously or intermittently in a ratio of 1:3 for 6 hours and for 24

u




exposure-tine ratio of approximately 1:3. [0030] The
gas m xture, approximtely 95% oxygen, 5% C02 at 1
ATM was nmintained in the chanber throughout the
study. The gas m xture was exchanged every twelve
Wﬂizl’ﬂ%%?“ Bol us doses of |idocaine (2ng) or PERHBMMA164D

ng) were injected. The ammonia and DMX were neasured
by collecting sanples at 0, 5, 15, 30, 60, 90 and 120
m nutes, after 6 hours and 25 hours of cultivation.
The results are summarized in Figs. 3A, 3B, 4and5.

hours bA&3 llidbdathe 18AYirgS Iﬁtiﬂrr@dﬂ'iﬁgg BF IAKRME FRRI WA Pfg 4l 7.8 g,

vitro clearance of a 2 ng dose of [|idocal ne.

Howeﬁ,gﬂglﬁg ?rg 2 i ésfﬁdgéamé IARE r%cw{or%&ogﬁgtégﬂ 8ish 3 95 Y6 hour

_ S an Intermttent
trials aid B HER
s pid - ¥

pd

i B 2 U SEHER BB s e
ol Rt TR A By o R KRR, R . e

. dropped frombetween 3.2 and 5.8 g to, approximtely
efficiepcyy OE %‘eTﬁ"r‘%"el fa\isflucgdidopaang devals tte noRie%% lemglse with Gntgrgjtient
at 120 minutes. The results denonstrate that the
perfusignyhile egfosedde BIr W8ent i nvention reduced |idocai ne
| evel s to non- toxic levels wwthin 30 m nutes even in
t18e33) dig ehiser grphieal epocaendatibat of ilvirAODMIDsowentpaioe duild-ap
conti nuous medi um perfusion, the intermttent
from a@em§ lidocaine dagep hatallyedMKycoheehirationCtniitg] dppeckimatetly 4o, @fiil
medi um whi |l e achi eving substantially the sane results.

approximigtelyy 4 8 whitnftess MY DM imek 48 Litesl v dbaeHddAdr8asHRa8 chtRbntration
substantially inpair the ability of the liver slices

after 18 GhifiRdsRQ kdaliRed abprBERINPMatiRBAluel %0 miaules. Rowever, forzthe

graphi cal representation of in vitro clearance of ‘a

24 houF§:3dé%§§shu9J trial, ki ndefrati c?)htéﬁﬁté? \t/c;e frng%?sleg.{éastgvl\gg gl{iﬁutes.

and ours. In these runs, _ _
These RARGSS 60 8y BRSBTS oo T i

by the DMX metabolite concentration increasing over time) in the presence of HL 100. There

was no significant difference between the conﬁnuous perfusion trial and the intermittent
perfusion trial, except for the 24 hour exposure trial mentioned above.

[0034] Fig. 5 is a graphical representation of ir vitro ammonia clearance of a 20 mg
loading dose. At approximately 30 minutes maximal ammonia clearance was observed in all
trials. These results demonstrate the ability of the present invention to remove ammonia
relatively quickly to non-toxic levels in the presence of drug candidate L 100. In addition,
there was no significant difference between the trials with continuous perfusion and those
with infermittent perfusion, thereby indicating that less medium can be used while still

. retaining activity and efficiency of the device.
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WO 2005/ 061694 PCT/ US2004/ 016477 hours prior to

| i docai ne loading. Initial readings of |idocaine were
between 2 g and 7.8 g. However, within 30 m nutes

| i docai ne |l evels reduced to approxinmately 0.80 jig for

WQ MBS/B1fdur trials and for the continuous BEHE814806427

hour trial. Wthin 60 mnutes all trials were show ng
| i docai ne |l evels between 0.75 g and 1 g. Again, the
results denonstrate the efficiency of the device to
reduce |idocaine levels to non-toxic Ievels Wi th

