M CROFLUI DI C CONTI NUOUS FLOW DEVI CE FOR CULTURI NG BI OLOd CAL MATERI AL FI ELD
OF THE I NVENTI ON [001] The present invention refers to a mcrofluidic

cont i nuowsof2bove2deEei ce for cul turing biol ogi cal materi alPCeschosenmms si ng a
cultivation chanber being dinmensioned to retain a biological material and
having an inlet and an outlet to allowW flow of a cultivation medi um t hr ough
the cultivation chanber. The present invention also refers to a nethod

usi ng MECROFLAIIDICICONIANUT OUSUEL.OMORINAGE: FOR CHH PRENEGBIOhOGIOAIn and

to assays in which such a nethod ﬁgw is used. In one exanple a
m crofluidic continuous flow devi present invention is connected

to a gradient generator. BACKGROUND TO THE | NVENTI ON [ 002] Technol ogi cal
advances | ed by achievenents in mcrofabrication and tissue engi neering
have provided the tools necHEBEILDEOE TdHE ENMENBHINI e devi ces for conducting

many t | aborat ory..assays.. M cr.of Lhuidi c devi ces haye.been devel oped
for” ool the HOGHF hERYER AR och FRSHHA EafialS RehoiGgr BRCTEREh °,
very sBRidgisdt aheteriSoRhi hsprichlgd @dculfivltiod Ngrantblt Beingt digheikiohed éRk&ain a
perfusion devices sonetinmes consist only of mcroscope slide/credit

car d- sbindepicpinpaieid rand having aoimbel rangheai Qutlehp allgw flovh ke ccalivelior medivan s

t hr oug Lch. fl.ul. | ow i i I { - p. Rl

et uadr ot e biliflare WerbeP IS BIAGH Wberic BHERUERDL KL SOER (S

pr epar aficrofluidiNéopatnaflowndevive oftta tprésghtnigvpritidneantiptocdseay’ innvigckaectdons.

[003] Use of nmjcrafluidic flow devices in research and industry allowto
r educe™SHH @}'Haﬁewp? PPy OF e SRRl & mlicmffye@fi%afmwsof?ow Kevigenidae and
the |i gwg%stgm%lﬁggisfs&;nﬁg&w% Aahi ngneﬁﬂz(gg)l e sizes and miniaturized

devi ce o allow for carrying out of nore parallel examinations at the
sanme time which again helps to reduce the overall costs. [004] Cell-based

m oot e devi ces. e, pplt EPR PR BB, ool Pw o eel L
or "m el qeERIiSal” adHRSEs Meg! 9§c abefdhdnt@SEAMBRAGEREANaRE Naet i cal
tools tor the rapid screening of chem cals and drugs. [005] The present
i nvent ergingaring hua's pravidastthe tatilenepdod teereptemicisedly g@vim fof ceniduringmany
types of laboratory assays. Microfluidic devices have been developed for conducting a variety
analytical/biochemical laboratory processes on a very small scale. Sometimes called "lab-on-
a-chip," the microscale perfusion devices sometimes consist only of microscope slide/credit
card-sized units containing compartments that are connected by channels through which fluid
flow is maintained by a micropump. Known examples include microfluidic devices for
conducting immunoassays, PCR sample preparation, DNA separation, or identifying protein-
protein interactions.
[003] Use of microfluidic flow devices in research and industry allow to reduce sample and
liquid volumes due to miniaturization of the device and the liquid guiding structures. Smaller
sample sizes and miniaturized devices also allow for carrying out of more parallel
examinations at the same time which again helps to reduce the overall costs.
[004] Cell-based microfluidic devices, the application of microfluidic technology to cell
culture-based assays, are also described as "cell chips," "cell biochips," or "microbioreactors."
These microscale cell assay devices can be practical tools for the rapid screening of chemicals
and drugs.
[005] The present invention provides microfluidic devices for cultivation of different

biological materials.



bi ol ogi cal materials. SUMWARY OF THE | NVENTION [006] In a first aspect the
present invention refers to a mcrofluidic continuous flow device for

cul turi ngwbizeloogiemal material, conprising: a concentraPCosGlo@ddESns
generator having at |east two outlets; at |least two cultivation chanbers
bei ng di mensioned to retain a biologidl mterial in each of the
cultivation chanbers; wherein each of the at |least two cultivation chanbers
has a circunferential wall, wherein the circunferential wall has at |east
one inlet and at |east one outlet in order to allow flow of a cultivation

medi um t hrough each of t hAUMMARY OF FHEINVENKIQN chanbers; wherein each
i nl et aj I ] ‘] -0y T U | 0 a
i 7 r BT oy Bt GFASH A rebotl Bl RefClaRT i it o o KB I LS

gr adi efitr cgmengbiotogidaDMA}eriahy camptikiop: aspect the present invention refers to
a mcrofluidic continugus flow device for culturing biological material,
conpr i & rgfoncentation igvasient gergiainpbvingatigashtweAdiidtied to retain bi ol ogi cal
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i nl et andfalie higasdtiontBa@bédset in order to allow flow of a cultivation
medi um t hrough the cultivation chanber; biological materjal which is

ret ai ned"i vhaseinceach afathieod terginiswy culfimetion ghameryihgs ggrieetmiggangal wall; s
selected fr. . . t h o R [ I h 4 yoni ¢
ctage. 1008 r e g Rlenfal WTPhARR IEIEL AL AN R el B8 Bl i B ¥
of cul turi rajlobi doegbfal cultivatioramedivna thiooghfdagh difctheoatt leastotveo fehbivadayi ce,
conpri si ng: at'%ovi ding the mcrofluidic continuous flow device conprising:
at |east tw9¥8FFivation chanbers bei ng di nensioned to retain a biol ogical

et er i al i Ryeaeh Atk ke 60Lkd YRIhaTWRhAIREIRY ARSI SREDy Anidifeto 4 east

t wo cuItivat.lon chanbers.has a circunferential wall, wherein the
ci r cunf er entiffetentyaitlet bfsaidiat leash o owitets of said congenfrationgsadigtgensraiont i n

[007] In another aspect the present invention refers to a microfluidic continuous flow device
for culturing biological material, comprising:
® 3 cultivation chamber being dimensioned to retain biological material in the cultivation
chamber;
= wherein the cultivation chamber has a circumferential wall, wherein the circumferential
wall has at least one inlet and at least one outlet in order to allow flow of a cultivation
medium through the cultivation chamber;
= biological material which is retained in the cultivation chamber;
= wherein the biological material is selected from the group of a tumor spheroid and an
organism in an embryonic stage.
[008] In a further aspect the present invention refers to a method of culturing biological
material in a microfluidic continuous flow device, comprising:
®  providing the microfluidic continuous flow device comprising:
= at least two cultivation chambers being dimensioned to retain a biological material in
each of the cultivation chambers;

»  wherein each of the at least two cultivation chambers has a circomferential wall,
wherein the circumferential wall has at least one inlet and at least one outlet in
order to allow flow of a cultivation medium through each of the at least two
cultivation chambers;

* aconcentration gradient generator having at least two outlets;



order to allow flow of a cultivation nmediumthrough each of the at | east
two cultivation chanbers; a concentration gradi ent generator having at

| east twowoubioaRg]79wher ei n each outl et of the concentraPCorsGlomddESNs
generator is fluidly connected to a different inlet of one of the at |east
two cultivation chambers; and a biolodical material which is retained in
each of the cultivation chanbers; introducing a cultivation nmedium and a

chemi cal substwiieesn iefdtooltied of cHecentemiation ggidieht @ehergion & ftidly cvhacgeytoaat t he
at least two outlets of the concentration gradient generator a m xture of

the cul tivati @iif@Eniinlchatong el thaahicesi twe GBI aREChaBbSE: 8lhed, wherein each
m xture gompylises. .t DERheRb {é@&{? ' it entration;
| etting eagﬁjr 1{))1? gi?ﬁlelgfgﬁegt ur elgﬂ#ﬁ ow t ?gﬁg‘hﬁ (%Ytg? g#%?%ﬁ:ﬁf’%ltaﬁ? Efe%’ cultivation

chanbes s iyodulinges @iltivdtida rhéddhm@ing alchemical iubktanéOdd] the Rosdentrhti@nghbient
aspect the present invention refers to a nethod of culturing biol ogical

mat er i al Seperatorivareseurigthe atdmast AwerutielsoRl thesoReential A Eradiehy: sengalyi 4di ng
the m crof.lyjdi ON: . Vi r i sikg. 1 ' er
bei ng. di AEREIrD SE Er AR Indi B BAHE SnaRITRY dbhfioe B bl e R rer
wher ei n tohigtuzel bompddes dlne ciearite subsiaca ica difforére coneanihtiongl |, wherein the
circunferential wall has an inlet and an outlet in order to allow flaow of

cul ti vt ileftingeachuat ther wigwes flove threnahat idifferentofiibe -cultiyaon ghampbas Fihithogi cal

mat eri al ' ' [ .itn the cultivation chanber, wherein the
bi ol ogi ca #actpg!)ﬁ)é‘?gq{:%hg%%é%t ed fromthe group of a tunor spheroid and an

or gani {@0] nlmastileadut@raspecs tlegpresent étvtention sefaisxd urmethdd af culltringstidlogicakdi um
and a cheni cal subsfilga,ce fl ow ng, t hrough the cultivation chanber which
r et ai n@aterial ) yniggeftudic fopipyons TIoMHERVaRe: FHMBETNE anot her aspect the present

