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[0002] In 2001, the average cost to develop a 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 m-ethods 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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Jolla, CA), Excorp Medical (OCakdale, M),
may consist of liver slices, granulated liver, or hepatocytes from low-grade tumor cells or
porcine hepatocytes. These biologic components are housed 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 Jolla, 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
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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
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[0011] The invention also provides methods for evaluating the toxicity of a drug. The .
methods involve supplying a culture medium, contacting the culture medium 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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l'iver-slice arrangenent of the present invention; Fig.
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arrangenent of Fig. 2A; Fig. 3Ais a graphica
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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 vitro 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 ammonia 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
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development process. The number of animals required is minimized, as is the need for
subjecting the animal to often stressful and painful testing procedures.

[0017] 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 into 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
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bioreactor, the fluid level begins to rise until it comes into contact with the liver slices, and

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 controller (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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reservoir into the chanber
central necrosis, 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 arranged in parallel. In a
preferred embodiment, the meshes have about a 0.26 mm pore size. Also, in a preferred

embodiment, the meshes are pressed to ensure consistent flatness. Between meshes 21 and
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21 and 22 are provided, the size of which can be

- examplehthg@neshaseld terfoirhel @i asantsblgdimedsidied Shleapeer . These

two neshes are preferably arranged in parallel. In a

qoeiAies QrROUsEEN thel fesdie HRntibA \t8ay2BO Whtaindd ﬁ@mninsultable

pore 'size. Also, in a preferred enbodi'ment, the neshes

anlmalafo? hegér?lg%e %]lg)é? T) Séj % 610 o ax{lts %)15 H{(l).?‘lgl{l gr?cﬁ ?g;tﬁ\g g‘ﬁended use of
the ap%@?? HSiedfeh Mot o i S vhiepe &gﬁbﬁo f%fe@aw?%lwng the viability

enqugh room so as to not crush the liver slice
and essential functions thereof. In the present invention the liver slices are preferred to have

a thickness ranging from about 10 um to about 2,000 pm, 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.



but also so as to hold themsufficiently so that they

do not get washed away by the plasnma. Al though Figs.
WQ@200an061628 show a rel atively small nunber of |PEBDS2004/016477

slices positioned between the nmeshes, it is to be

understood that the efficiency of the apparatus is

dependent upon the nunber of liver slices enployed. In

addi tion, although two neshes are shown, it is

contenpl ated herein th%§8§¥@; Ie mesh may be used.

That nmesh is fornmed to at least partially,

the liver slices therehy forn1ng a space and to retain

themin that space. Pofirolgioraangehe mesh coul d be

formed in a suitably dinmensioned U shape. [0024] Liver

40026 sThesfotlowimgt dxampienlastratesthe v vioo peafprinenceltf shaedtem using

froma suitable animal, for exanple, a rabbit, pig,

liver sH@E,and BN theOholel A thed@dag nekting 9BtetNef thetﬁégéﬁdmk&éﬁuon The
of the apparatus. Al so, they may be of any size or

examp fRhape slﬁﬁfst t?@ leﬁiél&fc @'ll@@@él?h@ﬁ) ?t%bglﬁfébdnhﬁlgﬂlaaﬁﬁj 11doca1ne in the

essent unct i on t hereo resent 1 nvent

ver I, C e preferred to have a thlckness
p“mﬂW ?f$ﬁ§°?} %ﬁ%ﬁiﬂﬁélo nmto about 2,000 nm and nore

pr rangi ng from about 100 / Xt 0 about 500 mMm
@ﬁ%’g] %%V%rc@g& S MHMERR; I8P Whighiy gxcaeed dpfothe urne by the
testlng the toxicity and efficiency of a drug. This
kidneys.dat the gréssnezcd sepéte diverl disgasexapwng achemiiiatasin ghd gleed because
to a drug or drug candi date and observing the ability
of botlofdetdeaselli blesd slehrmse tand rietehwelli abdlity wofopaunda. Blevatbd ammonia
compound or its netabolites can be detected. For

levels EXPBPk&xic,28EpBAIR, aNthel bidRC ahAY1A £ rERMADRe ‘H@VQQMHQ& of hepatic
that can be netabolized by heal thy [iver tissue.

