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.t WD 2004/ 056265 PCT/ DK2003/ 000935 Title Device and
' or non-invasive neasurenent of the ingdividual
: Wd@?g@gﬁsc rate of a substantially spherical nlg(l_‘TIDKZ(]OSIOOO%S
* metabolizing particle 5 Field of invention The present
invention relates to nethods and devices for
M=l Nvasi ve and non- di sturbing nmeasurenments of
net abolic rates for substantially spherical
nmet abolizing 10 particles and to a nethod and device
f oy ' J: i.on. at . vel _
oA o o e G Bl 0 2 i g6 rete o
E’f‘ﬁ?%t'ﬁm’ﬁbﬁ@@al@mbq%ﬁoﬂmqm, such as IVF (In Vitro
Fertilization) and related techniques, involves in
vitro culturing of the.devel oping enbryo for a period
dieldgfinventiast e re-inpl antation of sel ected enbryos.
Even with the ideal growmh conditions, se- |lection
criteria are needed as a tool to choose the nost
vingbPresenibinyeatiqrorelales trmethedat amnch deVices Worlnbhirvasivé and non-
Vel | r t ' tQ . .
SRAa B RebSurBihohinl ialiooh2 oA BF slPaBhidi sefepical gpetaoliaing

etermne ryos suilt

prEisest and inenanethed repdadsjvine: fov econtralfisg apgiabatiteh cencentration at the

RVaréfth@battigiég! - Which can serve, to assess the
E

viabili1ty of the enbryo following ma- nipulation. In

practice, enbryo evaluation is |limted to a nore or
BaeRgrRldES ihVéntilpdi Ng  based on norphol ogi cal
criteria. The respiration rate of the enbryo may prove
a good candi date for an objective viability >3 25

Tl ' ted.t hat
LBg kBl ks P UHRRY, BRI R ana ol
tesbrigues. (laygivassinevditra suliwingeof thendavsitpirgn pmbsyoafou safriod of days
i 1 L ;s | It S I K { . .

b0 LB, SUBHRISADebr iy T BBl conctions, -
lelinse gritsfiasatgnneedede ke ;a rtoalhterrichadsenitier osmsd pyabldremibryos for re-

- 37p1-.37h8 Trimar - chi |, 2000Q. . .
e e ViR O an'dihiBi s G il parémikler n gt o determine
e Ry esoRibilisuioptransieh it presient, therk aps ab whjsatiteamibans applicable

S S L 30Ye 15 SRRSO o d B o o

Nirutalingl. Insprastice, isenbinye evslurgioblimlindey §1 a nidre or g8 30bjedlive grading
Ehékd bn ng&ghah Magousson C et al. 1986. Oxygen con-

sunption by ﬂman oocytes and bl ast-ocysts grown in _
Wietreapirationwaters theetobiyd enaylprovéa @ob@andiiatsier sh obieetive viability

ilgtﬁg)%%gl_s. i f?ése&egilaﬁéiy b E:Igﬁtioﬂst@tieg Bat' S IERcia,srp&l‘rtalic?nn ratdof bci)vusne, mur-

ine and human embryos {(expressed as oxygen consumption) is a usable indicator of

- embryo viability (See Shiko et al. 2001. Oxygen consumption of single bovine embryos
probed by scanning electrochemical microscopy. Anal. Chem 73:3751-3758 or Trimar-

chi et al. 2000. Oxidative phosphorylation dependent and —independent oxygen con- .

sumption by individual preimplantation mouse embryos. Biology of reproduction 62:
1866-1874 or Overstrom EW et al. 1992, Viability and oxidative metabolism of the bo-
vine blastocyst. Theriogenology 37(1): 269 orMa'gnusson C et al. 1986. Oxygen con-
sumption by human oocytes and blastocysts grown in vitro. Human Reproduction 1:
183-184). These studies demonstrated that a certain (high) respiration rate is corre-
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CONFI RVATI ON COPY WD 2004/ 056265 PCT/ DK2003/ 000935 2

Wéggngﬂs gh an i nproved devel opnent such as inproved in

vitro devel opnent (expressed by increased blBs¥BE3/000935
frequencies) or increased pregnancy frequencies. A
nunber of nmethods for determnation of enmbryo

' M I 5B t S
Ir\/?aﬁ? : 5@?1'88 Ep;?rhgq qle er{b;@;@gﬁs g@p{ggéﬁlplg?vd?g @éve(leoepment (expressed

" pheirmtpasst blastitystiegBenGE) of AioredsEh- pr@{ancy feque CI s,

337-344) describe a nmethod using the rtesian diver
techni que on batches of nouse embryos, which neasures

t Aenumbernsf MEBEE fo¥f dABmMIRILHESE &%ry%% iatiol ffr&Iwn Mills and
rowt h medi um of the enbryos.

Wi th th
K/Ep'ﬁé%@ﬁeé‘? g, And B iBgter é?%eﬂwmvm@wrbyf hrmmplantahon mouse

oembtws Bx) Gﬂllaﬁe@CWeSW%QWEleé&b&'é FrféthdﬂJHQHg the Cartesian diver
aduc ti %ng%] (ﬂ% 84) and | at er Hought on et
"‘8‘&?“ AH5E YRbraps whigh W%t@&bfbpnsmm change of an

tdmeygeaglas! bUsBAS Br @8Rt ¥ohtadWiBAHE BFowitR Reiiu 6
devel opment 44:476-485) descri bg 0a net houd wﬁme%??@?gs'
capabl e of nmeasur- ing oxygen consunption of

|Mdgmsdualetearxbn9ses (O%ydth BosRnsitlohVEy 'ﬁhﬁ{aﬂ dScytes and_blastocytes

ni que, where ‘enbryos are pla

CtrO nEtrlC tec
BT P Eiaan ieartcton dr454-AENBryLels: ¢wabiom: ot 1996 (Ony-

| genectnbumpiich &7 GnelGF FRARRISA P s )
n(& tore(gll as,an abs%rebance'c anw%ﬁ%&%stgﬁ Mﬁ%ﬁﬂarmpm

BREIIPIRRAL AAA7EA35) deseripe a methed whiek ismeaable of measur-

cw(g/genygelauecdrféumt’;ﬁoﬁxbﬁn%idl\ﬂdlﬁh?ndsln'xtﬂgosOf uélﬂﬁ eérb gﬂsdnﬂa micro-
and o ers, the neaSurenents

of se amb
aﬁpsﬁa?p%wlﬂ?g%c ?%E"'@Hﬁ-r Yheresembvos e thlsred mosmall Seated chambers
mﬂﬁhmmﬂ]en%&isbﬁfpttb@@%ﬂﬁ&eﬁ%% Q%@Ereg é?ﬁ 'OQF%JI Bartial pressure,
V\hlch ryos are fixed on a thin cap
@&%b%qsf’éttq"&ﬁ chrags e §U'%ﬁt@cﬁefﬂ‘sfeh fé@(cai/\ﬁb?rorbmqe is sensi-

mwem thel predensé of nopeé o tH@éﬁt&%ﬂ@W@ﬂﬂn% of the n?mbryo in and out
n} %eletrodes under the assunption o er

§f PERIEY Sherplers, thei meagusements) are dz&iw:blngdpy @rﬁmbryo as well as time
comsuipg.i on of single bovine errbryoes probed by

scanni ng el ec- trochem cal m croscopy. Anal. Chem 73:
3751-3758, or Trimarchi JR, et al., 2000. Oxi- dative

ahomahtﬁchhiqﬁé fifls 66@# d8EHbeBNA WHIGEBRBASR ar@ %88 5n a thin capillary
tion |n i vi dua prelnplant ti on nouse
EWE %“ CBP'Eﬁ 0'69@@;5}*%6(%@19@%6% withamey pTisply mositiomned oscil-
lati eRUfRrodeih
o st st s ol ) in om s
2 @ t%YvgpR Pﬁ'ﬁ%lmF&wa of émh Bovine gmgnms eeatred by scanning elec-
mdfewéamaﬁ@ogéopyhﬁnanéﬁm 73 %75%-3*78@ tcjf‘el*nn}eﬁa{ SR, 'efBlL., 2000. Oxi-

onsum n to performthe neasurenen
l¥§1ﬂ‘?ﬁ atpqudnge@dent and independent oxygen consumption by individual

preimplantation mouse embryos. Biology of reproduction 62: 1866-1 874). These tech-
niques are characterized by relatively compiidated experimental designs which are de-
manding to operate, and resulis in significant disturbance of the embryb. It is further-
more time consuming to perform the measurement and the presumptions for the
method are demanding to fulfill.

In general, the above-mentioned studies and related studies to measure individual em-~
bryo respiration suffer from being complicated, disturbing to the embryo and time con-
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nmet hod are demanding to fulfill. In general, the
above-nenti oned studi es and rel ated studi es to neasure

WO 0d4/0368k5al em 35 bryo respiration suffer frobeksmsoeoss

conplicated, disturbing to the enbryo and tinme con WO

2004/ 056265 PCT/ DK2003/ 000935 3 suming, and it is

therefore not very likely that 3such nethods will be
appningdandiiis thetejore opt veny likalypttiab gudtneisthods adill be applied routinely for

' Tﬂﬁﬁ:ﬂit&ﬂﬁ @Pig{dgéﬁ'é?;?ﬁtigﬂp&}ég éf o'f=,rgnlt)(r:yaliulsltclrigzﬁ&urIg§n ip\é\lrié'(r)g}ﬁ d'éed therefore

need t exis
ndfilL eHisis fora fagt, simpie dndundn-dishirbingf rethod aad devige iftidineasuring indi-

RS BB a0k el M B & Jordng IS el s noed is

r wislebr etypeessedriy yeseathers andr sraciitioasts yoetmbyo tfaisfer techniques in-

L0 B VR s S 15 e B 10, i i
a@,@@ggnemﬁof@mbeywwlitﬂi'ﬁbﬁbgér%ologm&l gpﬁmitxlﬁi@}é din a Eitedrature review
, ik i . re, revi ew .the
At B O b3 Bl Bl il eyt omor
i legbitationads ampryressioresfiEmlayo olabiliys Aarthexpibegsinamtretechniques be-
i A ' j t t eghni b .
SIS ol ek PR HESeBR, conn
@nddrezemycleSpbisrdemandds expBcied tooirionthe event horezenounced. Within

ey ' ted to b .
4 6o g O e R A bS50 o e o
threafraesier td avdic smbantedrmutigte peagnanties,f wiitts aes tisd Besequence of

L A N TN —

- @sbegsment imertier be Shle i seleotitiiey bedtrepita ey and iRy increase the prob-

. _ pability 15, t.1 d ,
S PO iy D S i B oo,
tie viabdity indlsiatars wppiicablesaunca essting! lepele gNesve ynetidtl Sliould preferably

PR, B ARG 187 fioue B ARl od SHoTRUERE 108 dfee Jp vivo s

messmarttlob embhouliability. Fheriedenplogyeisi i s 1096, f ol | owi ng
key elenents as outlined by Overstrom 1996 (see In
vitro as- sessnment of enbryo viability. Theri ogenol ogy
4Bhe3aliility 16 9gke dfiuiidiseualoblective hzasBitendiitaTul ilftp® adividual em-
g&gct ive neasurenents of nultiple individual em

’y0s. -The sensitivity and resolution to neasure an

i Trgi seindlitivity armbreyaliiioncty tnecasuRagh thdiduatiainbad/docse. M n
giardk?éﬁl. tt [ (~%[g = Vi z—l_bi Lity test nust be

non-p RUEE AT RGN ?ﬁféfal 'y non-invasive.

~Vighilitp test ugt bé nn-perunbatiigeind ibalyHon-invasive.
-Technically simple and user friendly. '

-Affordable.

In addition fo the expressed need for a method and device for respiration measure-
ments applicable on a routine level, in viiro culture of embryos suffers from an insuffi-
cient control of the oxygen partial pressures as expérienced by the .deveiOping émbryo.
In vitro culture of embryos is often carried out in incubators with regulated atmosphere

(temperature, relative humidity and gas composition). Atmospheric air contains 21% .

oxygen (210 hPa partial pressure), but in-vivo (oviduct and uterus) oxygen tensions are
considered to be around 5-10% oxygen (50-100hPa) saturation. It is therefore not sur-
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-Affordable. In addition to the expressed need for a

weidaggsaagy device for respiration neasure- 30 JER /?)?{2003/000935
applicable on a routine level, in vitro culture

enbryos suffers from an |nsuff|- cient control of the
oxygen parti al pressures as expe i enced by the

AEBRLAR A, GITE orhilyd Lottt Boflr FHAE Y9919 atmosphere than

arrle in regu
at m@gmw dim et eh@erﬂ érhem@wn ell it {See: himitialt 9% Begziepment of in vitro

BGOSR bhdNos ﬂnmy %E’/'B@d’“u{ aﬁ%%% 5, Bl bR 90422 Human re-

hPa partial” pressure
ut Biagustiay J(er58-6h2 i0p W!?OlapeorBHGEoetsaLd‘é}Q&Eﬂf@t o€ ozxygen m@ncentration

ot o A A g pR L et ot R ubebyd BFPEORLS Roprod. Fort

t héS, 57|3n57g3én?é\da3|ther% pravinysiytelestanstreiet the pbsitiveceffash diedaced oxygen
a#ég§8|l%e6r? rg]ﬁ%nlmérfni@lgfémw% SmBe o Em%ﬁft% s @re therefore in

Tho et al opms
] nSQmQ pas%@ultufed angerya Jedudeduooden rathosiede e.gabl% saturation. It is

> (’ﬂ%?g n%g%le?ﬁ] %%p%sﬂl;lﬁe ?@% é)ﬁ)osq%gg %&?#e%nlgy alpne controlling the

o)@fgeppheraciheve shd vedigm. She mediin iotygisaly oxygentsatirated (21%) when

B s i e

t wepadng oge atmospberegian depandihgaxyiherin vitrargrowth system, be as long as

pr195§£ﬁ58u N LA IR RBRL rBRoSRP", u$ ﬁfrﬁéé tgﬁr%gggtog t%%@é cutture, will

are erefore in sonme cdses C

- oxygerensenyighe matiab prpssE e sgnifiveatly axceeding whahetpresent is consid-

o] SRl @ L% Sl S8 SRATHG Bl 5P e o e
metihiyn Mﬂwhqwgrﬁr&mlb\mert i d:lwltloj'thla(gdgme statusph&rede@Z&%, due to the
g%hé%af E;rt% o){*b?]it' :?éﬂ%‘éﬁ'%éée‘%e tdnrgﬁlc%g@u lféﬁ &uﬂchlgedlum fowards the em-

obetd, axising agazereaulhu@pé]embnmesplrmpandl ng on the in

vitro gromh system be as long as 12-24 hours, such

that the enbryo for a significant period of the in

vAtrresd dbériedore stilkiekikts fm@elmm aad dasy genhp metthical to regulate the oxygen

BT Bty PRt LS B Bt R RS T lifguire.
st ate parti al pr essure at t he surf ace of the enbryo

b bR ho®faloBlRlestit R Stptin e ARt BR s n i gresent applca-
pmrt. ad alpo érsabyan@rpathid byfrefeseridedn lmdukemé;rtgum t owar ds

the em bryo, arising as a result of th ryo
respiration. 20 A need therefore still exists for a

s$umbarged ifdsitidr<l h) nmethod to regul ate. the oxygen
partial pressure as experienced by t he devel opi ng
enbryo during in vitro culture. patent and

N8 ERla H@fn@é &0ese ?drté?'ﬂeééel/ éﬁhefe@sﬁ’ Prlléa%ﬂién%rht ofltnd Mhetabolic

the present applica- tion al so
iAo PhSr sithstaniipl ﬁ@i@ﬁéhﬁ@tah@hzlh@um@h i lﬂetWB first aspect, there is

provided a device for non-invasive measurement of the individual meta -
bolic rate of a substantially spherical metabolizing particle, which device comprises

a) at least one compartment, said compartment being defined by a diffusion
barrier and capable of comprising a medium with a substantially spherical
metabolizing particle, said diffusion barier is arranged around the
substaritially spherical metabolizing particle to restrict and reduce the diffusive
flux of metabolites to and from the particle, allowing metabolite




15

20

30

- 35

25 Summary of invention D sclosed is a device suitable

ng{’% %sy and fast neasurenent of the net abglla(#,lgt}?ﬁoé)moo%s

a substantial spherical netabolizing
In the first aspect, there is provided a device for
non-i nvasi ve nmeasurenent of thedndividual neta bolic
rate of a substantially spherical netabolizing
particle, wenshortiethroaughcthepdifigion barriat tbeasd/oori®dm the substantially

conpart nent , sai rt ment define

G T a5t on Sphpfel et eng Haric b Sutris; & fidlorirathershy & metabolite
Wi tg 3_ fs ;Jbsilmonad;rh&iestpherld)\cai to hﬁééﬁbﬂlshgtﬂ ﬂ'ﬁmﬁhéfsuﬁétanﬂally spherical
sai i ffusian, harrier ound, t he

Sabat ant 1 arhdPesRei kil at GEREPUARS Hitabe + o

restrict and reduce the diffusive flux of netabolites

to and fr & steastant ideteefor fbrl measuingehabatdenratit of a metabolite in-
2004/ 056265 PCT/,DK2 03 OO 35 5 transport through the

di ffusi on batty Hfe 4R “fromthe substantially
spherical nmetabolizing particle by nmeans of diffusion,

V\'E‘ﬁr R Bﬁ? Ilsrsreﬂtg%B%I fJBWH%.IH‘E{QBEI oy g%ﬂq.g;fggrﬂflé\?mg bO|EZII‘(Ijg particle as
. MaeRRe| for hitgiterirg partice@ad tselfertiad @uttacteea:fraedpswﬂedbétatah In the
| east one detector, for ﬁe surln t he concentr

aSeRNgnarRecE fere & qerovids riasive HRBoH ot Fledining the

S Hietzalierdt® bf aeassiritiaty §ﬂr%rlﬁﬁtmétab¢lﬁlrig€;ia¢tlcﬂ?ef cdmprising
nmet abol i zi'ng particle as well as for nonitoring

particles and selecting particles of a specified

~ status. | n d)ipeovidieg atldastopedevicelserdefined pbowd, ded a

non-i nvasive nmethod for determining the netabolic

rate of a substantially spherical netabolizing

particle, Qg@ﬂhhgihg@ stpsantatlydiphgriedl nhetalélizingepatinte inethe medium
as defined above, P) arranging a substantially

spheri cal @aﬂ?&?ﬂaftm?& particle in the medium of a
conpartnent, c) neasuring a metabolite concentration

i nside the conpart nent olite

bt ai ni ng, a .net a
concent r at {CAGASHENG M€, éﬁ? CUGFRY ifgjde edcompartment

net abol i t e ob@iR bnddthisolitd BRehBatioh meBBlrapaid c rate
of said substantially spherical netabolizing particle.

d) correlafing said metabolite concentration measure to a metabolic rate

of said substantially spherical metabolizing particlé.

