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[ 0001] This application clains the benefit of U S. provisional
application No. 60/929, 402, filed June 26, 2007, the contents of
which are incorporated herein by. reference. FIELD OF THE | NVENTI ON

[0002] The present invention relates to imagin hanber s Eart icularly
to i magi ng ciHMBERNGE CRHAMBRRMVELH, WENDEW AN ME%RQ

BACKGROUND OF THE |
entitled "Tissue WEME%‘N@J&#@%? ; use!i gﬁpubl i\flsme April '20,

2006, discloses a tissue systemfor culture and perfusi on, which
I ncl udes a m cro-needl e chanber.- The chanber includes a base, a
menbrane pl aced on the base, a m cro-needl e platform having

m cro- needles,qu@gngEp EWT%EL&‘FE‘SAF“P gbgq-ﬂg non and hel d by the

menbrane. The m cro- nee e pl at mis placed on the tissue. The-top
cover encloses the chanber and is connected to a perfusion circuit.
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FIELD OF THE INVENTION

[0002] The present invention relates to imaging chambers, particularly to
imaging chambers with micro-needles for intra-tissue perfusion. .

BACKGROUND OF THE INVENTION |

[0003] WO 2006/041414 to Yu et al., entitled “Tissue System and methods
of use” and published April 20, 2006, discloses a tissue system for culture and
perfusion, which includes a micro-needle chamber. The chamber includes a base,
a membrane placed on the base, a micro-needle platform having micro-needies,
and a top cover. A tissue is placed on and held by the membrane. The micro-
needle platform is placed on the tissue. The top cover encloses the chamber and
is connected to a perfusion circuit. The chamber is fixed together using screws and
is cor)nected to the perfusion circuit. A fluid is injected into the tissue through the
needles. This chamber can be irhproved._ '

SUMMARY OF THE INVENTION

[0004] - In accordance with an aspect of the present inventioh, there is provided a
device for irﬁaging a tissue culture.. The device comprises a chamber for housing a -
tissue to be cultured and imaged therein. The chaﬁber comprises a transparent
window. The device also includes a platform facing the window. Micro-needles are
mounted ‘on the platform and are connected for fluid communication with a fluid
source. The platform and the window are magnetically biased toward eaeh other to

press the micro-needles into a tissue sandwiched between the window and platform



SUMVARY OF THE | NVENTI ON [ 0004] I n accordance with an aspect of the
present invention, there is provided a device for inmaging a tissue
culture.. The device conprises a chanber for housing a tissue to be
cultured and.i naged therein. The chanber conprises a transparent

wi ndow. The device al so includes a platformfacing the w ndow.
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camera or a microscope. The m'icroscope may be an inverted microscope. The
microscope may be a confocal microscope. The tissue may be mon[tored over a
~ period of time.

[0006] Other aspects and features of the present invention will become apparent
to those of ordinaiy skill in the art upon review of the following description of

- specific embodiments of the invention in conjunction With the accompanying
figures. "



BRI EF DESCRI PTI ON OF THE DRAW NGS [0007]In the figures, which

il lustrate, by way of exanple only, enbodi nents of the present

I nvention, [O0O08]FIG 1 is a cross-sectional view of an inmaging
chanmber, exenplary of an enbodi nent of the present invention; .
[0009]FIG 2 is an expl oded perspective view of the imge chanber of
FIG 1; [O0010]BRIEF BESCRIPPKNS PECTHEORAWINGS t he i nage chanber of
FIG 1; [0011] FIG 4 is an expl oded perspective view of another

. h . Lo = g : | nvent i.on:
[0032] Fi'00B7) ¢ “HFR sfest e i, B bailor xpue SRG b B ASS,
FIG 4; [helstserdingntisna si de el evation view of the base of the

| mge chanber of  FIG 4; and : '

[0008B] FIG.1isa _ci‘oss—sectional view of an imaging chamber, exemplary of an

embodiment of the present invention;
[0009] FIG.2is an éxploded perspective view of the image chamber of FIG. 1;
[0010] FIG. 3 is a perspective view of the image chamber of FIG. 1;

[0011] FIG. 4 is an exploded perspective view of another image chamber,

exemplary of an embodiment of the present invention;
[0012] FIG. 5 is a top plan view of the cover of the image chamber of FIG. 4;

[0013]  FIG. 6 is a side elevation view of the base of the image chamber of FIG.
' 4; and o

[0014] FIG. 7 is a side elevation view of the needle holder of the image chamber
of FIG. 4. ‘



[0014]FIG 7 is'a side elevation view of the needl e hol der of the

| mage chanber of FIG 4. DETAILED DESCRIPTION [0015]FIG 1 is a
cross-sectional view of an imagi ng chanber 10, exenplary of an

enbodi ment of the present invention. Perspective views of inmage
chanber 10 are shown in FIGS. 2 and 3. [0016] Chanber 10 includes a
base 12 and a cover 14, ~whi ch when assenbl ed, define an encl osed
chanber  vol umeDEBAILEDWDESERIEEDN pl atforim 18 i s nounted between base
12 and cover 14. A spacer 20 is disposed between platform 18-and hase

bo i opoclIbBLY BRE Y s Rbee saalbnal gl R BHIRRHAS drbur 1oy ARty |
I S posi t i amemhbadiinent oé thet prepermt\ieventibn s Peespeitive viswbeif ingage chamber 10
over-conpres%%d ball_ii§§e 12 %nd platform 18. [0017] Base 12 includes a

t r anspar efif® AN ‘may be made of, for exanple, glass or a
pol ymer material suitable for formng a cover-slip for mcroscopes.

Thus, ti 2 0t i it d ' d through
wi ndow 240037 ngChEmBeR A0 RS Sdsr it 6 Eoyotd. ST phoL BefPhaed,
camera or defing &1 OscodR! sHanttier vB)uimMe1 @NAIncR-hestigpRitfosa agds nidamesdl 2
may have a wel | -shggﬁ. I.n sonme enbodi nents, , base 12bg§a%] have a,

general she¥eeabase 42 and cverl4.i Agiparer Zhisdignosed be platfem 8ande

used, or pa2WhitPaleBigsRPRRatd ehéh %%ﬁ@ﬁéﬁi@w Afssue OS] Pe
fluid inlet 26 and a fluid outlet 28 are provided for feeding Tluids
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t hrough aard platfemh H8of base 12 instead of cover 14. [0019] Cover 14
may be transparent and nmay be nade of any suitable material.