enceph\/thp %Or%n@%}é ﬁ[egg.g‘ﬁ% aﬁjﬁhé?lﬁ% tgt&ﬁlg% %&ﬁ% et ﬂmctlon More

spec1ﬁf?§1ygagerag&ner§g etlrgrenolnpa (\:llleettrglr?ceppergvﬁrega an qulggtlotnhgf b ope&]bility of the

present invention to metabolize 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
measuring 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 cm 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



liver slices and forns the nodel for the drug testing
system of the present invention. The exanple here
waebwdsetehe ef ficiency of liver slices to metabbtT/BE82004/016477
amoni a and |idocaine in the presence of drug
candi date HL100. [0027] The liver converts anmonia to
urea, which is excreted into the urine by the kidneys
hi the presence of severe liver disease, anmmoni a

orosgS AL 57 o Bohl Y S ESRYEE s 4 Dl 5 Sposure o

El evated ammoni a | evel s can be toxic, especially to
oxygenatasl gasai Bachdiver gliesyis xpesed dlismatady treths wpdramt angf to the gas at an
hepati c encephal opat hy. Accordi ngly, nmeasuring amoni a

exposuct-tarcantie of gppradsatedy 13ver function. Mre
specifically, neasuring amoni a cl earance provi des an

i[0080] a0 Bad imikhife, ORHrSBdatdly BPs tdX§g@, eSBRNEC, NMEMt ATV, was
to metaboli ze conpounds that” may or "may not be har nf ul

mamtafq%dt et fnbe£ Q68 %hé)lug R q{utd Ofhe lg'fag %ﬁhﬂg Wa% cﬂfn#%d every

can e convert t he I ver roma toxic

twelve I(I%f%es ?ﬁé‘lu&@ggﬁrcgﬁlb@ OJ | g@g}gﬂ g{m@p@iqlg% 226 Inég) é/re nqjjegt%d The

i.ndi cation of the erfornance of the present
ammonip g P Y Wage P hy colectimgesampirsett & Sarrpa.ab®r90 and 120

| idocaine in the presence of the drug candi date, a
minutes,fiet i6thpupy aidi 3 5ehduss of ¢rdtivitiog. c dibvdirckaite amasmntmanzed in Figs. 3A,

generated. If the drug candidate is toxic to |iver
3B,4a0él5ls, there will be a build-up of ammoni a and

| idocaine in these exanples. Therefore there is an

qbexnVap! sadi aeg%phﬁ@ah adpreatbtion | Q)?tuy\@ﬁfb Qlea&gn&@afia @%g dose of
toxicity and |idocai ne or ammoni a | evels. [0029

hdocalfl% ¢ 3C%nglgud}1%b8érrus¥@13 wayl g rﬁl%g ?a@ d%nd}c\‘é%f %&n ﬁgsdlamonds) and

ai ne I'Ces were approx
h an avera

1nterm1g{ﬁ16tr B%%%?rélt(glmi eép%e 9;310\’\%{” qut) was also r%rformed (indicated by the

circles). Three separate trials were performed for each. At approximately 30 minutes after
lidocaine loading, the level of lidocaine dropped from between 3.2 and 5.8 ug to
approximately 0.9 ug. This level was reduced to approximately 0.5 ug 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 intermittent 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

11



total were used in this exanple. The slices were then
pre-cul tured by imrersion inapproxi mately 200 ml of
wOedosienss4 E media with 10% FCS and drai ned upoPCT/US2004/016477
exposure to an oxygenated gas. Each liver slice is
exposed alternately to the nediumand to the gas at an
exposure-tine ratio of approximately 1:3. [0030] The
gas m xture, approxinately 95% oxygen, 5% CO2 at 1
ATM S gl neq 1n th .cha r throu out t
hours @fcdp PG KA ot Bl (EATInG Eh BReaVET Pebispaks and 7.8 kg
m nut es. Bol us doses of Ildocalne (2mg) or ammonia (20
Howesve) witleip 8 0j rjoates didocarpeeleyplrseriuged uarprag inetety Gn88 gugrfexithe 6 hour
by collecting sanples at 0, 5, 15, 30, 60, 90 and 120
trials andnfirethe aftiano® parfirssona@d 1Rbir hoal: Withinc GO triinatdsoall trials were
The results are summarized in Figs. 3A 3B, 4 and 5.

showilgDidddairtd BveBrodtwech Q78NN 6ad 11 BRI €8&IM, atht QBsuMs ddonstrate the
vitro clearance of a 2 ng dose o l'idocai ne.