I nventjo r . |ts: C | S| ): tei,c continuous flow device
of the p&’é‘é‘gé gﬁ?\%@h ?}g%lhgncg)ﬁpﬁﬁé{spﬁ‘@%ér?g%}ﬁﬁﬂ%g{ tt the present invention
refers te tdmitisseionichamberdreid ditrebinsionahtoi roetaguisioldginal datarzbinothe chitivpties ent

i nvention fcg%l@gi ol ogi cal assays. Such assays can, for exanple, be high

t hr oughput ®Iscreeni ng assays, assays for wastewater analysis or assays

testing thea.bigloghcale hitRatioR! cRimie®ahls MNircumferential wall, wherein the
circumferential wall has an inlet and an outlet in order to allow flow of cultivation
medium through the cultivation chamber;
®  providing a biological material which is retained in the cultivation chamber,
» wherein the biological material is selected from the group of a tumor spheroid and
an organism in an embryonic stage;
= letting a mixture of a cultivation medium and a chemical substance flowing through the
cultivation chamber which retains the biological material.
[0010] In still another aspect the present invention refers to a kit comprising a microfluidic
continuous flow device of the present invention and in still another aspect the present
invention refers to the use of a microfluidic continuous flow device of the present invention
for biological assays. Such assays can, for example, be high throughput drug screening
assays, assays for wastewater analysis or assays testing the biological effect of at least one
chemical substance. In the last mentioned assay the chemical substance may be a
pharmaceutical composition, a compound which is or which is suspected to be necessary for
the cultivation of the biological material and which is initially not comprised in the cultivation
medium; a compound which is or which is suspected to be necessary for the metabolism of

the biological material and which is initially not comprised in the cultivation medium; a



chem cal substance. In the |ast nentioned assay the chem cal substance may
be a pharmaceutical conposition, a conpound which is or which is suspected
to be necwezaryo2ite the cultivation of the biological neCemsiGabosaneishi ch is
initially not conprised in the cultivation nmedium a conmpound which is or
which is suspected to be necessary fod the netabolism of the biol ogical
material and which is initially not conprised in the cultivation nmedium
aconpogtifipdindCanpRapdsitin Whicthisics Wwhichvhé elspestes Us PRCieREbdeRid) RatRfiefigeNi C,
cancer ogeni c, nutagenic, psychogenic, toxic; and m xtures thereof. BRI EF
DESCRI FIRfa@RIUCASTFEOSRIs mapéth}qeswth@e@fhventuon will be better understood
with reference to the detail ed description when considered in conjunction
with the non-limting exanples and the acconpanyi ng draw ngs, in which:
[0012] Figure 1 showsBRIEF@MESCRIPTIONI OF THE FRAWINGS®f i ui di ¢ conti nuous
flow device. The cultivation chanb 18, conprises a fish enbryq 24. The

inl et 91 ih@h% H%VWP@FS% e (bgHet %fqmtﬂ%)mﬁ» wlespieta e fi‘éfg;i‘?iy Agscgptiany and
out | et far [ rQfi {kd nLous
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t he medi um envel opes the enbryo. The microfiuidic continuous flow device 30
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m cr of wméct@rscﬁmﬁmﬂyﬂwmﬁélmate\w%dm il iRkt aﬂd adife diabnélNedspébitivgly.
mul tiple cultivation chanbers 18 and their respective i t 13 and outl et

channellie outsidg dubing 42 ead 2a@reaﬂ@rt1rzueta'cwhﬁ?r camgefed kra dyaent bigdh agdadi ent
gener a t or.
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of Fi gthat tRe |mechbnutenviﬂopﬁm then gmbnyb. ahhmtmi%ﬁ;ﬂmdm cmtinhowsh ﬂmamsvicba}O such

a device can fit onasta&xgrg?lcros e slide having lgdlmanlo { 25 x

76 mm “TRRASEF 204 Er & WRSh 6 QTB“% wer fleswg of thi cultiyipn 8
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illustrated in Figure 3 produces a signodi al
[0013] Figure 2 shows a top view of a microfluidic continuous flow device comprising an

area 130 including multiple cultivation chambers 18 and their respective inlet 13 and outlet
channels 23 and an area 140 and 110 comprising the concentration gradient generator 140 and
the inlets 110 of the concentration gradient generator. The entire length of this device
indicated by the arrow at the right side of Figure 2 is about 40 mm long and about 20 mm
wide which means that such a device can fit on a standard microscope slide having a
dimension of 25 x 76 mm.

[0014] Figure 3 shows a top view of the concentration gradient generator 140 shown in
Figure 2. The concentration gradient generator illustrated in Figure 3 produces a sigmodial
concentration distribution of a chemical substance introduced through one of the two inlets I
and J of the concentration gradient generator. A cultivation medium for the biological
material in the cultivation chamber is introduced through the other inlet of the concentration
gradient generator. The cultivation medium does not comprise the chemical substance
introduced through the other inlet of the concentration gradient generator. The concentration

distribution of the chemical substance at the outlets of the concentration gradient generator C1



concentration distribution of a chem cal substance introduced through one
of the two inlets | and J of the concentration gradient generator. A

cul tivat iwo 20mdi2etmef or the biological nmaterial in the ceCriSGaeisonoasanber
is introduced through the other inlet of the concentration gradient
generator. The cultivation nedi um doe$ not conprise the chem cal substance
i ntroduced through the other inlet of the concentration gradi ent generator.
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eight inlets and eight outlets. Every inlet or outlet i's connected to an
i nl et eonteniationt gredigeirgsinerat@spect i vel y. Two | nlet or outlet channels rrerge
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a nerged outlet channel 233. Each nerged channel of an inlet or outlet

channerespefitivelye F@@smkeg ar putlgt chanpslsineee dxa drasrged méetﬁ)é ogResshanip! formang or
out | et hﬁ%‘?éd %Qltlepfzﬁgrﬁe i B Q}C‘i#dfeﬁférsﬁld fole 9f Bt lSlinrbagge!

unit. rglng 0 or ou channel’s "cont i nuou un | onl'y one nerged
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inlet or_ou Iet s 210, 220 connec to. th inlets of t,
cul ti v8‘t‘tllec5 h%gf E@L&%%rg%cfeﬁngﬂrqut}aﬂefef REOWHIS Cha ﬂulelﬁ BCEGES (AR
chanmbep, ARGEnaNERloY a nEtg%thB% H18Yr RHBYcHaRhA it th o3k b F@hdr Beruftiafdighrnt

pol ymer layers of the mcroffTuidic continuous flow device which have been
manuf aot owtésd chepeel anit! Ylepgidg af sdetbirediticd getnnels cafitimwouramtil anlynniemgergfd017]

Elu?? Ir \e,H‘? %E%u](: etgc%annei ﬂe?t as 1ﬁust;a1|te V\{n%rlg\{rle |SeTﬁlfs n%tv!zcl)rﬂlgf ('iinlgte oqlolljlﬁlet chtagrlle s the
210, 220 connected to the eight inlets of the cultivation chamber serves to distribute the
medium in the cultivation chamber more evenly. The different gray colors illustrate the
different polymer layers of the microfluidic continuous flow device which have been
manufactured separately and assembled together after manufacturing.

[0017] Figure 6 and Figure 7 show the flow profile of a liquid medium within the cultivation
chamber in grayscales. Brighter areas indicate a higher velocity of the medium in the
cultivation chamber. In Figure 6 inlet 313 and outlet 323 are located at the bottom of the
cultivation chamber at opposite sides while in Figure 7 inlet 313 and outlet 323 are located at
opposing lateral sides at a different height, i.e. in this case at opposite corners of the
circumferential wall of the cultivation chamber.

[0018] Figure 8 shows different orientations of inlet (black diamond on the left side of the
cultivation chamber 18) and outlet (black diamond on the right side of the cultivation chamber

18) in the side wall of a cultivation chamber 18. The direction of flow of the medium is

indicated by arrows.



chanber in grayscales. Brighter areas indicate a higher velocity of the
mediumin the cultivation chanber. In Figure 6 inlet 313 and outlet 323 are
| ocat ed awotzhw/R2et®om of the cultivation chanber at opp@siTrisSe2eisdessishi |l e in
Figure 7 inlet 313 and outlet 323 are |ocated at opposing |lateral sides at
a different height, i.e. in this case @t opposite corners of the
circunferential wall of the cultivation chanber. [0018] Figure 8 shows
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devi ceafiqeiing nultiple cultivation chanbers which forma first row of
cultivation chanbers. The cultivation chanbers of the first row are
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bi furcated 1n or outlet channel” units. Merging of in and outlet channels
cont i ngaltivatient icharobdry innmei rivetis ghaahiel Each of the cultivation chambers shown in

FIG.11 comprises more than one inlet and outlet, namely eight inlets and eight outlets. Those
in and outlets are connected to in and outlet channels which merge to form bifurcated in or
outlet channel units. Merging of in and outlet channels continuous until only one inlet channel
or outlet channel is left. The resulting single inlet or outlet channel is fluidly connected to the
previous or next inlet or outlet channel of a cultivation chamber. The inlet channels of the first
row of cultivation chambers can be connected to a concentration gradient generator as shown
in FIG.11.