In the third aspect, there is provided a method for regulating metabolite supply to a
substantially spherical metabolizing particle during culturing, comprising

a) providing at least one device comprising a compartment with medium,

b) culturing a substantially spherical metabolizing particle in the medium

ofa compartmerit, and optionally

¢} measuiing a metabolite concentration inside the compartment
obtaining a metabolite concentration measure, and optionally

‘s
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In the third aspect, there is provided a nethod for

wbe%w,@@élgg nmetabolite supply to a substanti a!ﬂ,é(TmemmO%S
Sp

eri cal netabolizing particle during cul turing,
conprising a) providing at | east one device conprising
a conpartnment with nedium 30 k) culturing a

subst anti al hycoﬁ,cg;gﬁﬁ%; ‘r%éﬂgtrﬂﬁgggﬂbicéhé%gﬁ%ﬁ igg‘elaguxjerlotrz{}ﬁatabolic rate

medi um of a conpar , opti o neasu

a ‘net abol i t &f sihedstantelysphiersaltactehelizingnysatislerand optionally
obtaining a netabolite concentration neasure, and

optionally 35 WD 2004/ 056265 PCT/ DK2003/ 000935 6 d)

corr el at i ngekapdating thp sretekolite aerply depansingreniber metapolite concen-

- netabol i ¢ 1 @i Mbastiid &a&%&%ﬁp{)l%@@%i bstantially spherical

met abol i zi ng particle and optiona eqgul at

met abol i t e W@igbPrizingepsiele.ng on the netabolite concen-

5 tration nmeasure and/or the netabolic rate of said
substantially spherical netabolizing particle. In the

f buthenfoggtheaspect ¢ thare is Providrd @eﬂ‘eﬁ‘oﬁeighéwepﬁﬂg a viable embryo
S&f gi,{bg a viable enbryo conprising, 10 a)

determning the netabolic rate of the enbryo at | east

once during culturing , and - b) selecting the enbryo

aving %Be%inﬂ:@ tf]gﬁe?#gm; ?%l%?gﬂ?eo%ﬁgég Gt %a%ﬁl.n‘?c%terﬁ.lgng_ culfunng .

device I's particu erm ni ng
met abo@Ng rate of a particle in an open system.
conmuni cating with the surroundi ngs. The device
di scl osed may al so be used for determning the

" et abobi csalegtiagithe embryo deuingast epfimal mefatwlic rdteh aspect

, there is provided a non-invasive nethod for

determining the netabolic rat f met aboli zin .
paeidicipsef claiee of RgtayIaRY SUftHe Pr LY Birdmagppicerate of a
agarfl@é i nedn akne systdmbomriuhicating vathmeieakolrbandifgs. The device
particle in the nedi pm of a. conpartnment, Ct) _rede g
nEBEeRAd PRY 8i5R BRYSEG I HEteRBIINEhing R iRkplgatPdag € oged Sysiem.

of the culturing period,

In the fifth aspect , there is provided a non-invasive method for determining the

metabolic rate of a metabolizing particle, comprising

a) providing at least one device as defined above,
b) culturing a metabolizing particle in the medium of a compartment,

¢) reducing metabolite supply to the medium during at least a part of the
culturing period,

d) measuring a metabolite concentration inside the compartment obtaining
a metabolite concentration measure after the metabolite supply has
been reduced, and

e) correlating said metabolite concentration measure to a metabolic rate of
said substantially spherical metabolizing pariicle.
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30 d) neasuring a netabolite concentration inside the

conpartnent obtaining a netabolite concentration
WRSANH

56263 ter the nmetabolite supply has been PEHIEP03/000935
and e) correlating said netabolite concentration
measure to a netabolic rate of 35 said substantially
spherical netabolizing particle.” WD 2004/ 056265
PCT/ DK2003/ 000935 7 In the sixth aspect, there is
PIrOMetEfth daspidbtl Wicfe GV | Ugd MEhabY! i2ing, . .
particle, V\S/I?i ch devi gé cgﬁt;drféjpd?% scglgwtgt&%v‘elgs’?r 8H@L?”ng a theldbolizing
cRATicle.t WRih devies eoropiirsaratrieast obeicompadmeentedidmpngartment being
didrihegi D adifil .capabl fa.C | Si a_medium .
W lh 52 z(golfs%n éyégﬂéf' Bﬁ@ gap%ble %%ﬁ%r%?}gn a a{p?(?{lérp with a

a net Izing particle, sai

t . ) g par
© drelehpliripaneerdtiplel peid diffusierpbatrier @llawily anetaboldenttameport to and/for

ent I's a
SHdipNt is klewved tnbe Retablishel dtdnz ity mstabdlizing pEmitle and throughout
Lthé gigahput the medium In the seventh aspect, there
is provided a nethod for culturing a netabolizing
particle, sai'd method conprising r f) providing at
| east one device as defined above, g) arranging a

@r\g@gﬂ% :nt?éété‘%?li?i?ggagtkz% %rg%?ﬂg%f Biffugi:nltn,gv\%geh‘&?%a V@r‘g&%a?&%e Siffusion

~ iretleb skveritmgaspectt itlidre is nprofidedresd imethed férheulturing a metabolizing

r t ). culturing the netaboli zing
gg&?@&ﬁg&ﬂ]ﬁho@%@)m@ﬁ%@ﬁi ment, there is provided a
nmet hof) pravidicgit isast nge aepiae bs definabateat] ned here,

<o oo AL B 0Ty R SR

" subst b)iltatihgy thephetabaliingmetriddial i zi ng particle in the

medi um of a conpartnment, and optionally c) regulating

the netabolite supply to and/or from said

Bubisd anibodinent, taprieeisi pravidee akethodi o0 cliliuiihg & partid® as defined
Description of Drawi ngs Explanation to nunbers on

lf'efrﬁ’lﬁo TB8ch reference consists of two nunbers in the
form x.x, where the first nunber refers to figure

number and, i 068G W Ralt RShedisd Empridhdta compartment with mediurn,

b) culturing a substantially spherical metabolizing particle in the medium
of a compartment, and optionally '

c) regulating the metabolite supply fo and/or from said éubstantially
spherical metabolizing particle.

Description of Drawings

Explanation to numbers on figures: Each reference consists of two numbers in the form

x.x, where the first number refe___rs. fo figure number and the second number refersfo a {j
-specification on each figure, but such that:

x.1 refers to: Metabolizing particle
x.2 refers to: Surrounding medium
x.3 refers to: Detector
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25 specification on each figure, but such that x.1
refers to: Metabolizing pagdicle x.2 refers to:
Surrounding nedium x.3 refers to: Detector 7a 30 x.4
refers to: Metabolite perneable diffusion barrier x.5
refers to: Substantially netabolite inperneable

t men fer Met abol it e perneabl e
;[eh@?é% theé’ﬁﬂ'ﬂ e H%“ﬁ'@f'zh?m‘?rm ng; particle

m 5 rdf@rfsﬁéﬁsﬁb‘atar@ﬂwmmb@ﬁteqﬁﬁ’@#{lédm@ Ect)ﬁxgé(ﬂhﬂﬁt wehlfe

art- men refers

surrqun ut si de t k L
é #‘ﬁfé 2@?‘@§P 'tﬁé’ﬁ%%ﬁ’fh?? gg%ﬁ'?{er ghSupRording dnelakoliging particle
m%&@@@%p&ﬁﬂd SFHH PR Bwards theqsdrﬁfuﬁ&lﬁlgé QutsiddhE tompart-

i n enbodi nent .according to figure 1 x.10 refers to:
Adj ust abl é“%ttom of conpartnent x.11 refers to:

&B RSt i@ THBrdicath8&bolits @ohédMiditions gledidrief ers to: CCD
camera 5 x. 13 refers to: a viscous Payer to cover the
mediumto prevent evaporation and turbu- |ence x.14

refers to: insertion port (Fig. 7 only) x.15 refers

to: spacers (Fig. 9 and 10 only) x.16 refers to:
support structure 10 x. 17 refers to: adjustable top
(fig. 166only) x.18 refers to: threads Figure 1 is a

"cross section of a first enbodi nent of a diffusion

conpartnent with an oxygen detector at the bottom
according to the present invention. The theoretical 15
steady state oxygen gradient is shown in a graph next
to the drawi ng. The perneable diffusion barrier is in
this case a stagnant body of nedium Figure 2 is a
cross section of a conpartnment with an.insert in
enbodi nent according to figure 1, to adjust the
internal transverse dinension of the first enbodi nent
20




i\"-’.

10

15

20

25

30

Figure 3 is a cross section of another enbodi nent of
t he &gesent i nvention conprising a diffusion

w 2%ent with an adjustable bottom Fi gur ®CEMK068/000935
exanpl e of the steady state oxygen gradi ent measured
inside a cylindri- 25 cal diffusion conpartnent, where
an enbryo is cultured at the b8ttom The |inear part
ok.Siratergjtaatriseritn embédigentaactoiing edijparsds to a section
0 L g f line in the theoretical
g;r('ggﬁgﬁeﬁﬂgi éﬂ@%’é&le %?Hcérﬂg)ﬁp?mg%ﬂmﬁét x-axis is hPa and
t a1 uefiers lonConeepirstiangradient isdrlimesposi ti on of the

opg !ré’l%r%:&&ﬁc%a{g’d?””em (X.7) inrelation to the

gradient 1s nar with the vertical line. 30 Figure

5013 sefgredpha viseotsdanantneovef theheediamdogiréviensévaporation and turbu-
conpar t nent uwhere the -diffusion conpartment is

conpl etely open and the oxygen gradient is recorded in

t 4 cefetsio: inbertien porbiiial 7tdmly)enbr yo. 5B shows a cross

' .EJ%EE 0 evel of the enbryo. 5C
?Eg%\g&gmﬁébgt e@ﬁ@lg}aﬁ&a%gﬁ’tp or bottomview as
sethrafetsiorswppatEirdire004/ 056265 PCT/ DK2003/ 000935 9

452 ! m nescence intensity of
Kl fﬁﬁsﬁ%ﬁﬁs&%‘%ﬁﬁoﬁg%ﬂw. ndi vi dual enbryo is
W Bhiegfersde thieads ey tones. Figure 6A is an exanpl e of
the steady state oxygen gradi ent neasured towards an 5

enbryo along the plane bottom of an open conpar t ment
ddaure|1us arasessdseictionf ¢fguirst embddingentofa GRisich conastinendwith an

i, ct di t fit, .t : o
U410 8P S4B Bl by h . e gretn
iseady séate oxygen gradiemis shmwndh sagrapheeidda itheddrafvirgi Tile permeable
.S j Ei 7. [ I
Rl bedrip s is38os bR ot T T e 2. &

pi pette, 10 with which the studi ed netabolizing

i 6lig i [ f fer. tai . T -
R 916466018 1 0ot 1 4 P BBl aporang o
favredb te ediost thainternalttaasversp dinmengiopestithe first enbasimbsten
pi cked up, the pipette is turned with the tip up and

inserted through a port in the bottomof a nedia
FiguseeB is Tossedetionwd ssether enisadiseniefithe present imebntibrn Bomprising

g%ﬁ' _ ] [ te serves as the side
wa dém&ccjt e g%ﬁ%%ﬁ%a@%@b&%gﬁﬁfo Me 8. (Design
exanpl e): Transversal section throuygh a design, where

A Pl DO L SolB Gl e g g
cal dliffuisidn acampartmgent, ihekenars smbeyads chitiwred at the@ttom. The linear part
%ﬁ@@%diérﬁ' if ﬁj\ﬂé Tc%ﬁégp%nﬁg ?oag Lsgt\ftiontorﬁltle solid part of the line in the
theoretical graph in figure 1. The unit on the x-axis is hPa and the unit on y-axis is pym.
The position of the opening of the compartment (X.7) in relation to the gradient is
marked with the vertical line. -

Figure 5A is another embodiment of the said diffusion compartment where the diffusion
compartment is . completely open and the oxygen gradient is recorded in two dimen-
sions around the embryo. 5B shows a cross section of the botiom at the level of the
embryo. 5C shows a hypothetical image (top or bottom view) as seen from the CCD
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can cover the well with different sections by
hori zontal displacenent. The. diffusion bar 20 der

wcbmmnﬁst he nmedi um and the surroundi ngs can tRUSDRE03/000935

adjusted by placing differ- ent sections of the lid
I medi ately above the well. In this figure, the nmedium
outside the well is in the forgnof a droplet, but

C gathEradWherd e ieRpddied kiffinBs@bnds hainaRy oﬂﬁé’!ﬁmlﬁépﬂ'l&@ar%und each
(DE‘SI@Q?_‘?i ex l.e). Transversal section through a design

49 S“%@Wfﬁ&%ﬁﬁu cle is placed near a
detector under an inperneabl e disk. The di sk, which

stltutesthe part of the substantlally
@aﬂ;ﬁg Bﬁlbﬁ Sleggy state exyqep.gradisideeasired towards an
S@m@b%lérfg e BBbin cﬁ%hldpeﬁ c@hﬁkﬁﬁﬁ.ﬁt é@'lllﬁshl%técpmﬁfbure 5. Fig-

part of the substantially- er neabl e conpart ne

165 PG BRUate oW b ahvabreRiat fide GHBePHGRUY fdoal spherical
%gldféﬁf Qf thé ot i IMeXr, B ¥ssRRMPUBY ofa SPReérical dlﬁ@éld:rpéys@m is fulfilled.

area under the disk and do not constitute a
significant barrier to diffusion. Centrally Iocated

Uﬁgﬁzfe 1c iBeslys %xérﬁpl@? ﬁaﬁb@ér&é!\yegmid thidligh \Mue%rgntfbu%ed as a pipette,
e.ls | ace er nea

abol j zi ng parti
t\H@h waﬁchéla%@ !&ﬂm%%l?qyﬁmg lﬁ’aFticiee*P Pa,césﬁd&fe T9H) %yﬁeﬁy fb@pnfamer The
C@Wr%tﬂdﬁp&ﬁé xg Rhrtielilal REhSNEHS & g§y BEBEtb. ket gfla respiring parti-

céﬁj of the substantia nper nmea
%ﬁ% P‘ﬁ%h?‘ R the pipeitis tomed e\ath#hﬁym @od inseyed through a port

1A the Batfotn éPa nlcdRSIcaBel. THAMRLR)vEEANS Hﬁféabexﬁﬁfﬁléd)ﬂ{th medium).
t.hr ough a design where the respirin partic

pl agcairel pf @eaﬁ%bﬁeaﬁé@sﬂmﬂégwaﬁ O?Fheaﬁemmﬁmenéam e

plate. A detector is |located near the tip of the

cone, and a cone-shaped inperneable lid is placed in
tiHeureS P esian examplph densvarpal segtiomtroughgedesigre wheethe metabo-

dizﬁmb%ﬁﬁ:lé & d@ﬁd iR & lSHERAY \h@ﬂ?lnl a Plafd) el’hE Rl has a metabolite perme-

npr essj on. ure 11. (Design exanple) Transversal
59@& lichwith M%@g igkness, )¢ e Varvinganelghelity Kapsraisgion capacity, that

Q.‘éﬂ%bﬁér&h@fmeﬂ Wﬁ}ttﬁﬁ&éﬁ seitidri3 izl Hf&ﬁéé@?ﬁéﬂt en#a Aifilfsion bar-

of materi al | aced on’an 1 npernea

fier befyveenihe E@G‘i”ﬂ}/an the gugevydiegs q:‘cnuiihp@ ke agblﬁ%d by placing differ-
Rt é(M@hé‘bﬁ thé(ﬁdfi'rﬂﬁmeﬁiakélyeé*od“etthe W;éﬂ' R thid BburEBhe RbdigveAitside the

out near the end facing o forma re-

nsldsio the ffefrn Pficdraplel byt wld@lss Qﬁtm meefom of a jargemhedy.

| um nophore (11.3) are placed in the extended cawty

near the bottomplate (11.5) Figure 12 (Desig

&y P fPesigh ecgintm: Tinpsvessal sﬁythmbrpugh@ c{egm \mere the metabo-

fgh ﬁéﬁi@e is heallSEEEEHF uidts Mﬁpﬁﬁﬁéﬁb@é digk. f'll'l'%tdlsk which

SUI‘ ace und g e net %QﬁZI n pal‘tIC
congiiiiges mﬁmmes pai of theisybstanti yémgm@ab@m@nent wall, is sup-

DERES Y PR I kedp AL A fine st o afl ISWeR Bar b the substantially
impermeable conipartment wall. The spacers are shown with é hatched line to indicate
that they only occupy a small fraction of the area under the disk and do not constitute a
significant barrier to diffusion. Centrally located under the disk is a a shallow well in
which the metabolizing particle is placed. The permeability of the permeablé diffusion
barrier can be adjusted by changing the height of the spacers supporting the upper wall
(lid) of the substantially impermeable compartment walls.
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20 Figure 14 (Design exanple) Cube where the
net abol i zing particle falls into the cube and is
WO 2804/056268d by turning cube and letting it fal [PaTmK3oy3/000935
gravity. There are two en- trances such that a water
fl ow can be forced through the cube to flush the
resplrln particle out. -25 FlQure 15 (Desig
ekighis 10, %@ﬁwn exaImplehTaneyersal sadins theaugh mﬂeS'QmeNhere the respifing
dedrBqb & plQ@éd ih @coﬁe%ﬂéb@é uﬁM@séﬁM ﬁ%rﬁfng@hﬁ?ac‘olg Bla‘e @ detector is

|nS|d

f Pﬁ%ﬁ% pﬁ@frtée f!m:ﬁ g‘wet amma Qona—hi@nedsmpﬁm@qmﬁd is plaged in the
&ﬁﬁ)résfé,ib?l Bp&cdrs @ﬁ&ﬂe%ﬂg\ﬁelg&éﬁnﬁ 'd\é?a!*?% i§ kgﬁt q%ﬂﬂeepﬁ%e lid and the

H%USt ed by changi ng the position

ragsiforts, as the position will determne the
position of the lowest point in the capillary to where
t he rretaboI|Z|ng 30 particle will travel by gravity.

Frighied 11 Pesissexpmpislhpheprsai pestionihroudlo atdesigh wheratinalcom-
Sktient AHohsDBf LAYI(PY. 4ﬁﬂﬁngn?h'a{ﬂ@ﬁérrﬂé o¥d 888 ¥fhaterial (11.5)

anot her conp art e Vo
tRiRCeH SnyaR lrrwrmﬁwe olate fid @eﬂmaawte laiiafgelnscschndrm (or eolyhedral)

| dhdtilbS wﬁﬁ%’i‘ecﬁa Sbtufl Holl Clgnegfémo]fﬂntdhféé}ﬁ%ﬁ% Hse @ fo form a re-

adj ust ed chah% the er- an

tcﬁa@clm fP"e‘ihPrﬁ@etﬂ lZﬁl@rﬁ?é%ﬂ!ﬁ (1|1t1) Ve @oﬂmm@eeaa .3) are placed in the
RATEh B By 2P dhe nf nt The thi ckness of

t he perneabl e Iaye?&f%s ggifgéce' by turning 16.17

cl ockwi se, whereby 16.17, by neans of a thread 16..18,

] 2 LSSt DB Bl AT, 8 by g o

driecios has Ao of & figt swtace uetier the enatabalizinglparticleneaf a fluoro-
‘phérelsheger well this results in a decrease of the
conpartnent 5 volunme and thus- in a decreased th| ckness

of the perneabl e | ayer and therefore also in

D e QoA ORa) Dlhrarethy AL AEEAFT ST, P

| arger well containing surroundi ng nmedi um where it

F@ﬂrebﬁd, anh Pl O er%‘tﬁé‘m@tdrb%ﬁﬁ lé@ BQ:%CI%%I s intbShe cube

ure S|gn exanp
§ r@*ﬁ’ﬁ Ry Hmibg gube erd bttms it fglt atitbygeaNits Sherepdre two en-

ﬁa&es%@@h AP VIR ORRPc asﬂilegd(ﬁfbru B?ﬂ&éégl?ogoifo ﬂ‘ash fhe respiring

suitable angle 30 (suc es),
P3tgROURNOt her depression with a hydrophilic sur-
face. The remaining part of the plate surface is
hydrophobic. A drop 17.2 of a suitable volune, 10-20
piourer 15 (Designexevple) dené sapiliang with funmekaberich Fhp epteeabhas the
gh,f, table oil ab
rh oA Rl s ory e el ing byl e k@ Horophore
: ntdf dhe raspirive nartwlahrmhhamﬂm lehgth of thee diffebivedarrier can be
SBSHAHTDY Ofardfiritf this GokiiBH ¢ Pt?lg%gpillasrykoen%e sup;gorts as the position will

determine the position of the lowest point in the capillary to where the metabolizing
particle will travel by gravity.

Figure 16 {(Design example) Adjustable bottom in a dial setup. This particular embodi-
ment provides yet another compartment with adjustable volume, such that the perme- |
ability of the permeable diffusion barrier, in this case a stagnant body of medium, can
be adjusted by changing the thickness of the layer and thus altering the permeabifity
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nant. Alternatively, the volunme outside the conical
depressi on makes the surrounding nediumand is not

woepesodseesal |y i ncluded in the perneabl e di ffusp@ﬁbmoomoogg,s

barrier, unless it for other reasons renmains
stagnant The perneability of the diffusion barrier
can be ad 20 justed through apphyi ng conica

depefsishioMae ﬂgameas bfm?l@tp‘é)météﬂ]é‘ la%f ‘Ee?&meldwquﬂﬁtgorq 17 clockwise,
e r mea articular conica
s ﬁ@%’é%y @rﬁaﬁ’t’ s iR tyeeq 4o 6.6 rhried tatreick dhanptiom of he farge
t hell egutalnirgnsuriouneéxgndiurd 16120 Ak thel Bottdvk 8tk icBthpartment is fixed
respi z% on tes {l?or nouse, epbryos in the setup shown
‘i%l 0?" botfo St g lagerreiliBl sl agragse ok rtmenit
exd umb@)td thas\infd desreseanmickféat af th'B"tﬁ-.rﬁ"le Ele I4yRP 688 S refore also in

RN ek e e A R A a—
ptuviasdsythe teiton ¢t tﬁ@mg?é?twénﬂcbhtaﬁ‘t? SWRFHURAINgMédiGn, where it can be

I pcubat.i on ch er), s record usi ng excitation
IF@H?I‘%&{? cgret@cg\ﬁ BEPPHHHY B¥hect i vel y and re- cording

em ssion light at 650 nmin a Tecan Spectrafl our

fluore at e r.eader 30 Fl uorescence wa
- ‘L@Bted@cﬁ{#t%p ‘@8‘%6 yityclepressions: TAIP smboﬂir%m gonpipts of a

Melaeurithngbvers . {3350@3000&]@89%9601{%1 PRpRIEBIOHS SF & EutféE% angle 30 -

(BiiFes 2815'ed Argiedy. pigad hetionaperseratsar tiha Prontlic sur-

ctabe mh@tredtadﬂ’ﬁg?lpaerMé PRAS G fick ﬁg&bbh&ﬁc W?t!lr%p 17.2 of a suitable
pres 35 sure using

. d%qt Uil dy 3%5%?%'%’?? a%méhe%tt@qt?atlewe diffusion barrier.

de&@vét sfasithbie dilabdle: #HeOtb6H pRYERts %QE%)%@Q@%IQQQ@ a%;) ahél convec-

nse 0 st optrodes, according Kl'i mant et
5"9('1?{5& SBtsP'gh therbory of @Bd%@h‘@épsachaalnélque@ts kept stag-

&mﬁtﬁtﬂ@n’ﬁt‘oéwgﬁ‘ae vblmbut@é? #ROnidP ddgreSsidd Rakes Etegﬁt'fn%undmg
d@?q‘@{%a rlngres tion rates for a nouse enbry

inlUackn e perBIesblpsdifiasion baser, bnless it for
Btifpessons l#émaﬁ:stsﬁibn@ﬁﬁ THE peheadbilitfof the léﬁfﬁlsibn ba‘zner can be ad-

Def tions erorretrl C oxygen sensor: G arck type -
iR aRPRING: S dgpreRdiahesPaPegTiants) it eiferent anglos or
I@l@bmét arebtheGRinMshbift of atpgﬁﬁaiar &&t.s&x&%spe%&hsar%&&%n be cal-

educed onpége cat hode surface. "A current net
EU'ﬁ raccotding fodbs eApaipre duexamRig 4current to a si gnal
Bott om of the compartnment In the present context the
ﬁzerm ttomof the conpart- nment" neans the part of
foure. §Measksing regninagion at%&f@amuﬁe ﬁmbrmﬁap ther saivpalyown in Fig.