efﬁ01e Bf THOWRvRE rf U%HQ& WaGcabfe ie‘%ﬁeﬁi) ﬁ@rf’ ’tdxrfkfj h&GRiE QJltlBymtermlttent

di annnds) Intermttent perfusio

e a of 1:3) was al so perforned
peﬂhm%Pﬁgf@ %é} Eﬁé(gfrcles) Three separate trials were
performed for each. At approximately 30 minutes after
| (003l 18e 4118 Ragtaphics] rf@pqemﬁ%xf of wdwau I comssabatigny pyild-up
between 3.2 and 5.8 ng to approxinmately 0.9 ng. This
from a|2amg|lidpeaing dekge duitinlly BMX eonermtration Genfinggl appraxddately zero, until
m nutes. The results denonstrate that the device of
approximeteyr B miduted VBRI DBIX methiboRtds et oldenedligsredsingd @ dd@lentration
toxic levels within 30 mnutes even in the presence of

after 18 iiButeRsH fatRedApprdiPmattly HTRAL 08lubLat@OHhindRU$owever, for the
nedlun1perfu3|on the intermttent perfusion

24 hou\%\ﬁ??é%s eVI éﬂesﬁkﬂg %%eaﬁﬁtlérfﬁcﬁlﬁ‘ﬁ%dj{Bemglfe]ag@gﬂ) i;d:lZO minutes.

e ‘ac sane resu
dru canq

These é%ﬁﬁ% sy Qﬁ M%O&I (BE piraH ity nge esibaro dtosying (g indicated

t abol
by the DMX metabohte concentratlon increasing over time) in the presence of HL. 100. There

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

[0034] Fig. 5 is a graphical representation of in 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 HL 100. In addition,
there was no significant difference between the trials with continuous perfusion and those
with intermittent perfusion, thereby indicating that less medium can be used while still

retaining activity and efficiency of the device.

12



| i docai ne. [0032] Fig. 3B is a graphica
representation of in vitro clearance of a 2 ng dose of

wo p@soeiepe for prior run times of 6 hours and PAT/OR2M0E016477
In these runs, the liver slices were exposed to gas
either continuously or intermttently in a ratio of
1:3 for 6 hours and for 24hours prior to |idocaine
| oading. Initial readings of |idocaine were between 2

.8 . _However,. within 30 minutes |idaocajpe
T3 whal R b B el it biop Do Bty SRb ResCHBob Pl grsens of a
trials and for the continuous perfusion 24 hour trial.
specifigyeppiodingant it itoee Enderstoqdahat nysmesouheiwnges anddvedifipations can be
| evel s between 0.75 ng and 1 ngy. Again, the results
made tHeronweithattelepirting fifoircthe spivit efid sdope df tiedavdntioneduce
|idocaine levels to non-toxic levels with intermttent
perfusion while exposed to HL 100. [0033] Fig. 4 is a
graphi cal representation of in vitro DMX concentration
build-up froma 2 ng |lidocaine dose. Initially DWW
concentration renai ned approxi mately zero, until
approximately 18 mnutes. The DMX netabolites were
observed increasing in concentration after 18 m nutes
and reached approxi mately maxi mal val ues at 60
m nutes. However, for the 24 hour 1:3 exposure trial,
the DMX concentration continued to increase up to 120
m nutes. These results show the ability of the present
invention to netabolize |idocaine (as indicated by the
DMX net abolite 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. [0034] Fig. 5is
a graphical representation of in vitro anmoni a
cl earance of a 20 ng | oadi ng dose. At approximately 30
m nut es maxi mal ammoni a cl earance was observed in all
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trials. These results denonstrate the ability of the
present invention to renove ammoni a rel atively quickly
W0 200806690Xi ¢ | evel s in the presence of drug cReUSEDE016477
HL 100. In addition, there was no significant
di fference between the trials with continuous
perfusion and those with intermttent perfusion,
thereby indicating that | ess mediumcan be used while
still retaining activity ig& ficiency of the
devi ce. [ 0035] Wile the G I nvention has been
illustrated and described by neans of a specific
eWbaldp elsimedist is to be understood that numerous
changes and nodi ficati ons can be nmade therein w thout
departing fromthe spirit and scope of the
i nvention. CLAIMS What is clainmed is: 1. A systemfor
tlest i ndy sesterotiemtesting alpetentich Amigdandidatgior ioxicetyt spid systen
system conprising: a liver-slice culture apparatus
comprisilg) , the cul ture apparatus conprising: a chanber
having a nediuminlet and a gas valve (17); a