[0017] Base 12 includes a transparent window 24, which may be made of, for
example, gTass or a polymer material suitable for forming a cover-slip for .
microscopes. Thus, tissue 22 may be continuously monitored or imz_-lged through
window 24 during use, with an imaging device (not shown), such as a camera ora
microscope which may be an inverted microscope. Base 12 may have a well-
shape. In some embodiments, base 12 may have a general shape similar to a Petri
dish. An existing Petri dish may be used, or adapted, to form base 12 in some
applications.

. [0018] A fiuid inlet 26 and a fluid outlet 28 are ;ﬁrovided for feeding fluids to and
extracting fluids from chamber 10 respectively. As illustrated in the embodiment
shown in FIG. 1; inlet 26 and outlet 28 may pass through cover 14. In different

~ embodiments, outlet 28 may pass through a side wall of base 12 instead of cover
14, '

[0019] Cover 14 may be transparent and méy be made of any suitable material.

[0020] Base 12 and cover 14 may be sized so that when cover 14 covers base
12 the side walls thereof frictionally engage each other, which may provide a -
sealing engagement for preventing contamination. The sizes and shapes of the

4 .



[ 0020] Base 12 and cover 14 may be sized so that when cover 14 covers
base 12 the side walls thereof frictionally engage each other, which
may provide a sealing engagenent for preventing contam nation. The

si zes and shapes of the side walls of base 12 and cover 14 are.

sel ected such that the assenbl ed base 12 and cover 14 can nove

axi al | y reitlawalleof baseathand hever(d are selﬂcmmmndhﬁﬁ the adsernblgd bmee 12
[0021] atform18 ty.of mcrq-npeedles 30
For i nj ectberaraaden s Pralbstding o Brdiabols d senculfme e 3o
has a shauge.tip 32 for conveniently entering into tissue 22 and
provides a conduit therein that is in fluid communication with inlet
26. In one enbodirnent, there may be seven needles. |In other
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a real environnent. Suit needl es are commer ci al y aval | abl e, such

as from Nreiween bage 12aed piatorm] 18 so oerdlesBd gambatpressedtintorthe !L?ﬁtlﬁa%@ be
r emovabl HIERt n
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ot her enbisdusR2t Neaaliext 3mmyb& aregnhgeddd ahpehitbld pattem@rq:ﬁat!e’mam be
supported,in noth SUI nner may be conv nt _if ee e
pl at f or m 48PENENGRIY iﬂ@é mevplﬁr 15 &Si'rﬂ%v@nf H&n gh
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hs in tissue 22, depending on the particul ar

tips 32 at dlffere;\% %Eet

appl i cat i YNIORFENE AW nepqles pEEorRmELCially aéfﬁﬁ%ké?ssuﬂj A/ framdi £ f er ent
hei ght's nmwrmoggomded for use with tissues of different thickness.
[0023] In one enmbodinent, two sets of magnets 34, 36 may be provided.
One set of magnets 34 are attached to platform 18. The other set of

nmagnets 3@0agE ahtcﬁffé@ﬂbédlrﬂéﬂﬁ%Eét%m%ﬂﬂa?%e&bmb@&lﬁ? la@Bsh&HoRveE 14.
wi ndow 24. Magnets 34, may be attached in any suitable manner. For

exanpl e, IMestarnasn nwdwaﬁ&ptﬁqﬁm FY sitehlereantsy, asrar po angerstood by
| at f f
pl at f or m &sQhs HARR ﬂ%}g% yﬁ%%&&ﬂé%pﬁrﬁtéﬁ? gfs fa W?‘B% doﬂgéﬁ% ﬁ@ﬂﬁ?ﬂ?g%ﬁﬁ'

to attract each other orm

18 t owar di®isaleiaahehier fronvisgret 4, jqr exgppie)to faciljaiedreatingnt] |sgc;h ghaped.
ah h t
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of about ma’:ﬁmmamai mwybda@tabhea:tﬂnm dooet heasd bé acpptm‘ledohzﬁrfottiensll&alblbat
faces w ndow 2

20 t t
Compr essi BANST /857 PecopLen ol BFeT S Blaa R 1B 1S MoxeRlsdowar o Y
pl at f or m f&m Aindes 24 h&nn@ UsBabhliely fohesBueSPRERER M thithesalos & Bssition

unat t ached. For exanép spacers. 20 may .i ncl ude beads or bl oc for
the needle tips 32 at dlfferent depths in tissue 22, depending on the partlcular
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[ 0025] Chanber 10 may be fornmed using any suitabl e nmanufacturing
techni que. For exanple, base 12, cover 14 and platform 18 may be
formed of a transparent FullCure 720Tm material and may be shaped
using a I|thograph| c techni que such as using a three-dinensional (3D)
Pol yJeri' printer (Eden 350n). [0026] Chanber 10 nmay i nclude ot her
opt i onal -eppipatient Eo exampidaliffidrentskteal spavers2@ with differentfHaighds may be

conduits ot , shown) f vari o u 0027] Chanber 10,

i ncl udi ng é’deed?ofu eoV@? t'isfesfﬁgf%%‘ﬂqﬁfzﬁﬁ'% may be generally
circular or cylindrical shaped, or have another general shape such as
6 square ta e

may B 11 9B oo M EmBhahERe b ser BIGbTor8 3y P ¥ Vo BRRS T ok
platform é@t ofsnagriets 34 hye attzvhud do braﬁb“rrbaSG The. otfidreses uf fr@gaststﬁﬁ are

reror e S STBTRE beSh B 0R R AR oC S Gto s e BB Lo
be separ apRfy Hel KfAcHEY /1 a%@@b%bnﬁ#%&%ﬂa%@ Ry b b¥ cRibedBed i,

cl eaned. C eaning and primng the internal surfaces of chanber 10 nay

have vari 8{att fhyta@hgafaﬁ tta@at@mmw@r bassbl % sMagnetp 84 am&b‘ ameui d.

[220(2)]9] g' Séé’ﬁ‘r"g%?ed SHE RoBifted 18 akRft 8hch bIFRT sb SR YRey Wit BUAGRoR 4% RAOW

piatfo:m 18 toward one another. Magnets 34, 36 may be generally disc-shaped.
Other shapes are also possible in different embodiments.

