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SUMMARY OF THE INVENTION

[0003] Accordingly, the inventors have succeeded in devising a novel tissue
culture and/or perfusion technique that exploits the inherent tissue matrix and angio-
architecture of tissue slices and concurrently, enables, for example, long-term
maintainance of viable, functional cells. This technique utilizes micro-fabricated needles
as a perfusion platform to interface with the existing micro-vasculature of tissue slices. For
example, liver slices and micro-needles can be embedded in between a PDMS membrane
and glass cover slip' to sustain adequate pressure within the tissue slice. Utilization of
tissue slices provides, for example, the advantage of cellular heterogeneity and interactions
within an intact cellular matrix. Integration of micro-needles can, for example, serve as a
substitute for the larger preceding vasculatures that supplements nutrients to the cells.
Also, for example, the flow rate and/or pressure of the inlet fluids and nutrients can be
controlled or adjusted to allow .uniform distribution of fluids and nutrients to the tissue
sample via inherent pathways. Such control can also, for example, serve to reinstate the
inherent hemodynamic environment of the tissue. For example, in the case of liver tissues,

by controlling the flow rate and pressure of the inlet fluids and nutrients, the present



substitute for the larger precedi ng vascul atures that supplenents nutrients
to the cells. Also, for exanple, the flow rate and/or pressure of the inlet
f1 ui ds anstonuéardsentss can be controll ed or adjusted to alPcowcanisioosas

distri Qgétélﬁ 'ﬁoﬁBnlglc'dh 40w 18r BMbdThEMEibhRod Bemittissy o SR Re Vortrhafas ent

pat hway Suc ntrol can also, for exanple, serve to reinstate the

| nher enmhepentrsityseidilcpashvaiso bpe aiso ghe trpiastefenisnie of K inbersnbhemodynapte case of
liver tissues, . b ntrolling the flowrate and pressure of the inlet

f1 ui ds SHRIPR %tR?gwert he presentsystemnot only can allow for uniform
distribution of nutrients to the entire construct via inherent sinusoidal
pat hways but al so the reinstatenent of the inherent henbdynam c

enviro F BESCRAPTIQN,OF FRIEDRAWINGST ON OF THE DRAW NGS [0004] The
skilled arti ﬁfﬁq Wl lSklﬂQ&’?ﬁﬁiEl? gllﬂaérstraﬂ@ﬂgfﬁi@&g@m#?eﬁfzﬁ% O are for

illustratio pu poses on raw ngs are not ed to limt the
scope @br Illmetraifoﬁspmpomeanly nthe draw&rgg arayot fridG@sf t&|1Eit thhewpeard theenpl ary
system of the ipveption that is used in Exanple 1. [0006] FIG 2 is an

i 11 ust PEESPRE{eashings B3R WaYek tissue slice perfused with 10% Trypan Bl ue for

5 mnutes u ﬂ(gﬁl ‘F}é I1N8bs 30 SxAREEHPsysfein JORe Hvehtién 'ﬂia% BURed ﬁpﬁxﬁﬁ’ﬁlb om of

the tissue cross-sectiohs "of" the tissue at the needl e puncture
point. 1L.0007] FIG3 is an illustration of a 2mmthick tissue slice perfused
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i 11 ust rthe fissne aifd (chebasactionsyfshetissue pithe seesdle pHwtye powt.em (b) rocker
dynam ¢ or a3y EpAe s, LOPOLELD G d ufl bl WEbieAI8 bbbkl G 5! O

di fferent
Trypan Blue for 5 minutes using a single 30G needle. (a) Bottom of the tissue (completely

perfused), (b) Top of the tissue, (c) schematic of cross section, (d) Cross section A (L), (¢)
Cross section A (M), (f) Cross section B (M) and (g-h) Cross section B (R).
[0008] FIG 4 is an illustration of incubation systems; (a) stationary system, (b)

rocker dynamic organ culture.

[0009] FIG 5 is an illustration of the effect of different incubation systems
(stationary system and rocker system) using MTT assay. Slices were perfused with UW
solution, precision-cut to 300pum using Krumdieck slicer and pre-incubated for 1hr.

[0010] FIG 6 is an illustration of a 300um thick tissue stained with 100uM Rho 6G
and captured using confocal microscopy (excitation: 543nm and emission: 560nm). Each
stack is 150pm with optical sections captured every 2um. (a) and (c) were stained under
rocking conditions and (b) and (d) were stained under static diffusion condition. (a-b)
Images obtained from the bottom layer of the tissue and (c-d) Images obtained from the
top layer of the tissue.

[0011] FIG 7 is an' illustration of a 2mm thick tissue stained with 100uM Rho 6G
and captured using confocal microscopy (excitation: 543nm and emission: 560nm). Each
stack is 150pm with optical sections captured every 2pum. (a) and (c) were stained using

single needle perfusion and (b) and (d) were stained under rocking conditions. (a-b)
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cross section; (c) Left side of the liver slice (L); (d) Right side of the liver slice (R). Small

arrows show regions that remain to be perfused.

DETAILED DESCRIPTION OF THE INVENTION

[0017] Thus, in certain aspects, the present invention offers a solution to the mass
transfer limitation conundrum that had plagued the field of tissue slice enginéering for
many years. In some aspects, the present invention provides a higher level of biomimicry
by exploiting existing inherent extracellular matrix and microvasculature of a tissue such
as, for example, the liver. In some aspects, the present invention excludes the necessity of
cell isolation and stimulation of cells to maintain high functionality with a variety of
growth factors, scaffold design, and co-culture. Micro-needle perfusion enhances the
uﬁiforrn distribution of perfusion media, which subsequently ameliorates the viability and
functionality of the tissue over a long-term culture. (Example 1 and 2). Micro-fabrication
techniques enable design and development of a range of micro-needles with- varying size,
array distance and shape, which permits the versatility of experimental designs. Utilization
of micro-needles can potentially facilitate the introduction of different drugs at different
regions of the liver, and investigate the interactions of the cells from different regions with

respect to the drugs introduced.
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dosage and thus, allows more in-depth studies to be performed.

[0021] The micro-needles system can also be used to inject different
pharmaceutical biomolecules intd different parts of the tissue, creating a differential
concentration and type of drugs within the same tissue slice. This technique can assist the
understanding of interaction between different kinds of chemicals and how these chemicals
affect living tissue by being differentially distributed in different parts of the slice.

[0022] The technology of micro-fabrication also offers the possibility of
integrating in situ and real-time sensors, which can detect hormones, oxygen levels,
ligands and chemical agents.

[0023] Chip-based systems can be easily duplicated and multiplexed, facilitating
the integration of HTS to screen potential pharmaceutical products. Such systems offer the
advantage of speed, flexibility and accuracy in evaluating the pharmacokinetics of a
particular drug. _

Tissue biochip for bioimaging and biological investigations

[0024] Utilization of a thick tissue that is embedded in between a transparent

PDMS membrane and cover slip permits the incorporation of confocal microscopy and

multiphoton microscopy as a bioimaging tool. Integration of these experimental techniques
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different cell types at the interface region.

Tissue microarrays

[0028] This chip-based device can be multiplexed to form tissue microarrays
(TMA). TMA is normally used for high throughput histological studies, however, existing
TMA utilizes thin sections of fixed tissues. The current device can also be used for similar
applications with the advantage of thicker tissue sections and also viable, functional
tissues. This advantage presents many applications such as, for example:

[0029] (i) Viable tissue sections can be cryopreserved and commercially
marketed. Viable and functional tissues presérved this way enable off-the-shelf availability
of tissue chips for experiments, avoiding the need for cell or tissue isolations. This not only
permits histological studies, but also functional studies.

[0030] (i)  Thin tissue sections were traditionally preferred due to inability to
uniformly stain the entire tissue. With the current invention using micro-needles perfusion,
this problem can be eliminated.

Cell culture analogues

[0031] Besides using the liver as a sample source, the current technique can also be
extended to other organs of the body such as the lung and the kidneys. In the past, cell
culture analogues (CCA) of the body had been created using in vitro cell culture flasks
containing different parenchymal cells obtained from vital paﬁs of the body. A chip-based



mul ti photon m croscopy as a bioimaging tool. Integration of these

experinmental techniquesalong with the current chip-based tissue enabl es at

| east t hewbabésnmisng applications, for exanple: [0025] (iPLTRG2005/006846

m Cr 0- @égdﬂa%salstoobéegtlﬁf(fd%@@dbi‘@c&msl Renand §éﬂe’ﬁ9 o@BH&&@lbglbﬂI}eféb%semﬁﬁvé he |iver
I'S possible to observe the nmetabolismof a drug in an_in vivo

enV| roﬂmmtestandtsh@r dorcesrSimnét ok @Oﬂ@) Biatedinology redewn20; e 3348 e A

bi ot ransf.or oLt i

{1 or cuEuAt CEagedenretl Gats b aReg R Ritis R bdloptiRicdione, | |

real - t4)188s frbRGAR] pdrisiof thel BUde sach astivdiver, lupgs aed hlkiﬁsystalné imterfdiextheses sue

matrix and cell heterogenel ti the interactions het d’g ferent cell

tyfjleslwﬁe&ﬁélcéby@rm@@'mﬂ asddhe pevantassofithie disgia ‘F}Bl?fge%H ¢ TGRS My nami ¢

cellular ¢ | drugs

o movBSYRNT A g B bE G}ihiol i hAIEbichiRls Syl hRECeqHERAE 10

M cr o- BB PhRfclginiat bnd hen-paturdhiyapbedfs. di ff erential introduction of multiple

drugs, this Chlp based deV|ce can be used to observe not only the effect of

;he dr A‘.'i ~= SOl Id but also the interaction of cells with the
rug and a ﬁ.’gﬁﬁ tgggﬂﬁ [ T

m croarr ay%&)ﬁ%}’ 'S %:ﬁl% eggglg%&n evi c}e cag}”%{éélra}u%f?lggﬁgaﬁ %ﬁ%ﬁlger?m tissue

M cr oafigsay slicds)and ehiiheérsd nmsumbdn;stmsisd)ffmuclh laggert cﬂmmghmj(thiﬂkslt andgi cal

studi es, however, exjstin % lfgl | i Ze“?n | ssues. The

S

cur r enbizger) | than carentlys Boss Co FULE "‘("Et?"n g ecﬁ@éﬁ?’l(’&ﬁ s(eg‘l}e[r q?’t’le °Ldvant age
of thi g%r%&uz:)' fSHes SLEshO Qﬁlsﬁ'ﬁ&s g6 thhP Dy ty{oiéﬂl@il R gritk $5HAY-dudlo S

advant ésent's many applications such as; for exanple: [0029] (1)
Vi abl elititsd meass erabsferthragh tb@e@wproéé@we@nam:ts:mﬁl@nmoy et ed.

Vi abl e a funtlonal tis reser th| | f
avai | aBFI%S\FaBf etﬂr%%ﬁey %ﬁ’ (F PR rri“}% ! ar‘{ggeo cg{cn‘%a’&ges?%f cell or
ti ssueefRpn@tin®iions bRicellNahd @diltenance of structural mtegnty of t1ssues or tissue

constructs of large dimensions >1 mm.

[0033] Silicon microfabricated micro-needles and PDMS chamber can be replaced
with biodegradable polymers. Utilization of a porous biodegradable material can enable
the live cells of the tissue to grow into and occupy the porous structure, hence, making it
possible to grow a small tissue slice into a larger tissue slab. The biodegradable material
can be seeded with stem cells or progenitor cells prior to encapsulating the tissue slice. In
this configuration, the stem cells or progenitor cells can provide a cell source for
proliferation, and the liver slice can provide signals for the cells to differentiate. By using
the abovementioned methods to grow a larger tissue slab, it can be used for bioartificial
liver and other tissue engineering applications to substitute damaged organ parts.