[0022] Figure 12A shows the setup of a linear gradient generator. The substance to be diluted
into different concentrations and fed into the concentration gradient generator exits such a
linear concentration gradient generator in concentrations of 0, 0.25, 0.5, 0.75 and 1 relative to
the initial concentration. Figure 12B shows the setup of a logarithmic gradient generator as
referred to in the article of Pihl, J., Sinclair, J. et al. (2005, Anal. Chem., vol.77, p.3897). This
exemplary logarithmic concentration gradient generator consists of six input wells which can
clearly be seen in Fig. 12B and which are connected through a microfluidic dilution network

to an open volume. The lower part of Fig. 12B shows a magnified section of one of the



or outlet channel is left. The resulting single inlet or outlet channel is
fluidly connected to the previous or next inlet or outlet channel of a

cul tivatiwo 2otvzitgep. The inl et channels of the first rowCoiSGeulstonasasi on
chanbers can be connected to a concentration gradi ent generator as shown in
FIG 11. [0022] Figure 12A shows the sktup of a linear gradient generator.
The substance to be diluted into different concentrations and fed into the
concentiilatioroelegieai Eight gaxiap &hﬂfne@dré %n&ﬂﬁgi tige dlld‘ﬂmrgeﬁaﬁﬁﬁﬂﬂﬁbﬁi dRegiradi ent
genera}ggﬁtn concentrations of O, 5 and 1 relative to _the
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genera I al .
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entering the dilution generation from above, are | oOi nec? it up into
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exenpl ary devi ce m xi ng takes pI ace by diffusion. This logarithmc
concentration gradient generator is made of PDVS and has a dynam c range of

nearly 5 orders of HofeR DESEREFEIQNQF S TG ANVEYEKGNn. The channel

di mens 0 nment s
such 2L MR R, ApBnEBralictattheBzeRt L ebClBaRRIC MR E 16 SRERRS
DETAI L Edv bty Bibl dgicaDimatddial | ddwipbir@N [0023] In a first aspect the present
invention refers to a mcrofluidic continuous flow device for culturing

bi ol ogfceﬂ COpgERFAtign gr@‘hﬁlﬁrﬁeéﬁﬂfﬁ@f haying ghisasitvaordetsgr adi ent gener ator havi ng
at | eagt ut e st .two culti.vation cha nmensj oned
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wher ei n aﬁ&ﬂegiltmhﬁmaghah@@ﬁ;t t wo cuI tivation chanbers has a circunf erent| al

wal |, wherein the circunf erential wall has at |east one inlet and at |east
one out | Bt Whereindeacht of Hie ahnleastolvefculiivation jchambers hes it wircemfeseniial aedly of

the at | easfh iR tfY kﬁ&ﬁiﬁfa&éﬁ%?%‘i"ﬂ% 8t least one inlet and at least one outlet in order to

allow flow of a cultivation medium through each of the at least two cultivation

chambers;
» wherein each inlet of the at least two cultivation chambers is fluidly connected to a
different outlet of the at least two outlets of the concentration gradient generator.
[0024] Such a microfluidic based platform allows constant perfusion, small size,
disposability, parallel analysis and low consumption of cultivation medium. The “continuous
flow” of cultivation medium through the cultivation chamber also allows not only a
continuous and fresh supply of substances such as, e.g., nutrients and oxygen which are
needed for the cultivation and development of the biological medium but also the possibility
to adjust the conditions in the cultivation chamber very quickly, for example to change
concentrations of certain ingredients in the cultivation medium or to add further substances,
such as chemical substances mentioned further below.
[0025] Due to the use of the concentration gradient generator the above device allows
cultivation of biological material under varying conditions. Concentration gradient generators
are known in the art (e.g. US 7,314,070; Lin, F., Saadi, W., et al., 2004, Lab on a Chip, vol.4,
p.164; Walker, G.M., Sai, J., et al., 2005, Lab on a Chip, vol.5, p.611) and comprise in



wherein each inlet of the at least two cultivation chanbers is fluidly
connected to a different outlet of the at |l east two outlets of the
concent r avpaniogravent generator. [0024] Such a m crof | ecCUisG2@mead1pl at f or m
al l ows constant perfusion, small size, disposability, parallel analysis and
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be credl’
concentration distribution of substance A at the outlets of the concentration gradient generator

Clto C8is 1 = co (C1), 63/64 (C2), 57/64 (C3), 42/64 (C4), 32/64 (C5), 7/64 (C6), 1/64 (C7)

and 0 (no substance A = pure cultivation medium) (C8). Figure 4 compares the calculated

-

concentrations which are expected to be measured at the outlets C1 to C8 with the measured
concentrations at the outlets C1 to C8.

[0027] Besides a sigmoidal concentration distribution it is also possible that the gradient
generator provides any other concentration distribution, such as a linear, an exponential, a
logarithmic, a quadratic, a sinusoidal, a squared or a cubed distribution. It is for example also
possible to use a flow rate gradient generator. As different biological material reacts
differently to shear forces, an additional function can be implemented into the microfluidic
continuous flow device of the present invention. Thus, the present invention also refers to a
microfluidic continuous flow device comprising a flow rate gradient generator or a
concentration and flow rate gradient generator. An example for a flow rate gradient generator

is referred to in the article of Kim, L., Vahey, M.D., et al. (2006, Lab on a Chip, vol6, p.394).



concentrations of substance A at the outlets of the concentration gradient
generator C to C8. The concentration gradient generator illustrated in

Fi gure 3 wonosxawpPe provides a signoidal distribution eCTscGhesaneses A at
the outlets O to C8 (y = A2 + (Al-A2)/ (I +(x/x o)Lp). The concentration

di stribution of substance A at the out%ets of the concentration gradient
generator C to C8is 1 =0 (d), 63/64 (C2), 57/64 (C3), 42/64 (C4),
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In anot)(gﬁ ear radi ent nerator caﬁl be used _as for _exanple
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m xed in. device illustrated in FIG 12A unti erent x ures of
t he solSd?$Sdh8némUér1W|gHt he concent rati on gradi ent generator through input A

and in 1Brale 1o(l)ot al o N the s g%l ms nt.eri ﬁpt he conce tration
gr adi ehto gbhei®a'sy P86%?% i ge%r Y 8 asﬁfﬂ%’io © WS's 85U EH CERPHERR It %Gﬁﬁosed
to be vaide@atiolngadient generator but 2, 3, 4, 5, 6 or even more. This provides for example the

option to generate different concentration gradients within one microfluidic flow device, i.e.
linear, logarithmic etc. It is also possible that all concentration gradient generators provide the
same concentration gradient. In this case some of the cultivation chambers connected to these
concentration gradient generators are supplied with liquid streams having all the same
concentration of a certain substance or certain substances.

[0032] It is further possible that the concentration gradient generator comprises more than
two inlets in order to vary the concentration of several test substances at the same time.
However, varying the concentration of different substances at the same time can also be
achieved by introducing a mixture of different test substances into the concentration gradient
generator through one of the at least two inlets.

[0033] In another case it might be desirable to change the concentration of a test substance or
a mixture of test substances in a cultivation chamber during the experiment. In such a case the

outlet of a cultivation chamber is disconnected from the outlet of the concentration gradient



concentrations of this substance at the five outputs of the linear
concentration gradient generator illustrated in FIG 12A are 0, 0.25, 0.5,
0. 75 and WO 2p00R2®j79The channel s of the concentration gr&drSckogenesiat or
have a variable width. In one exanple the width is |ess than about 1nm
whil e in another exanple the w dth of ltthe channels is |ess than about 100
mm [0031] It is also possible to provide a microfluidic flow device
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bi ol ogi.cal .nate In one aspect, the present invention is directed to a

I i al ..
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gener atgor el ' : 1Dl e ets. . wherein, the. m.crofl uidic
dont ntos PSSR ORI SE el nfnGoRid I it oM ERREehd BPEER  each
of the i nthatdbegf the multiple cultivation chanbers is fluidly connected to

a different gutle&l of the caqncentyratiaon . ) )
= wherein the cultivation chamber has a circumferential wall, wherein the circumferential

R

wall has at least one inlet and at least one outlet in order to allow flow of a cultivation
medium through the cultivation chamber;
* biological material which is retained in the cultivation chamber;
* wherein the biological material is selected from the group of a tumor spheroid and an
organism in an embryonic stage.
[0037] In this aspect of the present invention a cultivation chamber retaining biological
material is provided without the use of a concentration gradient generator. In another example
this microfluidic continuous flow device comprises multiple cultivation chambers wherein
each cultivation chamber has a circumferential wall and wherein each of the circumferential
walls has at least one inlet and at least one outlet. Each inlet can be connected to the same
cultivation medium source or container which has the effect that the same cultivation medium
including any substance comprised therein flows through all cultivation chambers. In another
example each inlet of the cultivation chambers is connected to a different medium source or

container which has the effect that each cultivation chamber is perfused with a different



gradi ent generator. [0035] In this configuration it is possible to supply
several cultivation chanbers retaining the sane or different biol ogical
mat eri al wDt2h1020277qui d st ream of cul tivati on nmedi um compCIrSIGAYSAICES t ai n
subst ance, such as substance A, or mxture of substances at a different
concentration. [0036] In another aspecilthe present invention refers to a
m crofluidic continuous flow device for culturing biological naterial,
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several outlet channels which are all feeding the same liquid stream into a different cultivation
chamber, i.e. one outlet of a concentration gradient generator is fluidly connected with more
than one cultivation chamber, namely with at least two, three, four, five, six, seven,’ eight or
even more.