[0024] Spacérs 20 may have a thickness (or height as seen in FIG. 1) of about 1
mm and may be attached to the surface of platform 18 that faces window 24.
Spacers 20 may be semi-resilient to allow some conﬁpression of the tissues.
Spacers 20 may be attached to either platform 18 or base 12, or both of them.
Spacers 20 may also ‘be unattached. For example, spacers 20 may include beads
or blocks for spacing platform 18 and window 24 apart. The thickness of spacers
20 may vary. In one embodiment, the thickness of spacers 20 may be selected to
provide a sufficient distance between platform'18 and window 24 so -fhat tissue 22
does not contact the bottom surface of platform 18 (but in contact with needles 30)
during culturing and imaging. The space between platform 18 and tissue 22 can
allow fluid communication therethrough.

[0025] Chamber 10 may be formed using any suitable manufacturing technique.
.For example, base 12, cover 14 and platform 18 may be formed of a transparent
FullCure 720™ material and may be shaped using a Iithogfaphﬁc technique such as
using a three-dimensional (3D) PolyJet™ printer (Eden 350™). '

[b026] Chamber 10 may include other o;itipnal components (nof shown) and

may include further fluid conduits (not shown) for various purposes.

[0027] Chamber 10, including base 12, cover 14, and platform 18 may 'be
generally circular or cylindrical shaped, or have another general shapé such as
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12. The tissue slice may have a thickness of about 1 nm The tissue
slice may also be thicker or thinner. Platform 18 is then placed on
top of tissue 32 with needles 30 facing tissue 22. Spacers 20 are
pl aced between platform 18 and wi ndow 24 (or base 12) to define a
m ni mum di st ance t herebetween. Platform 18 and wi ndow 24 are bi ased
toward eagqHaserectapgulaher thetlikac Magnetsdhend 36 aod spabat 2emay beeing-

magnets 3 rm 18 and wi ndow 24 nove toward each

ot her, neeoqaprég %8" Xai?"gh‘&é& FSnto tissue 22 to a sel ected depth. As
can be aprireciated, the total magnetlc force between the magnets 34
a0 30 Shiaf 0o P CHL N4 IR0, U8 e oD gE. T
det er m nesurfacesioé vatiouscwassonehd offthamiler 40 ae®y Ise be-tré‘ﬁtad gush a9 prAmed
o et o Bh 4B 35850 B OBl S0 B B bl
needl es 3fjorrdvef 14 s6 €t tigs) da@ﬁbé)%ﬁ@%fy prilméd 85¢i8ared. EREnmYaMAl €,
when the tissue slice is about 1 mmthick, the spacers 20 may al so be

about 1 nRfimingrh em@mék%%@spéﬁ@amaerow Wéwaée V@O"Wﬁa‘}eﬂ?éitﬁ‘s%lc@c&tsed or

adj ust ed fQcR d depth inside tissue 22.
[ 0030] After 'E:h I’H#gg gnmséel g@:ﬂdp(?essed to the desired depth, the

attractive magneti.c force bet ween magnets 34 and 36 continues to bias

platform [b%ZQEd ‘1‘48@99‘2’22&&% ghc%aékhlv@lt f&Ue, :%'H&e’ﬂtcﬁ'p\ivinbéwm 61*!:%3&

assenbly I n chanber 10. 31] can appreciated, it Is no
necessar y12-0The dssite Higs nﬁay %@(ﬁﬁ thlcknpsapf @bqntﬁsnahdﬂm@éuwlqwuow

24) in plac6 bb%@ﬁ%r\’cﬁ" tﬁﬂ{]&acﬁa%rﬂ?ﬁ 8 s\%[aﬁ gﬂ&%d 85 of ﬂgsu%%\ﬁfth 20,

over - conpression o Tasud can al arber 10
is easy tmqﬁ@mf@lwt&usﬁséﬂacerwzﬂjamplamd/mmean plaifousel 8 and

| 00521 S B 61 el i B B 408 "B 38,

[ 0034] | nl and Rfdiosr 2barecsiasst toovaed pacH oibieoby ther attrattievahgsdtiovioicef or

Squl yi ngbetv}%en the magnets 34 and 36. As platform 18 and window 24 move toward each

_ather, needles 30 are pressed into tissue 22 to a selected depth. As can be

appreciated, the total magr{etic force between the magnets 34 and 36 should be
sufficiently strong to.press the needles into tissue 22. The minimum distance
between platform 18 and window 24 is determined by the thickness (height) of
spacers 20. Spacers 20 are selected or adjusted, depending on what type of
spacers 20 are used, to ensure that tissue 22 is not over-compressed and that tips
32 of needles 3ﬁ are at a desired region/depth in tissue 22. For example, when the
tissue slice is about 1 mm thick the spacers 20 may also be about 1 mm high. The
exposed lengths of needles 30 may be selected or adjusted for achieving the
desired depth inside tissue 22.

’ [0_030] After the needles 30 are pressed to the desired depth, the attractive
magnetic force between magnets 34 and 36 continues to bias platform 18 and
window 24 toward each other, thus stabilizing the assembly in chamber 10.

[0031] .As can be appreciated, it is not necessary to use screws to secure
platform 18 and base 12 (window 24) in place relative to each other. ‘With the use
7



fluids to chanmber 10 during operation, thus providing a fluid source
for needles 30. Fluids such as nutrients or the like may be fed to
tissue 22 through inlet 26 and needles 30. [0035]CQutlet 28 is
connected to a disposal device (not shown) for disposing waste and
other materials discharged from chanber 10. [0036] The fluid flow rate
for vari oofspacpug0.aner-sompassidnofdse tisguelmancaljaibe adoided ngmage chamber
per fusi on glrcw tt to rraH(]?tal a degl red fluid c rﬁﬁents and refresh
rate in c‘I'1 MEt>Y 10 23RY P 4 %ﬁ?ée'ﬁ‘ eﬁfﬁdgﬁf”ﬁp'? |uﬁ§' devi ce (not

shown) nmay be pI aced outside window 24" to nonitor or image tissue 24

cari od” 0% or OB 1y BEDRS o SEMAAE BRI mERy O Eramihdy

cul turi ngfluiedi um and ot her fluids nmay be continuously supplied to
chanmber 10, w'thout renoving the inmaging device or disassenbling
chanmber 10. The inmagi ng device may i.nclude a digital canera, a

m cr oScop088th &svsuthisgait an basgdttedlosechambepddor a conf ocal

m croscope, or the like. [0038] As can be appreciated, when inage
chanber 10 or base 12 has a ' general shape and di-nension that
resenbl es[0@3RFt 1 Inleti26his conneded toaperiuson tiycdif (ot sitcovn)Her MMQ mput,