[0034]  The headings (such as “Background of the Invention” and “Summary of
the Invention”) used herein are intended only for general organization of topics within the
disclosure of the invention and are not intended to limit the disclosure of the invention or
any aspect thereof. In particular, subject matter disclosed in the “Background of the
Invention” may include aspects of technology within the scope of the invention and may
not constitute a recitation of prior art. Subject matter disclosed in the “Summary of the
Invention” is not an exhaustive or complete disclosure of the entire scope of the invention

or any embodiments thereof.



permts histol ogical studies, but also functional studies. [0030] (ii) Thin
ti ssue sections were traditionally preferred due to inability to uniformy
stai n thewenbég@ifiyssue. Wth the current invention usi RET/SGR03/06a6 es
per f usi on, L pf Ob' 1 %ﬁamﬁaeoieﬂefé%ﬂt@& BreirCRbds €04 doH§tBuRNR ABMESof 0031]
Besi des usi liver as a sanple source, the current technique can al so
be ext ethatetllow) rcibtmcesowgapmrom tomhatye Ry stelevanes théhd ppigniabidity KE the dneys

I h b
usi ng. 1RCPP o SiseioRed e A AR ey BF, ARSI PEETRERER T

obt ai nqﬁcarp@mwuyaglgfemb&ﬁlmélrbmﬁe@ody A chi p- basedCCA has al so been
introduced recently with the benefit of physi. oI i cal |y g esen t| ve
fl ow at es al¥36hdhe dessripen qnd; spegitic gramploguhle i swér?mho 896

PP. 338 3dbn, feThiFhd foChtip6all RGIGHEALE Sut ddd%rt RSt fitniE to hﬁ]ﬁhtﬁb aue,
i.e. is0 ng represen etlssues rces“fromvital parts of the body
such asscope olflthermvdnﬁlgslvhmebvler treeigatioanof nntlEple asnbogliméngs ehatfmgsslésdsl i ces

dl The, ad f t p-b t t
b1 el oL GG SIS REO S QPP RE BRGSO e Aot
constr u&ﬁboqﬁ;[&?g ane{lg?pﬁhﬂ PRERAGHYRbiBRNnE 08 R QBk&Y MBdtuks) ISecific

Engi neeri ng sue onstruct s [0032] By adjusting the densities and
t he | erBtdmpés uecpsrovﬂe@dbreﬂluswwwapurmﬂes @rf dowi s meke| isgeand Hﬂ@ﬁ@n@p neer ed

Cur  ont FPTBEb Rl meoRT et EISTRRON B GRES GG 0 S FORLCr R M2 at ¢ or

dynam Cihtenlibd &'68 aGep &be%%n%ﬁ iV&iC Efbd@R@As JFMBR thiAtio} Ma08/ dryhave
di si ntegrate rapi dIy ue to limted mass transfer through these pieces of

ti ssue mauylstenowads or Reteflusi on t hrough nicro needl es can be precisely
controlled to provide nutrients and renove netabolic wastes for efficient
functions of cells and nai ntenance of structural integrity of tissues or
ti ssue gRAMPLESRS of large dinensions > 1 mm

20;

[0037] The following examples are intended to be illustrative and are not intended
to limit the scope of the invention.

EXAMPLE 1

[0038] Perfusion studies using Trypan Blue.

[0039] Long-term tissue culture of thick tissue slices has always been the holy grail
of tissue slice tissue engineering. Thick tissue slices has been shown to possess better
morphology and functionality (Shigematsu ez al, Experimental and Molecular Pathology
69: 119 — 143 (2000)), however, the culture duration is limited due to mass transfer
limitations. Utilization of dynamic cultures enhances mass transfer, but exposes the tissue
to mechanical abrasions and damage. Embedding tissue slices in agarose has been shown
to protect the tissue and hence, improve viability and functionality to the extent of
prolonging the survival of the tissue (Nonaka et al, Cell Transplantation 12: 491 — 498
(2003)). The current example illustrates how a single micron-sized needle can be used to

perfuse a thick liver slice under static and embedded conditions.
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slice into q“ﬂf%lé’re%tP%@%&&Wﬁﬁ@%&?@d%?ggﬁ#ﬁe%?Xe\llra?eal can be seeded
Wi t h stvgtat abiss (vdighpr of eapptaximatelyl 25@g)i trat t were nemgesthetigted ngsing esotlives ue

slice. Inthis configuratiaqn, the stemcells qr praogeni.tor cells can

B ovi dEheObEPTORAIITOF G "B PRLAEPHE | SaRCHESIS g e BRI TS ovi de

si gnal %rég%lredtlﬁ‘fhgcgri gm0 aidefedr @ahE absl: oBY MbioRdrivBe thRyermiRt dafed met hods
to gro arger tissue slab, it can be used for bioartificial liver and

ot her flissseieslienyi werer pregisippéitc & | e msingu s tvikratomed 4PaEe 00 gBelcpart s.

[ 0034] _The headi .(s as o Kgr gun f the | pventi.on: p ry of
the | n\}%tﬁ@%?f‘ﬂﬁ @%@aﬂ%n%m@%ﬂ@aﬁ%%% &% VA %er‘ﬁlé‘g&]né{rtgﬁh%?@g% iﬂ?ay%i on’ of

t opi cstlwgglfemigeﬁgﬁggQge‘g_%qggﬁ@”@fnmg@eimvent lon and are not intended to limt
t he di sclosure of the 1nvention or a_né aspect. thereof. In particu]ar,

subj ect mat (MM 1HFiguro2edhoms thh mBahickrtinshel shee thee bas\peer PeAuseAayt ncl ude
ts. of hnol.ogy wit hin the. i -
coneti e e B o B insR o el Y PR ARARC Y oY

" SumBrgyerh bhehs NeNg | patichlalyoit @ exbdlespincturer peiapUeing di sialibisur e of

the entire scope of the invention or any enbodi nents ther eof.%OOBS The
ci tat i sanfguratimemhar e nrsfusion wseconAetted Bt hqus B SRUEEIHSIS FBRSIEREE ¢ hose

ref erencgsare | Ok la: : . 0 Hﬁﬁ?g ol of the
i nvent i'o Fgﬁyg%tf %Ldeegi:@%éelsg.Su%%ﬁﬁlrngfryesrlfelﬁggﬂség%g? )élggllttr? t eé% g{e&%:i@ﬁ%g{)%{on are
her eby effig&icpoutilietionyofr &f erreped mivrd-heddiesecdn actigve higha6eiiitleacylesdri pti on
and specific exanples, while indicating enbodinents of the invention, are
i nt endé&nlﬁléﬂte%r“ﬁ%&e%?egi‘qqsust ration only and are not intended to limt

t he scope of the invention. Mregxanpreei tation of nmultiple enbodi nents
having stated features is not intended to exclude other enbodi nents having
addi ti onal fl@d2liPedision stidiesr using Rho 6G and correlation to liver slice viability.

Enhanced mass transfer of nutrients and removal of wastes is often correlated to improved

viability and functionality of living cells and tissues. Example 1 illustrates how a single
micro-needle can be used to interface with existing microvasculature and hence, perfuse
through the sinusoidal pathways. The current example aims to illustrate the correlation
between improved perfusion and mass transfer to the viability of liver slice.

[0043] Livers perfused with UW solution at 4°C were excavated from Male Wistar
rats (weight of approximately 250g) that were anaesthetized using sodium phenobarbitone
and injected with 0.5mL heparin. Tissue cylinders from liver samples were prepared using
an 8-mm diameter coring tool on a motor-driven tissue coring device. Tissue slices were
precision-cut to 300um using Krumdieck slicer (Alabama Research and Development,
Germany). Slices were cultured under static conditions and rocking conditions (Leeman ez
al, 1995, Toxicity in Vitro 9; pp. 291 — 298) as illustrated in Figure 4; in Hepatozym-SFM
(Gibco Laboratories) supplemented with 100U/mL penicillin, 100ug/mlL streptomycin,
0.1uM dexamethasone, 20ng/mL EGF and 10uM insulin. Both systems were incubated at
37°C and 95% O,, 5% CO,. Tissues were removed from incubation at an interval of —1hr
(before pre-incubation), Ohr (after pre-incubation), 3hrs, 6hrs and 24hrs and assayed vsing

MTT assay.Fixed liver samples were obtained using similar method as described in



enbodi ments incorporating different conbinations of the stated features.
Speci fic Exanples are provided for illustrative purposes of how to make,
useI and pwe(ztmamgtlhe conposi tions and nethods of this ireescGeasoamnsds unless
explic tat e [ t 3‘50% GcR6 Lon that
gi ven Eﬁﬁ%‘ﬁf KE ¢ # r‘f\f@éesﬁ%e&gs%%l%ﬁtﬁave Hg%giﬁgve ng?ecriesg%ﬁlsﬁlg%ga%? t est ed.

EXAMPL R8sdaedhdatld ﬁéleld[pﬁiehtmengm») dKphradicek et alerSﬁ)jedemm Uséng 4 Vlibsa:tcvrac ive and
are not intended to limt scope of the inyentiq XAMPLE | [ 0038]
Per f us(1BHEKstA08; B@%Bﬁt%aﬁﬂn?bgﬁd@%e[}s‘f‘b@?@]OfLQWt éfzfi}é%l’fés BefYSEY e of

thick th S%e" ﬁ)ﬁ?&ttﬁ e & ﬁ@ett aslwo%nQB%%HQfl. Diffiihap btugRs L | SSUE

engl ne SSUG S| I C een shown t POSSess better

nor phomga'gém&ﬁdd inemlungxsooﬁm geNBhaUsles al SmE»ﬁQOOmMnth 66ndnddb| ecul ar
Pat hol ogy 69: 119 - 143 (2000)), however, the culture d tionis limted
due t ostatic sndr rekingrconiiionst iained slicey e P@%geéfmdifﬁé:ﬁ? MgP¥ESPENhances

nmass t r nsf X
Embedaiag ey Fou o) pR B okt ot B o AR A R e o
hence, of B@Sﬁl\i and b6stinh tdspectinelyf Baicdach nisduetsyict, @ stavk of 76 epticalfseqiions oragi ng t he

survival of the tissue (Nonaka et al, Cell Transplantation 12: 491 - 498
( 2003) yaptTted at ayery ApmdRerapeet (tqtfﬁll}blckmséé’f%@dsﬁwgilﬁﬂgﬁ OB cron- si zed needl e

b
Condi 11 one. (00T (158 & Bt bRl 467 1k Tion et o ROlE SARRERE . o

from N%?ro%é tfe shﬁflﬁal (G‘Eeﬂﬁhﬁssﬁé papicegeifet ya 260y ultat Therlmproved
anaest heti zed usi ng sodi um phenobarbl tone and in hepari n.

-(I:-Io? |S lrjlg V:gbtl llm@ﬁn 5e fcp@ﬂﬁﬂed%?hesdawl% ofear J &ﬁt esg}& ah! glsﬁﬁﬁmé P¥net er
A B M, St o s pstsssoe

penetra’uon of the dye after Thour mcubatmn into the tissue for both static and rocking

_)._.

conditions. Under static conditions, the dye seems to accumulate at a short distance from
the surface of the tissue, hence giving a thin highly fluorescent layer. In comparison to the
rocker system, the dye penetration is more diffused, resulting in a lower intensity but
thicker fluorescent layer. .

[0046] Using this correlation, a similar diffusional investigation using a 2mm thick
liver slice and under needle perfusion was conducted (as illustrated in Figure 7). Results
indicate that using a micro-needle perfusion enables the dye to penetrate to at least a depth
comparable to the rocker system. This is illustrated by the thick diffuse fluorescent layer
on both the top and bottom layer of the tissue. The needle perfusion also possesses a
significant advantage to perfuse thick tissue sections in comparison to the rocker system.
As shown in Figures 7(c) and (d), the top layer of the needle perfused tissue is uniformly
stained, however, the rocker incubated tissue is very faintly stained.

[0047] The above studies establish that a single micron-sized needle can be used to
interface with the existing microvasculature of the tissue slice and thus, enable efficient
perfusion for nutrients delivery and waste removal. This efficiency can be further
enhanced with the integration of an array of micro-needles. Moreover, micro-needle
perfusion provides a platform to eliminate mass transfer limitations for thick tissue
sections, consequently, improving the survival of thick tissue sections over a long-term

culture.



I nternational, Redding, USA). 10% Trypan Bl ue dye was perfused into the 2mm
thick tissue slice using a set-up as shown in Figure 1. [0041] Figure 2
shows t hewdmmddhiiqaly ti ssue slice that has been perf used peirisic2d0sypesas Bl ue
for 5 mnutgs, [ L gur.e LaSrdY&nEs Lhahgdedhegoentire
Cross secti @?4%?%@%&’%%5%%&%3}#& géﬁ\? Icy at tﬁaél needl € punct u(r:e’p(c))i nt .

Usi ng exasipie,| paotecioth® isgifricat dfdhe tissnes frotmempetrahics] ahrasiers ambdatoageetiefasy 1 hour,
the entire tissue.was stained with Trypan Bl.ue (Fi qure ...Since using a

si ngl efHEEns éP%ﬂ‘il‘b?lgnai%ﬁ%lﬁg]éeos“ﬁ’éggJ‘F?%r?srﬁﬂ‘}lﬁlmé#% S "éw&%l?ssuﬁf'i li zation of an
array of mcro-needl es can achi ewealglres efficiency and elimnate the
unper fused regi ons. EXAMPLE 2 [0042] Perfusion studies using Rho 6G and
correl at i on[0049] Perfisiey! using micabhéddigchamsanced nmass transfer of nutrients

and renoval stes i s of.iten [Le e - Lahi:] 1ty
functionali {‘8’%8?%%?19? %ﬁcaé’filegalgﬁgs ? i Sé%e%@%%agﬁ‘ggismﬁg%drl%%ess léojw a

si ngl epfidr6lRedieedhe aBnbexaugie ilwtiafes ahé grefusibh ofethe divengliod asimgascul at ure
and hence, perfuse through the sinusoidal pathways. The current exanple

ai ms t fabricatad mieroencedle cbanb®! ati on bet ween i nproved perfusion and mass
transf@# Lo iPhe viability of liver slice. [0043] Livers perfused with UW
sol uti tlho[o & were excavated from Male Wstar rats (wei ght of

appr oxi mat e{Q052p Egbridatiah of@icEo-aBaks tdibiez €Theunicrugnesdtt chambkectolyzides t one and
injected with 0.5nL heparin. Tissue cylinders fromliver sanples were

pr epar éﬁ49%ﬁt&{§1%e§)3mn di aneter coring tool on a notor-driven tissue coring

device. T S?&%ﬁdﬂa%s‘:gr%g@%gg%gdq%smﬁ 300, Usveriphmel eokiss| i cer

(Al abama Research an rmany). Slices were cul tured under
stati ¢ condidenthasneand rocki ng conditions (Leenan et al, 1995, Toxicity in

Vitro 9; pp. 291 - 298 illystrated in FEi gur -l atozym SFM (G bco
Labor at or i egﬁ‘ﬂgﬁp%lpM%‘e‘%}?rgEraW:t S:L‘@S‘Bﬁ’fﬁt_‘eb% eisénfe‘?f%ll‘?c’lﬁlwél%ﬁfls "iér ept onyci n,

slice.