T8 Rl Gesdibeld ih EXQ%TE?@ ) ﬁ%c&ﬁoﬁ&ﬁa The fluo-

substantially spherical neta |2|ng? arti
f%&?t%mt%éxfrﬁmthn @mmenwam@ip@r@hﬁnraﬂwmhuarainatmum (H)-

B&aldthyRRoRMyAK i PEYSHRRER R contact with the medium in the incubation
chamber), was recorded using excitation light at 360 and 550 nm respectively and re-
cording emission light at 650 nm in.a Tecan Spectraflour fluorescents plate reader.
Fiuorescence was recorded from 0-fo 500 ps after excitation.

Figure 19: Measuring tespiration rates for mouse embryos in the setup shown in Fig.
11 and described in Example 6 (Skorstens example). Measured oxygen coneentra-

~ tions, calibrated data. Fluorescerice intensities were converted to oxygen partial pres-
sure using a modified Stem-Volmer equation, which adequately describes the re- -
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tially spherical netabolizing particle, but may be the

W(ﬁ%{)ﬁe of the conpartnent opposing an opening 20 Bul k

H03%26edi um i n the surroundi ngs outsi de t hBCT/DK2003/060935
conpartment or at a distance fromthe netabolizing
particle such that the netabolismof the particle does
not influ- ence the metabolitel@oncentration of the

b¥RISHOI MAst opYadegeresardinthie ifinoard s alt895dBipepaptid aygen micro-
O$erisofs,) adfew %Pﬁ%qu&ﬁc ﬁ@hpgﬁ_@%%&%‘?\gl@eﬁlﬁigﬁs{]ﬁ@ﬁg|

result of random nol ecu not1 ons Cause
agitation, resulting in a net transport of dissolved

SEBEeS: MedshRNg %s?ff&lgﬂgﬁ%g ) :9“1% % %m@ﬁ% ng@% With oxygen

copcentration, arri
JBicresensensasdeseiihasi in Fxampls éus:ngﬂmqeedtgn $holwindin figure 17.
| nperne- able material which restricts the diffusive

ow qof netabolites to the netabolizing parti 30 cle

‘Ef"?'ﬂ%“ﬁerneabl e material through which the
met abolite taken by the particle passes by nolecul ar
V%{‘fu& on. It may in sone cases also refer to the

Reremetic pamgentseasran @emkdypq elestroctientital seassoreitt 8 gold cath-

Rieqidiatzc e‘f@i{e X
pr e?{er red e af)r{gf)rsrg% e di fTug] heq%f?‘?é’ei} 'Sc‘gﬁ'é(fe?t@" Hye cathode
SHEAG. AgirEentastaionyertsdie repdirigrgdudtivnrdedntiy a signal.
i mperneable walls, but it may al so contain_other
erneable 35 naterlals such as silicone or other
&91 omesf the e@nawave)t Injthe prasedt ¢dnieitites leah Mbationt akhe cumpart-

a%gﬁ’gﬁlék rredl a toc?ﬁfeg%rf%g&? éﬁl Z % é/%:rglqef ?lF'g'l %)‘%gysfé‘fy" any metabo-

i iferRAmEakl e(ﬂﬁﬁnlngtaﬁ|0@ﬂ1@ar€@iteahmutbstmt|aéyiammdncalr netabolizing parti-
SRCThe Fbcﬁf&?r‘ "QHoek ﬁgH‘?é%Qﬁ% f'?éﬁ% eFé gel’?gaq a‘ﬁm? Heelgw the substan-

insert of

Hally %B'T'el"?,a'ﬁ%ﬁ ghaligingragtids, bt imay bidhe tide ofithesompartment opposing
bRbpamiaged flow It will thus enconpass the |argest

and shar pest netabolite concentra 5 ton gradients and

this part of the device is therefore often referred to

Bﬁlktrh@dltlﬁlli‘ fl\/fé('ﬁ}rﬁ% AL rl'dgfélfjnﬁ' B:Iulfgc‘%lé) lﬂh qﬁ??{i!ﬂ%’?qoq{ at a distance

ace or conpart ment
mhe m%telwlﬁ@a Resiéaie ﬁgch ﬁm&lusnwtamMmrof dihe particle does not influ-

T inside the 10
&1 the B M olite &ﬁlclehﬁ:’é’doﬂ of tie o a%‘ﬁkb

di ffusi on conpart nment imarily due to
frictional forces between the liquid and the

oS TRty 0y 45 A AERRLA, e B o o
regih b f@}?dqﬂhenqi?mnnoilm\seMum by Iﬂ’mmmeabﬂtaﬁloﬁmﬁultmb in a net

tkd?‘sggl? gﬁ{ii§§ Vt%q %ﬁ%ia%és @Bweaa{gﬁ rﬂ;ﬁ?@pf 5930 gﬂgw%( concéntration,
material wth rmrkedly reduced perneability for :

Diffusion baitier: In the present context the “diffusion barrier” means both the imperme-
able material which restricts the diffusive flow of metabolites fo the metabolizing parti-
cle and the permeable material through which the metabolite taken by the particle
passes by molecular diffusion. It may in some cases also refer to the volume and par-
ticular geometry, which the permeable material and impermeable material occupies. In
a preferred. embpdiment the diffusion barrier consists of one or more medium filled
openings bounded by impermeable walls, but it may also contain other permeable

- materials such as silicone or other polymer (see above). If the diffusive pathway taken
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the netabolite in question as conpared to water,
preferably the perneability is reduced to < 1% for

woRbe/eseisabol ite in question as conpared to WatlRrpDRIWS000935

preferably reduced to < 0.2%or < 0.05% so that the
area integrated flux through this material to the ne-
tabolizing object is nmuch | owers than the flux through
tﬂyqn@lﬁbama@fr@mrmé smkﬁecﬁe?toqhe %%téﬁtﬂiﬁinﬁ@arﬁlﬁé pBRjek $hrough a con-

ne an di ffusion barrier

grte@dm %Sgduﬁ‘?ﬂ i sqzcﬁ:@n,qqaggqr ﬁ%ﬁ:ﬁg p@fmeablllty such as the

Sh&éﬂ@fﬂi&g an bvmermeifnrﬁgalsl tﬁemﬁﬁse.relgﬁin i§ Bﬁﬂﬂcﬂlaﬁ? lifdP¥for the area
pr.ef - % or nost preféerably 0. % of the
t'%tﬁaﬂat%{f@w 'Hv@a?l&teéwompaﬁs i@rﬂ@smda%@rp%f ﬂ%ﬁ@bohte concentra-
Rioh igrddiénts ARd HVSDAE BEBBGRVICEIPHIrdfbRIbfeh refedidd to kB tidMiffusion
context of the present invention the |um nes- cence

due to absorbance of |ight by a | um nophore and
subsequent return to the ground state after em ssion

ght with a | onger wavel en%th Thi s _process is
afiﬂéﬁlprr gompatperRl ASPFSe 1Or seMPsHEeSE ob Aefiirskipksnaldagpsion with a

@aﬁﬁaﬂbﬁ&wm&w X extensr él‘x\fu%hhiéﬁt qfhﬁ lldﬁlﬁi dﬁge@ymat%ﬁal inside the

di um  Li quj row h substance for ch ,
Uﬁ"’f"l ‘iﬂ"&Paﬁﬁf‘Eﬁﬂ? is gtagrannerdmart "¥) dge de émfgsmal fOFQﬁﬁ tgptween the liquid

%h@%@ c§MB§rttlﬂBﬁﬁ~aINﬁW8rcﬂlﬂ%ldm&cﬁﬁpé'fﬁﬁént%’%Qorl%f@fédyto as the "com-
MS):. A technig for neasuring oxygen and 35

(M :
Wﬂ@ﬁ"ﬂl'@ﬁ@l%&e@é@é'ﬁ%tho%%@é pepseit inyBRiQYH Ui pped with /»)
a gas perneabl e nenbrane, WO 2004/ 056265 ‘
PCT/ DK2003/ 000935 14 connected to the inlet of a

perMmesbla wateripy, i the presprt cemextamp imeemepblejaatepak or “substar-
SERGhIpRIRESYIS rﬁd?é’!éi’ﬁnéé}% 4 Hiforial@fth RSy Félﬁu:@@ﬁérmeablllty for

spectroneter through the gas per- neabl e nenbrane

disetabpliteiin AYedipn S8 (cerpatedigyader, fraferablydby @éﬁﬂ@gbmty s reduced
@B%I: qrr oA eibolitdth JBStion BS %Frfbﬁl?éo% wa‘iewcﬂe %‘éfér%bly reduced

present context the term "netabol ite" means

&cbﬁﬁe% & £i95% sodhat the area infesratad fiux threv@h@@dnagﬁﬂﬁﬁe the me-

: Eﬁfoﬁ:ﬁﬁé bEjeb s Prﬂfch'l&h&' thﬁﬁ%lﬁﬁh% H%@B%éa%% mBfetiEdR.g.

car di oxi d e, am no acid qhucose | ONsS,
gmng@e@aeabl@ mErakranegasior diffysion bam@r Abeiocea intagrates Sux

frﬁ&@grﬁhembéﬂﬂnééﬁl“e Mﬁmhhél@ IMBeﬂﬁéaﬁié ﬁ{étérﬁal sﬁ&ﬂalﬁsdw%. pref-

rel eased met abol Izl Nng pa ticle.
ﬁi@bhfb‘ﬁf"l’/tcorrfﬁ‘?% W@‘e@@h@a@ﬂ% erth% @ﬁtﬁ' arge =nmratﬁsi fluxdo the metabo-

f4%ppardBeand on the level of activity of the organism

.l
ld

Luminescence: Production of light, In the context of the present invention the lumines-
cence arise due to absorbance of light by a luminophore and subsequent return fo the
ground state after emission of light with a longer wavelength. This process is often re-
ferred fo as fluorescence or phosphorescence depending on the type and lifetime of

the decay.

Medium: Liquid growth substance for the embryo, such as a fiuid growth substance,

preferably a liquid growth substance.

Membrane inlet mass spectrometry (MIMS):. A technique for measuring oxygen and
other dissolved gasses, based on a tube equipped with a gas permeable membrane,
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l\/let abolising. In the present context the term
"met abol i sing" refer to the process of 15 taking up or

WQ W0Ea2¢fy netabolite. A preferred metabolite wdu/DK2008/000935
bei ng nmetabolised is oxygen which is taken up and
consuned by respiration. l\/let abolite perneabl e openi ng:

In the present context a "netafflite permeabl e open-
i ﬁﬁ“"‘?ﬁ"fg tg‘ﬁﬂ%lﬁ %maﬁeypqﬁmm Pue ity 8i veatum fapttiied by the mass

f spectRipRiér) thdide the 10H8) 's@nﬂﬂs #% ﬁ’l%@tls, et \Aﬁ}oﬁgﬂ the gas per-

and g covered o atter 1s e case

P
t Sagisememprane; ﬁlﬁ/é?r&?"%ttqﬂs ofselented lgessast arei subsequently deter-

amited BMpedNgss dRcBomaiepi | 1 COne layer) to constitute
-a diffusion barrier that is nore perneable than the

other walls of the com partnment 25 Metaboli zing
pfetdbelite. il thelgiesdit 6&&8& t@l@ﬁﬁxﬁlefaj%lltreefr@a? 3 Iccra]mpound that is ei-

g\eg&ghzm partjcle” means a particle

& H&Pr% gi58ted sthe metahplicing eartiss. Bxamples of metabohtes include
Poigen] @ibdly BRXRIE, amindRicRAR YioRa! duich!

respiring particle V\j'?l ch %!is“adr?gsmgg sl a%);;‘as* iBns and H;0" ions.
respiration. The netabolizing parti cI e is preferably

aMebbliOfaté: THeR: Stfwific the mebNH¥RLSH rq§1 dgﬁ& ﬁgﬁédn?édrb‘? released

also be _a synthetlc cons

icle ‘
%@9%81’?16@?9! ingrR8YiRle.(The ﬁ?ﬁi@*@ﬂkﬁﬁﬁeds demenﬁeqtm bath the metabolite in -

t eiiortaRd bR thelRaslof LBitP SVHEE B on an increase
or decrease in absorbanctg %4@'??? reflecting

di ssoci ati on of oxy- heanIobln due to a decrease or

i M@téB@fsmg lh e\ %ﬁté)?flthepfeﬁg SME%{bo%ln&’r reféf YPMHY process of

| ecules with ot sor

gﬁ'ﬁ? l? U OF [<deqsing mgiabpiite, A preferasl m@a@omamas@seemg metabolised is
R GHRRRAIDRURER Up aha DRI 1% i s‘? e {S’P'Od A met hod,

whi ch wi t hout any dest ructive ance, or wt hout
requiring insertion of an instrument or device through

N@a!ﬁdﬁt@p&fnéﬁb@’oﬁ&ﬂlrfd fthé @Fbseﬂ% rr%@é ﬂ%ﬁ: rmeable open-

rel,ated to a body I nt er est

h ﬁﬁOmﬂaﬁﬁﬁ%W?M ee pEethisi indieats hothue frne topema@ (ilei tontaihing
Qbﬂ'ﬂﬁbdt%eﬂﬁ&mﬁénd 8 cQ\)@ﬁédrbﬁerJ:dﬂ;‘T’g@ Cétfeﬂ dse%'agléggg P/ﬁg.-regf'\e Bpening

L um nophaor e | um nophore X

BRPYPERQYiH2 peRReshipmatasiaksvsh af @ erimbrang, bgzg tzhedlicone tayer) to
COMBHARS 6 AFFuSidHIbHALOhaES nfre {)s ke b¥h3h f@(gtﬂgﬂztvalls of the com-

concentration. This process ten re erre

'HB Hscence or phosphorescence. In the presence of
oxygen the intensity and the decay tinme of the 10

m nescence, decreases in a predictable way due tote
&1@ npg] Partigtes isthe Emsentgontext the term “metabolizing particle” means a

particle taking up or releasing metabolites during a period of time. A preferred type of .
metabolizing particle is a respiring partiéle which consumes oxygen by respiration. The
met_abefizing particle is preferably a cell or a group of cells, however the metabolizing
particle may also be a synihetic particle consuming oxygen.

Microspectrophotometric technique: A technique for measuring exygen based on an

increase or decrease in absorbance. at 435 nm, reflecting dissociation of oxy-

hemoglobin due to a decrease or increase in oxygen pariial pressure. Other oxygen
binding molecules with other absorption characteristics may be used.
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oxygen sensing in two di mensions can be based on
| um nescence lifetine imging, which in sone cases is

waehoansageous over | um nescence intensity i mMagpO#DK2003/600935

Oxygen partial pressure: The pressure that oxygen as a
singl e component woul d exert. 15 The total gas
pressure is the sum of individygl gas pressures. Under

nwdm&ivas”t’t/@ﬁfethdd?@( Rt dihichAghdub any eéﬁkucm% dRturBasce, or without
pressure, atm or 1000 At -

OSHIG OSEs0na A eameg! o6 svige Erouighy Bei Hke or pogy orfce can
Yntasdieth phlameldigeiaiedden K of Mgkt ion Cis equal to

the oxygen partial pressure P nultiplied by the oxygen
solubility S, (C=PS ), where the solubility Sis a

f Oputaloxyedn s6ERey: @IMéﬁsuriTaQ'plnﬁb‘bhé ey d top! b &iﬁﬁ/ ofafkygen fo act as

pressure. Res ration r Most |iving rganis

i Acnamig! U(g'@(} cgﬁp?]gug gg a fuptinaphers, ¢ Iglg}lpqqlilore is excited by

t @efiiedengVddndiRg, atval lufResbdhod lBré?x:?i&éé b‘}atpé Eh@i‘mnescent indicator as a
ion_rate

respi.ratjon. The o en consu
" BaBtion H SBiash froeReetan < B Biress ruoftes FiPEed Bnas Aerescence or
Tbﬁosfph&félsbéﬁdé?m gm.:% ﬁre%&néé:j ohbb@ﬁn sl {r}ﬁ@ﬁs;@a@d the decay time of the
e\l ous een eterm ne eln e ran
Dluneitende dgraass ing PHICtEBIRY S Bt 18, Gubnohlag yocess. Optical

ca@géarsenemgshot%a@hwnauﬁé d8n tbaeb%\ieb@ RmiAB&dents WBiime imaging,
V\)ﬁﬁ%he over norula to . the bl astocyst stage. (See

dLEpmecasesyp adwﬁ%geouw@relﬂmﬁ%am intsRsily IMAgiRg,
oocyt es and bl astocysts grown in vitro. Human Repro-
§0t| on 1: 183 184§ Bovi ne enbryos will typically
hetf¥o '<’1‘ RIGHE dhePressutetbat afvgen as@ ?'P@%C?U@Oﬂ?mw’”fd exert,

emhs yal éﬁ{s B@@&ﬂess ifhd BB HKhAGIViLOR dd<OPrelsBineh. ath ﬁbnnal atmos-
nmeasur e u a resronse or signal ade- @ﬁ:gat e

nt
e itsottiions e fotal GERal Sasiorearuio Rl beuasss tor b A o6 4000 hPa. At

b@ossHs afial Fi8Ssirdlls approifa ﬂﬁﬁﬁaﬁﬁ hPa The oxygen con-
PCT/ D@Oé“;y%ého 35 16 St ag nzf’r?t% ?éﬁg 9

mfemtf@ta?n iy envafp thapyaer ﬁa@ab?reﬁwe r?e'ﬁﬂlﬂphqda%ﬁbsmaﬁn solubility
C SV} Qterd MAAGSIP'S BB funktidRkPRniPe?stBrd)Salinity and total gas

dlf usi on. Steady state: A situation where consunpfion
anes¥Weénsport are in equilibriumsuch that 5 gas

partial pressure, or concentration gradients of

di ssol ved substances, are stable and no parti al

drespiratien eerMesidivinaopreanisma: inslidingadryelapingsempryaseconsume oxy-

r I
ek thellPenordy REIIRIGE, b aghEhe Pl Fsprtort 17 oogen consump-
dioaretex0f|arespiiag organismeisaie naned tlmresplcat@n ratea e sespiration rate

B hakah etitfodRid prelBudl bBePGARNAEA to be in the range 0.34 — 0.53 nl O;

embryo™ h™, but embryo respiration rates can vary considerably during the develop-
ment from oocyte over morula to the blastocyst stage (See Magnusson C et al. 1986.
Oxygen consumption by human oocytes and blastocysts grown in vitro. Human Repro-
duction 1: 183-1 84). Bovine embryos will typically have respiration rates in the range
from 1-8 nl Oy embryo™ h™.