[0040] In another example, illustrated for example in Figure 5, a cultivation chamber 18
comprises several inlets to ensure a good distribution of the liquid stream in the cultivation
chamber. Thus, in one aspect the present invention refers to a microfluidic continuous flow
device wherein each of the cultivation chambers comprises at least two inlets which are each
connected to an inlet channel, wherein each inlet channel merges with the respective other
inlet channe] into a single merged inlet channel to form a bifurcated inlet channel unit. This
single merged inlet channel is fluidly connected to an outlet of a concentration gradient
generator. In another example, at least one or each of the cultivation chambers of the
microfluidic continuous flow devices comprises multiple inlets which are each connected to
an inlet channel, wherein each two of the multiple inlet channels form a bifurcated inlet
channel unit and wherein each single merged inlet channel of a bifurcated inlet channel unit

merges with a neighboring single merged inlet channel to form a further bifurcated inlet



liquid stream having, e.g., a substance A at a certain concentration. The
connection between an outlet of the concentration gradi ent generator and

t he i nl etwof20m/@ut7pi vati on chanber can be a channel haviPag/SGhers®arses
structure and di mensions as the channels of the concentration gradi ent
generator. It is also possible that th2 width of a channel which is fiuidly
connecting an outlet of the concentration gradient generator and an inlet
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unit remains. Such a construcg can lead to a network of 1 nlet channels and
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even more inlets and outlets, respectively, which merge in the above described manner until
only one inlet or outlet channel is left. It is also possible that the number of inlet and outlets of
the cultivation chamber is different from each other.
[0043] As can be seen in Figure 5, the multiple inlets and outlets are all located in one plane.
However, instead of having several inlets and outlets in one plane it is also possible that the
multiple inlets and/or outlets are distributed over the vertical axis of a cultivation chamber. In
this case the cultivation medium can enter and exit the cultivation chamber at several points
along the vertical axis of the cultivation chamber.
[0044] The inlet and outlet of at least one or of each of the cultivation chambers can be
located at different positions in the circumferential wall of each of the cultivation chambers.
The inlet can, for example, be located at the top of a cultivation chamber while the outlet is
located at a lateral position of a cultivation chamber. In another example, the inlet and the

outlet of the cultivation chamber are located at opposing sides in the circumferential wall of

the cultivation chambers. That means for example that the inlet is located at the top while the



anot her exanpl e each of the cultivation chanbers of the mcrofluidic
continuous flow device conprises at |least two outlets which are each
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respective other outlet channel into a single nmerged outlet channel to form
a bifurcated outlet channel unit. In 38ill another exanple each of the

cul tivation chambers of the mcrofluidic continuous flow device conprises
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biological material. Providing a continuous flow in the system ensures that transport of

medium and other substances does not rely solely on diffusion but is actively driven.
However, depending on the size and the shape of the biological material other positions of the
inlet and outlet can also be possible.

[0047] Thus in one aspect the present invention refers to a microfluidic continuous flow
device wherein the inlet and the outlet of at least one or of each of the cultivation chambers
are Jocated at different heights at substantially opposing sites of the circumferential wall of
each of the cultivation chambers (in case of a chamber with a polygonal shape (base) such as
a rectangular base, the inlet and the outlet can be arranged in opposing lateral sections of the
wall. In case of a cylindrical cross-section/shape of a cultivation chamber, the inlet and outlet
may be arranged substantial facing each other at opposing location in the circumferential wall.
The height difference is adapted to allow an essentially diagonal flow of a cultivation medium
through the cultivation chamber. Adapting the position of the at least one inlet and outlet in

order to achieve a diagonal flow of the cultivation medium through the cultivation chamber



a cultivation chanber while the outlet is |ocated at the opposite side.
[0045] In still another aspect the inlet and outlet of at |east one or of
each of tweeuw/miwati on chanbers are | ocated at opposi n@CT&Geomloes1ses in a
di fferent height (when seen in a crosssection) in the circunferential wall
of each of the cultivation chanbers. BEtanples for the different positions
of an inlet and an outlet are illustrated, for exanple, in Figure 8. It
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in Figure 1 this means that the biological material is supplied
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m cr of Lyl iGreQukiipieous flow device wherein the inlet and the outlet of at

| east one or of each of the cultivation chanbers are |ocated at different
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cir Cumm%?e%tl |1r‘1fjl l(he\'\@llahlber but also to retain it in position so as to allow optical analysis of the
biological material located in it. At the same time the cultivation chamber should allow
expansion of the biological material retained in the chamber. Therefore, the cultivation
chamber can have for example a diameter or width (depending on the shape) which is
between about 0.1 mm to about 10 mm. In one example the chamber is round and has a
diameter of about 1.2 mm. The height of the chamber can be in the same range. In one
example the cultivation chamber is about 2 mm high.

[0051] The substrate for manufacturing the microfluidic continuous flow device inclusive the
cultivation chambers and the concentration gradient generator may be molded using any type

of material which can be made into a microfluidic continuous flow device of the invention. In

one example the material is chosen to allow observation of cells. Such materials include
polymers, glass, silicone or certain types of metal. Therefore, in one aspect the present
invention refers to a microfluidic continuous flow device wherein at least on side or defined

section of one side of each of the circumferential walls of the cultivation chambers is

transparent or translucent. In one example, the bottom or top side is transparent or translucent.



The height difference is adapted to allow an essentially diagonal flow of a
cultivation nmediumthrough the cultivation chanber. Adapting the position
of the atwbeamto2erie inlet and outlet in order to achi eveca/sdiaegonesf| ow of
the cultivation medi umthrough the cultivation chanberhas at the sane tine
the effect that the anobunt of any subsltSance conprised in the cultivation
mediumis (nore) evenly distributed over the entire cultivation chanber.
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using %r%s&%’sgi%n of a certain amount of light), may all be used. In a further example, the top

and/or bottom layer may comprise a biocompatible material that is transparent or at least
substantially translucent in order that the device is compatible for use with optical
microscopes which can provide a backlight that can be directed through the cultivation
chamber in order to provide a bright view of the processes occurring in the cultivation
chamber during its use.

[0054] Another aspect of the invention concerns the fabrication of the above described
microfluidic continuous flow devices. The template for creating the device of the invention
can be fabricated according to any technique known in the art, such as photolithography,
etching, electron-beam lithography, laser ablation, hot embossing, etc. depending on the
material used. For example, when fabricating devices using Si templates in microscale and
nanoscale, it is possible to use laser ablation, etching or hot embossing, and electron-beam
lithography respectively. Templates can also be manufactured using epoxy based negative
resists with high functionality, high optical transparency and sensitivity to near UV radiation,

such as photoresists of the SU-8 series from MicroChem Corp. (Newton, Massachusetts, US).



of material which can be nade into a mcrofluidic continuous flow device of
the invention. In one exanple the material is chosen to all ow observation
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flow device (23 in Figure 2), which means that those pumps create a negative pressure in the
channel system which drives the cultivation medium flow.

[0056] The biological material which is retained in the cultivation chamber includes, but is
not limited to tumor spheroids and an organism in an embryonic stage. The organism in an
embryonic stage includes, but is not limited to amphibian eggs, fish eggs, insect eggs and
mammalian eggs. Examples for fish eggs include, but are not limited to an egg of a zebrafish
(Danio rerio), an egg of a medaka (Oryzias latipes), an egg of a giant danio (Devario
aequipinnatus), and an egg of a fish from the family Tetraodontidae (puffer fish). An example
for an amphibian egg can include, but is not limited to toad eggs, frog eggs, an egg of
Caenorhabditis elegans (C. elegans) and salamander eggs. Examples for an insect egg
include, but are not limited to an egg from a fruit fly (Drosphila melanogaster). In some
examples the organism can be a mammalian embryo except embryos of humans. It is also

possible to use Caenorhabditis elegans (C. elegans) for cultivation in the cultivation chamber



[ 0054] Anot her aspect of the invention concerns the fabrication of the
above described mcrofluidic continuous flow devices. The tenplate for
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animals. For example, by using a reporter protein (e.g., green fluorescence protein GFP) it is
possible to follow the development effect of certain drugs on these organisms in the
cultivation chamber.

[0059] With the device of the present invention it is also possible to further develop mature
fish in the cultivation chamber and study development differences. For this purpose the fish
egg is retained in the cultivation chamber until it hatches. The hatched young fishes can then
be taken out of the cultivation chamber for further cultivation or for physiological or
anatomical examination. Deformations that have been induced during cultivation of the
embryos in the cultivation chamber might become visible only in a phase of the fish
development. Accordingly, in one aspect of the present invention, one or both sides of the
cultivation chamber which are not connected to an inlet or an outlet is adapted to be opened
and closed.

[0060] The ex vivo development of transparent fish embryos in the cultivation chamber of the

microfluidic continuous flow device allows the direct and dynamic observation of cellular
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includes, but is not limted to tunor spheroids and an organismin an

enbr yoni cwetagan47he organi smin an enbryoni ¢ stage i nclPauss2008000318 not
limted to anphi bian eggs, fish eggs, insect eggs and mammual i an eggs.
Exanpl es for fish eggs include, but at®e not limted to an egg of a
zebrafish (Danio rerio), an egg of a nmedaka (Oryzias |latipes), an egg of a
gi ant lasésees ineroamnbicandempuiugh edrsedtess Furthe’rcbxamp}hg@f ating fish smbkycsriikehie dmemi | y

Tet raodontl dae_ (puffer fish An examl.e fo bi.an C | ude,
but i srefrsed |tprﬁb§>&fa qrc?xt%‘acum%@wés ate LY léifgéy Lake 4383) 2‘#1 e FoP S 4053
el eganéu& tcs}hﬁi%ﬂ@&)al n@m%rg%a bR @S Uf ot 0§nBidE€é3& RA95,

i ncl ude, "but "are not |m ed’to an f’romafrwt 'y {(Drosphil
mel anagaSth)M), | Ox edine, <S><Iamﬂcasdenhé mtgib.n(wﬁﬁ,cgnuﬂ@é"oalcnmgm‘awhﬁ em&%@o

(ol BHRAEFET bk (PR Stv P oFnEt08: GRSRTBITEn S dt AN Mbr Gt dic.
conti nM?éh%llE' Nwd%v Iape(2©07 t6xiBg188 L RAd Im@almnn&olcegge%pmz S pmuandlmn

long and is used as nodel ‘organi smfor stud cell fferentiation.