Part 3 — Micro-needle platform: A micro-needle array comprising of 4 needles is
CNC fabricated into this platform.
Part 4 — Top cover: The top cover is designed to enclose the chamber and for

connections to the perfusion circuit.

[0052] A schematic representation of the micro-needle chamber and its assembly is
as shown in Figure 9. The chamber is fixed together using M4 screws and connected to the
perfusion circuit as shown in Figure 10. Fluid is pumped from a reservoir by a peristaltic
pump (P-1, Amersham) to enter the chamber via a center inlet, exits via a side outlet and is
returned to the reservoir.

[0053] Diffusional studies

[0054] Liver slices are prepared by excavating UW solution perfused liver from
Wistar rats (250-300g) and sliced to 900um using the Krumdieck slicer (Alabama
Research and Development, Germany). 3ml of 100pM Rhodamine 6G dye or 10% Trypan
Blue was perfused into the 900pm thick tissue slice for 1 hour using the set-up as
described above. A static control was set up by incubated a 900um tissue slice in 3 ml of
Rhodamine 6G. Rhodamine 6G stained slices were imaged under confocal microscopy

(Zeiss LSM 510) using 10x obj ective at excitation wavelengths and emissions wavelengths
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0. 1 uM dexanet hasone, 20ng/nL EGF and | QuMinsulin. Both systens were

i ncubated at 37C and 95% 2, 5% CO2. Tissues were renoved from i ncubation
at an i ntwovade/ai+ilshr (before pre-incubation), Chr (aftecTpcesismossaati on),
3hrs, 6 y i El oy aphes were
obt ai né)ggéssﬁgn%?érg@jafeg ec{ﬁ Eglg g% éég%g%u%/g%cﬁaéx@%%rzg%ﬂéés%géc@ [ cesgmer e

pr eci sicapuRd bt éverpOinihdremeg (Kralrhicleeks of éack staCldisald@pm)Resear ch and

Devel opnent, Gernany) (Krundjeck et al, 1980) or 2mm usjng a_vibratonme

( DTK- 1000, H958bFiggie} hshavsithe diffusivaplygsulisghp 900pm Liter plesoeripd Bd dye was
per fus ipto t t.hi i | %I‘ﬁgd .seft - in

Fi gureﬁﬁ% %yg?nugﬁlgﬁ%ﬁ gstp‘]ﬁg?%ré n\%géig c%Aédrﬂ?eg'r%% y ?ﬁ% atlltiﬁ’gﬁ% nm a?]d 2mm
sl i ces tissue3R®1 enfifel} Qoniybdd) oviteeasnitie rbostoait of tendssuecEFiguye ddhyliis pantislly St ai ned
slices were imged under confocal ncroscopy (Zejss L %510% utgi r&g 10x

obj ect PeEusEd. €50865 Setiopn ofEhrdiseng) (a8 shawy 12 fguessohle WQ\/‘SI Ayt R BF 9¥43nm and
565nm ¢ Lyuelk i |$& t 8n 8Pbd s&kussgct i ons
was cap %Eeg%&g[t\églgéce’rd 5&{ ﬁf@%ﬁc&e@gggsuﬂ(%ﬁglSe?%rlﬁlc]%%igggg%f each gt agk is
150mM) .as [Hdteated blyrthd-smgalt erdws infthe figudee observed that incubation under

rocki ng conditions inprov the.survival af the tissue articul ar.ly after
a 24hr cul t [$056] *%@df}nﬁlﬁl?cﬁ%él“%s&ﬁ’?{ stodies o the Perdbsion éi’géﬂgtaﬁat %S%ﬁ?fusi on

of the pHILIERNS a&@%ﬂﬁhﬁgﬁégﬁ%ﬁﬁygz PEfrdid b S Hsh) HoahRBoURe Fhitlousi on

i nvestigations using lgure 6. This figure denonstrates the
penet r akédie paffudidre sybyem detmensttatesuthati the ulyathas peneirated: inéo theslivge shies: Ipot h

static and rocki condi tions, Under statigc conditions he d seens to
accunulcaF’Bmégtonéogﬂ%Fffm‘a PulfurR o dye I?%‘ﬁ{r?tf?él ’&fﬁ? %groégeeﬁ%ep etrfuglgﬂes?glse[ﬁ%lnlge gi vi ng
a thi n JBiGadto bk w8 aGRIRED bty Sénetrhidd GEIPRAHaR Bk diftid dytefioCcker system the
dye penetration is nore diffused, resulting in a |ower intensjty but

thi cker fl ud0S3tdhis esaeple shoosetheUnossdiliti of aGtizidgat i wicro-gewilsriargy

di ffusignal , i.nvestigati i g ikl : . - needl e
per  usiToteaied HEATRhaCRUE Shitfod S BRI £ o ko Shi RIARHMMCRIGAZEC B,
usi Nng a&hékv ahat- the gstnetraint of dee iehmploesd theothperitan prenettatat system, ahud,east a

dept h Lo .
demonstrating improvement in mass transfer.

[0058] All references cited in this specification are hereby incorporated by
reference in their entirety. The discussion of the references herein is intended merely to
summarize the assertions made by their authors and no admission is made that any
reference constitutes prior art relevant to patentability. Applicant reserves the right to

challenge the accuracy and pertinence of the cited references.
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conparable to the rocker system This is illustrated by the thick diffuse
fluorescent |ayer on both the top and bottom | ayer of the tissue. The
needl e pewbusesnaialso possesses a significant advant agepto/sgeodswsesss hi ck

ti ssue i ARmS8h@ari son to the rocker system As shown in Figures
7(c) aﬁgﬁ%gysqﬁﬁe tdgqﬁayer of the needle perfused tissue is uniformy

st ai ned, however, the rocker incubated tissue is very faintly stai ned.
[0047] .The above studies establish that a single mcron-sized needl e can be
used t&-int g'tFSQE%S TheYPRSEE sting mi crovascul ature of the tissue slice
and thus, epabhgb@fbd GneMin@&eltissaedn for nutrients delivery and waste
renoval . This efficiency can be further enhanced with the integration of an
array of ni eneutkseaftdkidiysewdedio thaphanghereedl e perfusion provides a
platformto_elimnate. roliatatd ons for thick tissue sections,
consequentlﬂ?Hpagpgﬁﬁwg9?§g&é§€§¥§g?é%g&t%#%k ti ssue sections over a

| ong-t er m cighé b @olcQidfH-ndadtes datineniipristestip end) thDieral twiipepositomebe an
option that can, for exanple, protect the surface of %E]e tissues from
nechanﬁb@ﬂﬂ%Uﬂk%P@%aﬁh@ﬁggﬁﬁﬁégrﬁ@ﬁ@égaﬁ@@bﬁ?%ﬁpgﬁeﬁp eds8%nal s fromthe
surface that can result in degenerative tissues. EXAMPLE 3 [0049] Perfusion
usi ng m cro-needl e chanber. [0050] Exanples 1 and exanples 2 show perfusion
of a | ver gihbegstess oNgaim §iwigtein thednlet pare dhechatitber, and thentutlexporphre
illustrates the perfusion of the liver_slice ysing a fabricated

m cr o- FerlguEedinrREde a fetingaw) By of gsslyd ﬁgﬁ‘r‘g’c@? g?ﬁﬁl%f m cr o- needl e
chanber. The m cro-needl e chanber conprises of 4 parts (Figure 8): Part 1 -

base: This part is designed to hold a 22m x 22mm coverslip and the PDVS
menbr aBe.  The system of claim 2 wherein the continuous flow has a flow rate substantially

equivalent to an in vivo hemodynamic flow rate.

4. The system of claim 2 wherein the continuous flow has a pressure that is

substantially equivalent to an iz vivo hemodynamic pressure.

5. The system of claim 2 wherein the continuous flow is adjustable to a predetermined
setting.
6. The system of claim 2, further comprising a recirculating system configured for

providing a recirculating flow of the continuous flow.

7. The system of claim 1, further comprising a housing defining the chamber.

8. The system of claim 7 wherein the housing comprises a polydimethylsiloxane
(PDMS) membrane.
9. The system of claim 7 wherein the housing comprises a biodegradable polymer.

10.  The system of claim 1 wherein the one or more micro-needles are fluidly coupled.

12



Part 2-PDMS nenbrane: This nenbrane is designed to hold the 8mmti ssue
slice. Part 3 - Mcro-needle platform A mcro-needle array conprising of 4
needl es iwoGhig/dsahni cated into this platform Part 4- Topceseasis/oddsst op

cover is de%g%%?entl%ggﬁngﬂ &0 ﬁgqg r and for connections to the

perfusion circ epresentation of the mcro-needle
chanber andatdpscoarssenbly is as shown in Fi gure 9. The chanber is fixed
t oget her usin revvs and canne ted to erfusi.on ci.rcuit as shown in

Figure 10. £ ?ra-nreg Iﬁyﬁf}@&cppmﬁslgg %}e\/o(fln?orﬁ 8r°p%e|¢fﬂ§§ &t ¢ punp (P-I

Arersham) tgpgRter the chanber via a center inlet, exits via a side out | et
and is returned to the reservoir. [0053] Diffusi onal studi es [0054] Liver
slices are phersir e nhgroencsdleaorting ibprwded petwpenybe fapseer angddhe passm W st ar

s car 68 AU ELVEF BB oaég’%ﬁ%@@o@@}ﬂ%ﬁﬁ%a%ﬂﬁ%b B R e 1o

Trypan R e vaes perfused into the 900mmthick tissue slice for 1 hour using
the set-up as described above. A static control was set up by incubated a
900mm tissue slice in 3 mM of Rhodam ne 6G Rhodam ne 6G stained slices

wer e i nggedun i brahd g@g‘#f obj ective
at exc:f?atlgﬁe Steq?%&gﬁﬁl”Wé%%gg}&éﬁsé\%a@a?engtﬁ %) égr?grSGSnm

r espechbMelgihe fssuests ndnaepostidrogsitionsd betweed thsGnioptnaedle oeddn amls was
captured at every 2mm i ncr ement (total thickness of each stack is 150m).

[ 0055] trEkgse poriidishows t he diffusional results of a 900mmliver slice
perfused with 10% Trypan Bl ue using the m cro-needl e chamber. As shown in
Figure 1la, the top of the tissue is entirely perfused, whereas the bottom
of the1sj ssﬂ“ﬁe(sﬁtgnbéclmm)umehemmmmdmbmmpmwcomwsa@e@ﬁtmﬁgf@f t he

tissue pg ?inr?eql?%kl)xgng I(I%'M%? mem rane ang a b1£]cﬁegradh€1e po y?ne(ljye

14.  The system of claim 1 wherein the one or more micro-needles comprises silicon.

15.  The system of claim 1 wherein the one or more micro-needles comprises a

biodegradable polymer.
16.  The system of claim 1 wherein the tissue is a liver tissue.
17.  The system of claim 16 wherein the fluid is injected into a liver sinusoid.

18.  The system of claim 1, wherein the tissue is selected from the group consisting of
adrenal, bladder, brain, colon, eye, heart, kidney, liver, lung, ovary, pancreas, prostate,

skin, small intestine, spleen, stomach, testis, thymus, tumor, and uterus tissue.

19. A tissue system comprising:
at least one chamber for containing one or more tissues;
~ one or more outlet ports fluidly coupled to the at least one chamber;

one or more inlet ports fluidly coupled to the at least one chamber; and
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has penetrated into deeper |ayers of the tissue (note: several regions
remain to be perfused as indicated by the small arrows in the figure).
[0056] Rwoamema146 di ffusional studies of the perfusi orcsssrersoandst he
static cult U{l or Iﬁ&%'nﬁiéro@ﬁ%figeg %é\?% donfrisHg Riplend, BleffsanidgYogitoh& t i ssue

slice using € mcro nee usi‘on system denonstrates that the dye has
penet r abad therrine or heré indetposts ped configuredfprinjesting & fuidiatosa pertien eftheur e, dye
penetration in the mcro-needl e perfusion systemis observed to be nore

di f f us&B° Fno5dii& P at ed deeper than the static system [0057] This exanpl e
shows the possibility of utilizing a mcro-needle array fabricated into a
m cro-needl e chanber to perfuse a thick tissue slice. Diffusional studies
show t B8t t Abe pistam phelpion 19 Whaein the opepr BoEdNichPABHHIF At 4HE A6 a static

?‘)éfs ;?2}%%1% ue(sg,i’ @ggﬂ(}ﬁ)ﬁfe{ cﬁ%&r@ %ujcl&%{o?tg %Ee&hﬁ%g}eﬁgtf é]ig)wd%rhséo‘ﬁﬁnuc[ug 2@&1} ofNl |

iI's specification a y 1 ncor por at by reference
in theitﬁemaﬂ{r@mghtha'tigudj scussion of the references herein is intended
nmerely to sumari ze the assertions nade by their authors and no adm ssion
is made that any reference constitutes prior art relevant to patentability.

| ' chal X f
the o edu r arEriiabr i o ki iR o Ry Mon g H RS R Rl 1 gt

chanberegiigslestantaimvinghéthedymansafowanteout | et port fluidly coupled to the
chanber; an inlet port fluidly coupled to the chanber; and one or nore
m cr o- needl es each conprising a tip end, the tip end being positioned about

the i nl2§t2- D%E s?ﬁ&n%?&%jflﬂgi? Sehefe tﬂe%ﬁtﬁ{ﬂoﬁgﬂawfﬂlab'ia(ﬂ)rés@ﬁ& tiatROr tion of the

tissue. e system aim1 wherein the inlet port, the chanber, and

t he outsliestantially equiealensnd aw i wo hempdyoeingeprassorst i nuous flow of the fluid
t hrough the tissue.