'[Gﬁﬁ; rWﬁﬂeelﬂE reg&rc itehRR MEbid b%: ifddAQRE s'Ell'rbe:h%gf means of 2

1 Fig I's a graphical represen |on

ot SR AN AR P

suade diRESROTREnde e dip BN O gbng in

I4

concentration after 18 nlnutes and reached

approxi mately maxi mal val ues at 60 m nutes. However,
for the 24 hour 1:3 exposure trial, the DW
concentration continued to increase up to 120 m nutes.
These results show the ability of the present
invention to netabolize Iidocaine (as indicated by
the DMX netabolite concentration increasing over tine)
in the presence of HL 100. There was no significant
di fference between the continuous perfusion trial and
the intermttent perfusion trial, except for the 24
hour exposure trial nentioned above. [00341 Fig. 5 is
a graphical representation of in vitro anmoni a

cl earance of a 20 ng |oading dose. At approxi mately
30 m nutes maxi mal ammoni a cl earance was observed in
all trials. These results denonstrate the ability of
the present invention to renove amonia relatively
quickly to non-toxic levels in the presence of drug
candidate HL 100. In addition, there was no
significant difference between the trials with

conti nuous perfusion and those wth intermttent
perfusion, thereby indicating that | ess nedium can be
used while still retaining activity and efficiency of
t he devi ce.
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12 WD 2005/ 061694 PCT/ US2004/ 016477 [0035] While the
present invention has been illustrated and descri bed
by nmeans of a specific enbodinent, it is to be
under st ood t hat nunerous changes and nodifications can
be nmade therein wthout riidng fromthe spirit and
scope of the invention. rdﬁﬂ%gbgﬂAINB What is clained
is: 1. A systemconprising: 2 a liver-slice culture
apparatus (14), the culture apparatus conprising: a
chapber having . a nmediuminlet and a gas valve (17); 4
a pMhehisid3mse i5ni mal |iver slices (15) positioned
securely within said chanber so as to nmaxini ze the
surface area of the liver slices exposed to a nmedi um
(13); and 6 neans (19) for selectively supplying and
rembvi ng A syedinonmprisidge chanmber so that the nmediumin
t he chanber cones into contact with the liver slices,
and; fier-sBicé BMRME Spfdr A3 CANUAE LulWirt BodalRud EMBristhd: Ces;
and a reservoir (12) for containing the nmediumas it
enters an i : ' | Liver
slices be?ﬁ%%@% P%ggégFﬁggﬁﬁg%%%?@ﬁ#%ﬁﬁggg?ga’
oxygenat ed gas..under. t supply.of the diumat,.. .
Pt ar - hpEryuY 8 il Gyt SRFer (L) nostioReE etk Bihin said chamber
alternatively to the nedium 12 and to the gas; wherein
t he 9\asttemaxenize the syfeehrap! e liyercdicas eranosed igra medium (13); and
toxicity, and when the |iver
means {19) for selectively supplying and removing a medium in the chamber

so that the medium in the chamber comes into contact with the liver slices, and is
removed from contact with the liver slices; and
a reservoir (12) for containing the medium as it enters and exits the chamber, said
animal liver slices being cultured in an environment of an oxygenated gas under the supply of
the medium at regular intervals so that said slices are exposed alternatively to the medium
and to the gas;
wherein the system tests a potential drug candidate for toxicity, and when the liver
slices are exposed to the potential drug candidate the toxicity of the potential drug candidate
can be determined by observing the effectiveness of the liver slices to metabolize a

compound in the presence of the potential drug candidate.

2. The system of claim 1, wherein a mesh (16) at least partially surrounds said

animal liver slices so as to form a space and to retain said slices within said space, said mesh

- being approximately vertical in the chamber.

14



14 slices are exposed to the potential drug candi date
the toxicity of the potential drug candi date can be
deternmi ned by observing the effectiveness of the |iver
slices to netabolize a 16 conpound in the presence of
WQ MMt i al drug candidate. 2. The syst eRE¥S2004416477
1, wherein a nesh (16) at least partially surrounds
said 2 animal liver slices so as to forma space and
to retain said slices within said space, said nmesh
bei ng approximately vertical in the chanber. 14 WO
2005/ gfd m
T e kA A st Gy PRI B AT
liver sliged.i ver slices. 4. The systemof claim1, wherein the
I'Tver slices have a thickness in the range of 2 about
10m to about 2,000m 5. The systemof claim1, wherein
- the Iiver slices have a thickness in the range of 2

bout out 500m Th stemof claiml,
Purt ndpe "}?B}qfa P 1 e g B UG R HRRFISSS Buibe gge of
b 2 gas valve 7. The system of claim6, wherein
about 1 H@iﬁgnggogmﬁthure of oxygen and carbon- 2 di oxi de.
8. The system of claim7, wherein the gas-to-plasm
exposure time ratio to the 2 animal liver slices is
about 1:2 to about 1:4. 9. The systemof claim?7,
dher elke systergeslainy 1 phlzseimthe iparslices hhverethickhdsointthe tahgs of
2 animal liver slices is about 1:3.
about 100um to about 500um.