.Response time: The time from initiating a measurement until a response or signal ade-

quate for the measurement is obtained, and the measurement can be considered suc-
cessful. ' o
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10 netabolizing particles, wherein the group is
arranged to forma substantial sphere or ellipsoid or
W‘b@)‘?‘@%&ﬁed obj ect, such as a group of cells, FCEDK2003/000935
exanple a multi-cell em bryo. _ Detailed description
of the invention .15 The present invention relates to
e tabl | Sl’]l ng the netabolisatiodfrate of a
naRt g A liguid avithedt are flewoturbulenpeparr movéreentT leansport of dis-

rrebnb@bwstérﬁbs HinaRly QARSI 6 1554 hed non-
I nvasively in grder@not to %‘i@tsu@gétrﬁe particle. The
invention is. based on the finding that the rate of

MRl kRSt A SiuiBY Wiard %ﬁsrumprl’iSH ?bﬁﬁttaneﬂrg't are in equilibriym such that

non-i nvasi vel y by neasuri ng concentrati on

pPaY @?Eﬁhpf?éaurﬁepaﬁemqr@'ah@n smmts of slispetyedfsubltances, are stable
eard ho AR |
conar'? RaRl prd surb SRartd tricehFeriatbd Enibe HRATBELs bikrdm.

to or fromthe particle. By such a construction a

dsﬁﬁstéhtfyny sﬂ*iél‘iéhﬁ Hieté?follilﬁﬁ PQ&E% g.%gg?&,%m %&%ﬁ?ﬁé {fm “a sub-

deve] O@S I n the environne asuri ng
cBAeEAlY seherisal metabalizing paristed Mmenea mstatislizing eatdiclecoriagroup of

Om@tdb@ﬁzlﬁg SartiQks, tvlflféréih e \§rolp 4 né;‘:éﬁtto ﬁ‘:{?ﬁ‘a"\é Ql%stté}ﬁlg@ahere or

centratlon out si de the” environ
RsQicten bowsheped ahiselneidhtas a grotp of cells: fay nxanpletsemult.-ceu em-
btl on of the particle and thereby determ ne the
metabolic rate of the particle. The present invention
relates to substantially. spherical netabolizing

PRétailed Bscriptfon SKthBRhiion?! N9 particles of interest
to the present invention include a prokaryotic or

eukaryotic cell or a group of such cells, however the

MEHeAbteLrk iVantic rtela@éﬁo@ab%tﬁﬁ B%er r eg}Sf&a%Sﬁ ir{aa of a substantially

partl cl e consum ng %bqr:
pRhefical getaholiring @a@lﬁlee metabogc eaip uaamrefmawis establighedon-

qm%lyqlﬁ bHe‘i}\ot t%to‘i‘éﬂlr‘ﬁ%é gam@fébﬁ'ﬂé’ mv? ?c‘énei@b‘égé& 3n {I‘% finding that

smal | ti- cellular organisma
e aje At metapalisation Wmdi( gterminadfagtanl nmgrgsasmiy B measuring the

Rk atibh éﬁélsrea@i&%ﬁéd %?ﬁélgdﬁ% ffad Su %ﬁ%g & heesnyjrgnment of |

Qr gani_ sm;f) such as Caenor IS e
eerp dheendoementis @@n%ﬁ”ucltﬁ*cbtqaﬂgwe)ﬂlwdﬁmlen of shidimetabolite to

Br es@ithé bﬁthi%' B{eG&TA Eénsltlﬁ@ﬂgp 4 irfuBo% g?a%éﬁtgf h%oﬁ'edgfeﬁmned

thallana, Danio reri, ononas r
Righaliie deyelops ﬂmth@@nvwomt aprddy reasusug ter ¢orxcbetrat|on of the

b%et&%&ﬁﬂ&ﬁbb]ﬁé‘ %teémy‘; RS pSLfidh Sthd URGion YRYiSG KRbwing the

murine em
concentration outs:de the environment it is possible to caiculate the metabolite

concentration at the position of the particle and thereby determine the metabolic rate of
the particle.

The present invention relates to substantially spherical metabolizing patticles. The
metabolizing particles of interest to the present invention include a prokaryotic or‘
eukaryotic cell or a group of such cells, however the metabolizing particle may also be
a synthetic particle consuming oxygen. A preferred type of particles include an embryo,
group of cells, such as cancer cell(s), stem cells, embryoh_ic stem cells, a small multi-
cellular organism at a life stage with a relevant size and metabolic rate (e.g. eggs, em-
bryo or tissug samples of some of the larger organisms) such as Caenorhabditis ele-
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The netabolites taken up by such particles or rel eased

by them are repl enished or re- noved by nol ecul ar
WQ20p4/08626n as outlined in Exanple 4. The devi cESI/DK2005600935

present invention conprise devices with a conpartnent

in which the substantially spherical netabolizing

particle is placed. The conpart#frent consists of

peanse Bisitestelitm disquidaum, ﬂ}o@dﬂhﬁa relaogatten Dfeﬁﬁﬁ@éilaews, Arabidop-

0 artic tr ct
rS8 it el 230 CoyleRhss ierd i Salisiie. A ot ore-
tleareg patticl! includds mamnslias embhjosisuyh a9 hamiansboviies @hfarine em-
1 '@g particle is arranged in an environnent wherein
rerg eni shnent and renoval of netabolites is made

unhi ndered by spherical diffusion effect ive with
ntrat| on

' ¥ | h h

t e?@g{ﬁg?ﬁa{g%%kﬁ P ?S’ i ah 'ﬁ%? 3? t?ﬁesg? %l”{\@(lje f‘e%ﬂleni%)ed or re-

anmdybssmalebul?ndllffumom Bs ohtﬁﬁ@i m;&yiahnm:é ¥, -;trt_gg ?mes of the present
Lcl.e wever e C i s .

fRingh BemBRES dccss RS Sparimentiit wBEhiRS afirstardiplspherical

rmeetebglizing particie mpla&edoﬁhaebmb@iménttoeﬁsxstshﬂlpeﬁﬁ@@m afd iﬁ'lperme—

grqjes e %r[}@{]%{%%]gﬁﬁo it at I 'g%lf’w% ggﬂitfvggo &% gereéuce the diffu-
cvefluxsif nptabivditesrie ard fromme phiticle. E@I@@mﬂstéﬁtallﬁ Spirib metabo-

t h J t whi t.h t bol it
T5b atlele) et A oy R e o AE B ARG rEPval o
sneistalites i Irriaﬁel urh&rdﬁmtﬂ»y&éph%ﬂcél diffasion BfeaBveSWit Moesrate meta-

%g a‘i?\(ga }IT%? %;ﬁ?&% ﬁ{tﬁ?%’a {Dalbg ndp]t%tg@y marginally affected for
aperny sigall t'chume@hcmbe ploxiniey tﬁﬂ’ieﬁﬁé@b'hhg pRARRE $loever, if the particle

LB s R o e B Rive P PRy RrESruGial plmetabo-
lifes athge meszisucible ﬂmngeabi the wﬁbdn&@ﬁiﬁmahle&héfﬁérﬁﬁatﬂhent of these

PRI 8B e 18 B e B i bsep o coomps
thissby restrictihg itfd volurné tl'n‘elt@'hﬂhtblﬁ e rAdtabbiftbs 8an b9§eﬂby molecular
onfrom ebu entrati on can_be

&H“ﬂf’a ¥ apResA ez(f’f wb%aﬂ‘ ialjpmperagalle #EACE ST Hop etswgaces (or
Wﬁlsa llok$ not a‘:jtiﬁelfr f@m;r?]llﬂﬁ! th'éhf&?éﬂdlizmg %aﬂit%[é lbﬁ‘; l@a@?’!ﬁ@ Perfitable
. nit.u e atl on | r rcts
é‘f‘%‘ﬁ-‘ﬂ%&gq Eﬁg g F“"Eﬂ%“ tPRAERTS ‘?Y gsipmelhe permieable opening(s)
may abdilled withy nizaliur of ndileri peibebisis ina‘t%%aw T@@pdtiat Arfdngement of
S Uusu

f,.the diff
BRITBRRR ShatrPRy e Tafetst Smunding miebelAiLPeriele papitos the
diﬁla‘ctlombaﬂﬁﬂ $i ddr@eafiredunsd<es €1 )te reAgdl 1N Rer oﬁrﬂéﬁab&!ﬁ&, so that a

bul fl b
lopel Hettigiot o b Eu@fce%énh%agﬁ%w be MemeReNE) 2 delesion 2 it en-

dbdss aiawrméncmﬁr 1 FrletfioR® rddédritifd SeBibBiBhG b aﬁi%létb%@ea Bn the
concentration gra i ent

The th t |
PG TRHG oF ns ARG Sk reaiotsarr gHiSInstes saRATt G maaheiedo the
rflet | f I
| v%aﬁg'gﬁfgo%?%g A 100 ARF LRIERE ol TR Wil Barfer s

- usually accomplished by confining the medium between surfaces that are positioned so

close to each other that the liquid cannot mix by turbulent flow between the surfaces.

Many different examples of pessible designs for devices and diffusion barriers are pre-

sented in example 5. Thcf.- theoretical concentration gradients arising from different de- -
“signs are shown in-example 4. Experimental data arising from compartments with'a'

ﬁﬁs\e\
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cylindrical depression are presented in exanple | and

6 and wth enbryo |aying on an inperneable surface
WOZPMNSQEDr essions in exanple 7 or without in @CIMR2003A00935

The theory of diffusion is presented in exanple 4,

based on the followng literature: 5 Crank, J. 1997.

The Mat hematics of Diffusion. 18 arendon Press. If the

eylingrieal deprassiograne peasented it éfabrﬁ;ﬂanaem 8 atd mﬁﬁ@ﬁ&ﬁk{ohyying on an

. _ subst ant L a spheri cal..

et 2B E WA oBlrebiEs BiSomRlR L B iR prgbie .

the internal dinensions of the conpartnent are not

_ ' : Vi .can_be calibrated by 10 usjn

b i) oY i 8 SRarPFiect bsvdnt fre tiiging erdlure:

paantki, ¢ 197w hédr Mathenmatics wkDiiosiont €larertionk@ressnd/ or

release. Artificial substantially spheri cal

nmet abol i zi ng particles for cali- bration can be snall
Hphenatued obtirctgratliest inithé coimpadinenteicausead by e meludeoldtion by the

' . i.cal nmetapolizi rticle, for .
Sty Sptqfionl ARRIERRAe, BEigRR; etk dfssibed fulkGor the infema
dip@npionsrefl theoCorapanimetg eare coh seflidefnedtthe idelvice can be calibrated by

ant i_0xi ' ' i n . A _ca 15 rotenoids, .
LS SREEP Bhastantrly SHhS R Bt pdloiSs afiPof ARoi metabolte
upibie ded/or eotbasid dittificial substablisly sphstitdl angtaboligireL patticles for cali-

i r nto inert heri cal . bodi es .
el SRS Sl aghRA PalelS T, Sl e Flevaht substantialy
srhedenl metabalizingr pattidetfor exsintjsle tahtifictad spmingoesttthé sinfdisions of 50-
' - and _still devel.gps,.WicC be the
200 3 e oAb BB oS upe e BrdRgu e, BEY viginin € €. A, ca-
neistnalds) selénigmptitanivol ehloridep Hidhiesitd, fertdus sudfiea) émvstdded in a stable

. [ t sti.ll be.de: term ped. by,
%Jr%(\ﬁllggﬁog%ﬂ%g li!(% 3%5%%’5 coated pRi¢ inart gmﬁqcpgbodlesy like glass beads.
concentration gradient inside the conpartnent per

[ Wi .St tate gradi.ent, can i n other, words
%o M beouE! EibinrPaiin pia i 35% stmapitagiy & P i stoady
dateand still deeslops ditisit map e ghé tase shththMeitalant isiBstarliRfly spherical

Ites. S according_.to pr esent .
ARG, Fehuc® RS Haen RS sBPReten. e BeiRel rate mey st be de-
teimimet by Mﬁgmﬂrigyth}ehﬁasg@ﬂ divd 'rr@édtt%oliﬁap b@rﬁéédhabtion graldient inside
jcle.or release rom sai rticle.
ELAPRL b ild 0 f B s1eCR08 crpriBalodi by R S e moc-
el dethemiaticaliyfront a seres efimonditemlytistdtberagiemb vl nd.s a
gas, such -as oxygen that nmay be detected by several

nmet hods as descri bed bel ow, or the netabolite is
Meatabolitesli oxi de, ~ detection nmet hods of which are al so
descri bed bel ow. WO 20041056265 PCT/ DK2003/ 000935 19
Thus, in a preferred embodi nent the present invention
Tthﬁlnmtalmli:es :?gaﬂrms aadr?rmﬁg & the Wﬁesgniﬁ FREABdM ma¥ !balfaﬂy g{etabolites
rﬂ%\gagg Fqblieg%?ak% usﬁpbyetma %%stgr?t%aﬂy gphérlic% m%?a(bolliginge pa%icle or
released from said particle. Examples of metabolites are as described above under
definitions. In one embodiment the metabolite is a gas, such as dxygen that may be
detected by several methods as described below, or the metabolite is carbon dioxide,

detection methods of which are also described below.
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gas partial pressure of oxygen and/or carbon di oxide.
5 Conpartnent As described above the present invention

WO 20044066265 on t he establishnment of a diffusi on payvekiioesvoosss

for the netabolite to be neasured, i.e. that the
physi cal conditions around the subst antially

s%grl cal metabolizing particld%allows a diffusion
gri&s.dna rrefeged egbagiment theqtrestnt iventisngelates fordptarmination of the

PesdpitdtidH ratd 6BhE %hﬁ‘é(é}mally héﬁﬁaﬁﬁéﬁﬂ&lzﬁr%lepém&@ B9 WeSisuring the

rate. The substantially erica
p&pe petial 9’@3%%88%8%!/36?' oecarbom digxida. a com  part ment
wi th predefined di mensions. The conpartnment preferably
%lr;prl ses nmedium conprising the. relevant netabolites
MRELBeMst anti al |y spherical netabolizing particle.
15 Furthernore, it is preferred that the conpartnent

ig in conmuni cation wth the outside of the
cORsgrerinedtabave Mg prgseritiansolion issbasedamt the establishment of a diffusion

I%E%hf fﬁ?‘ﬁ‘ie ﬁl%f’aﬂoﬁlb 'b@‘?né%uréy Eén ¥ t\”@%)hgec% %&ﬁ‘%ﬁgaround the

ere OSSIbetO use the co

C%Htlsl?ﬂ){’ﬂ'@’ spherical pistabeizing |p9-rt@pheltqwsaa diffesibrolgralieng to be estab-
Dﬁ%lhbd CatfedsP budn ih@'?ﬁﬁéd Fi:-h ant foﬁm%B%eWEQ&w rate.

nove the su stanti a erica i Zing
partlcle when det erm ni ng the metabo 20 lizing rate.

Hve¥@staritiblly %pH\éﬂch H\bferb%hﬁﬁggﬁ‘lirtﬁ fsﬂﬂa@éqe ?S@ﬁ)r cultured in a com-

[ nvent| on t hat st ant
“&thrtge%%fmﬂ ¢lireensipngpViee] companunemompwam nomptiess medium

%hﬁirfﬁin@'tﬁ@ rélé\%nt Hrneia%B%é fdr' ikl %@s%n&%{w?a%%%%ﬂﬁ%%éﬂl&mg particle,

rempved fromt tnent. n orae
trvethegmere: it dﬁw@refétsfed afotwa wgmpadinhiUisiin coganication with lee outside

Qﬁttﬁ’eb bb®BsAmental i) ten'(@yttgg fﬁgﬁ%ﬁiﬁ'@%& ad Gnto the me-

di ffusion barrier and be capab
R B way d'@ﬁpﬂuﬁiaﬁebbéﬁmoembaltbme mp m;tlpmuhentéor culturing the

tsﬁ@ﬁéﬂf&li} shRerftaf ﬁﬁfﬁb@)ﬁ%@ éé}ﬁclé \"&%T IQQQ? ?og %&f f l&\ﬁ @P@Bg{ having to

net abol i zi hg & ans
&"Q\‘éttﬁﬁeﬂupﬁféﬂ Ilyf spheti¢al mefabalizingtparticla Mhenedbtemiting. the metabo-

A5ha PAtk Sltl&ﬁe\ferroamstvﬂﬁ(r?ﬂﬁgss bﬁhla efélﬂfhggﬁtéod] thal the @ubstantlaﬂy

nmet abol i zing part e an roug
sphericahfeiabalinng ceartiold ismoved to dhalcompartnmntrmttenf datermining the

TEfRLRNEARS Ry i gueSBaRiny T Ve o B iRl 0”1 o

and/or fromthe substantially spherical netabolizing

Py

g@{?%‘fi%&%b&%g{a@éﬁhg@o 0}( all w u&rg %g)ngrﬁglent to be established, 3

@Grﬁpmpﬁﬁmﬂ”lt mvrb@meﬂnergby hdiffasion bhanidr aht )be&nbablembompnsmg a
mekfke sai’d' rft?c{a {Iér‘%llfg@g e?tgla |t% %ésﬁa&%tggnd}ér 5Prom the substan-

st agnant,
tially sphencal metabollzlng particle by means.of diffusion, whereby a metabolite diffu-

sion gradient is allowed to be established from the substantially spherical metabolizing
particle and throughout the medium,

The compartment establishes a local environment for the substantially spherical me-
tabolizing particle allowing at least one metabolite fo be transported to and/or from the

- substantially spherical metabolizihg particle by diffusion only.
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di ssolved in the nmedium can al one take place by
di ffusi on. Bul k nedi um outsi de the conpartnent does

W4/ t o be stagnant. Stagnant is as defi rad/mkou®000935

5 Furthernore, the conpartnment should be designed so

that the nmediuminside is kept stagnant, and

furthernore so that the transp20t of the predeterm ned
mebebwsdiune insidet the Commqvm&ntantrommjngWermbbﬁsﬁually spherical metabo-

ngérlrﬂ?f g?llﬂclgoﬁl'{?nﬁiné egrgﬁp ‘é?pé @%&? her caI h g'?qt holl th %9 substances

ddissatvedniadhe m@nm@aamloneTMelmmrmaﬁﬁesmﬁ BilR medium outside the
ed. in relation to.the

esgll r at |H(gr§9‘1}éJ ?k&?'ﬁ %3??’5} g\ﬂﬂg?f’tt“h%s Qﬁﬁeﬁ'é'hogeu n

t he stagnant rredl um i nside the conpart 15 nent, the

il oSS 525 Tl B bburbgee b ont

to the oxygen con- sunp
catagrnang dinddutthemory ge rtha:lahé trahspiortasf she predutediniied hdtgbolite to the

ORI oo B8N eThE T i BB i,

ﬁhﬁmedﬂbqbcmemfwhghaﬂdiodmdétawﬂmeis the enmbryo will be

stable. The steepness of the gradient fromthe

openi ng of the diffusion space or at a distance 20

fStagpante enbryo, towards the enbryo, is thus a nmeasure

of the enbryo oxygen con- sunption (respiration). The
respiration rate of the enbryo is neasured by

déedmpontimg ofﬁlh&siagmgﬂnn@nm insdy i @gfaine relation to the respiration

C r osition.insjde.,the artne
PR b, finel R ksl Pobnerseeehont BeREi Mefiegtne compert-
mentr e pixygen oartlaapaessumecloié‘lm teoymbrydenill] dedo the oxygen con-

%GHI ,tl&# 81“&%3 er?pgtgﬁg,g@ea%t 89:?1&3%5\;%% %rgl %ﬁa&ﬁﬁqsggre outside

¢ﬁe ehinpériraer. ¢h acﬁeadgdstatue EitwatioR Oth&Veupglyf 666@@;@1\ equals the con-

B BP0 DL BRI RRB ot tass i o wh be siabe
ahe staepyesshef thie bfadien Iﬁrog‘r thadi mh(ng)ofﬁhb Hiffusich %bbttesdi}&éi a distancs

{fﬁ'lnl tf‘e\@'ﬁotﬁ\{‘? t?‘@ﬁfdgﬁﬁé’ F?E'T%&' Eegse eaSS%taﬁ‘éfg\z/H %I ofg@ryo oxygen con-

- ROTPIRKPEPiIra a3 The respiration rate of the embryo is measured by determining

the oxygen partial pressure or conceniration at a position inside the compartment. One
measurement wili be sufficient for determining the respiration rate under the above
described conditions,

Compartment design and materials

- The compartment may be designed in several ways, examples of which are discussed

below.

Two different principles of compartments are discussed herein. below, however any
compartment type capable of allowing the diffusion gradient(s) to be established fall

‘within the scope of the present invention.