23.  The system of claim 20 wherein the continuous flow rate is adjustable to a

predetermined setting.

24.  The system of claim 20, further comprising a recirculating system configured for

providing a recirculating flow of the continuous flow.

25.  The system of claim 19, further comprising a housing defining the at least one

chamber.

26.  The system of claim 25 wherein the housing comprises a polydimethylsiloxane

(PDMS) membrane. .

27.  The system of claim 25 wherein the housing comprises a biodegradable polymer.
28.  The system of claim 19 wherein two or more micro-needles are fluidly coupled.
29.  The system of claim 19 wherein two or more inlet ports are fluidly coupled.

30.  The system of claim 19 wherein two or more outlet ports are fluidly coupled.

14



3. The systemof claim2 wherein the continuous flow has a flow rate
substantially equivalent to an in vivo henodynamc flow rate. 4. The system
of cl ai mRowber@is14t he conti nuous flow has a pressure trat/sicaoewbesuantial |y
equi valent to an in vivo henodynam c pressure. 5. The systemof claim 2
wherein the continuous flowis adjustable to a predeterm ned setting. 6.

The syst.em Dhe §lstiinoflaifUliotwiksreinatprmbtsine @f therameior owractieg pestsisem conf i gur ed
for providing a recirculati flow of the continugus flow 7..The system of
cl ai m Huidkygoupled 1@ aflpast glimh@] © Ao HEed Fﬂqrﬂsgsufn]?wg’ai?@n?fetp(.’re?.ssﬁe system
of cl ajmgaf: j&y. t he housi ng conprises a pol ydi met hyl si | oxane (PDVb)
rrenbrairl]ﬂg édw?ﬁ% system of claim7 wherein the housing conprises a

bi odegradabl e pol yner. 10. The system of claim 1l wherein the one or nore

m cr o- peed| are fluidly caupled.11..The systemof claim 1, further
conprigfng:%gefyﬁgnb%@@?%a?’ b EHBRAT 8 porti on conprising the one or nore

m cro- needl g&;p @R&; a base, wherein the mcro-needle portion is coupled
between the top cover and the base and wherein the chanber is formed by the
coupl i ng of attigroinspdle pemsion camprising deedne g5 arare sHcrameedlps aBdse. 12. The
system of cl si m 11, further conprising a nenbrane portion configured for

hol di ng t he? #€sue, the nenbrane portion positioned between the

mi cr o- need| gheRM themi@bGhetdle pbama ip osupl@rbetdSen titimpystreanddhe bisai m 12
wherein the nenbrane portion conprises at |east one of a

pol ydi amt Wherein thy airleast pEngbpmbenisarreddtitihg conlmg g SeIBP SOV5! LR~

needle portion, and the base.
33.  The system of claim 32, further comprising at least one membrane portion
configured for holding the one or more tissues, the at least one membrane portion

positioned between the micro-needle portion and the base portion.

34.  The system of claim 33 wherein the membrane portion comprises at least one of a

polydimethylsiloxane (PDMS) membrane and a biodegradable polymer.
35.  The system of claim 19 wherein the one or more micro-needles comprises silicon..

36.  The system of claim 19 wherein the one or more micro-needles comprises a

biodegradable polymer.

37.  The system of claim 19 wherein the one or more tissues is a liver tissue.

38.  The system of claim 37 wherein the fluid is injected into a liver sinusoid.

39.  The system of claim 1, wherein each of the one or more tissues is independently
selected from the group consisting of adrenal, bladder, brain, colon, eye, heart, kidney,

liver, lung, ovary, pancreas, prostate, skin, small intestine, spleen, stomach, testis, thymus,

tumor, and uterus tissue.
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14. The systemof claim 1l wherein the one or nore mcro-needl es conprises
silicon. 15. The systemof claim1l wherein the one or nore m cro-needl es
conpri seswe 2ecadegradabl e pol yner. 16. The system of cl acmst2vdseoesua t he
tissue is a liver tissue. 17. The systemof claim 16 wherein the fluid is
injected into a liver sinusoid. 18. The systemof claim1, wherein the
tissue40.s saltieaicasystbmawntphieingr oup consi sting of adrenal, bladder, brain,

col on, eye, heart, kidne liver, lun ovay. )ancreas, prostate, skin,
smal | int es"ltiq‘??élf(’l?pﬂ‘f]@’é’ﬁ?y@f _F)??E%Pﬁngtoélggfgfor?ﬁ%jgﬁﬁg, tumor, and uterus tissue.
19. A ti SSUgh e ShRRLEASINOHS tRdLy &uplcdas theRgehadambes contai ni ng one or

nmore tissues; one or nore outlet ports fluidly coupled to the at |east one
chanber; oneneor me énletrosts flgisty sovpled taithe aldesst erp ehombre 28¢ | east one

chanber; andone or nore m cro-need| . C 1.5 £ he tip
end bei ng p%(fril%?{g&ngﬁ’m&fﬁn acgﬁgmg’fgsﬁg%gl Y e(r}\llﬁrg@e%ggg g%gﬁg%ggiﬂ 1;I%(fur ed for

i nj ect iyagit Melonbiofmiofd Bl phdy drdwdnfl burel €or0iffeciig Altid itfosuoeton @the The system
of claim 19 wherein the one or nore inlet ports, the at |east qQne chanber,

and t heneogwanase tissies, Whareia theyueros more inlefiorighe at leest grochaades S nuous

flowof the fluig.thr h k .21, The. al wherein
the cofftSHIGUYE° ﬁ%[\ﬁoﬁtglsé% acoilﬁg‘\llrvgéri gféﬁgh%;ﬁcgﬁ}?%ﬁ?% g}&%%ﬁ{éﬁtﬁoég%n in vivo
henodymasne of move tishe. 22. The system of claim 20 wherein the continuous
flow has a pressure that is substantially equivalent to an in vivo
henmodynam ¢ pressure. 23. The system of claim 20 wherein the continuous
flowrgte i j A predeterm ned setting. 24. The systemof claim
20, fuﬁ'hergé%?r%e%?%g&éﬁp?lesg}gfcuI ating system configured for

a chamber for containing the tissue;

an outlet port fluidly coupled to the chamber;

an inlet port fluidly coupled to the chamber; and

one or more micro-needles each comprising a tip end, the tip end being positioned
about the inlet port and configured for injecting a fluid into a portion of the tissue, wherein
the inlet port, the chamber, and the outlet port are configured to provide a continuous flow

of the fluid through the tissue.

42.  The system of claim 41 wherein the continuous flow has a flow rate substantially

equivalent to an in vivo hemodynamic flow rate.

43,  The system of claim 41 wherein the continuous flow has a pressure substantially

equivalent to an iz vivo hemodynamic pressure.

44,  The system of claim 41 wherein the continuous flow is adjustable to a

predetermined setting.

45.  The system of claim 41, further comprising a recirculating system configured for

providing a recirculating flow of the continuous flow.

46.  The system of claim 41, further comprising a housing defining the chamber.
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providing a recirculating flow of the continuous flow 25. The system of
claim19, further conprising a housing defining the at | east one chanber.
26. The syeteswmisial ai m 25 wherein the housi ng conpri SePCa/SG2005/000346

pol ydi net hyl si | oxane (PDMS) nenbrane. 27. The system of claim25 wherein

t he housing conprises a bi odegradabl e polyner. 28. The system of claim 19
wher ei #7.t woTle syseneofiilaimodtebetbieshaheushig dodipyiserpdlpdimey/sipancs y st em of
claim nngqlwgere two or nore inlet ports are fluidly coupled. 30. The
syste ¥°wherein two or nore outlet ports are fluidly coupled. 31.
The system of claim 19 wherein at |east one of the one or nore outlet ports
is fluidly coupled to at | east one of the one or nore i t qorts such that
two or 48 eThe systeasofalainy 46WHergindbepeusing pTippLa Evé%@ﬁ@a&fe RAMERFE 19,

further conprising: a top cover; a mcro-needle portion conprising the one
or nore mcro-needles; and a base wherein the mcro-needle portion is

coupl edg bet TResystépeot &ﬁnﬁ%/ﬁhenaﬁﬁhé bee hranercanidroaexdies are feidiytcobpladt one
chanmber is formed by the coupling of the top cover, mcro needle portion,
and the base. 33. The systemof claim 32, further conprising at |east one

lm;gi;: agﬁepﬁ%gﬁwg‘gg@l%ﬁppogertagﬁlg{ag_g%t he one or nore tissues, the at

tion tween the m cro-needl e portion and
the base pogtdpadved4. The system of claim 33 vvherel n the menbrane portion
conprises at | east one of a polydi net 4\%Sl | oxane D&ﬁé marrbr ane and a
bi odegr adabﬁgﬂ‘ﬁéfWﬁ@PPOQE’ncPH@né%tﬂé‘?ﬁ OréPOarFm“irQW M%he one or nore

m cr o- needl ggas%gjrrprl ses silicon.

wherein the micro-needle portion is coupled between the top cover and the base
and the chamber is formed by the coupling of the top cover, the micro-needle portion, and

the base.

51.  The system of claim 50, further comprising a membrane portion configured for

holding the tissue, the membrane portion positioned between the micro-needle portion and

the base portion.

52.  The system of claim 51 wherein the membrane portion comprises at least one ofa

polydimethylsiloxane (PDMS) membrane and a biodegradable polymer.
53.  The system of claim 41 wherein the micro-needle comprises silicon..

54.  The system of claim 41 wherein the micro-needle comprises a biodegradable

polymer.

55.  The system of claim 41 wherein the tissue is a liver tissue.

56.  The system of claim 55 wherein the fluid is injected into a liver sinusoid.
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36. The system of claim19 wherein the one or nore mcro-needl es conprises
a bi odegradabl e polyner. 37. The system of claim 19 wherein the one or nore
ti ssues iwoaobduesiati ssue. 38. The system of clai m 37 weersignodsweossb ui d is

i nj ect of i NiRe stV 6 cIBNMS Yhbreihe tEAR i§ Y66 PbmEheEidu co gion each of
the one or nore€ tissues is independently selected fromthe group consisting
of adralrenal, Badddt draintnoking eyes bpash kidngy, Iiveadung, oxugnRancraas\pstattung, ovary,

pancr egs, Brostale.. skl (SHAl oAl SBUh0S il BRLAANRRD, [estis, thymis,

t unor, sue’ t1ssSue’’system ¢onprising: at |east one
chanber for containing one or nore tissues; one or nore outlet ports
fluidly coupled to the at | east one chanber; one or nore inlet ports

f1 ui dl §8-cou tsaue YSEEHLCOMPIISEEst one chanber; and one or nore micro-needl es

each oMY | 3hihidy i by S haRBRElAGE ARSLBAS lodagusd e one or

nore inlet p d for injecting a fluid into a portion of the
one or coraifiniei astiseees cachtvfitles chatrberscompoisingmneutlet port gndrinlst pertheachtof| east one
chanber,  and _the one, qr re outlet ports are configured to provide a

cont i nWbﬁ“%ﬂBW%b?ouP}?ét?%cg‘a?lﬁ?%ﬁ% the one or nore tissues. 4 1. A tissue
system conppi ShNGorednicidaidiles hAbRRALRITEAS idlfi&okt AAURamBEY, BathloFthdor t
fluidly cou%ﬁlée%ﬂtg%re?ﬁeﬁ???agnggr; gln i nl et porta% uidly coup_f_ed to the
chanbemjcrandedineeash compssing e tip-end eud e basseant, the tipreind ibsipgaositignedabout he tip

end bei ng positjoned about the i.nlet.poart and configqure r.injecting a
luid s 1%?4‘1“1[236301%@ ﬁglﬁtg}lgeéﬁ”sr, injgrane p Ao Et %P%#O%g’rc{h% 29081868, oo
and thg@utl et port are configured to provide a continuous flow of the
fluid t%rough the tissue.

59. The system of claim 58 wherein each of the outlet ports are fluidly coupled.
60.  The system of claim 58 wherein each of the inlet ports are fluidly coupled.