R Tierlsiity cfur@ B iRdtud | (1\4@ rth& billees aﬁﬁh@tu@&ﬁhﬁﬂs@r@d

securely within 'said hanber so as to naxim ze the

surface, rHéw{ng)xAé Yifrh nﬁ t'aﬁﬁ%\g%%‘%%@gﬁ)o a medi um

(13); and neans or sel ecti y suppl’yi ng and
renmovi ng a..nedj the ch ﬂ% i.n
the cHRBEMEBhEmR ks Sl wn?%ecwwméwachambef
and is repoved from contact mnth the liver slic
#orag SR g mize i) surigee aisa PAINSIVEL Hlises FErmsehicAmPe iuin (13) and
enters and exits the chanber, said animal |iver slices
bei ng roedns (i Bdor selegiivelndupplymgand semavingygeiiamey thgahamber
under the supply of the mediumat regular intervals so
tdodhatsh¢ thediuncRsthackarebdresmds mité esmadt iwdth thie lioeit diiees, and is
medi um
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 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.
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and to the gas; wherein when the liver slices are

exposed to the potential drag candidate the toxicity
w@boosheloppt enti al drag candi date can be det er nPCEUSIDY4/016477

observing the effectiveness of the liver slices to

nmet abol i ze a conmpound in the presence of the potentia

drag candidate. 2. The systemof claim1l, wherein a

mesh (16) at least partially surrounds said ani nmal

R M RO L TR LI T

i approximately vertical in the chanber.3. The system of

liver slige®i m 2, wherein two neshes at |east partially
surround said liver slices. 4. The systemof claim]1,
wherein the liver slices have a thickness in the range
of about I Om to about 2,000/ xm 5. The system of

al. ai mThe sybRALIMEIAIREL, Wheedin el 16R5 slidY Bave 4 HHigBRSE thdrange of
t he range of about | OOmmto about 500mm 6. The system

abmﬂlﬁ%nfkﬁﬂﬁ%ﬁ obdirf,her conprising a means for introducing
agas to t%b %%s valve. 7. The system of claim 6,

wherein the gas is a m xture of oxygen and carbon

di oxi de. 8. The system of claim7, wherein the

g@s-to-plasna expaosure tine ratio to the animal |iver

bi ceslHesYalsBRT claim }, gvherpp theqiver slaces haye & {higkagssgn the range of

claim7, wherein the gas-to-plasm exposure tinme ratio

about 0umHe abat®0umi.ver slices is about 1:3.

6. 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.
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10. The systemof claim1, further conprising an
i mmunol ogical filter (18) inserted in the gas

wo 2008061694 The system of claim 1, wherein the BPOEIR®N4/016477
is sealable. 12. The systemof claim 11, wherein the
chanber is thernoregul ated. 13. The systemof claim1,
wherein the conpound is selected fromthe group
consi sting of ammonia and |idocaine. 14. A nethod for

eval uaty n he xicity, of. g, dru sai d hod

cbfipr; Pngetiphiiion ) YnSsinthy T hicop:

contacting the culture nediumw th animal |iver slices
(15), the animal liver slices being positioned
securelﬁ in a chanmber so as to maxi m ze the surface
altda offh¢ systam of ¢lgies 1 byphsed thockambecisitharmerepdtitedn
wherein the chanber has a plasma inlet and a gas val ve
(17), means (19) for selectively supplying and
renmoving plasma in the chanber so that the plasma in

e chagbefstnPBBQaind' i OwhQBHARE chhidhntl 1eseide tirﬁﬂgitﬁﬁ? gré)}lp

and is alternately renoved fromcontact wt
. sl far supplying a gas to the chanber, a
Conmﬁ%%éf%g{nr%ﬁ%%%l I@S?ang%nt aining plasma as it enters and
exits the chanber, the nethod further conprising:
contacting the liver slices with a gas m xture of
oxygen and carbon dioxide; exposing the liver slices
al‘{ er nAtmegtbod, for gvdnatingatha tekicineofgadugiisgidunethod coxpysing:
and carbon di oxi de gas; and exposing the liver slices
2 tpphengls agtwremsdiunedli2ed; wherei n when the |iver
slices are exposed to the drug the toxicity of the
congaceiap theecutiatearhsdingtw il aMbme ivéritcdsies gilealimiPInNgS Slices
of the liver slices to netabolize a conpound in the

4  being positioned securely in a chamber so as to maximize the surface area of liver slices

[S®)

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 plasma in the chamber so that the plasma
in the chamber comes into contact 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 liver slices with a gas mixture of oxygen and carbon dioxide;
exposing the liver slices alternatively 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.
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2

presence of the drug.15. The nethod of claim 14,

wherein a nmesh (16) at |east partially surrounds said
w@riogmbiobd ver slices so as to forma space andP€DUS2004/016477

retain said slices within said space, said nesh being

positi oned approxi mately vertical in the chanber. 16.

The nmethod of claim 15, wherein the conpound is

sel ected fromthe group consisting of amonia and

| 1|5d OC A hethod of claim 14, 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 positioned approximately vertical in the chamber.

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

consisting of ammonia and lidocaine.
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