The two different principles are:
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21 A conpartnment nmade froma wall surrounding a space
A conpartnent nmade up by and filled with a viscous

womdaeses al l owing a con- 5 trolled diffusion gdrmkacesmeonsss

| east one netabolite. Thus, with respect to the first
principle the conpartnment may be defined by at | east
one wall constituting the outsgr borders of the
conmpart nent and capabl e of hol ding nmedium as well as
the substantially spherical netabolizing particle. The
val P iAcypeaEpaingadafram apeikssmounding e spRee net abol it e
to be neasured. In case a polyner or a copolyner is
chosen to constitute the naterial providing a

subst dheempagmeniysade dblhy ahd filedi with baiscous engteiial allowing a con-
shoul ' erneability relative
to thgrﬂg%?ﬁ?ﬁ&i?ﬁ%ﬁ%ﬂé&%ﬁ@gﬁt%%%egrt ment. If the wall
is perneable. it is of inportance that the wall

L T T ——

relative to the ne e

welirsonstiiuting the muttes horders of thestomiartaiany andioepatéalof bolfing medium
| d ] r ] , : [ L

S SRS B TRAR ool bl YL AWy -

wetragable far the ra¢tabolite s barmeasurgd. dp hwese capolymer or a copolymer is

SR 0% 1 R i O LB s s
PisF. tif should ke cliaracterizas/ey 8 dovspeameahilily aletivantoctheimedilm filling the

] r . pey.t e Li t ol
S8 R 16, B SRR o AR g et s .
palerizast bynatowr permegbilityaelatiedbtocthp avddjuro filling ¢hedcdripestneent.
sphere surroundi ng the netabi- Using object should
ossess the .ability to restrict the passage of
eaiod Wel es suchristaubstantidly impsrmenbipeioe tlad metaboligHo be measured,

B8 550 0y B PRBEDE by bt o o

aufistantigliosphedsalrmetaboiizirghearide.sSuph aif opdning mey dedlilt epen fo the
%‘E@%ﬁ@gt&m&fﬁ&#@gﬁ%@?ﬁ Eérﬁgwﬁ l'glygr{%v %ills‘%y?as membrane, wherei_n

.l am na

~ ead arendwangaliosdranspant of e metabalite t@andisr framrti inside of the com-

, cellulosic plas- tics, fluoroplastics,
i ononers, paryl enes, pol am des, pol yam de
nanoconposi tes, poly 30 carbonates, polyesters,

il I fi , envt e. sul £i des . | .
By el e o2 PR LPRE MRl S Rimapding tho metab-
lisingokset mbbuld pbesess thpodbilite tsrestrigbitiy passagrsof mebolites or materi-

r stic elastomers. pplyether bl ock am de
A o e RS B B may o
rbde hpghyeslitablegga&ﬁair[mssessmgtlhé abﬂi@[] dfﬁ@éthﬂngghe passage of the
ONBr S, . f r = terials such. as butadi ene . .

e it ten Bouriris Jaanle, poeEs, coBlings GBtgles:fabrics,
melblseglass, ceramics, polymers such as acetal resins, acrylic resins, cellulosic plas-
tics, fluoroplastics, ionomers, parylenes, polamides, polyamide nanocomposites, poly-
carbonates, polyesters, polyimide, polyolefins, polyphenyle sulfides, polysulfones, sty-
renic resins,vinyl resins, plastic alloys, multiplayer polymers, epoxy resins, olefins
thermoplastic elastomers, polyether block amides, polybutadiene thermoplastic elas-
tomers, styrenic thermoplastic elastomers, vinyl thermoplastic elastomers, rubber ma-
terials such as butadiene rubber, butyl rubber, bromobutyl rubber, chlorobuty! rubber,

~ polyisobutylene rubber, chiorosulfonated polyethylene rubber, epichlorohydrin rubber,

e
2
S
Y

ST
E
4
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pol yet hyl ene rubber, epichl orohydrin rubber, WO

WOR90H9IeBE265 PCT/ DK2003/ 000935 22 et hyl ene- priapybeimes 000935

rubber, fluoroelastonmers, natural rubbers, neoprene

rubbers, nitrite rubbers, polysulfide rubbers,

polyurethane rubbers, silicone22ubbers,

seiylene-prnylatieaubbery ﬁlh:inwlsstoraé& AX@ara) |nﬂibe@é nBBhiehé Albbers, nitrile

t t
B BN B 5l e R ik ek e putacions
i Bibbers, @riecq;@rrtp!emﬂmatyrmm fialy belusbl €0 86M8Ve?d substantially imper-

(STl ss transport of a penetrant across a
aré‘ls%?g"%?k#gpaPAAp At .10 Where P is the

perneability of the rraterlaI/barrler Q = Angas/ At is
m ssj on rat

t X i tran

Aﬂfesl?ét abfﬂw a%gt%n?lh% H}emrem B’n‘fﬂ’nﬁ\ ni o the general equation for
gaaaawanspoésafasmnetrmtfabmseamrmr oss the barrier. P

has the di mensions 15 [P] =(anount of perneant*barrier

t hi ckness)/ (area*tinme' *pressure gradient) The term
perneability as defined ab@y@agre g commonl y used

for gases, whereas t he®% §t ch)nly used for

ot her dissolved netabolites Ts diffdsivity (see exam

pie 4). In this case 20 (= JF DAAC Di ffusive transport

%h#ﬁgei% gﬁ@&?ﬁ%ﬂ‘ﬁy" ; It’gge d P%ﬁ@ﬁ%ggr; QS:? Eﬁg%fags %Jsathé gpe% integrated
dlux Leithe transraiskionirg®] AR BB Grdd) 2isIRL H’%ﬂde%é’ and Q,b 1§the partial pres-
the solubility is defined as

?5?3 %@f@f‘%@e@ﬂ%% éﬁﬁ'e&tp gas bwfimansicas pres- sure

(i.e. S=0Cp). The common units for Diffusion

Eﬁr%fn';q Bl GrrPlercP Barir tiekranh reeamsyprosme cmdinnt) As

~a first ap- proximation both increase with tenperature

follg n gl assical Arrhenius 30 -
?@%%’ IREHephl 'Y@tagg{?gﬂ? abpyesie mastpemmeslyused for gases, whereas
rertemahiost &()mﬁxﬁhly@éw&ﬁ ofer ARBHRSY m&lte@@@lﬁﬁg@ity (see exam-

‘r}pﬁéqﬁthl atn) at 37C

QJFD—%E

Diffusive transport of gases may be described by either set of equations as The per-
meability P is the product of the diffusion coefficient D and the solubility S{i.e. P=S *

D), where the solubility is defined as the ratio between concentration and partial pres-

sure (i.e. S = C/p). The common units for Diffusion coefficients are cm?s.

Both permeability and diffusion coefficients are affected by temperature. As a first ap-

proximation both increase with temperature roughly following the classical Arrhenius
relationship.

Stagnant aqueous media has a permeability for oxygen of approximately 6700 cm®
mm/(m?® day atm) at 37°C.
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WD 2004/ 056265 PCT/ DK2003/ 000935 23 In case of the
nmet abol i te oxygen, an inperneable material may be

wodmebd/eseeksas a mate- rial having a perneabilityp@fpRboosoness
35

nost 40 cnB mi n2 day atm 23 C, such as at nost

cnB nMmin2 day atm 23 C, such as at nost 30 cnB8 nm n
day atm 23 C, such as at 5 nosp3z25 cnB mmi n2 day atm
23 C such as at nost 20 cnB nm n2 day atm 23 C, such

t 15 cnB nmn2 day atm 23 C, such as at nost '
a% nﬁ%ﬁ@‘ﬁ%&%mg%a@mmab@ ragtegldpaysbe defined as a mate-
nﬁdi lﬁi&wﬁ%ﬁ PRt of aHnBsD Ghd fRMm? daf 3 W@%&@%s 2 most 35

such as at nost 1 cnB er day atm 2

E@(anfpmé@" @2y @iy 32 AC pruchesbitiniasy 30 om m&aﬁw atm 23 °C, such as at

A |
%pol yneres'lnéﬁf;ﬁ%bﬂ“ %%%yreﬁé’ r?ﬁf'if% g@ '{f}ﬂ?’m dfxﬂéj'z?”c
ferchilas @it tricist €5 Buf adn/erﬁeiaﬁatmrzawe QQﬂﬂés}/éﬁﬁéﬁ WM nifm? day atm
C%%ﬁ ngg 222 ) 15 Pol yvinyl
SHE apgh fyea‘%? @m’m &3¥ e 2BECPRHch 3s at mest2 gmgnm/m? day

PPS (P = 11.8
cmrr@%ﬁ@%uagga gtt (ﬁ)el‘;ﬁlp yiI m gﬁd?glaﬁqggi% m’r§ n2 day

at n) PoI ycycl ohexyl enedi net hyl ene Et hyl ene

'2.5_‘2% 8 C) PoI YVI ny&.{%@i tygloﬁg?llééfgd g%ﬁ&(@mi%%éégwﬁat

nmm n2 day atm, Polyethylene Terephtalate PET (P = .
Fgéreg@gégmoﬁgnlgr@/o@i@ereg QW h §L’L§'yc}§?ﬁﬁ.}1§hﬁéa§/ difbt2acc)y 9

@wwmnm—sutad@nemmaﬂomnaemmz@ % 3613 an mn%\uay atm at 25
?b}yrrers LCP (P = 0.037 cnB mm n2 day atm at 23C)

E

yl ene- Vi nyl Al cohol Copol ymsrs EVOH barrier |ayers
Fehwingb@hlandéxyshield OR, P 0. 0021-24 cnB nmm n2 day

Bl B L S
Pn@pbammaMﬂdescBBMPwmwfadnw R rmm)r ane made of

B MEFHE (P 510 S BB AR 1 o 5 3‘3%2% ore (s e
H’elycgﬂoﬂexybnédimﬁﬂiy%r@, Ethilene G‘eﬁe)phtdlatémyj eguEmemim/m? day
ﬂ@l[i i/)\%o%j fonpar tment wall could be made of a
Polyvinylidene Fluoride PVDF (P = 1.96 cm® mm/m? day atm),
Polyethylene Terephtalate PET (P = 2.4 om® mm/m? day atm), |
Polyethylene Naphtalate PEN (P= 0.525 cm® mm/m? day atm), | .
Nylons/polyamides (P = 0.4 — 1.5 cm® mm/m? day atm), l'
Liquid Crystal Polymers LCP (P = 0.037 cm® mm/m? day atm at 23°C)
Ethylene-Vinyl Alcohol Copoiymers EVOH ban'ie'r layers (e.g Capran Oxyshield OB, P
= 0.0021-24 em® mm/m? day atm)
Acrylonitrile-Methyl Acrylate Copolymer AMA (P = 0.08-0.64 cm® mmlm day atm)

The_ opening(s) into the compartment could be covered by a membrane made of a

metabolite permeable material, whereby the membrane constitutes a controlled diffu-
sion barrier, (Se design L in Example 5, Figure 8)

| In another embodiment the whole compartment wall could be made of a metabolite
permeable material, the only provision beir;g that the wall material is characterized by a
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35 perneable material, the only provision being that
the wall material is char acterized by a WO 2004/ 056265

WOSEH#/43256G03/ 000935 24 | ower permeability rel atdVBKE003/000935

the mediumfilling the conpartnent. Thereby the com

partment wall constitutes a controlled diffusion

barrier Both the Eermsabl e nen®4ane and the perneable

wigwer sanephifily celativeetebtharediom filfingf thenedmieBtraéntl TheteBy the com-

Opardightiel Shbtttisdaconfibl i iftidh e Ly ol led

such as oxygen
to and/ or fron1the netaboI|2|ng particle. In case of

t bl e | I I
A NG b A A M
phlarkesbugtueg ofl anether sbuctns, afidwig da:xmmnnrc]l&?grﬁ}" ca$1|tlﬁéhs®§rt of
uch as east
et Aot Pyl Bt bl hreod2fg fbiuds. 1pgeseer e
t@bolaayxmam pemEablmhtesisl zabrﬁmtor%ue@am#oﬁ%admy the per-
Suita mat,er
S B G P B SRETE 2 b dpast 0 ot
ons/mhdayRatoedsd e muEB aEpt bastPHOyR A &Sy S ﬁf °C, such as at
%i% QB"%{% atmat 23C) Cyclic Oefin
%5 §ﬁg} y-atm23.9R SHeh ﬁ@gtdyasgtgﬁ)cm mm/m? day atm 23 °C.
Pol ycar bonates (P = 90-120 cnB mi n2 day atm
(? S(P =117- 157 cnB mmi n2 day atn),
rﬁgﬁaﬁ@i‘%ﬁ @@aé@aﬁfempxwegmrmeammna& at2- 188,
P (HDPE) = 35-110, P 20 (LLDPE) 98- 274 cnB mm nR

_ f%)'gat Et hyI ene- Acryl i C Aci d Copol ynmeres EAA (P
R 9P g00° sp/mitday atP@ByE3t 1 af | uor oet hyl enes,

E’%‘%ﬁ';é”vg P e 89 02 K B E L0l i77 10 e
AYckpOlghy Capalymep SO (Rx Aohd mxﬁlnﬁ degragmper nmeabl e
PelyamBon#ieL =03, Hid éﬁ%ﬁu@ng o, o8 i e day atm

hese nent| eri al stitute exanpl es and
S’PWéWfﬁﬁﬁ’é&S@%‘lW-ﬂﬁTsm mrbdnédagatrppr nmeability and

Poeikfiss PE(P S‘HEP“’F-? C AP HhbRP 202 Bk (REEE S a5 110, P
{LdDRE) i=rR$-Pek entmedm® Bay vy exanpl es of rel evant

Emybéne- &% ssey)?hq ?ﬁgr té}‘fgﬁ ﬁ?gblﬁéﬁ %%S "f%é %?aq't”

Boiatgtraiﬁ.g)r@mﬂylﬂxm WﬁamDnanmzumm%nmkw a@n 80 °C
RAEhEViR %F@%‘ﬁ%mﬁe&t@& e 1 harm Fitp nanlmw&%qtm)
Pol yner Hand-

An example of a very permeable polymer could be

Silicone (P = 17280 cm® mm/m? day atm)

These mentioned materials only constitute examples and other materials with suitable
permeability and characteristics may be chosen to obtain a desired combination of dif-
fusion barriers around the said respiring particles. Further examples of relevant poly-
mers are listed with permeability coefficients in: Lies] K. Massey: Permeability propar-
ties of plastics and Elastomeres, a guide to packaging and barrier materials 2™ edition,
P 57-507). Even further examples are fisted in: Brandrup & Immergut, Polymer Hand-

‘book 4" edition).
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25 In one specific enbodi nent the conpartnent is nade

W 20000326¢8S | npernmeabl e material having at | epst/pRB3/W000935
openi ng, which opening is gas perneable. The opening
could be covered by a gas perneabl e nenbrane. In one
particul ar enbodi ment the side2yalls 5 and the bottom
are made of a gas inperneable material. The

CHPBRE e SRR B0 o e B B BB oot ot

| hadpeat lexshoae topeningd Whichpahing 99 lges penhedbilevirhe opening could be

P aRART 5 LB b PRI RERE B i RG° SrEHEB saoditent e side walls
| and éve battamrereohade di aigas imparmdablehtatedalpdhé oempartment comprising

S Rlie ifonfe P 8ahEetr Pl s efibg SBlh Fiaci s in open

dicomredctipn fwithnak admedphesp be keowr . gubousheompauittpey, avdldehiolled tem-

0 dium,.n equilibriumwth the atpospher t hr qugh .
* he SRl R, rBhly % e 2ol Br BOLR P erosh vaLMS of medium
t buisidghtht remphegieah tOxygdh and iotissr dilssblve d Gubpantseade. supplied to the

PR shPeleel onfuSRirporinS el Frnl” BB pbapha o via the
ofargdreroinmepivediani in Sqoiitriur withthe latrhissprees, hmoish theodefined diffu-

a8 Eirieetiment b i Priugh 45% TRRRBRL Re Gk FHB fhe jcompartment.
dehe owdmy%aﬂiai giréssuﬁe omdide ﬁ?@ﬁglﬁiﬁbﬂﬁﬁénmmhn tbuifscag/&is @ known. Ei-
(0] Syrrounaedq. medl u or .ni er VI ,SC( n . -
et e Prhesitien aidhd B it kiR of ik Bk e wil be in equil-
( fiurnwith. the Strotepheidesk khoWh .cohipositibn.o Li fe, N dacon)

has normal ly a diffusion coefficient approxi mately
i ke water of sane salinity. Such culture nedi um may

bigy m@ahMimémtEae compaemeitig defiiied B aldufiurahibdiohes either high
cts 1 n tne nedi

or. ob:, je di.um qr . i ncreasing the vjscosity

c¥is bty hEirTprindod B Troei 2 okt HEgoein Sorer polany

suspendi ng i nperneabl e particles or objects, in order

tQ reduce porgsit nd thus the diffusion, coeffici . .

PoReHCgERRIS Yyl Motk iants riama HPUGaT I vifoe: Nidacor)

grina_bstntfrmaw a giffuswniddd;eﬂmént am:ﬁ*bﬂgagt&c[ﬁimﬁlﬂeﬁ bié_ﬁam'e salinity. Such
xture = i gui orqgsity. fure nmedi ym ma

AU Bedhm mad bp pheascdieiter SHepeRSe mPeENeAli BRyticies or ob-

rfects imhewhédium diiiticasirr s ivistosifidofahe Hasiumnt i al |y

reduced diffusion coefficient. Such a medium may be

arise fromaddition of essentially inert organic

ke Medliteima bl eXdriged by Bu¥SendiiPimpeheable particles or objects, in
car,bohydr at es, gr ot ei.ns, organic polynmers or i norganic

- Otflerdoreduce porosity and thus the diffusion coefficient, D. When gasses or other
metabolites diffuse in a mixture of a liquid and impermeable particles, Dmxiure = Diquia *

porosity.

Culture medium may also be changed by increasing viscosity, 1o achieve a medium
with a high viscosity and a substantially reduced diffusion coefficient. Such a medium
may be arise from addition of essentiaily inert organic soluies such as dextran, glyc-
erol, sugars, carbohydrates, proteins, organic polymers or inorganic saits.

sy,
B :
¥
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WD 2004/ 056265 PCT/ DK2003/ 000935 26 It is also
possi bl e to change the viscosity wthout substantially

WOR0PHIS6%g the diffusion coefficient by addi ticammfeosoooess

organi c polymers such as starch, agarose or other

gelling reagents. This may be of value to. reduce
turbulent mxing in large free26iquid spaces. 5

Fliis #e0 possible buchanpe theedscosityraithiie sebsthotiilg affedting the diffusion

e . j il..such a raffin oil or .
Rt BY U6 Kt Aafl ol R ith o By G or Sther geling
cipagents uthis meylbelod value do. tidute tebtlentctibdng s RIRgeREd liilid spaces.
conpared to an equal body of culture medium Both
solubility and transport coefficients for turbul ent

alnditheinmpres cvibure mediumenagtivsfaricldsed fereRample yrebeiyingdi, such as

t . t e,.The.conpart nent In . .
el 8 5P SRR FCH oot IR i By e s spotiltes e or adiferent
ediffiugtion barriagcanptiréd to-arsequal bbdgdhﬁmﬂtuffechmedibﬁ. Bothfsolubility and

ion. wever, the shape of the .
CErRBSte chaificibns orHiERlenfPu RS haw byt Beivkes dlipwd in we-
Handl i ng of the substantially spherical netabolizing
particle, in particular in relation to insertion and
wi t hdrawal of the substantially spherical
reempattmenhghgpe ticle. In the present context the
shape refers to the inner dinensions of the

conpartnment. The outer dinmensions of the conpartnent
nhing catmearimenb nayrimptincple exbibi reery2Qitdie @hdps @risstdbiishing a diffu-

R GraGARSr B heBpFRaBTIn RSy TewRi: e Sione of e bompartment

Isbnild phefemblyoalsa fasiitetié Gt ihamﬂllih@ gf ttefsubblantallyrspheric thetabolizing
. . is.a cylinder. cqne,. a . .

SRR, T bRl 0080 B ifhsron el i s sipstantaly sphericel

eiabaliziig pactide. frdthe. pr&sm:trpz sbxglemhﬁ sﬁéww&h far§itd 1@ inner dimensions of
, re,.prefera- e shape is a ) .

PR Tl ofler pdaiort o e rinalienf raw attainsany practical

éhapensi oned to all ow the establishnment of the

di ffusion gradient as 30 discussed above. In this

respect the dinensions of the conpartnent relative to
Abeordingly; thlecinaerdshape 0é theasenmirinngit agl b ecledted om the group of a

tial erical ,nmetabol i zi ng rticle is
S e Aty BE B pERLRE 5 AP ibSh ot i o prfored
embadiivient theodhape g a:wlimifehsi edrid, ?jﬂ dd;nbéﬁmbﬁrdf @@AI: cylinders or a com-
gﬁé%g!ﬁsz% 'B@%a%[?c{ %:cﬁlgp%elg. I':tx%nmplléc’s arg ps%gwln qlg thoe ltaw?ngssl. ﬁ/Fore prefera-
bly the shape is a cylinder.

Compartment dimensions

The compariment is dimensioned to allow the establishment of the diffusion gradient as
discussed above. In this respect the dimensions of the compartment relative to the up-
take and/or release of metabolite of the substantially spherical metabolizing particle is

~ important. Since the uptake and/or release of a metabolite of a given substantially

spherical metabolizing particle often is depending on the size of the substantially
spherical metabolizing particle, the dimensions of the compartment in relation to the
size of the substantially spherical metabolizing particle is relevant.
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spherical netabolizing particle, the dinensi ons of the
conpartnent in relation to the 35 size of the

woelogomRes al | y spherical netabolizing particl epeEDK2003/000935

rel evant. WO 2004/ 056265 PCT/ DK2003/000935 27 In the
followi ng the dinensions is discussed in relation to a
substantially cylindrical conpartnent and a

subst anti ally spherical metabolizing particle having

b Bt Ecffosting Jbe SRTBTO i Mowkshin faln 18 o swbreRjaly cyindriol

Shtﬂﬁﬁarﬁﬁ&twa %ﬁbsﬁﬁﬁall?tslbﬂénc%ﬂ fﬁ‘ﬁétéﬁﬂlrkﬁh?' parfidld efamglthe size of a
netaboI|Z| articles person skil ed in the a

nEAMAIE0 SRR He- AhPHbR |d@naﬁtweb@wm A8 M@Pyndent on the de-
Tyglogaentyl éta@e bR BPaEES Fofl bifBPShRMtially §mrﬁ9méfabal&mg particles

| ess t articu- larly less than 1.
n%‘Pé’effaﬂ"ﬁk@'G’f’&? ﬁgﬁmpe@gv crishatsdhe swiabls dimensions ggcqrﬂ'aa'y
250 pm 10 The | ongitudi nal dinension of the

ar t is in qgne enbodi nent between 2 to

iyt I@%@%@Weﬁ%s PEthengompaEtmelt ds {e@a.th%n 2.5 mm, particu-
d!bﬂ?lé&k Han| £5 Wit anbie ﬁéﬂﬂzd@?ftléé"s%an Beo ph, sGéh hd)Rss than 250 um.
medi um constituting the diffusion barrier.
generalized terns it is the distance perpend| cular to

t1e Bh ifUdiﬁiaﬂ) dingdrebireot thé COMpAMhaMas ik bhd eﬁ%ﬂinfén? bbfveen 2 to 25
the nu l_J[5 medi um . The di nensi ons my

dnfe H’grﬂswg bbeiwgenchitp® e Abe lnagdudinal wenﬁlowsyaﬂy the vertical

ﬁ’feﬁght\df@%i mBditeA TN IGhgOhe @ffusiBt Balridp e]htéeﬁe’i’aiﬁed terms it is the
artnent thereby facilitating

~andard co

aww@@c Har tooths iffusian; eradigpt ﬁﬁ@asm@iiah@"w a%vle éo the mulk
nﬁ@@umf several dif- 20 ferent types of substantially
spherical netabolizing particles. In one enbodi nent
the conpartnent has at | east one insert for the

@Heltﬁhgﬁélbné)ﬁ“ﬁayhfé thb dRRSHERINS F tHe Bmp R iteifast si?.féh or it may be pro-
Eﬁ}rtmsnt In a preferred enbodi nent the inne
t

y paerding ANPERIsMBIfsingprisaingg P‘taﬁdﬁdc%nmpafﬁ‘é?@t theregy facilitating
died LS tﬂB@éﬁhe @Hé ot %m%&%ﬁeﬁt@?tﬂ' rﬁea'ssdgl’ﬁ)t; r@@tabolzc rate of several dif-

articularly |ess nor e icularly |ess
$SRt Wegs ?frﬁubgt@eﬁa'&'ssme%al meaaboi@o@ pamclensn anot her
enbodi ment, the dinensions nmay al so be adjusted by
E‘hov' di ng the com partment with an adjustable bott

efe gebpdiment dhe, cemppraiment-hasiad leastoae tisast for éhe sdjusiment of the
rarsRAslihiendiok R 8RS cdnifeRtnROL IR A m@féﬁ%ﬁ%ﬁ&ﬁ‘mem the inner frans-

di rensi ons of the conpartrrent may be- both increased
ypige alpersiensof arpdingdsal itsaivan defings aheyeptudisasdessithan 2.6 mm,

parieLBAY 1R Mhh 1.4 MR hb patliculitfy REs THPE500 um, such as less than
300 pm.