61.  The system of claim 58 wherein the inlet port, the chamber, and the outlet port are

configured to provide a continuous flow of the fluid through the tissue.

62.  The system of claim 61 wherein the continuous flow has a flow rate that is

substantially equivalent to an in vivo hemodynamic flow rate.

63.  The system of claim 61 wherein the continuous flow has a pressure that is

substantially equivalent to an iz vivo hemodynamic pressure.

64.  The system of claim 61 wherein the continuous flow is adjustable to a

predetermined setting.

65.  The system of claim 61, further comprising a recirculating system configured to

provide a recirculating flow of continuous flowing fluid.
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42. The systemof claim4 1 wherein the continuous flow has a flow rate
substantially equivalent to an in vivo henodynamc flow rate. 43. The
syst em ofwol2aeem44411 wherei n the conti nuous fl ow has a pressERas/000346

subst ant.i al equi v [ LY Q:her .G U & a $édond NE System
of clagﬁ14 é%ﬁﬁ§$%P§%§%%négﬁ@@ﬁ%g%§*¥ 0§§?§g§g?ﬂ%®g§?§ﬁﬁ% a %r%ggternined
set ti Ngnicdmeedlee systemof claim4 1, further conprising a recircul ating
system configured for providing a recirculating flow of the continuous

flow 46. The systemof claim4 1, further conprising a housing defining

the chapber Thesysllif o YalE s WhefeiPiwd AGndR Bid bl LT URhRBers AR | Ses a

pol ydi nmet hyl'si 'oxane ( ) nmenbrane. 48. The system of claim 46 wherein

t he houdkidig coupdgat owlesparthi odegr adabl e pol yner. 49. The system of claim 46
wherein the one or nore mcro-needles are fluidly coupled. 50. The system
of claim4 1, further conprising: a top cover; a mcro-needl e portion

conpri ggNg tike sRién OF cHAlh 68 Wilefein heedlisiss camnprises aadBidimdibylsiloxanbe

m cro-needl e portion is coupled between the top cover and the base and the
chanmbePD¥S)onemehtalyy t he coupling of the top cover, the mcro-needle
portion, and the base. 51. The systemof claim50, further conprising a
menbr ane portion configured for holding the tissue, the nenbrane portion

posi ti goed hekweasm ofelaith 68 aviepdalthe Hoasihg oompriskstalbéodegsdatdepolyarer. 52. The
system of claimb51 wherein the nmenbrane portion conprises at |east one of a
pol ydi net hyl si | oxane (PDMS) nenbrane and a bi odegradabl e pol yner.

70.  The system of claim 58, further comprising:
a top cover,

a micro-needle portion comprising the one or more micro-needles; and

a base,

wherein the micro-needle portion is coupled between thé top cover and the base
and the chamber is formed by the coupling of the top cover, micro-needle portion and the

base.
71.  The system of claim 70, further comprising a membrane portion configured for
holding the tissue, the membrane portion positioned between the micro-needle portion and

the base portion.

72.  The system of claim 71 wherein the membrane portion comprises at least one of a

polydimethylsiloxane (PDMS) membrane and a biodegradable polymer.
73.  The system of claim 58 wherein the one or more micro-needles comprises silicon..

74.  The system of claim 58 wherein the one or more micro-needles comprises a

biodegradable polymer.

75.  The system of claim 58 wherein the tissue is a liver tissue.
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53. The system of claim4l wherein the mcro-needle conprises silicon.
54. The systemof claim4 1 wherein the mcro-needle conprises a
bi odegr adabl2eogahymer. 55. The system of claim4 1 wher ecmscGhesoessse i s a

liver tjssu : . i i%@& i 0 1 16efditlisGiai S i njected into
ali ve?k'si n?%?;%teéﬁfc}%é?i%%%{% 0 ngéﬁrén 1§@%ber eint g tissue is

sel ected fromthe group consisting of adrenal, bladder, brain, colon, eye,
heart, _kidney, liver, .l.un var. ancr eas, state, skin, .snall

't est e, " Shb s tgre RS, T e S et B FRE R i PR Y e, 58 A
ti ssue g shenthERIYThifl (fon, Ry8 HéaH NAdKST liverBing dVaby, @bﬁdr&asﬁ?ro@tbt%ﬂber s, each
of the c_hanber's confi gured for containi.ng a tissue, each of the chanbers
conpr i skingsreail intestins, spleen, stemrhchyiksils, thymps.dumpr, gnd weresissee.f | ui dly coupl ed
to the chanber; and one or nore mcro-needl es associated with each inlet
port and chanmber, each of the m cro-needles each conprising a tip end and a

base end, t hetdshdsydieeh fehpesipe@si tioned about the associated inlet port and
configured for injecting a fluid into a portion of the associated tissue.

59. The systdavong defiing 5pluiplty ef chaahers, sachiod thechambersroptigirgd ©17 | yj dl y
led, 60. T i ' '
P urar yortina sl S e ELANBLC IR GREMA addih bl for B S REC

chanbefof vl i§ feidbrdduplednotie dmbegnhiogin the itlet gurt dicithambegand theous f 1 ow of

the fluid through the tissue. 62. The systemof claim6. 1 wherein_ the
cont i nwytiet Poriewe eradigyred|te Rrevidea eaniipueus @Yb%ﬁgﬁtﬂi‘l fhyough fheBsBnEntio an in

vi vo_ henodyaanh bl Hifclth ol &dsscbifed it BMRNARIcFAdH Mchatber, héh e

cont i nuous ow has a pressure that 1s substan y equivalent to an in
Vi vo_henmoymeedies eqthessiprising@4ip didend pdrenemi theltip-enddkingrosgioned hwut
contl nl%}?eugssctc!iac%g\cli {nfet %g leJxrsl %&ln?gutrgd %r injecting a fluid into a portion of the associated

tissue.

79. A tissue system comprising:

a housing defining a plurality of chambers, each of the chambers configured for
containing one or more tissues, each of the chambers comprising one or more outlet ports
and one or more inlet ports each of which is fluidly coupled to the plurality of chambers;

and

one or more micro-needles associated with each inlet port and chamber, each of the
micro-needles each comprising a tip end and a base end, the tip-end being positioned about
the associated inlet port and configured for injecting a fluid into a portion of the one or

more tissues.

80. A tissue system comprising:

a top cover,

a base;

a micro-needle portion comprising one or more micro-needles each comprising a
tip end and a base end, the micro-needle portion being coupled between the top cover and

the base;
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predeterm ned setting. 65. The system of claim61l, further conprising a
recirculating systemconfigured to provide a recirculating flow of

cont i nuouwsofbevisng4f | ui d. 66. The system of cl ai m 58 whewreirrscaodsionetss

m cro-needle js fhid . S , ] & e system of
cl ai m 58 \m8r"ie‘?slﬁb‘%rmf%‘déé’%t%%‘?%h%glsgﬁeéai‘oel %ﬁ%agﬁﬂy&%&%ﬁgﬁggr s tﬁéfi‘é %‘11 ui diy
coupl echeattick®heqaty patiorbéhd thébassyst em of cl ai m 58 wherein the housing

conprises a pol ydi net silo e (P menbrane. 69. The system of claim
58 wherein %eﬁ%@%ﬁ@@%%ﬁ@@t&e%&r adabl e polymer. 70. The system of
clai m 58, fyp t oG Shildled f theRhAMYEI andd i cr 0- needl e portion

conprising the one or nbre mcro-needles;, and a base, wherein the
m cr o- wertirethediptand of ihe cno opinede misromesdletis posiporas\abputthel inlefoizand and t he

and-  neotftaree ¥k SREEIR, & PO o iEiea 17 B0 BRRREE. ° DTy e

portion configured for holding the tissue, the nenbrane portion positioned
bet ween the mcro-needle portion and the base portion. 72, The_ system of

cl ai m 81. wh@hepsystem ef mE&rfeﬂlmmpmﬁswr@gm@l@gnworn@%@nﬁﬂ%edo@ra

pol ydi hyl si l.oxan P menbr ane. j r adab 73. The
Syt erPBFHA B HF8 if eBt P e ags BetleBs B AR RN PR and

Si | i cofhe baddportibg. system of claim58 wherein the one or nore mcro-needl es
conprises a Biodegradable pol ymer.

82.  The system of claim 80 wherein the inlet port, the chamber, and the outlet port are
configured to provide a continuous flow of the fluid through the tissue.

83.  The system of claim 82 wherein the continuous flow has a flow rate substantially

equivalent to an in vivo hemodynamic flow rate.

84.  The system of claim 83 wherein the continuous flow has a pressure that is

substantially equivalent to an in vivo hemodynamic pressure.

85.  The system of claim 82, further comprising a recirculating system configured for

providing a recirculating flow of the continuous flow.
86.  The system of claim 80, further comprising a housing defining the chamber.

87.  The system of claim 80 wherein the membrane portion comprises at least one of

polydimethylsiloxane (PDMS) membrane and a biodegradable polymer.
88.  The system of claim 80 wherein the one or more micro-needles comprises silicon..

89.  The system of claim 80 wherein the one or more micro-needles comprises a

biodegradable polymer.
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75. The system of claimb58 wherein the tissue is a liver tissue.76. The
systemof claim75 wherein the fluid is injected into a |iver sinusoid. 77.
The syst ewoebosrlsdiim 58, wherein the tissue is selected Promckis/0gizasp

consi sphng Gf QLGNRL etafll 861 HRErithBlilbuo 504 fflr R4 EArt, kidney, liver,

| ung, OVary, paticreas, prostate, skin, small intestine, spleen, stonach,
testis, thynus, tunor, and uterus tissue. 78. A tissue systemconprising: a

housi ng, def | ning a plural] of . chanber.s, .each. of t.he chanhers confi gured
f or cogi-ai nilfﬁassgstqmgﬁﬂélfn %@%rherglfnt?ﬁgbu%{ﬁ%g&@@g%hygiswsg “outlet port and
an inlet port each of which is fluidly coupled to the chanber, wherein the

inlet port, the chanber, and the outlet port are configured to provide a
cont i nGdus Thosystdm phelain 89,avherin thetisserisseleetad fromnidie grp spnsiging of

m cr o- need| sociated with.each.inl et : of the

ni cr o- fi gmlgéla(i‘i%%r&lgn% PG hgal%’i aré%ﬁdfnéér%g&ﬁa}g’%{;’g@g g%dmge{sfggg}lﬁ%’- end bei ng
posi t i gARKknIDMtestifk sPIS&N Gloniatll testsSihy s, ttuabe] a0 ofergutseek. f or injecting a
fluid into a portion of the associated tissue. 79. A tissue system
conprising: a housing defining a plurality of chanbers, each of the
chanbe confiqured. for containing one or nore tissues, each of the
chanbePz' co%ptﬁ%g??'ygq‘tegh‘éong?n%t}%e outlet ports and one or nore inlet ports
each of whi ghop ovlel;ui dly coupled to the plurality of chambers; and one or
nore m cro-needl es associated with each inlet port and chanber, each of the
m cr o- needl @9agch conprising a tip end and a base end, the tip-end being
posi tioned 3 i - .l Yo BN L hRhecting a
Pt d info 3igeefTRnanl @ifisidd il of fide Ao a e s e
conpr i siprgd afd & bpsecmdethe micro-needle portion being coupled between the top cover and

the base;

at least one chamber for containing one or more tissues, the chamber being defined

by the top cover, the micro-needle portion and the base;

one or more outlet ports fluidly coupled to the at least one chamber;

one or more inlet ports fluidly coupled to the at least one chamber; and
wherein the tip end of the one or more micro-needles is positioned about the one or more
inlet ports and configured for injecting a fluid into a portion of the one or more tissues
contained by the at least one chamber.
94. A method of culturing a tissue contained by a chamber, the method comprising

injecting a fluid into a portion of the tissue.

95.  The method of claim 94, further comprising flowing the fluid continuously through

the tissue.
96.  The method of claim 95, further comprising recirculating the fluid.
97. The method of claim 94 wherein the tissue is a liver tissue.

98.  Themethod of claim 97 wherein the fluid is injected into a sinusoid..
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a base; a mcro-needle portion conprising one or nore m cro-needl es each
conprising a tip end and a base end, the m cro-needle portion being coupled
bet ween twe zbegnscaver and the base; a chanber for contai rcrgceimsobeasue, the

chanber bei def.i ne ; ] - oy nd the
bace: 8% out e PplRRt et SOl iRRtne  ABe TR RAONRE GRpRBLIMER AT, Li'al
coupl eddienal] bledddnbrhias colandyutiens) kidudyelivérpluegdvafy, phecreaseprostaiepr e

m cro-needles i s Positi oned abﬁ#t the inlet port a{1d rc;[gsnfi gured for

i nj ect iSkg» smel} infegtine, spleen. SOMACRHegs: THEusTiohh BRI RIS Sy t he chanber.
81. The system of claim80, further conprising a nmenbrane portion
configured for holding the tissue, the menbrane portion positioned between
t he m dpO- ndbd nethydrafickimHdvhenein iHeesftuis &y an exygesged ffld. syst em of cl ai m 80
wherein the inlet port, the chanber, and the outlet port are configured to
provi de a continuous flow of the fluid through the tissue. 83. The system

of cl aijpy 82 THBSHBIJA JrRRIROAvIEH Thd flawihesutdelt @utaidhgflaidbst ant i al |y
equi valent to an in vivo henodynamc flow rate. 84. The system of clai m 83

wherein the continuous flow has a pressure that is substantially equival ent

to an in,vi he 1. C A ESSUl . t 2] &l rther
conpri sl:ar?lg ;[%F&qgo%r}%ﬁnﬁéﬁs\ﬁ?g%%%eon |d§§r gﬂg%z‘lrﬁ%areg‘%n |eﬁlgag%(ﬁlr%égif%cul ating
fl ow offdihieschRftl ifmome k@ onSiStingd bt gystiefacnt, adifferenBftiontfactbher conpri si ng
a housing defining the chanber. 87. The system of claim80 wherein the
menbr anectgholits, end 2 bepranges at | east one of a pol ydi net hyl si | oxane ( PDVB)
menbr ane and a bi odegradabl e pol yner. 88. The system of claim80 wherein
the one or nore mcro-needl es conprises silicon..