conventio al 0SCO i esi

Ui abi 1 1y B SRR ot nRr R S prodand i P s Vim0

As can beFpigrtchaisathtrients onthiedikk enkyeive forcto Mesie AR ¥hibagh etetsxeognd i n
sone applica IO%@ to ensure tissue survival. [0040]" FIGS. 4 to 7 show
anot her iﬁﬁgdé nber 110, exenplary of an enbodi ment of the present
invention. As shown in FIG 4, image chanber 110 includes a base 112,

a cover 1 a.n | e holder,.,118 004 a
5, “Cover IRSHac R AF stoolBeEn s 5tsrose! dritm R S oL RosiRt,
(not  showapstarhdadth@urhberiaRrisdhagyePorh @hanibentong an outl et. conduit
(not shown). Cover 114 also has four openings 140, and a circul ar
ridge 142 around inlet opening 126, the use O which will becone

cl ear bel [pA36ov&he Hilid flomyrabe fdrvarispaineat and output fluids may be adjusted
using the perfusion circuit to maintain a desired fluid contents and refresh rate in
chamber 10 and in tissue 22.

[0037] An imaging device (not shown) may be placed outside window 24 to
monitor or image tissue 24 over a period of time. The imaging or monitoring may
be conveniently carried out over an extended peridd of time continuously. The
culturing medium and other fluids may be continuously supplied to chamber 10,
without removing the imaging device ar disassembling chamber 10. The imaging
device may include a digital camera, a microscope such as such as an inverted
microscope or a confocal microscope, or the like.

[0038] As can be appreciated, when_ image chamber 10 orbase 12 has a*
general shape and dimension that resembles a Petri dish, it ¢an conveniently fit into
the holder of a conventional microscope that is designed to hold a Petri dish.

[0039] Image chamber 10 may also be shabed to fit into a culturing platform that
provides a controlled CO, and temperature ényironment for supporting tissue

.8



[0042] As shown in FIGS. 4 and 6, base 112 has the general shape of a
Petri dish and defines a well. A generally square-shaped gl ass w ndow
124 is provided at the bottomof the well defined by base 112. Four
slots 136 are provi ded adj acent. wi ndow 24 for receiving and housi ng
magnets (not shown). Base 12 may be transparent. [0043] As shown.in
FI GS. 4 avidbilfty. Sest|ascuttatitg platfodm maay lﬁ@uomnmmiallma![aizﬂiemmsajanabae

| ocated t ch the tJ ons of openings Q_of . cover . .Eac
B R v L e A R A T
screw or @mdure (isnie simaval) to pass through for attaching cover 114 and
needl e hol der 118 to each other. Wen cover 114 and needl e hol der 118
are attached, ridge 142 abuts needl e holder 118, thus defining an
gncl oseg mounuthIGmmB%a Wanﬁ%grgﬂég@maﬂzgfmadbfzmmaﬂycfh& [ 0044]
even t hrou 0 are provjded,in nee ol der

recei ving ’H ﬁ?“ﬁﬁ PERRASH W@BEFP%S Ag 5BEWR b %U??Q?glﬁ?é@erﬂ?é'
mount ed - NipeRILEs adale A9RNEESRY 114, BAE aleetd hdatmrgdef i ned by ridge
142 of cover 112 and needl e hol der 118, which serves as the fluid
source for the needles. [0045]Four slots 134 are also provided in

needl e hojodan] 118s tRéwh GCRIGS.NPam8, &ves H N hhe ik iMBIgsIRIntng 128 feghown) .
The positions of slots 134 match t he positions of slots 136 in base

112. Thes®0&Ntigan let coaguitinet ﬁ%%n)t@q@hﬁ'tmqt REERRY 1B 0k BPURINGRhg
needl e hobgrk caddlitRe: :V,HdWQWCJe%ér tl?#‘@fs@ I‘%%%ur%éé‘ﬁfng@uﬂ'ﬂngné‘ﬁ%lrcular

[ 0046] Four spacer openlng 120 are provided i n needl e

118, whi chdgg w%wepe@ indgicPpeningd! 26 ﬂmm of which whbe@rqm@iea@b@M)
during USEqy dﬁ'fl.'_ éﬁ.@g glsﬂed to define the mininmum di stance
e ho er T an

bet ween nee W ndow 124 during use. A spacer opening
120 may have an internal thread for engaging a threaded end of a

spacer (nM4§POWﬂ%shé\~ﬁWﬁs®§rﬁﬁ ﬁgcgéls%ol'fﬁiﬁ{ ey sﬁialﬁﬂa;ﬁébﬁé Pemally
engage an end a spacer gr%n sho [ 0047] Needl e holder 118 may b

t ranspar edish: apemmesmwe&p iesallyantiatesehaped glagrewindawii4 is poovides

I t
oo o BRI lerd b PO FURRNE 20 S0 ok ien
shown) ; nwindowrRdefol exce{ving archbowsing miagneist(nof shuagr).e Basé n2tmashioewn) |
and spacet‘rﬁnsg%?énéshom) are detachably nmounted on needl e hol der 118

and anot h f magnets are detachably nount ed on base 112. The
assenbl ed chamber 110 has a generally cylindrical external shape.

[0049] ° @5’&543 LE§S shown in FIGS. 4 and 7, needle holder 118 has four openings 144
which are located to match the positions of openings 140 of cover 114. Each pair
of openings 140 and 144 are shaped and positioned to allow a screw or bolt {not
shown) to pass through for attaching cover 114 and needle holder 118 to each
other. When cover 114 and needle holder 118 are attached, ridge 142 .ab'Uts
needle holder 118, thus defining an enclosed fluid volume between cover 114 and
needle holder 118. | |

[0044] Seven through holes 130 are provided in needle holder 118 for receiving
and mounting seven needles (not shown) during use. The mounted needles are
connected to the fluid volume defined by ridge 142 of cover 112 and needle holder

" 118, which serves as the fluid source for the needles.