In another embodiment, the dimensions may also be adjusted by providing the com-
partment with an adjustable bottom, such as for example wherein the compartment is-
formed with a plunger-fike bottom. Thereby the dimensions of the compartment may be
both increased and decreased.

The adjustable bottom may be used in combination with insertion of one or mare in-
seris as is appropriate in the specific situation.

£,
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serts as is appropriate in the specific situation. 35

WO 2004/ 056265 PCT/ DK2003/ 000935 28 The functi onal
WOogemasisiient di mensi ons nmay al so be changed bypEhgRsHEh093s

the volunme of nediumin the conpartnment. The nedi um

| evel in the conpartnent can be varied in a.

control |l ed way by addi ng or regovi ng a defi ned

hartdignalfcorfpdiivisnt ameerfsléﬁstrﬁéifh%o b& I’chauggl;éd By aiarIgmgSthe volume

oﬁ| ates to, I ncreasin decr easi nﬁ stance I'n
t

mediugyinthe Cﬂ%‘BPGWPg tT he Srsiumiave

he effective diffusion conpartnen

of
BHRcPR L i relatos 9 RgrepRs oF daagesind e denana o stdonanmedium
ﬁl’ireugmwaicﬂ &h® fmédthBolt® BRAJNRLY tooﬁlﬁﬁﬁ‘sér?ﬁ'é%po?dmg to altering the di-

.OSItI ub- stantially spherica

!98? Pé%f?g %%‘ftt"?cq Isiofh eotharpRt and tus eonirplijag the transport of
&tﬁl’éﬁoﬂl’et fréthl the Qﬂﬂﬁsﬁdé of fl cofpIRrt Df! '&n@l@hﬁ b&hﬁo&ﬁﬁ’h *P@the sub-
@{)Eﬁ‘f{n Ed Wltht eloptlon of adjusting t dium 1
POy shaettal snetakoizibg Asgide. J h@dﬂ@éh@'l%f?t%ﬁf the substantla"y spheri-
emméﬂaearzﬁ@ banﬁr@ecaﬁubéuat&mmehmwhﬂ bpt.cﬁ%f adjustmg the medium

arqb@cl e to a desired | evel,

b s ik B2labeiatsoncariraion e asperianasl byithe stbsgmatialy sphert-

Waﬂmiﬂhgtd&ﬂl(ﬁélﬁfé addiredlidvel, R BRY hicdbdieraiol i zi ng

particle is arranged in the ‘conpartment on a |ayer of
met abol i te perneabl e | ayer. Thereby the substantially
Metiolitoperiméa10ldyerng particle is supplied. with
metabolite fromall sides |eading to nore optimal
condi tions. Mdther advantage of the netabolite

Wrﬁ%ﬁid@lirh@}tﬁlhe suSsthmally s;bﬂerﬁﬁb’mé@ﬁbﬁinﬁé‘b&rﬁ&l@% arranged in the
nmeasu nt of the metabolite concentration as

SiRUED oB& 'aver o @W‘lf?eﬁ%tﬁ@lﬂbleéaxﬁ;r Tlensby thesgubstantially
ﬂﬂﬁﬁ&ﬂ ARt mmlé i3 éubghéaﬂklﬁpﬁbfgboh%q% | necli%%& I¥ding to

ereln ottomis as

nmpar t
RS ‘}P@Fg’gs?fﬂlf@fﬁeﬂﬁﬁ%t ivapipge ofifie wetabelierasneable iiver, s that

ity PERElIRALE Bhe RRGBEMRRICAL bGhd Hﬁtaﬂ@ﬁf@é&icbﬁﬁaﬁd?k%’tﬁéédsg& below.
ﬁ di SEéssed above for the netabolite pernea

fte pRrmeaple, layer s praferablcamancad o theebqiiannelibe et least one

domfrRftriERY, WRReréih Ak ES8tbrh (<8 defiBE @bbd. conpri sing

silicone, Teflon fluoropolyners, plastic conpounds
such as pol yet hyl ene, pol ypropyl- ene or neoprene. In

m&gbolﬁé’%@ﬁhéﬁﬂé Idyae n{@t&b&btl&@edoﬁé rﬁaieﬁéf%eﬂn%able io the

ﬁ cedfroma mat eri al nprisin er nea

: ‘J@'e'é' Wieshen.agdisraesed %tpovgderrihasn@ag@lﬁe peeneatle membrane. In
pﬁﬂl&:@faﬁtﬁé mefRi® [SHrm%ﬂS rIé!)er Y8 prodlicdd F5HCY taiafbomprising

gol d or platinum

smcone Teﬂon ﬂuoropolymers plastic compounds such as polyethylene, polypropyl-

ene or neopr ane.

in another embodiment the metabolite permeable layer is produced from a material
comprising permeable matrixes or porous material such as glass, ceramics, minerals,
glass or mineral fibers, or precious metal such as gold or platinum.

In yet another embodiment the metabolite permeable Iayer Is produced from a material

comprising s;llcone

in e sprpRasknent an be varied in
Wt}tﬁlﬁ‘ﬁilé&ﬁﬁai{ @y@cfdfdgs& refRIVINGSP BB I0g B/ Bﬁﬁlbﬁﬂrﬂ Hﬂe functional
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In yet another enbodi nent the netabolite perneable
| ayer is produced froma material conprising.
woslobd/exeps3. 35 WO 2004/ 056265 PCT/ DK2003/ 000935 @8k 7d38/000935
t hi ckness of the netabolite perneable |ayer is
di mensi oned to the purposes it should serve, as
descri bed above. In a preferreggenbodi nent the

t fhe K’l’tﬁ@tésé)éf the) &e%ollfe%lﬂn'eﬁﬁlegﬁm%n%@ﬁﬁé td the purposes it

pr.ef er abl | east twice the anet er
ﬁ'&’?‘f{o\?ﬁq’ IfalS feseiied ahoye. Ina pisfemediampagipentdhe thickness of the me-
atabdlite peARdablORBySR P%'tabwtzétd% g\ﬁée ﬂﬁé?:ﬁémétgpo% stbstantially

anqwgor arti cuI ar at lea
%wa@@m % spghasat least 1&9 nm;swed%cwaﬂy it least 300 pm,

cmmbfdw?ﬁcm ﬁa@f@@éﬁmﬁeasured by a non- 10
i nvasi ve netho The nmethod is appropriately chosen
dependi ng on the nmetabolite in guestion. In one

eDbedtion Methdds netabolite is oxygen consuned by the
substantially spherical metabolizing particle. Oxygen

detection can be based on optical sensing (see defini-

Tthd ﬂn@i&ﬁbllté\/bbﬁbénffﬁﬁcm Ink#8Ghé. %P@gﬂ@ﬁﬁs PFH?&‘aB%‘ measured by a non-

sensing with | um nophores disso
rW@SB@dE%WP@pﬂ?ﬁ @ﬁﬂm is appapiripliechosenaiapending mnctamryetabome in

RpessbrRxygen sen- sors including Cack type oxygen
sensors, M Ms technol ogy (nenbrane inlet nass
spectromatry) or any ot her neans of detection

qR %ﬁ@'éﬁ%ﬂd%é}ﬁ tﬁe RIS d)éyﬁgn eBndundd Rf"iljie sﬁlﬂ‘.téf‘ntnaﬂy spherical

particul ar enbodi nent of th nvention t

6‘&?‘?'? King rasticlg. Owigen slategtionGanrke based en @etl@i raenar,Ig {see defini-
S hSYwit ininBHRRbY ltﬁﬁ’iﬁoﬂ)m Irseen'sﬁ‘n &t 0firld ‘j:‘)ﬁSfeg'dqé}solved in the

the lum - nescence wth um nesce ce rea
apHitn, M?ﬁ%t@'mméwﬁefeahmwe% qi¢nirochemisklly based oxygen sen-

szE‘.echBfn C@ih um ne&@%ﬂ%&r@r ﬁ/ﬂﬁﬁ@ %c“n@éﬁﬁgrngﬁb% inlet mass

' prInCI nce guenc
ﬁﬁ%ct&ms% OC:@w:@ﬂilpr meaon of Hetostierk e@nmb@bm eengpn skilled in that

EﬁWl"@ﬁanﬁ&ﬂa@ﬂn?éHlﬁbﬁﬁéﬁﬂe \)tv){{@nﬂgﬁ ﬁ'%n %Etﬁa? H’e%gure or concen-

Based on a ed Stern
trafioryii drjerminecousiog en|immabilized Iurmopmoredayerlanmmcemmg the lumi-

hésdehee wan %m&&e&&é feR8bt 8Na ShmbPEshicHaIEEEH %%mc.!ré) or a pho-
is the | um nescence |1 n-
tomultiplier tube.

Optical oxygen sensors are mainly based on the principle of luminescence quenching.
The lower the oxygen concentration the weaker the quenching becomes and an in-

- creased [uminescence is observed. Based on a madified Stem-Volmer equation the
following is found

Iy ~TI
gm0
o (-1 o)
where « is the nonguenchable fraction of the luminescence, I is the luminescencs in-
tensity in the absence of oxygen, and Ksy is a constant expressing the quenching effi-
ciency of the immobilized luminiphore (Stern and Volmer 1919, Kiimant et al. 1995).

The concentration can be calculated based on a simple three-point calibration.
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30 tensity in the absence of oxygen, and Ksv is a
constant expressing the quenching effi- ciency of the

WO20060567652ed | uni ni phore (Stem and Vol ner 191®CTOKIRN000935

et al. 1995). The concentration can be cal cul ated

based on a sinple three-point calibration. WO

2004/ 056265 PCT/ DK2003/ 000935 3B0 An alternative

o piteinativerniitiog sensing pphepledms heen delmmjemirfedluhmGphores with long

B IROREEA R MM 1 ARISES A WL bR S

the oxygen concentra
rfB‘ﬁ'%t aspwdhibe funainpphrire.dhb phesphonescphasiitime tflen easingle flash of

gﬁ'ﬁqé@"‘{'@z”t‘ﬁa?{ﬁgﬁ“’aﬂ%ﬁ%' ash of light) lengthens in

a syst e 0xygen dependence of
phosphorescence for this type of sensors is described

b”*se RGeSO b fHE B SCNCR o IR gl ffl B gscrbed by
the Btasn-Molreeroelagienshiygene and at 10 an oxygen parti al

pressure of specti vel and kg (the quenching
const ant) §pto‘zqselgrﬁ§°”order)(?)ate constant that is

whiese gdahd 'atdre tiher plepspheieseénceifdtintdsan hdAOReS oPdYyene and at
riplet state of t he porphyrin and

n and t excited
B oSS of heg preppaeheand kil GanehiBAESIANY is a

secard-order &éd @oﬂsﬁrﬁtﬁdﬁ% KNG tﬁéﬁb?tgqcﬁg)?ﬁﬁl%&%m@en oxy-

h hi d the |
s el BRI i s Sl Rssatreand s prababihy hsveray anster

wher commbycunsﬁﬂmdkﬂ_ﬁﬁa?ehé Mxﬁg@ﬁ?‘é{tl ngﬁeggg'slﬂgb §he quenching con-

BT PE Nfre pdee Shtiige sl orvmsaniasat PoriapotS ot o

bl eachi ng, uneven distribution or |eaching of the dye,
g‘ ctangtpsmthelnte%sgt excitation light. This
L RRE utrB omar o eset S bichecs aysley: ExpmeRsurement of k-
nmescahcefIw@ﬂrﬁ@pro‘o\;d@g%&&nfaa%rw &, sewgsemséﬁgmtyw Bhoto
% %H“th% ‘5‘% - ket ones, @? been i ntroduced
Aeing é&ﬁ B I Sb[egckipg of the dyg, efrhianges indha intensity of
ebettatort light. srnmatcm&téu tﬂa lus@of biRipte a;sﬂéamv@tenﬁ’é &5tk fibres. A new

h f
Btk & SERErosBYS i iy pavwrbdbetanssc hap resdgtrodiosd, which

@ihiitisTavdraisle spoctie pRIPeHIEs ahdRs d%\@gfegggge fggdseg*aif ths and hun-

resol u udi es was
%E@ =g mw%?a?n%sp‘m@a'l O%H?ovsqfaf.q'rgpip@pm@i@,c@’ewcmcurtw and low-

astiiosesdinnetidnidgragi ng tech- niques. Here, the
sensor foil can be nmounted on the inside of a

transparent sanpl e
Recently, a new approach for high spatial resolution studies was developed based on

the use of planar optical sensor foils for oxygen in combination with imaging tech-
niques. Here, the sensor foil can be mounied on the inside of a transparent sample
container, and by monitoring the sensor foil from outside with a charge-coupled device

j(CCD) camera, changes in the oxygen-dependent luminescence of the sensor foil can

be monitored and used for measuring the two-dimensional oxygen distribution in the
sample. These foils can be used for both intensity and lifetime based measurements.
They can be used as internal detectors in-the novel devices described in this dogu-
ment. Examples of oxygen luminophores are Methalorganic dyes, such as Ruthenium
(I1) polypyridyl complexes, Ruthenium (h) bipyridyl complexes, Ruthenium (I1) dii_mih-
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contai ner, and by nonitoring the sensor foil from
outside with a charge-coupl ed device (CCD) canera,

WepHwagsRe63 n t he oxygen-dependent | um nescence pETDRS003/000935

sensor foil can 30. be nonitored and used for
measuring the two-di nmensional oxygen distribution in
the sanple. These foils can bgjused for both

i mbmpkixey, Rurdyrin é&ﬁplmsblﬁﬁﬁsmé%ﬁﬁﬁﬂﬂﬁ Platilbfy1,8 @fedithiolates.

nter ect or n the novel device
d&%?\%g’ggﬁ?h’qw UH'(?E h°'P?é‘nt > IExan'pl es \éf oxy\élen >
| eam be prenkas Fa.lti&erﬁthﬁ eﬁmeﬁm-ﬁﬁéﬁhtﬁﬁmg%hanéﬁe\tﬂ (Rudpp)

e e O el
P OROEAHIGHOR I e, R&ﬂweﬁwhﬁmexpyﬁewMéﬂnafe&om &ESipyridyl di-

@‘éH 'ﬁ'hﬁ L‘F@ts"ez Cg}yg éaﬁhz 9%5@%9;% éW‘q’QE?r@Fthﬁ@FrPéxﬂn in polysty-

c aemeb Platimgle (ﬂﬁoctaethyl-poughynn IRyplo!yimethygmgﬁga%c%?tle% é’l%lg;.lm (Ih-octa-

R _
ﬁf"éﬂﬁ&’tt% n%'ﬁ?&(%)" P?'Yﬁ%ﬁ!‘? .Pégawmn("}ostﬁ% Yigedoreorphyin, atladium

Ritjvetd-ethyl{gotphytrihiis pdlydyéinehenyl - 1, 10 5 phenant hrol i ne

chloride, Rutheniun(ll)tris(bipyridyl) conplex, Tris

(2,2 -bipyridyl di- chloro-rutheniun hexa- hydrate

Regrttzy Jnforieaioh ol thd bise Gf ébt@hh%!y B9 5BHrs En& Bensors for other me-

rene, Plati oct a- et hyl yrinin
BPURH N S aensey D ae Partn siaxiasan b fsedan the Herature isted
elbddyl- ket o- por phyrin in pol ystyrene, Platinum
(11) - oct a- et hyl - ket o- por phyri n, Palladi um
(ii)-octa-ethyl-porphyrin in polystyrene. 10 Further

| THW( nﬁbh@@nﬁﬂﬂwﬁeﬂthme@@ & deRictdr AHanOHy SRLBERSALS or any other
nsors far other - tabolltes such as gl ucose,

e
(ﬂ?q%‘ﬁ'B"PHPﬁB\? fer ovogee- can be found in the literature

Ilst ed below 15 Thus, in one enbodi ment, the oxygen

d@{ector can be el trochem cal or any ot her
eé:gyg%c(ﬂ}qeﬁgﬁ rg? gimigg(t&g@éwn arprrtigitagembodiment performed in the

dotteairdf i & ' -
rﬁﬁpzﬂﬁh@ﬁt%rﬂﬁh a‘rﬁlBtHeF gl{ﬂBg?inn@ﬂ tHkahs for oxygen deter

nbod d t
gla'ﬁ%ﬁ%l“g?ergf%g& gh Eﬁﬁah&fﬁgwwwm@aﬂm metahgite perme-
@bkdeyerdgtiake a?@aéﬁdr@%@lﬁnﬂaﬁly@t)ﬁéﬁ%l ﬁ%etéﬂ‘tﬁ‘zfﬂﬁtg‘aﬁlaé% resting on

he co r]t underneath a nmetabolite perne
'Efy%?s l%ﬂ'eﬁﬁ'g ayer| gnibat Hranalablitepermaable leperds plaged between the
n«mba@.qlauy bpitarRal fb&lbslidisg 5553%1& BHd Wb ?ﬁﬁo@%sdéig&ﬂﬁabl e

| ayer, so that the nmetabolite pernea ayer IS
pl aced between the substantiall y spheri cal

ﬁbr@é’&hbé&:ﬁﬁnpﬂl@td@%& ﬁélﬂalgﬁ* art i gfétéﬁ'lﬁngt?mﬁta%larkzl?pe electro-

E one enbodi nent e OX pressure i's
gheraical Pg@en miere, sensar RNI%/Wpélpedlgwtej not exceeding the fransverse di-

ameter of the compartment, placed at the bottom of the compartment with the sensor
tip penetrating the oxygen impermeable bottom wall of the compartment. The sensor
fip is separated from the substantially spherical meatabolizing particle by an oxygen
permeable layer. The oxygen sensor should be of a design stich that the analyte (oxy-
gen) consumption of the sensor does not exceed a negligible fraction, such as 1%, of

the substantially spherical metsbolizing particle respiration rate, such that the oxygen |

partial pressure inside the compartment gradient is not disturbed by the measufihg
activity of the said sensor. ' |

€
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chem cal oxygen micro sensor with a tip dianeter not
exceedi ng the transverse di- aneter of the

wocoopesstesent , placed at the bottom of the comaiin®iibsneess

with the sensor tip penetrating the oxygen
i nper neabl e bottomwal |l of the conpartnent. The sensor
tip is separated fromthe subsiantially spherical

rrmt ahothis? iefboaidritthe dRrkaPp 3&1&? ﬁﬁﬁ%c%g't 8\%’ %r MIMS fiber

§ i(1:4e3r§25ensor shoul d be of esl suc
aH ’f“%{% 8498 Ox¥REn '"&’SHE%#P& beftora wall 18 the peroparttoent. Fioe MIMS fiber
eXip &esbparated frbgi thk @ ) agg?ﬁ&%e%ﬁlella/ erof‘he Ms fiber should be