103. The method of claim 94 wherein the fluid is injected through a micro-needle.

104. The method of claim 94 wherein the fluid is injected through a plurality of micro-

needles.

105. The method of claim 104 wherein two or more of the plurality of micro-needles are

fluidly coupled.

106. The method of claim 94 wherein the injecting comprises contacting a portion of the
tissue with a micro-needle comprising a tip end positioned about an inlet port fluidly

coupled to the chamber.

107. The method of claim 94, further comprising embedding the tissue between a

polydimethylsiloxane (PDMS) membrane and a member.
108. The method of claim 94 wherein the member is a cover slip.

109. The method of claim 94, further comprising encapsulating the tissue in a

membrane.
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89. The system of claim80 wherein the one or nore mcro-needl es conprises
a bi odegradabl e pol yner.90. The system of claim80 wherein the tissue is a
liver tiswoeood®4i414The system of clai m 90 wherein the flpgirdczensiongzaest ed

I nto ae]!éj Ve’f‘h@h&%ﬁ%&)b?clai%g1O9T%e§e¥1§¥ﬂ:érﬁléiﬁbr§£@b es¥herein the tissue is

sel ect from group consi sting of adrenal | adder, brain, colon, eye,
hear t , pdlydineghyldiloware, (PDMSY), membrane. pancreas, prostate, skin, small .

i ntestine, spleen, stomach, testis, thynus, tunor, and uterus tissue. 93. A
ti ssue systemconprising: a top cover; a base; a mcro-needle portion
conpri $i1Ng PREmetholof Elaith 04 Guileedoeprieiagpathity eirbeddinatititisswnid aand a base
end, the mcro-needle portion be| ng coupled between the top cover and the
base; ml}’dl@wﬂt}’l%}@éaﬁﬂﬂm ) PYRbIEBAL ai ni ng one or nore tissues, the chanber
bei ng defined by the top cover, the mcro-needl e portion and t he base; one
or nore outlet ports fluidly coupl ed to the at | east one chanber; one or

nore i et PHE insthbl uf claim ¢ dLiphedid the hiventaand ce»aqmscsmpmim:rteﬁty,ls@mdnwmerel n
the tip end of the one or nore mcro-needles is positioned about the one or
nore | ARYVISHBreEdransd configured for injecting a fluid into a portion of the
one or nore tissues contained by the at | east one chanber. 94. A nethod of
culturing a tissue contained by a chanber, the nethod conprising injecting
a fl ui t13.nt Thampthotiofnlanh 94 lnéetdirs theecha@ber chhwprises dvpembfane] ai m 94, furt her
conprising flowng the fluid continuously through the tissue. 96. The

met hod of claim95, further conprising recirculating the fluid.

114. The method of claim 113 wherein the membrane comprises a biodegradable

material.

115. The method of claim 113 wherein the membrane comprises a polydimethylsiloxane

(PDMS) membrane.

116. The method of claim 96 wherein the recirculating comprises receiving a tissue-

exiting fluid about an outlet port fluidly coupled to the chamber.
117. The method of claim 94 wherein the tissue is a previously preserved tissue.

118. The method of claim 117 wherein the previously preserved tissue is a

cryopreserved tissue.

119. A method of culturing a tissue contained by a chamber, the method comprising:
injecting a fluid into a portion of the tissue;
flowing the fluid continuously through the tissue; and
recirculating the fluid, wherein the recirculating comprises receiving a

tissue-exiting fluid about an outlet port fluidly coupled to the chamber.

120. A method of culturing a plurality of tissues contained by at least one chamber, the

method comprising injecting a fluid into a portion of each one of the plurality of tissues.
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97. The nethod of claim94 wherein the tissue is a liver tissue. 98. The
met hod of claim 97 wherein the fluid is injected into a sinusoid..99. The
met hod ofwol2esems@dswherein the tissue is sel ected from pog/sgreaspoensi sting
of adrenal, bladder, brain, colon, eye, heart, kidney, liver, lung, ovary,
pancreas, prostate, skin, small intestine, spleen, stomach, testis, thynus,
t unor, 12hd Themethodi fsisém 120 Gvheifiretwreeriooresff th pliralibdofitiseyasiare flwidlyf | uid i s
an oxygenated fluid. 101. The nethod of claim 94 wherein the fluid is a
nutrie ?ul’il taining fluid. 102. The method of claim 94 wherein the fluid
conprises a predeterm ned anount of a factor selected fromthe group

consisting of a growh factor, a differentiation factor, a netabolite, and
a hor md¥d. A0BethThef pdminiterion acubstancg 4o amissusi ceniained by g amber, feect ed

th h i cro-needle... 104, . . i i luid i
i nj et AR BgRC R Gt 5o RO PEHIR heltyp ooy b ARG AL B 1 5 1 104
wherein two or nore of the plurality of mcro-needles are fluidly coupled.

106. The net hod of claim 94 wherein_ the injecting conprises gontgcting a
porti on2df Bnaethpd of euliiring oge AT WOE: HRSBEH “é’n%?b‘?Fﬁrhqunﬁé’rémF? ﬁhaé‘ﬁ’(‘j’rsp tioned
about an.i nl et t gﬂ'-g} fel® s Jor M8 tidBlhod of
claim g}f‘th ucﬁ'ﬂ?gl?& olIﬁerl %%&g%éggfﬁg%%@ﬁssue %%]%e(gn a '

pol ydi net hyl si | oxane (PDMS) nenbrane and a nenber. 108. The nethod of claim
94 wherein the nenber is a cover slip.. 109, The net hod of. claim 94, further
conpri $2hg dhe mpsthndafichim: i3é, mgﬁf@mpﬁlsgla%mp&#&fh& cof‘ﬂﬂu‘m?bhod of claim
109, m%g%g@gs nbrane conpri ses a pol ydi net hyl si | oxane (PDVS) nenbrane.
111. The od of claim94, further conprising partially enbedding the
tissue in a

125. The method of claim 95, further comprising recirculating the fluids.

126. An array configured for culturing one or more tissues contained by one or more
chambers, the array comprising injecting a fluid into one or more portions of the one or

more tissues.

127. The array of claim 126, further comprising flowing the fluids continuously through

the tissues.

128. A method of perfusing a tissue contained by a chamber, the method comprising

injecting a fluid into a portion of the tissue.

129. The method of claim 128, further comprising flowing the fluid continuously
through the tissue.

130. The method of claim 95, further comprising recirculating the fluid.
131. The method of claim 94 wherein the tissue is a liver tissue.

132.  The method of claim 131 wherein the fluid is injected into a sinusoid..
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pol ydi net hyl si | oxane (PDMS) nenbrane. 112. The nethod of claim 111 wherein
t he nmenbrane conprises a pol ydi net hyl sil oxane (PDMS) nenbrane. 113. The
met hod ofwol2asems@dswher ei n the chanber conprises a nenbramsc2dokboosihe

met hod of claim 113 wherein the nmenbrane conprises a bi odegradabl e
material. 115. The method of claim 113 wherein the nenbrane conprises a
pol ydi n83.hy{rké nethadef CIRDVBYS mhetwimihe tissieds scléntedfisothdige goup Ferisisti® wher ei n

the recirculating c ri ses receivj a tissyeexiting fluid a an outl et
por t fPfﬁlCHF_ ’%ﬁfﬁ%g_r Ctoﬁ)é” Eﬁeaﬁﬁaé't” _*.llvfﬁg%f)ﬁ ’%%ncﬁqa%ipﬁ?sg%&v\h_er ein
the ti gaHenhaM iBteRiRY bfes, YoRHa6B Q68 AhTinES Yemor] 48d uibhs tizeidiod of claim 117
wherein the previously preserved tissue is a cryopreserved tissue. 119. A

met hod of culturing a tissue contained by a chanber, the nethod conprising:

et hod of cul turi n cont a chanber, the method com
cont i nigis) 3ot HeBR Pt 128 SRy PRSI Geenl O, [ 1P LS o1 (e

recircul ating conprises receiving a tissue-exiting fluid about an outl et
port fluidly coupled to the chanber. 120, A nmethod of .cultyring a plurality
of tisddds Ebﬁmﬂwé@fwlmtlzﬁé‘é@feﬂb%%ﬁ@éﬂ{m@ﬁ@%‘@’ﬂ%ﬁ@ npri sing
injecting a fluid into a portion of each one of the plurality of

ti ssues. 121. The nethod of claim 120 wherein two or nore of the plurality

of tisgses Thenfetheld i ylagaupR etherdi?the fhidredrymikest paalietennted mimogntofsubst ance
to a tissue contained by a chanber,_ the hod ¢ rising injecting a fluid
conpr i oty selseted fom tha gtouproasistingRtia BAVE L2ciRe atqqgg%@lat?g‘f?"t&a fret hod of

cul turinfégab%ﬂ?e %da{wmrﬁwhg_ssues contai ned by one or nore chanbers, the

137. The method of claim 128 wherein the fluid is injected through a micro-needle.

138. The method of claim 128 wherein the fluid is injected through a plurality of micro-

needles.

139. The method of claim 138 wherein two or more of the plurality of micro-needles are

fluidly coupléd.

140. The method of claim 128 wherein the injecting comprises contacting a portion of
the tissue with a micro-needle comprising a tip end positioned about an inlet port fluidly

coupled to the chamber.

141. The method of claim 128, further comprising embedding the tissue between a

polydimethylsiloxane (PDMS) membrane and a member.
142. The method of claim 128 wherein the member is a cover slip.

143. The method of claim 128, further comprising encapsulating the tissue in a

membrane.
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met hod conprising injecting a fluid into one or nore portions of the one or
nore tissues. 124. The nmethod of claim 123, further conprising flow ng the
fl ui ds cowbizoesmusdty t hrough the tissues. 125. The net hoecwfscrdwionnas,

f ur they, £OMREL LAy bEGALE WA Wrifbih i bl cotfifiscf array configured for

culturihg one or nore sués cont al ne y one ‘or nore chanbers, the array
conpr i pélpdimettjyédiokng (ADMS)imembrane.one or nore portions of the one or nore
ti ssues. 127. The array of claim 126, further conprising flow ng the fluids
continuously through the tissues. 128. A nethod of perfusing a tissue

contai ped bynamelhadBeslaint 128, ffﬁftﬁ&@oﬁ@ﬁﬁh% phriglly Binbeddimgtha tissudiid ai nto a
portion of the tissue. 129. The nethod of claim 128, further conprising

f | owi nplydismethyldilxene(PPMPDuBeybrane.ough the tissue. 130. The method of claim
95, further conprising recirculating the fluid. 131. The method of claim94
wherein the tissue is a liver tissue. 132. The nethod of claim 131 wherein
the flyig i $hé Ric@ol efclhiti M4 RWhERUSDEthenitdghe chrized hpalydiinetydsiloxd®8 wher ei n
the tissue is selected fromthe group consisting of adrenal, bl adder,

br ai n, (AIVEhmeampeaneheart, ki dney, |iver, lung, ovary, pancreas, prostate,
skin, small intestine, spleen, stomach, testis, thymus, tunor, and uterus
tissue. 134. The nethod of claim 128 wherein the fluid is an oxygenated

f1 ui d. 1485. TREmetdl bOaih 128 ahetel?fhewhankdrrotmipeisdsl aunembmnea
nutrient-containing fluid. 136. The nethod of claim 128 wherein the fluid
conprises a predeterm ned anount of a factor selected fromthe group

consi stjdg ﬁ}e]-ﬁle%g%nglta%%gag?Vhaq,hg{hfefn@gn%}gﬁ@gmsgggBgﬁg%lﬁdm abolite, and

a hornone. alm 128 wherein the fluid is injected
t hr oughageral.cr o- needl e.

149. The method of claim 147 wherein the membrane comprises a polydimethylsiloxane

(PDMS) membrane.

150. The method of claim 130 wherein the recirculating comprises receiving a tissue-

exiting fluid about an outlet port fluidly coupled to the chamber.
151. The method of claim 128 wherein the tissue is a previously preserved tissue.

152. The method of claim 151 wherein the previously preserved tissue is a

cryopreserved tissue.