0. The system of claim 1, further comprising a means for introducing a gas to the
gas valve.

7. The system of claim 6, wherein the gas is a mixture of oxygen and carbon
dioxide.

8. The system of claim 7, wherein the gas-to-plasma exposure time ratio to the

animal liver slices is about 1:2 to about 1:4.

9. The system of claim 7, wherein the gas-to-plasma exposure time ratio to the

animal liver slices is about 1:3.

10.  The system of claim 1, further comprising an immunological filter (18)

inserted in the gas valve.

15




10. The systemof claim1, further conprising an
i mmunol ogical filter (18) 2 inserted in the gas
val ve. 15 WD 2005/ 061694 PCT/ US2004/ 016477 11. The
system of claim 1, wherein the chanber is seal able. :
WQ 20054H6%syst em of claim 11, wherein the chR@kfE§2004416477
t hernoregul ated. 13. The systemof claim1l, wherein
the conpound is selected fromthe group 2 consisting
of ammoni a and |idocaine. 14. A nethod for eval uating
the toxicity of a drug, said nethod conprising: 2
sunp! yTiGyser of &1bee1, Ml hé dalnbeCio Mol N t he
culture nediumwith animal |iver slices (15), the
animal liver slices 4 being positioned securely in a
chanmber so as to maxim ze the surface area of |iver

s{J ce . h ul tur di. u wherein the
cFampereRtRaT Bt 1 Sl GallBE st mtiGhfish) | S
means (19) for selectively supplying and renovi ng

plasma in the chanber so that the plasma in the

chanb cones jnto contact with the liver slices, and
f;” al ?@Pﬁﬁiﬁ‘éﬁl 9lL ‘irj%’r?&v Fhetepdhs epmpanrdi selegiedfromn the|srapgr

. slices, means for supplying a gas to the chanber, a
2 consisting:Qfiapunquig apgdyideegine. cont ai ni ng pl asma as it enters and
exits the chanber, the nethod further conprising: 10
. contacting the liver slices with a gas m xture of
?v) oxygen and carbon di oxi de; exposing the liver slices
didt er matethed for banhypiting the taidtytdfie dg@ssait néthisEcopiprisimggen
12 and carbon di oxi de gas; and exposing the liver

2 : shpplging heultdiemediug (12); be tested; 14 wherein when the .
liver slices are exposed to the drug the toxicity of

ichetattingghe@iuRRSnediifth RitHamar! Mer ARSE1Y), AR liver slices
effectiveness of the liver slices to netabolize a
4  being p%@iﬁﬁﬁé&’s@cﬂrﬂyﬂ‘?chamber s0 as to maximize the surface area of liver slices
exposed to the culture medium, wherein the chamber has a plasma inlet and a gas valve (17),
6 means (19) for selectively supplying and removing plasnia in the chamber so that the plasma
in the chamber comes into confact with the liver slices, and is alternately removed from
8  contact with the liver slices, means for supplying a gas to the chamber, a reservoir (12) for
containing plasma as it enters and exits the chamber, the method further comprising:
10 contacting the H;rer slices with a gas mixture of oxygen and carbon dioxide;
exposing the liver slices altematively to plasma and the gas mixture of oxygen
12 and carbon dioxide gas; and
exposing the liver slices to the drug to be tested;
14 wherein when the liver slices are exposed to the drug the toxicity of the drug can be

determined by observing the effectiveness of the liver slices to metabolize a compound in the

16  presence of the drug.

16




16 presence of the drug. 16 WO 2005/ 061694

PCT/ US2004/ 016477 15. The nethod of claim 14, wherein

a mesh (16) at least partially surrounds said 2 ani nmal

iver slices so as to forma space and to retain said

ngz?oé@@“% thin said space, said mesh bei ngPEBESPPYHET

approximately vertical in the chanber. 16. The nethod

of claim 15, wherein the conpound is selected fromthe

group 2 consisting of ammoni a and |idocaine. 17

15. Themethod of claim 14, wherein a mesh (16) at least partially surrounds said

2 animal liver slices so as to form a space and to retain said slices within said space, said mesh

being positioned approximately vertical in the chamber.

16.  The method of claim 15, wherein the compound is selected from the group

2 consisting of ammonia and Ldocaine.

&
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