[ 0050] EXAMPLE | [0051] Male Wstar rats (weight of approximately 250
- 300 g) were anaesthetized using pentobarbitone sodium (0.1 ni/ 100
g, Nenbutal Th , Abbott Laboratories) and injected with 0.5 nml heparin
(Leo Pharnaceuticals). Livers of the rats.were perfused with 3.7 %
par a- f or mal dehyde at 37 C for one hour followed by 1 p. M fluorescein
for 30 m [00458] obFaimnsldts 18d ssaafsbgsovidedineezidieholddi tHuer cadeivirdparsd

fromliver sa es_were prepared,usjng an 8 di ter ri ng-.t ool
on . ot o e rgbsis ERdg ot he BoSheds AT upts 3 riftcf g pokich
t hi cknessofste 186 @F badePMZ UThddeOsTbts 184S eBOhRSudE t6Incurt ki MbgAsts for
[0052]1 mmthick |iver slices pre-perfused with fluorescein were

per f used WASIRY nepdieholdesd 181and wadew 184 teyvardmach otheusbdaguse 60

solution in 1xPBS, at roomtenperature, for 1 hour using a prototype
of imagin hanber 10 with seven m cro-needl es., [0053] The, perfusi.on
ool ut 1 on IWA4SE]  EoHrPeaer epanigs 12fare Aisaerovide e ne Rielder AT Buhch

inlet 26 é&ﬁ%hagéa 8hd %&edT@ﬁqd‘dw%uF§%§cé'r§(r$6!@ho¢vﬁ5 §lrirdPusN TS A Rk re? 8
mMm/mnto 1.0.m/ 0.1

was increased from0.1 m ) ‘mn at an increnent of
m / m n ev&ewsed g definasthedninias glidamasgeetveen needledioldes 9 18 ead ovind e

i th q _ . o
of e || (24 BFRAIE € RORAE Spoh 2D B IeoranlckuEr Siidd 9
caner a ( KbotdeBesys arspabX6@©03nwn)| FOSiEdEr opening 120y beesiabd & :
obt ai ned %Mcttiphnaﬁig/]%nglagé ér? Iengl % ars%acért(no 3 ofw%lf.nd t hat

[0047] Needle holder 118 may be transparent.

[0048} The operation and use of image chamber 110 are similar to image
chamber 10. In this case, however, cover 114 and platform ;|18 are attached to

~each. other by bolts and nuts (not shown); micro-needles (not éhowh), one set of
magnets (not shown), and spacers (not shown) are detachably mounted ‘o_n needle
holder 118; and another set of magnets are detachably mounted on base 112. The
assembled chamber 110 has a generally cyﬁndr_ical external shape.

[0049] © EXAMPLES
[0050] EXAMPLE |

[0051] Male Wistar rats (weight of approximately 250 — 300 g) were

anaesthetized using pentobarbitone sodium (0.1 mi/100 .g, Nembutal™, Abbott
Laboratories) and injected with 0.5 ml heparin (Leo Pharmaceuticalé“‘). Livers of
the rats were perfused with 3.7 % para-formaldehyde at 37 °C for one hour followed -
by 1 uM fluorescein for 30 min to obtain fixed samples; and excised. Tissue
cylinders from liver samples were prepared using an 8 mm diameter coring-tool on '
a motor-driven tissue coring-device. Liver slices of 1 mm thickness were precision-
cut from the sampleé using a vibratome.
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after one mnute of intra-tissue perfusion (I1TP), the Trypan Bl ue

sol ution had penetrated to the bottomof the tissue, as indicated by
a blue colored patch appearing on the tissue. The blue col ored patch
progressively increased in size, indicating gradual penetration of
the dye into other regions of the tissue. After 30 mnutes of

per f usi orf0062 t 1 sené¢hivakvenishizes preqraplueee wthSluatesedinwére pBrfupadiwith ue.

No signif] ¢ ch %e ipn staining area i s observed between 30 m n and
50 min. [ 56 fveamaesaliienor 104 darEReuaming st raioun PHED. R uA
hal ves angdnipgRage, iidekod k@rém@g@ﬁgﬁggiﬁ&mnﬁm 100kip Q8RN HRAR:

it was observed that the dye~had p e entire tissue an )
st ai ned tneedigsess section of the tissue. However, there remained sonme -
regions of the slice that were not stained. [0058] EXAMPLE |11

[0059] Live staining of the liver slice in the inmage chanber was

noni t or ed0088hg Bhe perfusien seludervwas piecuiated teineaivet slicedarthe zbarsber wit h
a 10x obj ' ' Liatlons . 1SS400.

500- 550 T A EER8 ahRHRE R Tha s biedhidlon ARBE 28 ShaSBhETIas

[ 0060] Di fiftcreased fretma. 1 onl/min t¢ M mi/miuatsaniasresnardiof . mt/mirRbvetali ne 6G

d vi | ] i d,i |z ti [ the ipagi hanmb dth
conf ocal MHGaBepaicEsaoes Bt TeeBrorria e b Re et ofptoss
energe 369 seconds after perfusion was initiated. Consistent with the

results ved=i B le I, the area of Rhodam ne 6G staining
progress?@é?@ i n%jr('gase 1with perfusion tine. After 2951 s of

perfusion, approximately half the field of view was stained with the
dye. Non-gaRkEOr mit Y i ¥l ; : v the
above oxdSpk” Y slfhifg 8t Mo 1feh Gt I BE e, draiver 28 HRGMTuBg s
descr i bediigital semeca (KddakiBdsysihaedP&4903 J. on and vi sual i zati on of
cellular changes in real-tinme, while alleviate nmass transfer

limtations in thick tissue constructs. The exenplary inage chanber
descri bed0R8eki nFroanthedmage sesulisadbiainedwith fhardigital eimerasit waafoungdheng
m crosco | i PeTom:Yelbl ;[Tef?ﬁﬁ' r h ! g@l% Vi ces,
as it hag£t z?rtO Péﬁgﬂp}gr@gﬁ{m [)a:gé'é&% yersgﬁé[?r?hﬁe Wﬁ%ﬁ%!ausés o@%&aﬁ:ml es
descri bedpartstratedciodbe bgttomdif that tissubaas indicated ians ibhleccdloredipsteh but e

showed ¢ HPRNBBrIAEIE st el EablethaioR Rioelhl bERsbf T std,
i magi ng andibating gragdualgpdnatrgtiory of thaelye drito otissuegions of thestissus.oxfsdriddct s.

Lg?giz]nForm%)ﬁ?erg)gfep’erftugi%np t(:ﬁeeq;sgug Lv%t;-‘.fa nncqétlcrt])mapr!]etia%qgngg %vrgtﬂefwgfnsglrulep ed

No significant change in staining area is observed between 30 min and 60 min.

[0057] . The stained tissue slice was then cut into two equal halves and imaged
under a stereomicroscope. From the obtained image, it was observed that the dye
had penetrated the entire tissue and stained the cross section of tﬁe tissue.