153. A method of perfusing a tissue contained by a chamber, the method comprising:
injecting a fluid into a portion of the tissue; and
flowing the fluid continuously through the tissue.

154. The method of claim 153, further comprising recirculating the fluid.

155. The method of claim 154 wherein the recirculating comprises receiving a tissue-

exiting fluid about an outlet port fluidly coupled to the chamber.
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138. The nethod of claim 128 wherein the fluid is injected through a
plurality of mcro needles. 139. The nethod of claim 138 wherein two or
nore of twe 2pdamsadiisty of mcro-needles are fluidly couplpedisGidBodae net hod
of claim 12 j | 'P%_.Ef]- : ' : ' Het GRe Of t he
tissue&€§thgéﬁﬁﬁéfgﬂﬁgggpgqjonpf?gﬁﬁgﬁggF?gagﬁgﬂ%gg%%?gﬁigﬂgﬁodt an inlet
port f hisihddyomprigihg dhjeainghdlwdadeatrleast e poriine ofreach ode of thephiraity®d, f urt her
conpri si ng enbeddi ng the tissue between a pol ydi net hyl si |l oxane (PDVS)

mermbr aH&%hd a menber. 142. The nmethod of claim 128 wherein the nenber is a
cover slip. 143. The nmethod of claim 128, further conprising encapsul ating
the tissue in a nenbrane. 144. The nethod of c¢laim 143, wherein the nenbrane

conpri $8% aThemptiodwt klainilbe.farker cPopEyingdloprng ke TudscomiRUOYsEf hod of cl ai m
128, furthe onprisi Ng.- tially enbedding the tissue in a
polydiﬁﬁ?ﬂﬁ%&ﬁ?é@gﬁﬁy?éh%ﬁgk'nenbrane. 146. The method of clai m 145 wherein
t he nmenbrane conprises a pol ydi net hyl sil oxane (PDMS) nenbrane. 147. The

met hod of claim 128 wherein_the chanber, conpri ses n@rane. 148. The

met hod 188 crfhemenmiqm@ileilﬁhm@hwalﬁ@gée%ﬁ“f@@g%?% degr adabl e
material. 149. The method of claim 147 wherein the nenbrane conprises a

pol ydi met hyl si | oxane (PDM5S) nenbrane. 150. The nethod of claim 130 wherein

t he regh9.culras iethodwTRlAimdSs mderiythegedrdnl ating eemptisesgedeivingla tibwgt an out | et

ort fluidly coupled to the chanber.
P exiting ¥luid abrc))ut an outlet port %ui%ly coupled to the chamber.

160. The method of claim 156 wherein two or more of the plurality of tissues are fluidly

coupled.

161. A method of perfusing a tissue with a fluid, the method comprising:

containing the tissue in a chamber comprising an outlet port fluidly coupled to the
chamber, an inlet port fluidly coupled to the chamber, and at least one micro-needle
positioned about the inlet port; and ‘

injecting the fluid into at least one portion of the tissue, the injecting comprising

contacting the at least one micro-needle with the tissue.

162. The method of claim 161, further comprising flowing the fluid continuously
through the tissue. |

163. The method of claim 162, further comprising recirculating the fluid.

164. The method of claim 161, further comprising encapsulating the tissue in a

membrane.

165. The method of claim 164 wherein the membrane is a polydimethylsiloxane

(PDMS) membrane.
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151. The nethod of claim 128 wherein the tissue is a previously preserved
ti ssue. 152. The nethod of claim 151 wherein the previously preserved

ti ssue iavezotr(,ymmeserved tissue. 153. A nethod of perf pgir/sg260sionesasie
contai 8 b%fg@ %ﬁ%ﬁ%‘?ﬁl’anﬁgg? %Efé%@%ﬂr&i&gabiﬁegﬁhhﬁlg Blyfdeli d into a
portio PSS e, 'owm ng the fluid continuousl y t hrough the
tissue. 154 The net hod of cl ai m 153 further corrprl Si ng reC| rcul ati ng the

fluid. 155. The th of al m 154 wherein._ i I nprises
recei vilpy aThe e é &% 1gL “%fb°8H{Pn5‘Hg86¥1 9515 *Sg%clg%pl ed to the
chanbet, JafaneA Method of perfusing a plurality of ti ssues contai ned by at

| east one chanber, the nethod conprising injecting a fluid into at | east
one portion of each one of the plurality of tissues. 157. The method of

claim rth I gt horough the
plurali gg &H gl?gso(%%%lég%e{ %@gnér?&m{léﬂ q)f%?tﬂygﬁg}%%conprl si ng
recir cybpiiSyeheidhardel ui d. 159. The nethod of claim 158 wherein the
recirculating conprises receiving a tissueexiting fluid about an outl et
port flui dIy coupl ed to the chanber. 160. The nethod of claim 156 wherein
two or t pl 61. A nethod
of perf1 i n&g oguoéf%m 1%}; “?{eré]%%%ém@éﬁ%fsg r?é?%%yﬂr% gr(I:rcljerli.t ai ning the
tissue in a chanber conpr|5|ng an outlet port fluidly coupled to the
chanber, an inlet port fluidly cqupled to t e chanber, and at | east one
m cr o- Hd8d| Ehpmhqd&fékﬂuaﬂéétwfteﬁénﬁmt@ﬁu%ﬁ iVeL{issUen; ect | ng the fluid into
at | east one portion of the tissue, the injecting conprising contacting the
at least one mcro-needle with the tissue.

171. The method of claim 170 wherein the fluid is injected into a sinusoid..

g

172. The method of claim 1 wherein the tissue is selected from the group consisting of
adrenal, bladder, brain, colon, eye, heart, kidney, liver, lung, ovary, pancreas, prostate,

skin, small intestine, spleen, stomach, testis, thymus, tumor, and uterus tissue.

173. A method of perfusing two or more tissues with a fluid, the method comprising:
containing the two or more tissues in at least one chamber comprising one or more
outlet ports fluidly coupled to the at least one chamber, the at least one chamber
comprising one or more inlet ports fluidly coupled to the at least one chamber, and at least
one micro-needle positioned about each of the one or more inlet ports; and
injecting the fluid into at least one portion of each of the two or more tissues, the

injecting comprising contacting the at least one micro-needle with each of the two or more

tissues.

174.  The method of claim 173, further comprising flowing the fluid continuously

through the two or more tissues.

175. The method of claim 174, further comprising recirculating the fluid.
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162. The nethod of claim 161, further conprising flowwng the fluid
continuously through the tissue. . 163. The nethod of claim 162, further
conpri si ngoresi/gatakati ng the fluid. 164. The nmethod of elaiserdBboosert her
conpr i g I PRI suds hod of claim
164 th?gln%ﬁggﬁﬁgﬁg&gﬁgnﬁz§g%%o %mhgpﬁ§IS|Ioggﬁgw%€§;53$§32§%ane.166. The
met hodtisfuecl ai m 164 wherein the nenbrane is a bi odegradabl e pol yner. 167.
The net hod of claim 161, further conprising partially enbedding the tissue
in a menbrane. 168. The nethod of claim 167 wherein the menbrane is a

pol ydi e hy sk hiaxae rcRRVEY3 whekinfed ork@re illdepdatdnefiuidly elupled 167 wherein
the nmenbrane is a bi odegradabl e polyner. 170. The nethod of claim 161
wherein the tissue is aliver tissue. 171. The nmethod of claim 170 wherein
the fl i Lnjecte 1.0 7 T im1l wherein
t he tiizg Ekﬁggtgﬁ ’égﬁsﬁﬁéﬁéigﬁgOE%ﬁﬁgéﬁ¥ﬁ %s é@@gﬁg%yﬁk?édder,

br ai n, colon eye, heart, kidney, liver, |lung, ovary, pancreas, prostate,

skin, small intestine, spleen, stonach, testis ynus, np, ut erus
ti ssue17373Thﬂmﬁéllqw°@4mﬂgﬁﬂh§¥%ﬂlevﬂ9wgﬁ?fF’]ém’tng ngg%?]ﬁ éﬁ?m@?d t he
met hod, co t &Sork thigt (ﬁ@ast one
chanbe ea %ro?éd?e%neéﬁg{o% B'ﬁt'[EQBBH§ EW%agf)?ts t:‘%}ll 'y corupl ed to the at | east
one chameby a’ttbastatvoloemttwommdnaﬂtmesmrﬁnmdl;scmgnlcme or nore inlet ports
fluidly coupled to the at | east one chanber, and at |east one mcro-needle
positioned about each of the one or nore i nl et ports; and injecting the
fluid 4890 Fchilida FHUBIAITEARE 1R ool odePRrilofls AsiniBéig. L1 ssues, the

i njecting conprising contacting e at | east 'one mcro-needle with each of
the two or nore

181. The system of claim 173 wherein each one of the plurality of tissues is
independently selected from the group consisting of adrenal, bladder, brain, colon, eye,
heart, kidney, liver, lung, ovary, pancreas, prostate, skin, small intestine, spleen, stomach,

testis, thymus, tumor, and uterus tissue.

182. A method of analyzing an effect of a factor on a tissue contained by a chamber, the
method comprising:
injecting a fluid comprising the factor into the tissue; and

assaying to determine the effect of the factor.

183. The method of claim 182 wherein the injecting comprises contacting one or more
portions of the tissue with one or more micro-needles each comprising a tip end, the one or
more micro-needles being positioned about one or more inlet ports fluidly coupled to the

chamber, the chamber comprising one or more outlet ports fluidly coupled to the chamber.

184. The method of claim 183, further comprising providing a continuous flow of the

fluid through the tissue.

185. - The method of claim 184, further comprising recirculating the fluid.
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tissues. 174. The method of claim 173, further conprising flowng the fluid
continuously through the two or nore tissues. 175. The nmethod of claim 174,
further owopoésmisngsrecirculating the fluid.176. The net rod/sehoosloassas 173
wher i fkeaChnoRen0h of Biir 19 PheldBY e hehha dotphiskd ¥flydileayliloddd The
met hod of clarm wherein two or nore inlet ports are fluidly coupl ed.
178. T{OMBS) tweochbofnec| ai m 173 wherein two or nore outlet ports are fluidly
coupl ed. 179. The nmethod of claim 174 wherein the flow ng conprises flow ng
the fluid fromat |east one of the one or nore outlet ports to at |east one
of theigne The feBdioRkRIm PO Whershethe biardberlcomptiséswameahbahe two or nore
tissues are fluidly coupled. 180. The nethod of claim 176 wherein the at

| east one portion is a sinusoid. 181. The system of claim 173 wherein each

one of e rall 1 £.Seal %ge&tnll : t he group
consi s%%gr:g @#@rg%ﬁlgﬁ?{?fa@ég’gg@%egr al %%%g% on, e%/hes:éseélﬁe&g?f#aﬁb%ney, liver,

| ung, pMekMl. pancreas, prostate, skin, small intestine, spleen, stomach,
testis, thynmus, tunor, and uterus tissue. 182. A nethod of anal yzing an
effect of a factor on a tissue contained by a chanber, the nethod

conpri $&dg: i, 0} €61 a:f = : ' tseue; and
assayi %Qt oTlcji‘g%ng [ ﬁzld%c;%ﬁé 13% élgft%m;ffh'eff dg&flg(g:‘fq gét?&%g%.m@r%guf%gﬁ%dd gf claim
182 whef £tdnpdudd] #j @otden ¢ensionyy fespsratwetandta shgardiv.or nore portions of the
tissue with one or nore mcro-needl es each conprising a tip end, the one or
nmore m cro-needl es being positioned about one or nore inlet ports fluidly
coupl eglgd 0 ARG Clai QIR HeSdoRipridemidEosaBBiE afdlydi€thepor t s
fluidl eg%ougpgg&to thglaérhgg%g‘?@fglag%e%me r%et E[g)d of cl aia?nIs 183,$’f urt her
conpri dssug. provi ding a continuous flow of the

191. The method of claim 190 wherein the microscopic analysis comprises determining
the presence of signs selected from the group consisting of cellular stress, factor toxicity,

cellular viability, and cellular death.

192. The method of claim 190 wherein the assaying comprises histochemically staining

the tissue.

193. The method of claim 182 wherein the assaying comprises determining secretion or

metabolism of a biomolecule.

194. The method of claim 182 wherein the assaying comprises determining an

expression or an activation of a protein.

195. The method of claim 182 wherein the assaying comprises determining an oxygen

tension, a temperature, or a shear flow.