[ 0057] Jorkim abwsmtuBrG sp@r@delsssmbrsaf e ral. @ aEngircamen@dnff@xm@gérrmq/os
fromt efaml i‘ )ldae are suitable vertebrate nodel organisns with
simla gene sequences to humans. The enbryos of these

fis heS[O@G@] ‘P’Qﬁlbﬁ @blhafoiug RS paEreRites ARBE PJofOfugiar \beB¢)adri collt Times, Thertuwasanpl e,
zebrafish and nedaka fi sh have enbryani c devel opnent simlar to the one of

a hu rraspl@rﬁsqig/@anabmseéﬁcéedt Femeverekiag |0f SHICET fugors ARl 7 SR FALICRHdEENt Abdel s
to stu 19&% pq é&%ﬁé gd&gﬁ{ﬁaclgg&&@ cal @, B8R &r %f?ﬂraagc&a@ﬁsd&h@é

[0058] hi's orm a creati’on of sp€cific m ctoenvironients
i n t hebrewdtt camén, otergibalnbaicer,i tolehi cacanieytom rcasiede coﬁlffeetsee ftlSSd‘B exbecerps can

be treated with small nol ecul &gpand drug for exa i}e for h t hrou ethut
anal ys?sé’PB?ﬁfal‘ GANGFre CYH EARG FH rFaﬁ?F& yery F%}U’"gf ung canc

Hi gh- tﬁaa 'Qq $OHOh SIS OR RS, %élé}%%ﬂa %m§ MBukétsialdf chiity ar e

not [im t enot ype- based vi sual i zation, transcript studies using
| ow decesicey oDhﬁanmmo@arpaay@a’m cmaat,qnmt@teammqrsﬂ@bdqinﬁosamwmﬂo gkig cancer,
devel o nment,, ex u nedaka and zebrafish is 9 to 1 1 and

2 days®! O?lé‘%l?)‘é%’tcimiiiefsbc‘ﬂ%%nﬁ‘ér Pﬁ@%@ao?fg‘g?ﬁl%%%ry suitable for the

cul ti vajo Iﬂ BadeNBie GhikidfMoAdit @BnGMAUD Flov tiedibe coinpfigds| AipRiklitg @fitcuivatisn f | ow
devi ce of resent invention. Due to their small egg size (about 700 mm

to abo@hambm)(t eameyt ke tap sultiyation ehanzhers), @ﬁﬁh@&ﬁleec fé)‘faﬁaﬁ& gmbers can g
m cr Of l UI dIllgé ﬁm%n%]an{]eu fﬁéﬂgﬁlly 1198% C%.l %at%Pcﬁ’ ?logl%(ﬁﬂél‘ é 9@’ S(;II-‘RG 0?'&19\,\/ t he

devel op ese es i p055| use tran genl
mu1t1ple cultivation chambers comprises the same while other cultivation chambers comprise

different biological material.

[0063] Figure 1 shows a cross sectional view through an illustrative embodiment of a
microfluidic continuous flow device 30 of the present invention comprising a cultfivation
chamber retaining a biological material 24 which is in this case a fish embryo. The device 30
comptrises a cultivation chamber 18 comprising an inlet 15 at the upper left side of the
cultivation chamber 18 which is connected to the inlet channels 13 and 14. Reference sign 13
represents the part of an inlet channel located outside the microfluidic continuous flow device
30 which is made in this example of PDMS. The part of the inlet channel located outside the
device 13 consists in this example of a Tygon™ tubing 10 which is connected to a short metal
tube 12 connecting the Tygon tubing 10 with the inlet channel 14 located inside the
microfluidic continuous flow device 30. The inlet channel 14 is fluidly connected to the inlet
15 of the cultivation chamber 18. The outlet 27 of the cultivation chamber is located at the

bottom right side of the cultivation chamber 18 and is connected with the outlet channel 28



animals. For exanple, by using a reporter protein (e.g., green fluorescence
protein GFP) it is possible to follow the devel opnent effect of certain
drugs on whbesw/asgani sns in the cultivation chanber. [006%]SGPésoeNe devi ce
of the present invention it is also possible to further develop mature fish
in the cultivation chanber and study Hevel opnent differences. For this
purpose the fish egg is retained in the cultivation chanber until it
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operatlon of this device a chemical substance A is introduced into the concentration gradient

generator through a first inlet at a concentration ¢y while the cultivation medium is introduced
into concentration gradient generator through a second inlet. After reaching the eight different
outlets of the concentration gradient generator different liquid streams of cultivation medium
comprising eight different concentrations of substance A are obtained and fed into the
cultivation chambers 18 through the network of inlet channels connected with the different
inlet networks 34 of the eight cultivation chambers. This system can be easily scaled up by
providing either several microfluidic flow devices of this kind or by increasing the number of
addressable cultivation chambers in the microfluidic continuous flow device.
[0065] In another aspect, the present invention refers to a method of culturing biological
material in a microfluidic continuous flow device, comprising:
» providing the microfluidic continuous flow device comprising:
= at least two cultivation chambers being dimensioned to retain a biological material in
each of the cultivation chambers;
= wherein each of said at least two cultivation chambers has a circumferential wall,

wherein said circumferential wall has at least one inlet and at least one outlet in



[0062] hi case the mcrofluidic continuous flow device conprises a
plurality of cultivation chanbers (that neans at |east two cultivation
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medium through the cultivation chamber;

* abiological material which is retained in the cultivation chamber,
» wherein the biological material is selected from the group of a tumor spheroid and
an organism in an embryonic stage;
=  letting a mixture of a cultivation medium and a chemical substance flow through the
cultivation chamber which retains the biological material.
[0067] The chemical substance can be any molecule which has or is suspected to have an
effect on the biological material retained in the cultivation chamber. Such a chemical
substance can include, but is not limited to a pharmaceutical composition, a compound which
is or which is suspected to be necessary for the cultivation of the biological material and
which is initially not comprised in the cultivation medium; a compound which is or which is
suspected to be necessary for the metabolism of the biological material and which is initially

not comprised in the cultivation medium; a compound or composition which is or which is



concentration gradient generator 140 and the inlets 110 of the
concentration gradient generator. AU parts of the device are integrally
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experiments were designed to obtain further data on the toxicity of those substances for the

developing fish embryo.

[0070] The above described microfluidic continuous flow devices can be used for any
biological assays such as, but not limited to, high throughput drug screening assays,
wastewater and drinking water analysis assays, assays testing of the biological effect of at
least one chemical substance. To name only a few examples, this at least one chemical
substance may be a pharmaceutical compound or composition, a compound which is or which
is suspected to be necessary for the cultivation of the biological material and which is initially
not comprised in the cultivation medium; a compound which is or which is suspected to be
necessary for the metabolism of the biological material and which is initially not comprised in
the cultivation medium; a compound or composition which is or which is suspected to be
teratogenic, cancerogenic, mutagenic, psychogenic, toxic; or mixtures thereof.

[0071] The microfluidic continuous flow device can be used for real time imaging of the
biological material retained in the cultivation chamber of the microfluidic continuous flow
device. It may, for example, be used to obtain high- resolution images and videos of the

embryos or parts of the embryo, such as the liver, heart, or screening neurotoxic effects.



| etting each of the m xtures flow through a different of the cultivation
chanbers which retain the biological material. [0066] In still another
aspect tHOBPHLRMT9] nvention refers to a method of cul t BETHG2HISOPGES cal
material in a mcrofluidic continuous flow device, conprising: providing
the mcrofluidic continuous flow devicd® conprising: a cultivation chanber
bei ng di nensioned to retain biological material in the cultivation chanber;
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device of the present invention. The kit can further comprise a biological material and suitable

cultivation medium for culturing of the biological material.

[0075] By "consisting of" is meant including, and limited to, whatever follows the phrase
"consisting of". Thus, the phrase "consisting of" indicates that the listed elements are required
or mandatory, and that no other elements may be present.

[0076] By "comprising" it is meant including, but not limited to, whatever follows the word
"comprising”". Thus, use of the term "comprising” indicates that the listed elements are
required or mandatory, but that other elements are optional and may or may not be present.
[0077] The inventions illustratively described herein may suitably be practiced in the absence
of any element or elements, limitation or limitations, not specifically disclosed herein. Thus,
for example, the terms "comprising", "including", "containing", etc. shall be read expansively
and without limitation. Additionally, the terms and expressions employed herein have been
used as terms of description and not of limitation, and there is no intention in the use of such
terms and expressions of excluding any equivalents of the features shown and described or
portions thereof, but it is recognized that various modifications are possible within the scope
of the invention claimed. Thus, it should be understood that although the present invention

has been specifically disclosed by preferred embodiments and optional features, modification
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of the biological material retained in the cultiva chanber of the
m crofluidic continuous flow device. It may, for exanple, be used to obtain
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the concentration gradient generator 140, the area including the cultivation chambers 130 and
the outlet channels 23. Those parts are divided over three layers. The first layer comprises the
concentration gradient generator and the top layer of the cultivation chamber, the second layer
comprises the main body of the cultivation chamber and the third layer comprises the bottom
layer of the cultivation chamber and the output channels (see for example Figure 5). For all
layers a mixture of 1:10 (1 curing agent, e.g. Sylgard 184 (Corning, USA) :10 parts PDMS)
was degassed and spin-coated on a template at 100 rpm for 2 minutes, resulting in a 500 um
thick layer. This was cured for 30 min at 80°C. A thin sheet of PDMS was used to cover the
outlet layer. Holes where punched for the 2 inputs to the gradient generator and the 8 outlet
openings with a punch (Technical Innovations Inc., Brazoria, Texas, US). Hereafter, the
cultivation chambers were punched using a 1.2 mm diameter punch. The PDMS structure was
then irreversibly bonded to a microscope slide by treating both with a Corona Surface Treater
(Electro-Technic Products, Inc., Chicago. IL. USA).