" However, there remained some regions of the slice that were not stained.

[0058] EXAMPLE Il

[0059] Live staining of the liver slice in the image chamber was monitored—using .
a confdcal microscope™ (LSM 510™ ,’Carl Zeiss) with a 10x objective lens
(Fluorescein excitation: 488 nm; emission: 500-550 nm; Rhodamine 6G excitation:
543 nm; emission: 565-615 nm).
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may be used to interface with porous spacing within tissue engi neered
constructs. The tissue engi neered construct may be i mobilized
between the mcro-needle platformand the transparent base |layer. The
pl atform and the base | ayer may be then held in place by the disc
magnets. The chanber and the transparent baSe | ayer -may be desi gned
to fit inkl0§68brmPifitisiin hehaviar Imlheélssmwaedtumedrmﬁtﬁbmmme téxhaed-of

| tf Th
i or o meotip Sy 3R oRE inPeakgm e \HORAE Hiaifl ShARERansEir B raRisal 1"
Vﬁstcul at ;Jnne:s?scfabus F?ﬂirdsomcd frawbme][w:on{awnﬁé Sgtstatéi:f @rerhaBr@Iet:ﬁQl sBeends
that restrjc er | Oor cell] s an | SSsuUues rec
ot 1 or - oA per g e aled. CRBSisteat alih iheopl Shiarisd R RTBRE L. ine
nutrient Sa:@axbf RaoHAMIY 6 Xtamhing bwa%élp;&%seawlm%m@wmﬁé Agad

the environnment in_the imaging chanmber y justed to closely
resenbl e 2% snehm%m ép@r@maiﬁh‘émlf ibe figl drtéauew wa%stamﬁmlth the dye.

enbodi menjsnakird qﬁg&%ﬂ gé% can provide perfusion culture
and facilitate 1-magi ng an stu fjhlck ti ssue constructs over

l ong periods using currently avallable i magi ng devi ces such as

exi sting as )[a%’[ﬁ ; ﬁﬁaﬂ have
di nensi on[s%taﬁlat g\?gﬁg‘{% Pg?&tgg&feh%se o?g'c%@ﬁ] nﬁ%ﬁ?@ﬁ tri Fg%s hes.
An exi st i prgseritinyendips idegenbeddareincanifacilitaie chiwpationand visusdzationfar m

an i nage i . n,
28 con bR ShaRil b WA vEherdiRAE ks BandOrRiARER in CHu8™

i mage chasdmstrutts. i Tﬂn’eegaeatpﬁiyanagmcbambe:ad@dnbeﬂ bemreingan be integrated

mul ti-di nﬁ'ﬁSI onal .bi,ori magi ng devi ces or tforms such _as onfg_%?l

laser scadpAYY mUPgtugE %6 Rt RCoRo fi g SeOp Rk AR p

opti _cg: c@hﬂaamuﬁmeapb?vst(r@@a” tréﬁ@ﬁf@ﬂ@ﬂ@e laVBra?@bm@umm&ea%sbitlThe
possible to ual cells with a gh-resol ut.iopn, al | ows

cont i nuou%xa&fgagg? ﬁﬁ@ P¥R gleady mdicate that it '%\Fe?ﬁ%feefé’l '?V'E%teﬁfﬂ#'ﬁ% oring -
and obsermadiighBulheldn@ie g tisk§e ﬁﬁc@ﬂ?@éﬁe@ﬁres%&éi%vﬁ&?ﬂa?éwﬂ%fnﬁ@ﬂ@ n

can enhance uni formdi stribution of fger usi on nmedi a, which

subsequen®fithe arasenbinyertion ¢an ke WsRTul foyimaging emkieiimaaingdgragfvolumes of

tissue engisNeshpefsSRNShEGis. over a long-termcul ture. [0064] The
needl e platform may be pr oc}uced usi ng suitable mcrofabrication

techni ques, which allows the mcro-needl es be formed in different

si zes, arpogzpi SF@%n‘i’dPé' tﬁ@@n@édieﬂl‘étﬁyrﬁ'ﬂ iR enGinal ébh%ﬁe%e%?&\é@%?élﬁ
in sone cases. [0065 ]Enbodlnents of presen be used

vari ous dppy Peases i nigriaceatty paroys @pawa@wfbmdrssuen em@@a@edemﬁsﬁ@@tsl ng
appl i cat i fRstis d“L %ﬁ‘l@!né:?éd l:?ma%%% iinfRBi2E %Q%Qé%hg%c%gaés’e;cﬁ for

b|0|nag|ng an ol 0gdl Ca i nves I gations. trans ar ent ayer
al | ows t helatferamaved thedranspamgeds&)iaynan%edpraﬁemand rthwbaseelayer may be

engi neer e el tn ey 6k R SRS ThE U BRE AR theltalsRBliiy baso

m cro- neeidye‘snayldetihelgbatsm fi taymrcdmméimwlghasaila‘m@mﬁbﬂed ticescopes for

i mobi lizin nd avoi fluid t rapped. betvvee he ti
const r uct ST RSBIEEOT doiB AR TSGR S SR RED g J1e Rcro-
exenpl ar ynexstipachdretta sibstitile - #5€ ALt AVESIN BRI VAEBY atlir ey, ithies §<§lwﬂ§t i mal
environnent -for tissue viabili tééland functions. [0067] The i nmag

chanber rfgwBacksidnass ranserimitatiops that retdctdong-iarg S(HirYié%'tqf>¢9|f9r@@d the
inner corgg,ef. BYPrddisStthtrol Bi the'mW ldtd Bh@ThdPpreséite of HY Rt nifriehtow

rate and 13
nutrients may be uniformly distributed to the entire construct, and the environment
in the imaging chamber may be adjusted to closely resemble the hemodynamic
environment of a real liver. Thus, embodiments of the present invention can

provide perfusion culture and facilitate imaging and study'of thick tissue constructs
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pressure in the construct and hence, allows investigation of

I nt er - dependency of henodynam c environnments on cellul ar behavior.