Zl Nn

t t 1]
Séﬁ%. ?1 Idgﬁ'gié é‘?%q he :ﬁg%mr[aﬂy eﬁemg@m migmateitiough the MIMS fiber

pressuaee ansistitédiebls Qﬁﬁ%éé@gefgc?@gie@%nh&ngﬁén \pf the sensor does

di.st urbe asurin a
s 83 %‘Fee‘g% f%@gz%'egfe gf%‘rﬂ Yo ebibs sobsieatiaily sgherival metabolizing
apwtlﬂercoﬁﬁhﬁﬁidﬁﬁﬂtpr&dlﬁtséﬂ rikes stuﬁl?ﬁ]a?lméy'gﬂe A gpdrﬁcuiar gas inside

| aced penet r at
ﬁ% @HE’&"B‘P@“SSH%?HW%W distugbgd bydthp easiiring afﬁhuiymf W& said MIMS

fflimr tip is separated fromthe enbryo by an gas
perneabl e | ayer. The MM fiber should be of a such
design that the analyte (any gas which can mgrate

t!hryw @hothee eMbiBinidrit Sthe DxJESHP pARS! @@gsﬁﬁré sgq-g it gghg 1% compart-

nsor

S.s ect ter), consu t | on
rm? gﬁ‘d’fﬂ‘%@@éﬂ! Pgding © %!QQB?DIH sUrcanofiwrimolecdé withean oxygen
depéhd&ﬁt iaBbbiptEH Bﬁ’érb@t@hstﬂefoqhgldrgwtﬂ%etﬁ@ﬁte{nﬁ rﬁeasu uring the absorb-

roduction rate,” such

cﬁ"cﬁ 9@1&?‘%2"& ﬁé? Bl 8" ARRhersuitable “@Uﬁ'ﬁn@ﬁinﬁmugg\rtmmsmm sidewalls

of tho combattime
II\/I ?I Ei o ﬁgépﬁw;%rt@% Eﬁ?ﬁg{“"@%@?’ﬁééﬁ ﬁisﬂﬂbuﬂlgﬁ )l/rg g'lre compart-

ial - pressure gradient inside the conpart- nment is
determ ned by addi ng oxyhaenogl obi n, or

%ﬂﬁth -B‘D| ecul e wi th an oxygen dependant absor ption
Gribelapplies mayhs mensumrddig Usingleminessant indieators fogthehe metabo-

files psieh ¥16RIreasH@Mdiddord 35 éé‘f‘ﬂ)osrf){ljroﬁa t@ae‘ gtll?q?)gs

wavel engt h, through transparent 'S 1
conpartnent, and thereby determ ning the oxygen

Busthdridons,i g nhe% b heB QIR 't a i goéﬂlé}?fn el g@aﬂn%%t indicating

H% be sur by using | um I ndi cat o
co8C 'BBO et’@?"’“’%’lﬁ%ﬁ”ﬁ% cpmpafi@enence i ndi cators

for carbon di oxi de, and glucqse 20

Device

The device according to the present invention comprises at ieast one compartment as
described above. In a preferred. embodiment the device comprises more than one
cempartment, such as at ieast two compartments, such as at lsast 4 compartments,
such as at least 6 compartments, such as at least 8 compartments, such as at least 12

~ compartments, such as at least 24 compartments, such as at least 48 compartmentis,

such as at least 96 compartments. Thereby, the metabolic rate of more the one sub-
stantially spherical metabolizing particle can easlly be determined, each compartment
comprising one substantially spherical metabolizing parficle.
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Furthernore, pH may be neasured at a given position in
the conpartnent indicating the concentration of the

woBloabehiéd € in the conpartnent. Device 25. Tf};;tz.gﬁié%@ 000935

according to the present invention conprises

one conpartnent as described above. In a preferred.

enbodi ment the device conpriseg; nore than one

CREP L g | east . foents,. such .
T BT g PHE LoftbeRinenf bl EEOHRFMIT Sty spherica
corishplizintparlicleu tihong eabotiowsit e devigraist aenhwsntisnalhigaor 96-well
aa J. F 1 ni. ] PN St 24 N L
ot ol BT B el A1 R ofhing o e ror
adjiodt a peagient be estabfishednehers meatieing sy subistentinliyt syfwrical metabolizing

L T T ———

dosasts mee he: posiionsd duning theevixib stitune ipativd; o pindy incthk period of es-

i1zl vl 4 5 . .
ReLRERg 5 BB GraentcRideiad figineibpite conoentraton.
conpartnent is suitable for culturing the

bal:ly spherical nmetabolizing particle. In one
mgim%@'%%e device is a conventional 48- or 96-well
device for cell culturing. However, the conventi onal

530 AR Al 505 R AR pP ot

g pbdicies iasgldfingd mboee, evheFhiar sfid devicd bempetdssaniegsibane compart-

Mhéht iatg ?@ﬁ%ﬂ}l})ﬂag éb%s?&rﬁc{cﬁ}di@% 36(? ﬁl&ie:?tﬁo% r%f?g%/s:fo-%p?e\ﬂ?eefor culture of a |

i nser 0Si't1one C
peetialonlizingrpartidly, which deviver comeprisbs ed ledst ineséonmgartrirnt, said com-
it [ . ring,the tabolite -
SRR bty Bt o AR Balek 8 bAIE b 83undsino @ medium wit
ianinetabolining paiticle; seiel diffesion daaier givwingzmdtabeliiecieardsport to and/or

L - ol j Z- i articles. as _define e
St e fBouel BaRlschy bbbl iR, wiRedf) & Jidavolte difusion
gmatient is allomet ta dbedetablishatiiramn dhe mefaholizidg pglticle afkthroughout the
inﬂi\éﬁﬁﬁion relates to a device for culture of a
net abol i zing particle, which device conprises at |east
one conpartment, said com 15 partnment bei ng defined by

[ ' rri I f conpri.sin i um

T oSl ABnOR erorBlatl s BRETRSE by dBrRIShea el & hot neo-
assaoilyi inguded o lthe eulturaniepioe t Atwrdingly,othe deviva inbg comprise more
, [ | z] rtichke b ns of diffusion ere
FEDTE PR B e P BRS et Sorbpariigt Sy syl ot a4 com-
partrabhis,sduetl abrad fazishe comipaliments] such gedttleadt @ combartments, such as
5“58§{g|50c%tmptaph%ents, such as at least 24 compartments, such as at teast 48 com-
partments, such as at least 96 compartme‘nts.'

The device offers optimized conditions for culturing of cells and organisms in that the
microenvironment surrounding the cells and organisms is easily monitored and opti-

mized as described herein.

Accordingly, the invention further relates to a method for culiuring a metabolizing par{i-
cle, said method comprising '

a) providing at least one device as defined herein,

N
A

R
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medi um 20 The conpartnent is preferably as descri bed
above, except that a detector is not nec- essarily

Wo omliosiees | nto the cul ture device. Accordi ngl Ypod/®&2003/000935
h

device may conprise nore than one conpartment, suc
as at least two conpartnents, such as at |least 4 com
partnents, such as at |east 6 @gnpartnents, such as at
Ieast 8 corrpartrrents such as 25 at |east 12

| east 24 co artmants such

rtnents as_ at
2DV aangid 'ﬂ%‘aﬁémngwﬁw%me medium githgcompagimeyk and
corrpart ments. The device offers optinized conditions
f an L turin ells gnd organisns in that the
mcéPﬁ'ﬁﬂ\G'Pﬁ%%ﬁ@%b"gﬂ?QB%'%S‘Png the cells and organi sns
Is easily rmnltored and opti- 30 m zed as descri bed

hq{ﬂgln Agcor di ng the invention further relates to
' %’Pﬁf the, drentien neembing dhe gHityre metiod pdihgany of the

nmtliwmeimnyagsdewn@&j I#reigr ovi di ng at | east one device
as defined herein, W 2004/056265 PCTI DK2003/ 000935

34 b) arranging a netabolizing particle in the medi um

ofldthed obdpteriniRing thanétaliolizing fae | Ng t he met abol i zi ng
particle. 51t is within the scope of the invention to

conbine the culture nethod with any of the other

mm hn@theraaspéesme beshtibAreiatbs B4 h@ﬂ—nﬂfas%t :ﬁémoa'fagdétl%ﬁmmng the
10 lIEI anot her Bect the | nvention

iRHRIE FBor 8 inai SR anp Bpoliing partiser oaid anethod com-

ertlﬁs;ol ic rate of a substantially spheri cal
nmet abol i zi ng particle. Said nethod com prises 15 a)
provi ding at | east one device as defined above b)

af r fngfmdmgsam@asagaé aé\he]ge waardee@btoo@t ?bol .) zing
arti,cle 1n IL.Uum or. a conpartnen C rreasurlng
De e B Bridhg 2 SHERRRtAl sefiricalmefabelizinccRarbelp dmihermedium of a

obt_al néorgp#tmedf}, net abol i te concentration neasure, and

¢) measuring a metabolite concentration inside the compartment obtaining a
metabolite conceniration measure, and

d) comrelating said metabolite concentration measure to a metabolic rate of said
substantially spherical metabolizing particle, thereby determining the metabolic
rate of the substantially spherical metabolizing particle

The metabolite may be as described above. The metabolite may be supplied to or re~

- moved from the substantially sphierical metabolizing particle by diffusion through the
medium, stich as oxygen supplied to the substantially spherical metabolizing particle by
diffusion through the medium. In the latter case, the metabolic concentrétion may be
the gas partial pressure, such as the gas partial pressure of oxygen or carbon dioxide.

Itis pr‘eferred that the substantially spherical metabolizing particle is cultured in the
compartment, so that no unnecessary disturbances of the substantially spherical me-
tabolizing particle take place due to the determination of the metabolic rate.
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d) correlating said netabolite concentration neasure
to a netabolic rate of said substantially spherical

worBloabsiészi ng particle, thereby deternining thﬁCT,DKzﬂﬂmoog;,s

nmetabolic rate of the substantially spherical
nmet abol i zing particle 25 The netabolite nmay be as
descri bed above. The netabolitgsmay be supplied to or

I The MRl &iﬁb&ﬁ@a@i’lh‘@éﬁﬂa‘ ??Eét)f‘e& 9{‘%{!&&% smaller than the volume of

net abol i zing partic usi on rou
n\§i 9mPasiment asd/axihgariuseel the thedium. Higs QEﬂfenr%chthahlhbynetabohsa-

Sﬁﬁiﬁratééﬂ sa‘i@&ﬁﬂ%ﬂté )F‘Q)l{éﬁﬁél'n‘fétgb@%lngﬂ%a{rﬁcgé‘s%tér&ﬁr%ﬂ% deter-

th e medi um ’Iatter case
cHinigha ffmtﬁlimtm@@fuwr gradientinghe compaitrmentp basssiondfie swesisured

aﬁefa'BSht@%‘én@éHhtdtl% cﬁitz%faﬁngfsaﬂw&ﬁ Iﬁ’% ﬁ?&gﬁ‘? pradlent to the

di oxi d ‘I's prefe Che eub
s*aﬁf@bpwmfmﬁmsmwammeob@ rnefabolizingrpedtidlen t he
conpartnent, so that no unnecessary disturbances of
the substantial | y spherical ne- tabolizing particle

t Eheemptahelic wirmay berdeterminediivrrerfoomingfonetrecassteneit iof the me-
rtﬁb&rte §§l1éé@tr§@c%’o@§@\?e§51 nﬁ’éggu%gﬁgﬂsé&ﬂ%% Iea%? U}ﬁeasurements
met abol 1 te concentrati on neasure VO
dititheanonen the mefaboliss rateomay be ﬁh@rmmpamraﬁ!mn M/dunng the cuiture
RS RlonkHtn GRS tho ol LIRRck b ibiing pertige.
nmet abol i zing particle is determ ned by deter- mning a

f n
el Whaf IO 1 L ot R P R Bl e LS Ty o
@@ppl@députh@s@mt@twﬂy sifeiricelanetiabétiziigrariplaty diffusioo thrbegh the

S 050008 035k o g om e

yelusrenefriaediny ip eatibridinmwitb the atowsphewent  of the me-
tabolite concentration, or several neasurenment, such
as at |l east two measurenents. 10 Furthernore, the
esasbrespinometryray be determined nore than once during
the culture period to nonitor the status of the

substantially spherical metabolizing particle. As
dbs dlevise dicaprsting tovihe predent invealiosl inay furthexdmsysesifohmaasuring the

B8, 45 83l Mo SUOPLSEh ) BB rio b
tirsed te@spirometan Cloasdi gspirometne isc anpaasurerdf te rresitafion rate in a

%Iggééﬂqhe{& I@Irtlgg?:n%ﬂr %cézllrv@‘[r?ggin I’t@é l%p@( ég@g@g % te%ﬁla’tgg at least
teswerariyrethe paseihdedey care bacconveﬂemgintm atdigsedr resgirdmetric cell by
LSRG 12C00VER s T Fbikieal Pﬁpelijr?\ Soib 95 an?é{:rﬂﬁcﬂige.tsrﬁ%h as. oxygen, over

any opening(s) in the comparimeni(s) of the device. The cover may be produced from
any-of the impermeable materials mentioned above.

Accordingly, the present invehﬁon further relates to a non-invasive method for deter--

- mining the metabolic rate of a metabolizing particle, comprising

a) providing atleast one device as defined above,

b) culturing a metabolizing particle in the medium of a compartment,

A
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respiration rate of a particle, such as a
substantially spherical netabolizing particle by

WO00Hed265espi rometry. Cl osed respironetry i s aoTansiehHo0093s

of the respiration rate in a closed respironetric

cell, i.e. a cell wherein the supply of oxygen Is
termnated at | east tenporaril3. The present device

can be cosiveedusing metabelite sossig to e Phedim iduiing gelbast kéypart of the

25 applying, a material inperneable to th
met abol i te, amﬁ’ﬁ‘%jg gxygen over any openi ng(s) |n

the conpartnent(s) of the deV| ce. The cover may be

pr oduced errre .materials .
nent i onedé ) aﬁ{gv e&%%gnre O"Fﬁ'é é‘ﬁ\?@ﬂ%"?ﬁwe"t obtaining
further rel amabdltmcmnﬁmm&nu&m@bh@dhé afctaRiliRs supgl has

m ning the Fé%b& r%te of a netabolizing particle,
conpri si ng g? provi |ng at | east one device as defined

above, b) culturing a metabolizing particle in the

medi um of t WO 2004/.056265

PCT/ DR20GY/ SOBEaRY @@@SE‘E&"H&“&@P% Bieeewredn gnstabofic rate of
t he medi um shid snigstantidle sgherzalraetabolzingdweartiele) t uri ng

peri od, d) neasuring a netabolite concentration inside

t he compartnent obtaining 5 a netabolite

cWiith eenpest to alvsed asspiremety che sta boliteald Ghd <t Sfte! a@gén ka8 the meta-

| d b
AL CHE B deollof t6 M i Rehilf 5% o %0RF sty aefprably reducsd

daigstaanti al |y spherical netabolizing particle. 10 Wth
respect to closed respironetry, the netabolite is nost

of ten oxygen and the neta- bolic rate is the

reis prefemredinat tisemetaholith eommhiratior ineasury #@8 besip Bbtinkd during the

gﬂg to zero. 15 It is preferred that
%@Bﬁéﬂgg&?éf %centrati on neasure has been obtai ned
duri ng the period of reduced supply. Regul ation of

I a further aspect the invention
rel-at es r{&'gg%e%t {tegg‘r'éfgy [ [ -

regul ati on of netabolite
supply to a particle, such as a. substantially

e AR aobit 20 v aeh RRls BirbnelrbndoE@abister Rbmagot supply

foa pediglel stdhneps astltaitiatesphapiehlmétabolizing particle, in a compartment.

According, the invention further relates to a method for regulating metabolite supply to
a substantially spherical metabolizing particle during culturing, comprising

a) providing at least one device comprising a compartment with medium,

a) culturing a substantially spherical metabolizing particle in the medium of a com-
pariment, |

b) measuring a metabolite concentration inside the compartment obtaining a me-
tabolite concenfration measure, and optionally

¢) correlating said metabolite goncentration measure fo a metabolic rate of said
substantially spherical metabolizing particle. |
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a substantially spherical nmetabolizing particle during
culturing, conprising 25 a) providing at |east one

walzaoss2eoNpri sing a conpartment wi th medi um  POT/DK2003/060935

culturing a substantially spherical netabolizing

particle in the nediumof a com partnent, 30 b)

measuring a netabolite concentiation inside the

conmpartnent obtaining a me- tabolite concentration

measyre, and optionally c) correlating said netabolite
concihféaatng themetatoliestgplyslensading on the mstaoiiieicor®Sniration
subst apidaghrela ' 2 - Ny
2004/ 056265 Pcn'?fm Dﬁrﬁz%g%t%ﬂgg%%{g@ b%"g'fi'd]d%"ﬁrégégrmag{' ?%éé@ﬁ'emetabd’z’"g
met aboPRHEesuppl y depending on the netabolite

concentration neasure and/or the netabolic rate of

saj d substantially spherical netabolizing particle. 5
THE® Mmesthasdn partisalef relefes to thelragasyramend heharetndhe enatahalite is a gas,

weactPadlodygen BRE HRANEIBoliSpacsiads resgirllléﬁhwnas oxygen and

the netabolic process is respirati e conpart ment
is preferably a conpartnent as defined herein suitable

f The abrhparriéht isl PrefTEAD Sih &ui .
di 11 03] o, tg.raéli e & r_eguf_{;"t‘_e%%é%%"iitéﬁ?@ﬁ%'f'gﬂ%??'? for allowing
sEppblishmeyt of @ melabalite siffusiongrgdienti t abl e manner. 1n

one enbodi nent the regulation is conducted by changi ng

t_Ee nmet abol i te concentration outside the conpartnent.

15h¢ feadiatiehelthe mesehalitssunphemay be bondusted is anyrsuiiahle danner. In
b dARtimEnt the red IR0 i ch a
descri beél above,réyt he Véfgﬁ?eﬁgntgg%ggh%ﬁ@‘ﬁgélgé"}lnn%[asbg%rcgpcentrahon
vejeide thecompremenk hereof is wherein the di nensions

are adjusted by inserting an insert, such as wherein

the transverse di mensions of the conpartnent is
dajansthererphodimeat thernggaulatiands zondistad byTthengingdhe ditherasions of the
cd hi2fit. ARMe8bib b RM Db b

e, RULA R e\ GEnRinal b Hhdlbd seympl v, One
|q¥agrp_[ernqr@pfm5@nemﬁp dimensiennara aidipsiedbydoseltiog ed insert, such as
Gt B thtRvalish AL AIoRAHhE Eorfifartment is adjusted by inserting an in- ‘
sert. The longitudinal dimension may also be adjusted by shifting the position of an
adjustable bottom of the compartment.

In a third embodiment the regulation is conducted by changing the diffusion barrier of
the compartment. This may be conducted by changing the thickness of a compartment
wall, or by changing the size of at least one opening in the compartment wall.

Monitoring of substantially spherical metabolizing particles
The present invention further relates to monitoring of substantially spherical metaboliz-

ing particles and selection of substantially spherical metabolizing particles having a
high quality in terms of viability as measured by metabolizing rate.