196. The method of claim 182 wherein the aséaying comprises determining an

expression of a gene.
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fluid through the tissue. 185. The nethod of claim 184, further conprising
recirculating the fluid.186. The nethod of claim 182 wherein the nenbrane
conpri seswe 2pe/pditet hyl si | oxane (PDMS) nenbrane. 187. Pohe/soeidsmdoaé cl ai m
182 wh i inf PSP Hﬁjn{fpgt od of claim 187
wher ei ?ﬁhgr ﬁr?qun%tggﬁéﬂg%ﬁprl segégﬁlﬁ%gﬁg%gﬁ?%ﬂ%gs gt;gi al . 1%9. The net hod of
cl ai m ih83celihlar kival dffaemétalodlde. i s sel ected fromthe group consisting of a
conmpound, an oxygen tension, a tenperature, and a shear flow 190. The

met hod of claim 182 wherein the assaying conprises m croscopic analysis the
ti ssueqggl9IThelhHanaEbI QP 1 9T vakreinkBOtiwhe ised Rvérhigsuw cr oscopi ¢ anal ysi s
conprises determ ning the presence of signs selected fromthe group
consisting of cellular stress, factor toxicity, cellular viability, and

cel | ul death. 192. .The f i i assayi ng conpri ses
hi st ocfgegm g@ﬁ I?e%?‘if)ﬁ%liﬂlgl %Qﬁgggu%gﬁg%y%?%g%%%{ggﬂg&cl aim 182 wherein

t he assaying conprises detepnining secretion or netabolismof a

bi ool ecul e. 194. The nethod of claim 182 wherein the assayi ng conpri ses
det er n20f). ngThamethod eSelpign 18} WhsreHQue\s PiBH PEFIoEs m%?%?eﬁ?s‘f[’é%ol The met hod of
claim 182 wherein the assaying conprises determ ning an oxygen tension, a
tenperature, or a shear flow 196. The nethod of claim 182 wherein the
assayi pgl. COoTd isBsd oetlemnnil 8 ndemin the protais ioselateddrqme tiee groTp cofisistingt hod of

claim 182 wherein the assaying c ri.ses rmning an intracellular |evel
of a nefliysspibpein, beta galactos¥dascg anc? cr:r}Ptochrome ?’%6" g

202. The method of claim 182, further comprising transfecting the tissue with one or

more nucleic acids.

203. The method of claim 182, further comprising infecting the tissue with one or more

microbes.

204. The method of claim 203 wherein the one or more microbes is each independently

selected from the group consisting of a bacteria, a virus, and a yeast.
205. The method of claim 202 wherein each of the one or more nucleic acids is a nucleic
acid independently selected from the group consisting of albumin, beta galactosidase,

cytochrome P450, glutathione-S-transferase, sulfotransferase, and N-acetyltransferase.

206. The method of claim 182 wherein the effect of the factor is adsorption of the factor

or an analyte by at least one cell of the tissue.

207. The method of claim 182 wherein the effect of the factor is distribution of the

factor or an anlyte in at least one cell of the tissue.

208. The method of claim 182 wherein the effect of the factor is metabolism of the

factor or an analyte by at least one cell of the tissue.
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198. The nethod of claim 193 wherein the tissue is a liver tissue. 199. The
nmet hod of claim 198 wherein the nolecule is urea or ammoni a. 200. The

met hod ofwol2806m4183 wherein one or nore portions conpri es/sag26ismoeasd. 201.
The nethod of claim 198 wherein the protein is selected fromthe group
consisting of liver albumn, beta gal actosi dase, and cytochronme P450. 202.
The neigeod THe métabdoidAm [82rwikeeindbarplifécs phihetfactords pemieabilithef he ssue wit h

one or _nore nucleic acids. 203. The.net hod of .¢claim 182, further conprising
i nf ectieAigr o dnalyde e %eﬁﬁn%ﬁ%a%‘?oﬁagrl%asﬁ‘?lﬁcﬁﬁé’g&%ﬁ " The nethod of claim
203 wherein the one or nore mcrobes is each independently selected from

the group consisting of a bacteria, a virus, and a yeast. 205. The nethod
of cl a21®. 20Phenhethed of daiohl 8% wheéreinghecidect ebthe fanten iae 188 OF £CEUfc| ei ¢

acid in ndently selected fromt onsi sting of al bum n, beta
gal act‘b&ﬁg% T OEﬁWSErEa&&%%f’n%fzéﬁ%%lgggsé@s transferase,

sul fotransferase, and N-acetyltransferase. 206. The nmethod of claim 182
wherein the effect of the factor is adsorption of the f acétﬁr o%)zan anal yte
by at 2Hast Thewethed pf Jaim h whersinghe offect of fhe fagtptis doxeitseothe 2645 Ohher i n

the effect of the factor .i i Lbution of the factor or an anlyte in at
| east %%na&)g?Pngtﬁ;qsﬁgnq?eglsq?ﬁei%@? The met hod of claim 182 wherein the
effect of the factor is nmetabolismof the factor or an analyte by at | east
one cell of the tissue.209. The method of claim 1%% wher.ein the effect of
the fadtdr The pethadabelpim |8 whengin thy @ssgying CORRISHINYTBAFGREa cel | menbrane
of at | east one cell of the tissue. 210. The nethod of claim 182 wherein
the effect of the factor is elimnation or secretion of the factor or an

anal yt 1y The memst obelaint 212 whéreirhihe bissuagin@domprifheperfrmiag esmiedahi m 182

wherein the effect of the factor is toxicity of the factor or
microscopy.

214. The method of claim 212 wherein the bioimaging comprises performing multi-

photon microscopy.

215. The method of claim 182 wherein the factor is fluorescent-tagged.

216. A method for analyzing an effect of one or more factors on one or more tissues
contained by one or more chambers, the method comprising;

injecting one or more fluids comprising the one or more factors into the one or

more tissue; and

assaying to determine the effect of the one or more factors.

217. The method of claim 216 wherein the injecting comprises contacting one or more
portions of the one or more tissues with one or more micro-needles each comprising a tip
end, the one or more micro-needles being positioned about one or more inlet ports fluidly
coupled to the one or more chambers, the one or more chambers comprising one or more

outlet ports fluidly coupled to the one or more chambers.
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an analyte on at |east one cell of the tissue. 212. The nethod of claim 182
wherei n the assayi ng conprises bio-inmaging. 213. The nmethod of claim 212
wher ei n twe 2béea4ii4magi Nng conpri ses perform ng confocal mpcrgseaBwoodd4. The

met hod claim 21 £ eih-t i Qe i ] mul ti phot on
i o1 os3lpy . 1B B oSBT it BB R AR e SR8 oPELI AL

f | uor epreite-d c@agacbusdtv ofAhereddmdnbrerludethyaigh thedissedsf ect of one or nore
factors on one or nore tissues contai ned by one or nore chanbers, the

met hod conprising; injecting one or nore fluids conprising the one or nore
fact or §14 nt 9n¢ RRHRAGFRIAR S hHBGUSmpRRhodesRYI g te dieloebraguidse ef f ect

of the one or nore factors. 217. The nethod of claim 216 wherein the

i njecting conprises contacting one or nore portions of the one or nore

ti it ' - dl LS ' d, th
or “or 201 cAdSnBedPLER R it PR ERER oS BanATe s HleflReRobeRefi 1 0 O
fluidl ﬁﬁg&mglaqgﬂagmt,t}@tgg&.or nore chanbers, the one or nore chanbers

conprising one or nore outlet ports fluidly coupled to the one or nore
chanmbers. 218. The nethod of claim 217, further conmprising flow ng the one

or nor | uids t r Qvi de nt I . f NE..: i ds

t hr ougﬁzi'helrgf’ ggeﬁb 0 f!f’é‘? z?ﬂgv ﬁ%eﬁtgg%qﬁolp Iﬂ!(]:'rf %éo%{pf%gs?afnﬁdrbfl PH%%‘?SE’#; ng
reci r c ybfoh§8f the@isQueewie onByrendrt ulicid-ne2dds eashroetripoidingfa tipremdi thg oae bt ssue
contai ned by a chanber, the nethod conprising injecﬁL a ff id.into the
ti ssuemopemicromeedlawbeingipesitioned pbaus 2oe RREICES WGt Rty au@& GoHg eé doE ses

contactj ng, 9 it | idl &to BB ERamber.
m cro- ﬁiéaénglfeé’gﬁ 8?&%@%&8@@%‘%9@6 ?g%&%ﬁ%ﬁ fe"t?}zdg%of#el 2 rcelrﬁfug?e onﬁﬁgr o- neeédl es
bei ng positioned about one or nore inlet ports fluidly coupled to the

-

222. The method of claim 221, further comprising continuously flowing the fluid
through the tissue.

223. The method of claim 222, further comprising recirculating the fluid.

224. The method of claim 220, further comprising co-culturing the tissue with a stem

cell or progenitor cell.

225. The method of claim 224, further comprising providing a differentiation signal to

promote differentiation of the stem cell or progenitor cell.

226. The method of claim 220 wherein the tissue is from a previously preserved tissue.

227. The method of claim 226 wherein the previously preserved tissue is a cryopreserved

tissue.

228. The method of claim 225 wherein the providing comprises adding the
differentiation signal to the fluid.

229. The method of claim 220 wherein the fluid is an oxygenated fluid.
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chanber, the chanber conprising one or nore outlet ports fluidly coupled to
the chanmber. 222. The nmethod of claim 221, further conprising continuously
fl owi ng twe 2hdeuisdsshr ough the tissue. 223 . The net hod etTsicassdis
further conprising recirculating the fluid. 224. The nethod of claim 220,
further conprising co-culturing the tissue with a stemcell or progenitor
cell. 22&6. Thempdioded chimabaiwheAdthe ffluid 3arnutdenpicosteingngpfividi di ng a
differentiation signal to pronote differentiation of the stemcell or
progenitor cell. 226. The method of claim 220 wherein the tissue is froma
previoys]y PLEsRINADFIadR Y00 wikiein thRFIuiELsARBfe RbRIAN 226 wherein the
previously preserved tissue is a cryopreserved tissue. 228. The nethod of
cl ai m 225 wherein the providing conprises adding the differentiation signal

h [ 229. T d.of . [ 20 _wher ej he fluid i
Lo vonabhs fhoFeafen B RS Bl ChR AR B Pt Rl 0
nutri egtovRRMcAdrnNi ng fluid. 231. The method of claim 220 wherein the fluid

is a culture nmedium 232. The nethod of claim 220 wherein the fluid
conprises an effective anount of a growh factor. 233. The nethod of claim

220, f her., conpri.si-ng. e ddi the tiss . et hyl si | oxane

(Pove) L a8 ¥ gD Luad SRR BB SRl o The

menber phiydanetigisloxshé (PDMSPmeNbrade had a @tnfiegur ed for growi ng one or nore

ti ssues contained by one or nore chanbers, the nmethod conprising injecting

a fluid into the tissues. 236. The nmethod of claim 235 wherein the

| nj ecting CHIPHARS FAUNAGS: WhARPHRIRIE 1PRLYJPRR, Of the tissues with one
es nprising a tip end, € one

or nore m cCro-nee each™co

235. An array configured for growing one or more tissues contained by one or more

chambers, the method comprising injecting a fluid into the tissues.

236. The method of claim 235 wherein the injecting comprises contacting one or more
portions of the tissues with one or more micro-needles each comprising a tip end, the one
or more micro-needles being positioned about one or more inlet ports fluidly coupled to

the one or more chambers, the one or more chambers comprising one or more outlet ports

fluidly coupled to the one or more chambers.

237. The method of claim 236, further comprising continuously flowing the fluid
through the tissues.

238. A kit comprising one or more tissues configured for use in a tissue system

comprising at least one chamber for containing the one or more tissues, one or more outlet
ports fluidly coupled to the at least one chamber, one or more inlet ports fluidly coupled to
the at least one chamber, and one or more micro-needles each comprising a tip end, the tip
énd being positioned about the one or more inlet ports and configured for injecting a fluid

into one or more portions of the one or more tissues.
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or nore m cro-needl es being positioned about one or nore inlet ports
fluidly coupled to the one or nore chanbers, the one or nore chanbers
conpri si ngoeoes/ar4rore outlet ports fluidly coupled to the/senesmoxawre
chanmbers. 237. The.nmethod of clajm - f r hsi conti nuously
flomﬁﬁﬁgthé*gﬂﬁ?ﬁp?ﬁ?%ﬂ@ﬁPEQ¥§eF?§§ﬁ§§8m£§35§gﬁi?fﬁ@%ﬁ%é#@?ﬁg one or nore
ti SSURPNAERREH B+ Relinf DHisstis System sorhpiisingosytnore cotipirhosts wgnfigured@ste one
chanber for containing the one or nore tissues, one or.nor utlet ports
f1 ui difipidiyeprrled foghe pRe RMPTELERMBRS, UTHTHUC “’iﬁé"’%ﬁ C??b‘?%‘r“r‘"ﬁﬁog%e ports

f1ul dldo;04UBhAGa fotnt BFe BlmbRARmBES, ERAHRGE moAPRi@bSealleqicr m Cr o- need! es
each conprising a trp en&? the tip end being positioned about the one or
nor e idohptisipgrattyp axgthe dipfend being positioned ahout thg one pt wiore inket poghandor nor e

portions _of the one,or re tissues. 239. .A Kit. conprising: or nore

ti ssueonfgwed fordaesn ‘HGPﬁHSPSOEHQHE%FBmgﬁﬂ%?%ﬂ$%%X§%rqﬁ%%'in a tissue
system conprising one or nore outlet ports configured to be fluidly coupled
to the one or nore chanbers, one or nore inlet ports configured to be
fluidly coupled to the one or nore chanbers, and one or nore mcro-needl es
each conprising a tip end, the tip end being positioned about the one or
nore inlet ports and configured for injecting a fluid into one or nore
portions of the one or nore tissues.
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