[ 0068] When integrated with a high-resolution mcroscopy system the
i mage chanber may be used to track individual nolecule, and to inmage
various transport pathways within a 3D tissue engi neered construct

onl i ne andvériongpériddsnesing QOBIHIBbvaillks aging Hevidessudhyasedstirige
|l ength of mcro-needl es, the culture tissue slices, and engi neered

tissue cofPPFSERISPSCBPSS nagi ng may be of relatively |arge

di mensi ons such as .nuch | arger than 1 mnm Ti ssues or tissue

construct t han end i nt eqgrat |d| ereis
ot ed-ninge3] 2o ob IRRod eiiheT ek fave At pefat R simtaso Hipseet '
ni cr 0- needbramonauscdePdifi eishes) y\nmnhglﬁew dish rh@else Btbﬁ\fd;ﬁﬁt@ adapted
renove net abol Ii’EOrVPSteS for efficient functions of cells and

mai nt enang8d YPEG 1A IGED @dMmaghcEgMPeyaerording 4¢,ag egibogdinentof dimeresarl s
wi th di mepgbatsh, bakdR beldidBrstodiby &%Qé%km@&% IHEBGE FhaBRsks R inflgeo

al | ow i magi ng orf visualization of the cul tureufrocess In a tissue
engi neer eéhanabrithaliotegratre mmongxxfeueaumtaﬁnm tiedimgngiooal hio-imaging

[t er act | Righd dr §lif i SR AIRE] REbHULARBSHRRRRYES o 66 Burs.

bi omat eri a nam c €envirtonne
can al so pkotontEgoacemk (cMi?I‘d) orqaxmat seharendsstoregsdphyd OQN troicessapd as

i ice. ' b ificially i duced
faor 1 i ¢t STERERDARSS Bhoftte RSl Eem felelbAbgh o P it
angi ogenealigwsatthtihuoms bg@wsien and [oPg-tdinh Buleurd ORithrRsH] Sinfef mbhm:mfg%ﬂﬁnt

i nvention,, the |np t/output flow rate and pressure
| ndependeHRIS AR ot BB P B IS BRI RIS Fa YA o

t he pat hohmﬁitmcﬁastﬁbﬁﬁtﬂﬁ drtidoh Asdib] Whieh 's%sec@ﬁhﬂiﬂ affRYoeRemd vibility

t hese pararreters 0072 Liver slicee may al so a suitable nodel for
st udyi ng 804 ﬂ{ﬁvgamahwf e itispie angineersd n@p%tfuqts qves alengdenn pyiee. ( HBY
and HCV), nalaria parasite and also colon cancer. The primary site of

pat hogene | aria i nfection and col on cancer, petastasis is the
i ver. ﬁ@*fhe %@sﬁa‘s qrp Ty BR@reduseH usinacsuitahle microtabrication

techniques, which allows the micro-needles be formed in different sizes, array

distance and shape. This flexibility may be convenient in some cases.

[0065] Embodiments of the present may be used in various applications such as
for bio-imaging or in tissue engineering applications.

[0666] Forexample, the imaging chamber may be used for bicimaging and in

- biological investigations. A transparent base layer allows the chamber to be
imaged on many different inverted microscopes wifh low wbrking distance
requirements. A tissue engineered construct can be held tightly in place between
the micro-needles and the base layer by the disc magnets, thus immobilizing and
avoiding fluid being trapped between the tissue construct and the base layer, which
can affect image quality. An exemplary embodiment of the present invention may
provide an optimél environment for tissue viability and functions.

[0067] The image chamber may be used to continuously perfuse a fluid directly
into the inner cores of the tissue. This facilitates precise control of flow rate and
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mai nt enance of |long-termsurvival of the liver slice Using

enbodi nents of the present invention can facilitate investigations of
these diseases in the liver. [0073]Liver is the main site for
de-toxification. Long-termculture of a liver slice can potentially_
be used to detect environnental toxins. A bioinmaging system

i ncor por aReRgHre b i samstryctand hencer allows investigation af intey-dseeudaneyiodr
envi ronnegy r?e?f? QES f.or quick screeni ng agai nst
bioterroris rﬁéd%ﬁ{}@%f&(ﬁiﬁ e%t’ﬁr%éfgﬁgrsb THeri%s and advant ages of the
enbodi ments descri bed herein not expressly nentioned above can be
understo ' din
the art. DYGEE)" WheD (HBRRted RS Bt rereRubhitkRESo AN siolei ing naos

i nt ended d;hanhjzerlnhawm umd toetramhlindigiddali moleoubepgnd tmiirtaigaglandfh@transport
descri bed n susce tibI 10.m d|f c NS of form
arr angene%qqﬂgg DAY é %é?ﬁ?qe e '21996? Spngpu gé@ ma}%‘ﬂﬁ Siventi on,
rather, is i ntended to enconpass all. such nodifi catl on withinits
scope, . ne I T I e for
g no- oPPRLreBy b Fedlefg e lolati b eR et i R ¢ e
to be cultissuedlicex] andeggiietledrtzsoe ceastmmmmrmagmg siaygeaof
transpar en atlvelr)}qargé i mgnsa:él'isosrunghfﬁcﬁﬂgh ?a?g'ggr tWaR qo%vm. Tissues or tissue
constructs larger than 1 mm tend to disintegrate rapidly if there is limited mass
transfer through them. Injected perfusion, using micro-needles, can be preciséiy
controlled to feed nutrients and remove metabolic wastes for efficient functions of
cells and maintenance of structural integrity of tissues or tissue constructs with

dimensions larger than 1 mm..

- [0070] The image chamber may also allow imaging or visualization of the culture
process in a tissue engineered construct, including celluiar dynamics and cell
.interaction wifh the surroundings (including neighbouring cells, biomaterial surface
and hemodynamic environment). The image chamber can also be integrated onfo
organotypic tissue slice culture such as liver slice. Various stimulations can be
artificially introduced to. facilitate the ,study of processes such as péthogenesis of

diseases, angiogenesis and tumorigenesis,

[0071] In embodiments of the present invention, the input/output flow rate and -
‘pressure may be independently adjusted, and may be conveniently used to
investigate the pathology of diseases (such as fibrosis), which may depend on
these parameters.