[0082] The microfluidic continuous flow device as shown in Figure 1 has been manufactured

in the same way. The tubings (Tygon™ tubing) were connected via small metal tubes (from



pharmaceutically active substances and drugs on the fish enbryo. It is also
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her ei n [808] |IEffed ofrelyerhizal sdhstaneds bw fisk etdboge dekdlopment n t he art, and that
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acetonide, 0-3%) were used as chemical substances to test the reaction of the fish embryo
retained in the cultivation chamber of the microﬂuidic continuous flow device shown in
Figure 1. Both substances affect the liver (T44 induces lipid peroxidation which leads to liver
damage). An over-dosage of both will lead to death. The flow rate in the microfluidic
continuous flow device is about 1 m1/2.5 hours or 400 ul/h.
[0090] The higher the concentration of the EtOH, the intoxicated the embryo is, while at the
highest concentration (4.27% and 5%) the organs seem to be affected as well.
[0091] The zebra fish embryos are obtained from the zebra fish facility of the Institute of
Molecular and Cell Biology (IMCB) in Singapore. They were induced to breeding by over
feeding them. In general, the embryos can be harvest at different stadiums, depending on the
development one wants to see.
[0092] When observing the effects of TAA, after 21 hours, at stage 38, 3% concentration (the
highest concentration) caused the death of the Medaka embryo. After 25 hours, the Medaka
embryos in the 4 highest concentrations had died (Figure 9).



scope of this invention. [0078] The invention has been described broadly
and generically herein. Each of the narrower species and subgeneric

groupi ngsWPRIWRH7%i t hi n the generic disclosure al so foPEIS&29089p0}$e
invention. This includes the generic description of the invention with a
provi so or negative limtation renovi @ any subject matter fromthe genus,
regardl ess of whether or not the excised material is specifically recited
herei n.[od$A 78 st Berseam@ﬁi kS 10 @aevmgﬁemh& héhahi6l E&i@bﬁgat%aﬂ{ésm%@the
non- Ilnltlng exanples. In addition, whefe features or aspects of

i nvent jeorbrye @de@@r(mbé@s)lnm thee¢hmb@r T\PmsIth@hulgbmqfstwmcm_sst@sgwﬂthltb@leﬁhanalhe

art wilj re n|z hat th invention al s her eb ribed in terns of
any | ndeoriR ol gPRAES bhpet R e MERE RS G r oup.

EXPERI MENTAL SECTICN [0080] At first manufacturing of a mcrofluidic
continuous flow device is illustrated on the basis of the mcrofluidic
continuous fl ow device shown in Figure 2. [0081] The mcrofluidic
continuous flow device was nade from of PDMS (Pol ydi net hyl si | oxane, Syl gard
184, Dow Corning, M, USA). The device consists of 3 parts: the
concentration gradient generator 140, the area including the cultivation
chanbers 130 and the outlet channels 23. Those parts are divided over three
| ayers. The first |layer conprises the concentration gradi ent generator and
the top |ayer of the cultivation chanber, the second |ayer conprises the
mai n body of the cultivation chanber and the third | ayer conprises the
bottom | ayer of the cultivation chanber and the output channels (see for
exanple Figure 5). For all layers a mxture of 1:10 (1 curing agent, e.qg.
Syl gard 184 (Corning, USA) :10 parts PDM5) was degassed and spin-coated on
a tenplate at 100 rpmfor 2 mnutes, resulting in a 500 mmthick |ayer.
This was cured for 30 mn at 800C. A thin sheet of PDMS was used to cover
the outlet |layer. Holes where punched for the 2 inputs to the gradi ent
generator and the 8 outlet openings with a punch (Technical Innovations
Inc., Brazoria, Texas, US). Hereafter, the cultivation chanbers were
punched using a 1.2 mmdi aneter punch. The PDMS structure was then
irreversibly bonded to a m croscope slide by treating both with a Corona
Surface Treater (El ectro-Technic Products, Inc., Chicago. IL. USA). [0082]
The m crofluidic continuous flow device as shown in Figure 1 has been
manuf act ur ed



in the sane way. The tubings (Tygon(tm tubing) were connected via snall
netal tubes (fromNew Engl and Snmal| Tube Conpany, USA), which fit exactly in
t he punchwo 2holeg776made by a punch from | nnovative TechmroirsgRes/000358) .
[0083] Introduction of a fish enbryo into a cultivation chanber [0084] A
medeka fish enbryo was introduced int26the cultivation chanber using a

pi pette. The fish enbryos maintain the sane size until they hatch. Once all
t he enthae$s dhfndd fnsferred to the 8 wells of the mcrofluidic continuous
fl ow device shown in Figure 1, a coverslip is placed over the wells to seal
them off. [0085] Visualization of the fish enbryo in the cultivation

Ty iy & kiR OSIRINE 3b G ChAML BIGHLA ALLA RIATRE, O L he

m crof 'ui di'c "conti nuous vice shown in jeos can
be obt&i Re@ncdtrdtifR Gradient Benddas ha t 16akBBvdea@letd;m n) of the Medaka enbryo
with a 150x stereo m croscope (Zeiss) was made. By using a high-speed

camer a® \ahleastttivorrsittivatiph ehdiebers beiag dindersianed do tefaindrbiolpgicalanatenal in each

i nsectici ges or..envi rannent al changes can be easily nonitored (data not
shown). [ 6@?]“1‘9&?’(‘%?1??6‘? ™Sa z-stack was made with a confocal nicroscope
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nodel of the fluorescence liver can be constructed. Any change in the liver
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the reaction of the fish enbryo retained in the cultivatjon chanber of the
mi cr of | ui didsferentquilgbeiksaid hdest (e aullginofsaideoncgifration srasien SeRBeCances
affect the liver (TAA induces |ipid peroxidation which |leads to liver
damage). An over-dosage of both will lead to death. The flowrate in the

m cr of 2.ui di The nfitroflumlicscdrtimvoukefiow devise abmunding tortlaiza 5, Wberes each 406aidiat h.

0090] The higher t tration.of the Et t he i ntoxjcat th mb
s, whi 1 o ol PYRERCOREERTY HGh 2 LA PSSELeTs) MR, FOa BB {0 b

affected as yRiding 0@ hor Pt dd S3aSBAIN 88 by dagred from the zebra
fish facility of ?he Institute of Ml ecular and Cell Biology (IMCB) in

Si ngapore. They were induced to breeding by over feeding them In general,
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in an embryonic stage is selected from the group consisting of an amphibian egg, fish

egg, insect egg and a mammalian egg.

4, The microfluidic continuous flow device according to claim 3, wherein said fish is
selected from the group consisting of a zebrafish (Danio rerio), a medaka (Oryzias
latipes), a giant danio (Devario aequipinnatus), and a fish from the family

Tetraodontidae.

5. The microfluidic continuous flow device according to any of claims 1 to 4, wherein
said concentration gradient generator comprises multiple outlets and wherein said
microfluidic continuous flow device comprises multiple cultivation chambers wherein
each of said inlet of said multiple cultivation chambers is fluidly connected to a

different outlet of said concentration gradient generator.

6. The microfluidic continuous flow device according to any of claims 1 to 5, wherein

said cultivation chambers which are fluidly connected to said concentration gradient



devel opment one wants to see. [0092] When observing the effects of TAA
after 2 1 hours, at stage 38, 3% concentration (the highest concentration)
caused t wodemtd4h t he Medaka enbryo. After 25 hours, trhe/sSkkadrlaosasbryos
in the 4 highest concentrations had died (Figure 9).[0093] As can be seen
from Figure 10, the higher the ethanol7concentration, the nore the enbryo
tw tches (noves) in the chanber. Thus the nunber of twitches rose with the
et hanol conggRidiét i a ikt RRY BPrcﬁltfﬁvﬁﬁ‘orQ CHARSer Whd ehdbdinGhid devideerdrngher
concentrations. Wat is clained is: 1. A mcrofluidic continuous flow device
for culturi ﬁgnmsgs o@u seapndraowr pﬁlcultb@ﬁpnu @iaﬁgvers, aW]@@m@eﬁIer avinber ef aghiidnt
gener at or t utl e S culti hanpers
bei ng di mens‘f %‘r’le%?ntc;h&?le? Bi Onﬁl%dg ©5 %&rloézﬁa?fa%ttwarlloél&%be "M?{hen (r]ncnero

cul tivati onclfieatierr Giambsfeinedand Eag howfofsaﬂt@vaabnloﬁmber&vwm*eint ¢acAtihien of

chanbers has a circunferential wall. wherein said circunferential wall has
an inl et an@ﬁcawfémqlsitwaﬁ%Pb@ﬁbqr§>05$qlfé>wopnéwvspf gultiyatianghembarsie Sridhy
t hrough eac H\Qﬁ? nl et
of said at {;belgltse(t:t% \}\g Sgltﬁil %egﬁ&kly%ﬁﬂgﬁgﬁ%ég}’dgﬁ& {l(?:%nnec eefdﬁtsgﬁllgﬁrst

di fferent oww ef culfivaamincthambbgast two outl ets of said concentration

gradi ent generator. 2. The mcrofluidic continuous flow device according to
claim1l1l, wherein each of said at |least two cultivation chanbers retains a
bi ol ogycal Re efibRnuifé %sﬁ@r@lmﬁ;& B B6viBE Q%r&ﬁ%stb %ﬁalﬁagﬁ OfhéelnWid dsnber oi d
and an organismin an enbryonic stage. 3. crofl'ui’dic continuous flow
devi ce accocanprises ondiiplenp®s ofdtiwitionshpgibersgani smin an enbryonic stage is
sel ected fromthe group consisting of an anphi bian egg, fish egg, insect
egg and a manmal i an egg. 4. The m crofluidic continuous flow device
accordgng t@a rhicadMlidic cohemehl floai devideStor bﬁnﬁﬁﬂg%@élﬁ chlravetidl chyfiling: _
consisting of a zebrafish (Danio reri), a nmedaka (Oryzias Iatlpes) a gi ant
dani o ¢ Deveuliictiaeqhambenbtiog )d;lmeumbrmdfto ghtafr wielogival fradriay i edid aultortioae.