[0072] Liver slices may also be a suitable model for studying bathog'ens
infections such as Hepatitis B and C viruses (HBV and HCV),fmaIaria parasite and
also colon cancer. The primary site of pathogenesis of malaria infection and colon
cancer metastasis is the liver. Thus, the heterogeneity in the liver slice and
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a plurality of mcro-needles nounted on said platformand connected
for fluid communication with a fluid source; said platformand said
w ndow magnetically biased toward each other to press said

m cro-needles into said tissue sandwi ched between said w ndow and
platformfor injecting a fluid into said tissue; and a spacer placed
bet ween gnaidtgriaace of hrangftelnrs aunl'ivm oftbevlifarslipe e:smlteimig)dﬂvtentsoﬂrhlm essi on
of said tissu QLML A a e of
olaim 1, RREHE eskBh CoR ifnbpte T ndRice o R isdhesad HRANeEn o
cover for covering said base said.-wi ndow form ng a part of said
base. . to
o d pi BT and %6 Sng hTRIG: fof SERVRBEny Loha R BGARE ofp [iHG,
and seconzhnmgastialy detusadito dgteeaeﬂimmhhmntetl harndi A biohpagmgdypleat f or m
and said w ndow t oward eac gew ce of clai i

3,. wWh
Sai d 11 JPCARARING SRS S5t e drpsentimerign g yveackior sRyrepal

second W&ﬁﬂ@c’u@@gﬁﬁlic%%n@aﬁ@ﬁﬁ@@:cﬁ%bré@‘mr? SfaifRBRRéSorismS. The deV' ce’
of any one of clains 2 to 4, wherein said base conprises a Petri

dish. 6. The device of any one of clains 1 to 5, wherein said

m cro- nee[dtm_s] C ODHer $eatcReEPetfitthebadvantddes sleive 6 bolingants descrmfed
clainse Ito 6, wherein said sgacer has a thi ckness of about

The devi &er%m nob FXefigesiy mentiang aoye,can bgHadesipoddraim (i QE%CFWQE”é“d
thi cknesshelyrABAYS by tHBBeKkillER I the art.

{0075] Of course, thé above described efnbodiments are intended to be
illustrative only and in no way limiting. . The described embodiments are susceptible
to many modifications of form, arrangement of parts, detaiis and order of operation.
The invention, rather, is intended to encompass all such modification within its
scope, as defined by the claims.

. 15



9. The device of any one of clains 1 to 8, conprising an inlet in
fluid conmunication with said needles for supplying a fluid to said
tissue, and an outlet for discharging a fluid from said chanber.

10. The device of any one of clains 1 to 9, wherein said wi ndow is
formed of glass. 11 .The device of any one of clains 1 to 9, wherein
said w ndow conprises_a transparent polyner. 12. The device of any
one of cl'WHAT IS EbAIMEDBerein said platformis formed of a pol ymer.
13. The device of any one of clainms 1 to 12, wherein said spacer is
attached 1o Asdgviceioaimaging atissugpdtutetareprisinginy one of clains 1 to
13, wherein said spacer conprises a plurality of spacers. 15.The

devi ce of any ®oeamberfbahmEsig 4 Gisdub toetigiuned ahdl intddtherd e Sakl
general ly cyli gdri cal external shape. 16. A nethod of operating the

devi ce of any her ceMRiREd £ ¥nspgrend YiFIavsi ng: pl acing a tissue on
said wi ndow, placing-said platformOn said tissue with said needles
contacting sai%pi{aﬁggﬁ CIREHeHEMIRIOW:y bi asing said platform and said
wi ndow toward each other, thus pressing said needles into said

tissue; mint & RUFRYBROldNisrerRerdiBe masetedsen seid PlatognAndrensastad fprilvisy

with said spac®mmunication with a fluid source;

said platform and said window magnetically biased toward each other to
press sald micro-needles into said tissue sandwiched between said window
and platform for injecting a fluid into said tissue; and

a spacer placed between said platform and said window for preventing over-

compression of said tissue by said platform and said window.

2. The device of claim 1, wherein said chamber comprises a well- shaped base

and a cover for covering said base, said window forming a part of said base.

3. The device of claim 2, cbmprising a first magnet attached to said pla;forrﬁ and a
second magnet attached to said base, said first and second magnets attracting
each other thus biasing said platform and said window toward each other.

4. The device of claim 3, wherein said first magnet comprises a first set of disc
magnets, and said second magnet comprises a second set of disc magnets.

5. The device of any one of claims 2 fo 4, wherein said base comprises a Petri
dish.

8. The device of any one of claims 1 fo 5, wherein said micro-needles comprise
seven needles.

7. The device of any one of claims 1 to 6, wherein said spacer has a thickness of
about 1 mm. |

8. The device of any one of claims 1 to 7, wherein said tissue has a thickness of
about 1 mm or more. '
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supplying a fluid to said tissue through said needles fromsaid fluid
source; and inmaging said tissue through said wi ndow. 17. The nethod
of claim 16, conprising discharging a waste fluid from said chanber.
18. The nethod of claim 16 or claim 17, wherein said inaging conprises
i maging said tissue with a camera. 19. The nmethod of claim16 or

cl ai m 17, SwHdedlaviceaif @any pagiof gladosp to Sesompugjnggn detdnfluissue with a

Mver ed m EOREMEBEWIR S el SupPIFeR Bid R b Bs SRR o o
sai d m cr oseaflet fosdisclargihgcafluidfrerrossidphamBar. The nmet hod of any one

of clainms 16 to 21, wherein said tissue is nonitored over a period of

time. 10. The device of any one of claims 1 -to 9, wherein said window is formed of glass.

11.The device of any one of claims 110 9, wherein said window comprises a
transparent polymer. ’

12. The device of any one of claims 1 to 11, wherein said platform is formed of a
polymer.

13. The device of any one of claims 1 to 12, wherein said spacer is attached fo said
platform. -

14. The device of any one of claims 1 fo 13, wherein said spacer comprises a
plurality of spacers. ' ‘

15. The device of any one of claims 1 io 14, wherein said chamber has a generally
cylindrical external shape.

16. A method of operating the device of any one of claims 1 to 15, compﬁsing:

placing a tissue on said window,

placing said platform on said tissue with said needles c"ontactinQ said tissue,
magnetically biasing said platform and said window toward eéch other, thus
pressing said needles into said tissue;

‘maintaining a distance between said platform and said window with said
spacer: ' '

. supplying a fluid fo said tissue through said needles from said fluid source;
" and

imaging said tissue through said window.

17.The method of claim 16, comprising discharging a waste fluid from said
chamber. '
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18. The method of claim 16 or claim 17, wherein said imaging comprises imaging

said tissue with a camera.

19. The method of cla.'im 16 or claim 17, wherein said imaging comprises imaging
said tissue with a microscope.

20.The method of claim 19, wherein said microscope is an inverted microscope.

21.The method of claim 19 or claim 20, wherein said microscope is a confocal

microscope.

22.The method of any one of claims 16 {o 21, wherein said tissue is monitored over

a period of time.
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