5. The m rofluidic continuous flow device according to any of clains 1 to
4, wherei1*88f concentration gradi ent generator conprises multiple outlets
and wher ei Rylfgdil Rhial Qflialof CRAMDAUGHS fl QiYcORVir6Riat ORIl SEHcil tidi
cultivation chanbers wherein each of said inlet of said nultiple

cul ti vat i osirerafasertial ivealk bag an ipleind st aulet én grder to allow flow of a cultivation

medium through said cultivation chamber;

= biological material which is retained in said cultivation chamber;
= wherein said biological material is selected from the group of a tumor spheroid and

an organism in an embryonic stage.

9. The microfluidic continuous flow device according to claim 8, wherein said organism
in an embryonic stage is selected from the group consisting of an amphibian egg, fish

egg, insect egg and a mammalian egg.

10. The microfluidic continuous flow device according to claim 9, wherein said fish is
selected from the group consisting of a zebrafish (Danio rerio), a medaka (Oryzias
latipes), a giant danio (Devario aequipinnatus), and a fish from the family

Tetraodontidae.

11.  The microfluidic continuous flow device according to any of claims 8 to 10, wherein

said microfluidic continuous flow device comprises multiple cultivation chambers



different outlet of said concentration gradient generator. 6. The

m crof |l uidic continuous flow device according to any of clains 1 to 5,
wher ei n swiodoou2gi79at i on chanbers which are fluidly conmretisedoasmossas d
concentration gradientgenerator forma first row of cultivation chanbers
and wherein said device further corrpr?%es a second row of cultivation
chanbers, wherein the nunber of said cultivation chanbers of said second
row of cul thavadg aricthmfdrentsal evpibhisl tvhereituedvhrofafaidcikdunviatential whidsvhasran i n
said first row of cultivation chanbers, wherein each inlet of each of said
cul tivati on™¥§ianHareudst- saj d second row of cultivation chanbers is fluidly
connected to said respective outlet of said previous cultivation chanber in
said first row of cultivation chanbers. 7. The mcrofluidic continuous flow
devi celZccoté mgcrofuidiacontidpowhowideviscaiadcaiding de chonyili whsreinibachphlet obws of
cultivation chanbers. 8. JAnmcrpfluidic continuous,flow deyice for ..

cul turing b?aﬁgd)g‘i%@gl C“Hh‘fagf’?g}‘?m Fhipt ﬂgll‘ci}Yg‘?onnﬁaﬁ‘gFOﬁhSQ?l?‘Sﬁu WaigL P g

di nensi onedgdygced. €t ai n bi ol ogical material in said cultivation chanber;
wherein said cultivation chanber has a circunferential wall, wherein said
circunferential wall has an inlet and an outlet in order to allow flow of a
cultivation di. um.t ht ough. sai d-cul tivation,ch £ .4bi0l 0g] . i al
whi ch T4 oF B frusteRRAE R tane! D8V dshieB R upR ¥ Rl & MR B B 8L
materi al i sesfl 6€kaid Eulamatidie chimbgs dé fuillynBdnnspbértoi 8 differeAn colti@atibsm i n
an enbryonic stage. 9. The mcrofluidic continuous flow device according to
claim8, wheedum SAIeP- organi smin an enbryonic stage is selected fromthe
group consi sting of an anphi bian egg, fish egg, insect egg and a nmanmal i an
egg. 10. The mcrofluidic continuous flow device according to claim9,

wher ei M.sai @Thé hidroiflsidset@ninadud flom dehiee gramgingao slaihi Iig whkrein zaedhriafet o
(Danio rerio a_ nedaka . (Oryzias |ati. ), a giant daniq. (Devari

aequi pi nnat ,O%ﬁﬂgac‘ﬁf‘ézﬁmpr EhATR LS Fgﬁwy ebeb iR iadatffefﬁ O‘*ﬂ??é of a

m crof | ui di g fomtitmakadibhind@yce according to any of clains 8 to 10,
wherein said mcrofluidic continuous flow device conprises nultiple
cultivation chanbershaving a circunferential wall and wherein each of said

cir CUHE&I’ enIrLg {nic\:/\r%hhi?iichgosnt%lqous flow device according to any of claims 12 to 14, wherein
said multiple cultivation chambers form a first row of cultivation chambers, and
wherein said device comprises a second row of cultivation chambers, wherein the
number of cultivation chambers in said second row equals the number of cultivation
chambers in said first row and wherein each inlet of said cultivation chambers in said
second row is fluidly connected with said outlet of each of said respective cultivation

chambers in said first row.

16.  The microfluidic continuous flow device according to claim 15, wherein said device

comprises multiple rows of cultivation chambers.

17.  The microfluidic continuous flow device according to any of the preceding claims,
wherein said inlet and said outlet of at least one of said cultivation chambers is located

at different positions in said circumferential wall of each of said chambers.

18.  The microfluidic continuous flow device according to claim 17, wherein said inlet and
said outlet of said at least one cultivation chamber is located at opposing sites in said

circumferential wall of each of said chambers.



inlet and an outlet. 12. The microfluidic continuous flow device according
to claim11l, wherein each inlet of each of said cultivation chanbers is
fluidy cwonemedr7?vo t he same cul tivation medi um sour ce PCIBG2TU8®00318

m crof | ui di c continuous flow device according to claim11l, wherein each
inlet of each of said cultivation chatbers is fluidly connected to a
different cultivation nmedium source. 14. The mcrofluidic continuous flow
device according to claim 11, wherein each inlet of each of said

cultivation chanbers is fluidly connected to_a different outlet of a.
concent%-at | Bre graafluidic gananaps flow) devigmaccaiding e glan d 7coinl §-nibersingsaily
devi ce accoygl tQ: f 1 it&ion ek i } Rl
cultivati on{ng%g%%%esglsﬁ%t}%oafc %a'?irlrsgt\f s}aoi?dw&gyér%mn“ va'ﬁegbné%hlg%{g# tgt ea(ﬁf W ter ein
sai d devi cehdghtpn sadgiransfrarthl mal odfaid ut ieastamechambanber s, wherein the
nunber of cultivation chanbers in said second row equal s the nunber of
cultivation chanbers in said first row and wherein each inlet of said

cul tived i onprhas @ﬂﬁidid”bo%ﬁhgolfse@&ﬁGle\'?ieé"’ad'c%rcfiﬁé"tcﬁélé{in? m%&ﬁ_%\iatimé g

outlet of each of said respective cultivation chanbers in said first row
16. The mi csad builetiaf saisinati lnash wge fculbfivatien cloamlizer quor Wicatgd tad dififerenh lieightswbBr ei n
sai d device ¢ rises nultiple. ro f cultivation chanber 17. ,.The

mi crof | ui di ¥4 gﬁ‘f‘#ﬂ%ﬁ_ 1"’df % (gfeﬂfi“_%%t %é%toqn(‘fi% & &N tgkf‘t g’héloﬁﬁ( gc‘_gﬁﬁor?&l

clai ms, whefgkfaulivatibeinediith Gabebi0dld afitieitioatchhaBgt one of said
cultivation chanbers is |located at different positions in said
circunferential wall of each of said chanbers. 18. The mcrofluidic

conti us oW .. i CE i .al . rel L d 1 sai d
outl et s S oYt GRAMIT AR RRE Bcbfiub M SB) DGRt fricRlilfy Alhed
sites in sawHerein @idhbéssdtultivatied thadibeesleds agiolyondl shhparisensdn tss-Iéugion.

m crof |l ui dic continuous flow device according to claim17 or 18, wherein
said inlet and said outlet of each of said cultivation chanbers are | ocated
at a djffer lo@litdid Bor@hibub ot BERES BLdoRkin¥ab lan9 oS PréeaingathinRie
chanbcej%i ZO?Hérﬁgalr%gg%dé I?JI?%} cuggfr?tg\lpnu‘gus %‘jloovxlln eviag 0acco é‘faér?g n%o c1 al m 19,
wher ei n sai dhenelretachnof sad cdubiviatien chimbeas daata leetasgulamshapaldria trepeznidahanber

are | ocat edsh%%)e ((j)lr ];fp%rrltggénarl] %h%)r]etc)sr aolflexagonal shape or an octagonal shape or an oblong

shape or an ellipsoidal shape.

23. The microfluidic continuous flow device according to any of the preceding claims,
wherein each of said cultivation chambers comprises at least two inlets which are each
connected to an inlet channel, wherein each inlet channel merges with said respective
‘other inlet channel into a single merged inlet channel to form a bifurcated inlet

channel unit.

24.  The microfluidic continuous flow device according to claim 23, wherein each of said
cultivation chambers comprises multiple inlets which are each connected to an inlet
channel, wherein each two of said multiple inlet channels form said bifurcated inlet
channel unit and wherein each single merged inlet channel of said bifurcated inlet
channel unit merges with a neighboring single merged inlet channel to form a further

bifurcated inlet channel unit until only one single merged inlet channel unit remains.

25.  The microfluidic continuous flow device according to any of the preceding claims,

wherein each of said cultivation chambers comprises at least two outlets which are



said circunferential wall of said at | east one chanber such that to allow a
di agonal flow of a cultivation nediumthrough said cultivation chanmber. 21
The m cr ovbundivie4ent i nuous fl ow devi ce accordi ng to anycoiSGeoms/opsagedi ng
cl aims, wherein each of said cultivation chanbers has a pol ygonal shape
seen in cross-section. 22. The m crofilui di ¢ continuous flow device
according to any of the preceding clains, wherein each of said cultivation

chanbers hagcR oREERGOH 8 o8haPéhafheld wheARE 2addaktlet AR D magfeRithgalial
shape or a hexagonal shape or an octagonal shape or an obl ong shape or an

el | i psoi dalresrespee o8t omthas chanmebikp singlegnerechogles chansgl iodprea bilkeeied ng to
any of the rﬂleg di ng, cl.ai ns, wherein each of said cultivation chanbers
conpri ses at™° g‘?r‘mg%“-m ets which are each connected to an inlet channel,
wherein each inlet channel nmerges with said respective other inlet channel

i Nto &esi Notige ARG ERMIdOEEKinEHAMG) dePick QE&BrainBitd eleRtSd whetedt efdtostald unit.
24. The mcrofluidic continuous flow device according to claim 23, wherein
each of sai @ilitvdtionchrinberscompisesmuiphr Pwlets whichiap each gparestegioan autlet each

ted t inket.ch |, wherej ' ' i
Chana < satel SeCRERTEY o RaELRaRaGe MRe Rl SRl B
mer ged i nl eghagh@nigl afdf whédeth SichWwineié atdréadl @itlet bizmmnel ofigiid biferogrd oniieh a

nei ghbori ng si ngll e nerged inlet channel to forma further bifurcated inlet
channel uni ¢hagnpeljunitonesges withg neighborBg §wgle Herged SRYG FBRNIeh I I @AIUFEeT 25
The m crof I yi.di ont4 I i rgi t in
cl ai s, \/\/ﬂé‘%‘lﬂ ﬁ&ggc foep %glgﬁn d‘3f lc‘gﬁ ?1\?/1{21[ %@Hﬁ%ﬁlgrﬁg}éélg %gr ?%loslgfset adtPl eé?ﬁﬁgmg
out | et s whighatdseeach connected to an outl et channel, wherein each outlet
channel nerges with said respective other outlet channel into a single
merged outl et channel to forma bifurcated outlet channel unit. 26. The

i crof i di PneaRLLAURES cbliBilloBeHbE 1cAE Aobliritheltd bl Bt 1167 BAd PaF Of
said cultivation chanbers conprises nultiple outlets which are each
connect ed t26,awheneid ssidchdtingion vhesnbgirn cemphise Whe shms adrd different phielogisel et
channels formsajd bifurcated outlet channel unit and wherein each single
nmer ged out | B8 PRannel of said bifurcated outlet channel unit nerges with a
nei ghbori ng single nmerged outlet channel to forma further bifurcated

outl et channel unit until only one single nmerged outlet channe|l unit

28.  The microfluidic continuous flow device according to any of the preceding claims,
wherein at least one side or a defined section of one side of each of said

circumferential walls of said cultivation chambers is transparent or translucent.

29.  The microfluidic continuous flow device according to claim 28, wherein the bottom or

top are transparent or translucent.

30. The microfluidic continuous flow device according to any of the preceding claims,
wherein one or both of the sides of the cultivation chamber which are not connected to

said inlet(s) or said outlet(s) is/are adapted to be opened and closed.

31. A method of culturing biological material in a microfluidic continuous flow device,
comprising:
= providing said microfluidic continuous flow device comprising:
» at least two cultivation chambers being dimensioned to retain a biological material in

each of said cultivation chambers;



remains. 27. The mcrofluidic continuous flow device according to any of
clains 1 to 7 and 11 to 26, wherein said cultivation chanbers conprise the
sanme or dwDferoemi77bi ol ogi cal material. 28. The m crof | uirdirsGeastonesavus fl ow
device according to any of the preceding clains, wherein at | east one side
or a defined section of one side of edch of said circunferential walls of
said cultivation chanbers is transparent or translucent. 29. The

m crof | ui dic ggetdineadsof sathatdierdt ¢@o a0kvatom ghdrabeazt Adgmn Bﬁcumfeeafrmiahwbh,e
bottomor top are transparent or translucent. 30. The m crofl ui TI
continuous f I Bctriy seid carceniaripl #elldwy apfinlehandppreewlt i ordes thallowferei n

one or both 0%f % Qﬁlt1%g&§m% UHQ@{&J#L (TJf Qi selEPRlo 3@’(19&10@ ggrgconnect ed

to said inlet salrd ou are adapted to be opene cl osed.
31. A met hadoﬁcfenwhbmlgradgpnbgﬁiem;;mclaivurgaettécas'aﬂwu outketsyi cr of | ui di ¢ conti nuous

flowdewce i Si ng Vi sai.d mcr.ofluidic coptinuous fl

devi ce conpti §‘i ngemgﬁc @5’5“? ?%%‘? P%ﬁn(ﬂ’ia‘{?ﬁ&rﬁ%?@toﬁéq wdhy choRest ‘ﬁgd to
retain a biol agigdkn(Mid bl e iaRP ldl waAbfhiCaohicHahb &S asiaanbers wher ei n
each of said at least two cultivation chanbers has a circunferential wall,

wher ei n saadidpgicelnhetedal ietaineddh kadiaef said duitivatiompbarapersiut | et in order to
allow flow of a cultivatjon di um t hr ough, eﬂch of said at.]east ftwo

cul ti vat iSFPERRgHar Qtvatognpefur ang i shagiceh Subtimseate s Cﬂ@ceﬁ?m@ast
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is fluidFy connécted to a erent 1nlet of one of said at |east two
cul ti vat igemeratoanbsixsyrearidail @lmmgnaad:dlmtaadlsaid shetm¢al eubstanceds hbiginedai d
cultivatiqn cha

trod | t d h |
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said cultrvation ne |um and said che substance i s obtained, wherein
each m xtretaim saghipivlogesl saitatiatheni cal substance in a different
concentration; letting each of said mxtures flow through a different of
said cultivation chanbers which retain said biological material.

32. A method of culturing biological material in a microfluidic continuous flow device,
comprising:
» providing said microfluidic continuous flow device comprising:
» a cultivation chamber being dimensioned to retain biological material in said
cultivation chamber;
=  wherein said cultivation chamber has a circumferential wall, wherein said
circumferential wall has an inlet and an outlet in order to allow flow of cultivation
medium through said cultivation chamber;
» abiological material which is retained in said cultivation chamber,
» wherein said biological material is selected from the group of a tumor spheroid and
an organism in an embryounic stage;
® Jetting a mixture of a cultivation medium and a chemical substance flow through said

cultivation chamber which retains said biological material.

33.  The method according to claim 31 or 32, wherein said organism in an embryonic stage
is selected from the group consisting of an amphibian egg, fish egg, insect egg and a

mammalian egg.



32. A nethod of culturing biological material in a mcrofluidic continuous
fl ow device, conprising: providing said mcrofluidic continuous flow
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bi ol ogical material in said cultivation chanber; wherein said cultivation
chanber has a circunferential wall, Wierein said circunferential wall has
an inlet and an outlet in order to allow flow of cultivation nmedi umthrough
said cdlti vEte ﬁfethdalaﬁ&mrdm@ tbicﬂ)dmgBEaithireshidl fisthiic beleted ditoai e graupsai d

cultivation chanber er n sai d b| | ogi c erj al eI ect fromthe
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mxture of @dpuib Lualbon ﬂ?ﬁhﬁﬁ%@gﬁenpﬂae@auﬁawwmﬁa&ﬂow through said

cultivation cha rétains said biological material. 33. The nethod
according to claim31 or 32 wher ei n sal d organi smin an enbryonic stage is
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and m xtures thereof. 36. The nethod according to any of clains 3 1 to 35,
wherein said mcroftuidic continuous flow device conprises multiple
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flow device comprises multiple cultivation chambers.

37.  The method according to claim 31 or 36, wherein said chambers comprise the same or

different biological material.

38.  The method according to any of claims 31 to 37, wherein at least one side or a defined
section of one side of each of said circumferential walls of said cultivation chambers is

transparent or translucent.

39.  Akit comprising:

* amicrofluidic flow device according to claim 1.

40. A kit according to claim 39, further comprising a biological material selected from the

group consisting of a tumor spheroid and an organism in an embryonic stage.

41. A kit according to claim 39 or 40, further comprising a cultivation medium suitable

for cultivation of said biological material.

42. A kit comprising:

* amicrofluidic flow device according to claim 8.



different biological material. 38. The nethod according to any of clainms 31
to 37, wherein at |east one side or a defined section of one side of each
of said cwocarfessatial walls of said cultivation chanmb@ecs/SiGousnarmspar ent

or translucent. 39. A kit conprising:. a rnicrofluidic flow device
according to claim1. 40. A kit accordding to claim39, further conprising a
bi ol ogi cal material selected fromthe group consisting of a tunor spheroid
and an organismin an enbryonic stage. 41. A kit according to claim 39 or
40, further conprising a cultivalion mediumsuitahle for cultivation of
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cul tivation nedium swtaf) e tor cultivation of said biological material.

44, A kit according to claim42 or 43 further conprising a concentration
gradi ent geperator havin t. least t outlets. 45. Use of a.devic
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1 to 38 forgRehitd? R9inEak 1ASSRN ofiets. The use of claim45, wherein the

bi ol ogi cal assay is selected fromthe group of a high throughput screening
assay in drug studies, an assay for wastewater and/or drinking water
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consi sting @hind FAher3zeeeybidadic4asgaosi tion, a conpound which is or which is
suspected to be necessary for the cultivation of said biological material

and which is initially not conprised in said cultivation nmedium a conpound
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substance, wherein said chemical substance is selected from the group consisting of a
pharmaceutical composition, a compound which is or which is suspected to be
necessary for the cultivation of said biological material and which is initially not
comprised in said cultivation medium; a compound which is or which is suspected to
be necessary for the metabolism of said biological material and which is initially not
comprised in said cultivation medium; a compound or composition which is or which
is suspected to be teratogenic, cancerogenic, mutagenic, psychogenic, toxic; and

mixtures thereof.