In a preferred embodiment the invention relates to selection of viable embryos, such as

a method for selecting a viable embryo comprising, -

{7
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the compartnment. This may be conducted by changing the
t hi ckness of a conpartnent 25 wall, or by changing

WOoLed/s6268 of at | east one opening in the conpaichiftlsoooss

wal | . Monitoring of substantially spherical

nmet abol i zi ng particles The present invention further
relates to nonitoring of substggtially spherical

et af)@eictmi ahesiinéta!sénccrét%%faﬂfe 6t 1e2 i
substanti alnl’&?/“] spherical netab |'§|S'lr’1,g%lp[aertgt|(91f eduﬁn%f“%umg'
a high quality in terns of viability as rreasured by

et 3)osdlgiting thébMbryohaRi t ot the
invention rel ates tnjo selrfgzétﬁ.lr(gé}n% Vi a Ie errbryos such
as a method for selecting a viable enmbryo conprising,

3bhd/ 2 t2RRtARR R Rlefdbalie Pé?ﬁ‘i)so&@%%hr &ﬁ:d@):teg éi'gblgé 09 defined

t%{e mstabollc rate of the e

e Pregent nyention ascyelles bre n@im dwrlb@i laﬁrempFunﬂlﬂrmore the
n@hbiyelid referhisly c@tuTQ&r%b%ﬁ?pﬂ%‘eﬂf‘of%E:dtmcgm abol i c

rate is preferably conducte device as defined

by the present invention as well as by a nethod as

despsbyaes fhektsieq thé'_t%é H@ﬂéﬁﬁhﬁhoﬁ H8he RIERABARC Fite is - ponducted without

preferably cultured in the conpartnment of said
ﬁ?é'rs'@s@nwhwef igdhe Qi%ﬁﬂé gondifignstexperirnced hy e ¢robryos
the nmetabolic rate is conducted without 10 causing

3:?% ng in the rovvth condi tions experienced by the

T‘W esqriptiongof er?‘p!tﬂ%n of the drawings In the

foll owi ng a nunber of different enbodi nents of the

ﬁe}&eg i nvention will be de- 15 scribed with

e loflewing & nuraberaf Siffesenti Q@Odwmmtﬁgéthemmsem iriventian will be de-

RerbERIRTS reRfbncBab thd Bs&%&a@% ey Oﬂuty.t fsolﬁsl%é bidtstood that

anpl es of the general 1nventive Id
Grer crEhpieRBerly saystijde axanwiesatf the tgpnarqunve idea, and that

ﬁmér b%oﬂ%éﬁ@n@?tbe cbhEei®ABI 9*1 grﬂéfﬁgﬂfskﬁlgg ir ﬁ%g&t i on

shown in figure for measuri O respir
illustrates a |ongitudinal conpartnent 1.4 open in one

El'ﬁd enﬂb@lnrﬁ&ﬁttd?%@fnvbhﬁo Qhdlun RAHidUTE qtf m%'agé}w@l ncer)%ergsplratson

ﬁﬁr/l indrical, consists er neabl e su
sigjgs %'P"a'ﬂiqifmhﬁmpéﬁmebkgg?eap@emsme end.| Ting bhoiidroras the com-

éal%neﬂ'thﬁfhfé:ﬁtc!ogm 8byiindricat, YonkiBR (ﬁ '3 {/é}déﬁﬁaﬂ'ﬂf:?lﬁg @Hf%t&r‘i%n{ 6 on top

ﬁ%r‘r& e of a transparent nat er | OWs VI SuU
p H@B%n%?ﬂfms%serﬁfwa;}mmamreﬂa@ﬁhm hodtoinomall THef the diffusion

|
o ! a}lmlai»g :g ni\%% %ifa %ﬂg &Enﬁngf&?ﬁf \Hﬁﬁﬁ 'Etﬁﬁ\% rﬁﬁgf ﬁs%éciﬁon of the
nbpyeyHear F@gﬂﬁfi@ilﬂghﬂlﬁ botiprewallgl.is matie ofa gpaumnwnteable mate-
ﬁal?:ke @%@Qﬂgﬁ’ﬂh&' SchRhESRE SRy ddbphy & dYGLN PRGN RY Bbening of

' the compartment 1.7. Oxygen pattial pressure, in the luminophore layer 1.3 at the bot-

tom of the compartment, is measured by means of an éxternal luminescence reader by
recording fuminescence from the okygen luminophore 1.3 at the botftom of the com-
pariment, through the transparent bottom wall 1.5. The surroundings 1.2 which in one
embodiment could be bulk medium is in equilibrium with an atmosphere of known or
unknown gaseous composition. The device accommodates a single or several em-
bryos 1.1 placed on the gas permeable substance 1.6, which substance in one em-
bodiment is silicone, on top of a transparent oxygen sensitive luminophore 1.3. The gas
permeable substance 1.6 can be a silicone compound, a Teflon fluoropolymere, a
plastic compound like polyethylene, polypropylene or neoprene, a permeable matrix or
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tom of the conmpartnent, is nmeasured by neans of an
external | um nescence reader by recording

w0 woi/asaeence fromthe oxygen | um nophore 1.3 ﬁ'nf)ﬁfoosmowss

bottom of the com partment, through the transparent
bottomwall 1.5. The surroundings 1.2 which in one 30
enbodi nent could be bulk nediumgis in equilibriumwth

amo&imaﬂeﬁalebaséd lsnembther chaiiika eﬂﬂfa@&i&# Ilke glass, ceramics or min-
OSI[‘%I onr .The % i ce accommo atﬁﬁ?( FI ngl e, or
s SP it g peiaLibers ofp precipus mataldikg geld prmiatiagme

substance 1.6, which substance in one em bodinent is

" A TEBsra A ot e G i dbriciog RsSnin Gonsgmelign of oxygen
besducss Ithe Qﬂxﬁgemmalnﬁes&lr& &t tRE okdyatar Gﬂébﬁél‘f‘ﬂbﬁ)lno%h%?é) 1.3 com-

ﬁlgg éﬁog e l gn%%g e'tﬂrt]%/f:" BaE yﬁ%?r?ges 1.2. The oxygen
Pﬁiﬁl@l@@@&ﬁr@@%ﬁé‘lt 13OWGN Steadj Bl b@ktalﬁm Aot S%B}éb’f'ﬁf change as

Pem cal |%§I nert material |ike glass, ceramcs or

mn
06,56 el SmBBNo's PGSR SarSUEPIoR s 2ORHERY, Jhshenprasent embodiment

| béapdsihgl awngnhahalmymdn’ﬁaemffumsﬁ b&ﬁﬁéﬂrﬁéhtnﬁb%@g&f pémsl pressure
s .that the, enb tion, of

W@Fﬁtf&g‘rﬂ]" bﬁé'"‘aafy@%wd&éﬁqc{ ly i quiiréggﬁﬁje@ SXPATIRETSALARIA Bre shown in

dﬁQL&Gtéb IThel dxyhee bdihh’uﬂ')ptnén %y%&enﬂﬁj’r@dnllt meﬁé?&ecﬁé/ﬂﬁﬁnmned as the
Tﬁitlal gﬁ&?surﬁ?ln t he byl k medi um surroundi ngs

EOAT
sbithe gaigltdifusidaecopiptiphRnaNd g SHE £%w bPaiRl$68 ?écﬁ‘ﬁtlon i),

|l ong as the enbryo's oxygen consunption is constant

In the present enbodi nent conprising a |ongitudi nal
cylindrgeal diffusion conpartnent, the oxygen parti al

pJe“SS' 10 gradient will be linear as indicated in

figure T° fkal experinmental data are shown in figure

4. The oxygen consunption by the enbryo will therefore

be determ ned as the difference between the oxygen

(RESLING  fiveas deeregse (9ee the thasneticabgrantl 1t&)ef opygdniion tike opening
%w&ntéﬁ tﬁé'e%tﬁ*é fll’ls'.htocﬁe HRHDA inﬂ@l%t% ﬁifé‘mér}ﬂ c%l(jgrf‘ which in steady

| aw of diff quation 1
Satamayglsahe me%ttmmrcédb@ sgbeyo, thhis a keowae dittisiongeasgiicient of the

h&)mtﬁfan‘a@fgﬁﬁ i the %{@l &?@i’éhﬁ @rhﬁté;?%(@é.‘i{%él lse{ﬁgrd{ff’erence in oxy- -

at the bottom
endiartial pegssiieg between thecdpfinbd atmgsptt@rﬂ;qhmtedmm adfthe lepening 1.7 of

e wapamgbﬁtc?n&ﬂ%‘sﬂ?tﬂﬁ bf ﬁieogorgﬂeﬁ{dﬁérﬁ'aQQ% ?évef BFtl'?eo?mbxyo 1.1.

medi um an e oxygen
déedgeiin thenpregedtiambodineerit of an ppticsd oxygent Iuminqphess‘hﬁ,ecovenng the

B4 LSRR RAPHRGR TSR B My it ot
e dlarizenial axygengradierds abihet loeel eifrtire/embryb, arising from an unevenly

. distributed oxygen consumption related to the embryo, will be averaged, as if the con-

sumption was evenly distributed over the bottom area, such that the exact placement of
the embryo becomes irrelevant for the respiration estimation.

The respiration rate of an individual embryo can thus be determinéd by a single oxygen
partial pressure measurement, parformed from the outside of the diffué.i_on compari-
ment without perturbing the embryo, by oxygen detector means immobilized inside the
compartment. The.measurement can be performed within a few séconds without any

disturbanceof the embryo. Depending on the detecior means, the measurement can’ -

QP‘V%"eB%ﬂﬁ'éWW ahthebofto 1.8 ﬁ"’ﬁ’ the opening 1.7 ¢
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The use in the present enbodi nent of an optical oxygen
| um nophore 1.3, covering the F J bottomof the

‘WocompmBsissent 1.4, will integrate the oxygen &%I{ﬁgﬂﬂogﬁ

the total bottom 25 area. Horizontal oxygen gradient

-at the level of the enbryo, arising froman unevenly

di stributed oxygen consunptiomgelated to the enbryo,

Viid parfefmay fisRiSHe uﬁﬁbﬁ or Mt il é Ci%él? ﬂwgmgwg}ﬂg g%{m room, or

dj stri buted over ottom ar ea,
ghe Mergwement cambe paeedodthima gewrshent irerautside thehimcubator, such

ft : : . _ T at Lo,
o CRRARBR SRier oo e AEPrBl ERbai dec @
oxygen partial pressure neasurenent, perfornmed from

= tégﬁbﬁh Bfraflor bBfpSHIBHE' & tnd g&@egﬁém{ﬁ%h Ml bmbryos can be

iSFRHIS frg @QWICW@I @@pm@n retﬂsmanultmaousm dn woe sumbmdiment the at least
ORB BRpRRMEAE ?@rﬁ%ﬁﬁés@t'?ea%t f&%&n@éﬁh&ﬁﬂé @4% IFIEIHH% gpiéa§t 10 compart-

di st ur bance o nbryo
RS Marp @arisglady abdenst 24 compatoedis 08r6Pe%n more particularly at least

ARBHR00935 40 be perfornmed inside the
i ncubat or, which could e.g. be an incubator or a warm
room or the neasurenent can bé performed within a

!ﬂeéYurﬁ’ﬂs‘?reﬁnﬂddffﬁerﬂ%éﬂng&alté?r%rgé%%aé{%m i gg ara@@ér{\partments and

rowt h condi tions experience

lﬂ @ﬁﬁf"ffuela?rtqnybcaﬁme@tt@@h Gsmagiﬂmgnlr@nmms% nwye #fan one embryo.
conpartnments of the present invention, nultiple

enbryos can be scanned for indivi dual respiration

Figiess 2 shaws tanisserd | 4. inside dhe: fisatrisontiodiementt whicht sqremsto adjust the

ﬂﬁz%v%m&teﬂﬁaﬁ C&Frfﬂé 'Io'Tgftucﬂltlal cSﬁwf)‘értﬁreﬁpfﬁaéf{ T&RbRing or entarging

articul arl east
Eﬁr?ﬁ'@t‘!ﬁ@?l‘i}m&ﬂﬂp@zﬂs@ capadily rqﬁathe oiffusion comtparineentriorteansport dis-
Qcﬂfféd Q}Hs?a" c¥s ﬁke i dpa%Goc?ﬁ ﬁ%ﬁ%&@%ﬁm&o Tha t?ansHort capacity of

further odi oS are grown
ﬁﬁfl&'@ mmm‘tmﬁﬁrdeiermms the Staadyldtdtte fuxygére partial pressure at the
| T e conpart nent conprises nore than one
enbryo. Fi ggﬁg 2 shows an insert 10 inside the first
enbodi nment, which serves to adjust the 15 transverse

Iﬁ'd’i‘ﬁr\&ﬁh%nﬁeﬁf oftiﬂ@ ihnebh el Wgﬁ e b?s%érezaflthe ogition of the-

narr ow ng enl ar I ng t he erse

erabyye iy 90r1§lfolie¢1 by @iditisting the doepsionsehthe tcontpaainsi 2t4. Thls can be

dgirn% in r%ﬁwéﬁ%?agyg%d? tm%apa ﬁ’Bn ?)?Q %ﬁuéc}gﬁl%um gﬁ’l 3.10 (see
@o%a‘?&t ﬁ%?fﬁa%fll ©F rihgreasingh thesmeehu;n kel iasideythe ncopaparingnt, or by
iRfFSttRitoSrfhsd 8.0 RS 'Hh! 2inf s WmBIRNSRL, which will reducs the trans-

verse dimension A.

The thickness of the gas permeable layer 2.6 is in one embodiment at least 100 Hm,
particutarly af least 300 um, and more particutarly at least 900 ym. The thickness of the
gas permeable layer should preferably be about twice or more the diameter of the em- -
bryo, which for mammalian embryos typically is between 30-400 pm dependent on the

developmental sfage and species.

Figure 3 shows another embodiment of the present invention. Elements idenﬁca.I with
elements of the first embpdiment shown in Figure 1 are designated by the same refer-
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I'n one enbodinent of the invention the oxygen partial
pressure at the position of the enmbryo is controlled

wWhoaHeuest i ng the di mensions of the conpartneni

This can be done in several ways, e.g. by ad] ﬁﬁ@?ﬁ&oyﬁooxs
the position of a adjustable bottom 3.10 (see fig.
3), by decreasing or increasi n%ét he nmedi um | evel

{2.€§¢éj§1éﬁlebr§rls ;a%rmff ﬁd@nlt {s}%ag ol g ?’#‘ﬁ,} ?‘ﬁéjmﬁbgﬁl rht I BRSLE of a com-
r Bﬂ@@@"tt% &9 WIWp@Immmmm a Sheniny |3c‘tkm|ema arid, but with a

et teadusib, bowst 24l s BB ol p of n -

pE#R F%ﬂﬂt%tfslltymapph@rss’i 3.d0e tpmhomT\lmll 3.10 csksﬂed afaihstehe Sénpariment
o@all B IRR ably be about tw ce

or nore thlgkagit}g%%ﬁ%%]ﬂpﬂ)%gé %yo whi ch for

manmal i an enbryos typically is between 30-400 pm

d?ﬁ@ﬁﬂ%%loﬂrbf?l‘f@corﬂﬁéf%gﬁﬁﬁgﬁégeﬁ%@ %?@teojﬁﬁg present invention

Figure 3 shows another e
i pARHHei te r‘ihe Eoﬁﬂ%b{e bottomrd. 1@ be alidred in Sﬁom‘rcﬂlaelnfoaw githet Inereasing or

s PO R B S R S 5.

@@"?h!#b@r‘ls B&slrl@reaﬁummledacr@m fHieglengthl mgmeobom;mment 3.4, the

cyl | dr s a Hfdﬂ@“?s%uféoﬁthge}%\yé?ﬁfhrbe §ml? Q d c'éan be either de-

eneRsegr i mreas tormeachlsl desred adygest partial messwm WBitHodit affecting the

Vlﬁds&bﬁty%%eﬁgfnqﬁggl r‘ésﬁﬁé@ﬁ e%}r%a@og} tl‘ﬁ%r%zﬁtrarﬁgr? )i(%e og e embryo can

sensitrve um no
dJedhizwaydwi defermined odthpthetoption of Bdjuating Sebosygen fantdl pressure as

t ,%3,@[9 i i rensi n of the
Aporithd by e Sk T e 1oVAF LB AR Rkl
i nvention can due to the noveable bottom 3. 10 be

300076 5% B+ AnSAG! Ploont B i Mot ARRR HikrBitbe complete voi
oeefiipe mﬁ:ubat@mneqbam withit aQrawthalistOddtimes b coraparithent 5.4, which

@mbgﬁlﬁfﬁél‘ggf %‘énﬁlﬁg{ee&ﬁé%éé}:@g?@s&(%ewetﬁgﬁlp\gﬁntmn The bottom
|§r53§fstlnearawth Hish| le\teinsparanh ané n!ovgredBmﬂh aalomireoptiotd 813 on top of

Wit PRGN Bho LRI ohBpbERT 4B 4 R, BRH Pk otver, lrge

ehoyghy tyomlimgaoae ti’wm mm |t® avmd bivertdp afiparfiE @ressure gradlents among -

LG LA TCIATS R R A EATE R J—,

phﬁd todhe pn"én;mjfremame sliroanding inesaiued ibvorithet wmbth@aﬁrﬁasphere out-

SR SomBA SnnC el CRba <5y iBed i e o Bolen the com-

pmuﬁnqav@yeamglr?|auvetmetdnmwmqn@ ﬁéguﬂmgf@@gﬁﬁfglrf]ﬁcﬁéﬁt fwards the
ngfygv%lp bg's%nengallansan ustra ?GCF gy aer 5}&%2& peirtlai preslsure iso-lines 5.11 in.
figure 8B, and real data from Figure 6 The growth dish constituting the diffusion com-

~partment is placed on a CCD camera 5.12 which by optical oxygen sensing resolves

the horizontal distribution of oxygen in the luminophore 5.3 in two dimensions. The
signal from the CCD camera 5.12 corresponding to the area around each embryo 5.1
will thus become a measure of the individual embryo respiration. The effect is shown in
figure 5C, which shows an image as seen from the CCD camera, where the lumines-

. _ cence intensity of the luminophore around each individual embryo is visualized in grey
-tones. Embryo respiratien is estimated by fitting a recorded oxygen partial pressuré




NS

10

15

20

25

30

wQreH

Is then nmuch larger than in the other enbodi nents of

t he Present i nvention. The bottom 20 5.5 of the growth
056263 r anspar ent and covered wi th a | uni nopbwma260380093s

on top of which is placed one or several enbryos 5.1

at a distance fromeach. other, large enough,

typically nore than 2 mm to avd d overlap of partial

prasadigntaargunsithermmebriontng thedretietmodet asstingng Ude spheical diffusion.

i ' di t is t -
) T N
i FaBdMR descriped Hhedreticaliyn 3 hé eoacenitaliah Giatle: Given point r in a hollow

c t t s i llystrated i igure

o R R er P b (1B B B BBt b oo heariional & (C1) end at
t ReCMisripow (Erankr1993). fTihere isxpgensgmpitinesftoxygsvabetaetha and b.
enbryo will be spherical as illustrated by the oxygen :
partial pressure iso-lines 5.11 in figure 5B, and

real data from Figur @@G(bFherBCAwtIy)di sh constituting

the diffusion c y’ﬁartrre ENY acgd deavationd)caner a

5.12 which by optical oxygen sgnsing resol ves 30 the

hori zontal distribution of oxygen in the | um nophore

< Tl M b BT 0 Dol e Spaest Wl dis ooty o 5. 1

‘Wi || thus becone a neasure of the individual enbryo

respiration. The effect ig.showmn in figure 5C, which
shows an inage as ﬁgqm_férq@h_e Jwher e t he
L EAEER

| umi nes- cence intensitys-ef the Muni around
each individual enbryo is visualized in grey 35 tones.
Enbryo respiration is estinmated by fitting a recorded
oWpgenD istheidiffusipnessficeny\d 3Q94n AEH2 iedia.

PCT/ DK2003/ 000935 42 gradi ent around the enbryo to a
t heoretical nodel assum ng ideal spherical diffusion.

The @}ad'@htéiatsymfneftl'ﬁagmuhdm ohygan c@%ﬁéﬂﬁgg bﬁﬂfgmilj B&h be mirrored
ol | I on,.spac can be described .
Ry b thiotGin o S Rer @R HRESED o RPeues £o57erfo sapsigerian orygen
i gpngumisig| tml? is e casemt tamblt‘yoaplaﬁﬁ bn é@'ﬁr@@uﬁ? abthg bottom of a
r - centratign, a and a :
(B3 LBkt CarfiSE S Sl ot ARl e cater of a
erhgeen onlmsmﬂnaathermkygﬁn c?fghﬁbdfrt)ﬂh@ambn? wifll%_fs)upplie_d from & half
IRz he of. oxyge i ffusi
ts%ﬁ%r% ‘rl]‘ﬁ% Eéé’l@lg%%g f%%%&rﬁt'%ﬁte g%i(qx f qu(%% thPug&Ghe s&gerical wall),
ygf;earﬁﬁ_tngaa@ @mo?;e)d_ g(raatﬁem]gtoome iHebbeticM?ﬁé&l,Qéio‘éld t?grejl’%re be divided
, i ent .of .oxvg i.n the nedia. e
%&g‘a#é'h@@i ‘%ﬁié SrRAPOUR i dusien EeRimeRn SaiiReAGY the em-
bowyreapithtion) camnatbe desatbed fully, the device can be calibrated by using artifi-
cial embryos with a known oxygen consumption. The embodiment is also suitable for a
relafive comparison of respiration rates among embryos cultured on the same com-

- partment bottom with a 2D recording of oxygen distribution.

Examples

Example 1

A bovine embryo was placed at the boftom of a cylindﬁca! compartment wiih a diame-
ter of. 1 mm and a depth of 4 mm and cultured under an atmosphere with an oxygen
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at any plane through the center of the body. It is
hence possible to consider an oxygen consum ng body,

WO Mokbicsscase an enbryo, placed on a plane sur{,@i;/gléggdm(m%s

the bottomof a |arge conpartnent (D aneter> 1cm an
hei ght nore than 2m), as the center of a sphere,
onIy such that the oxygen consuged by the enbryo will

bgagidPftbi&e b nghlﬁ? Ild st%Qc(If&Q ﬂgllp Ea @gg%}rﬁ gradler]t inside the

respiration rate lux o
wapmpartmgptavas meﬁﬁwgdtvwél ﬁ@&onﬁeﬁerga!acmoenthet opemm of the compari-

t hRAT Riward thBRAH rvo. Sﬁ%‘irﬁettpﬁ gg ds Bgfoﬂé ¥fgg$f sta?é/ is achieved can
two. If the nature of adi en

cbapaprovEAted %ﬁb@é@’%ﬂgfwﬁmem bryo respiration, can

not be described fully, the device can be callbrated

by using artifi- cial embryos.w th a known oxygen

consunpt i on0.45fe enbodiment is also suitable for

rel ative ‘Compari sohrogt Jreapk 1805.cherMelbematiohef @ﬁﬁi"'?'ihh
cultured on the sane com partnent bottomwth a 2D
recordi ng of oxygen distribution. Exanples 30 Exanpl e

N o :
oy forad e 88 BBl ot e Ao e i SRR B 15 ffusion coeiient
%f tU@ eldlum Steaﬁm siaht- ol (tommftmmﬂ aﬂtharmammnhermmvaﬁdm depth of

| pr essur e o%lp%égﬁé’e%a?ﬁegggg %@% é%a%g%ﬁséﬁr% ‘{) F'3.5¢10° A

felarkutype gw(wbrenicro rsensier witle a tqmmzardfwmmnm@@smaaewmd a micro-
VR O Yl G B, Shol SRRt v

dbé compalttmady ltsd thue sufficieahiodired tha bxyden Wl@tem@dt the top and

e WO R B o AEM B Sl i et FRR g 3t s urver

trheredobiviausi that ?mng;}radlene ohn Ibesdﬂemﬁded)bySnééwrﬁgfﬁwSm@gen partial
! t
Eaosuld oty uitn iR oeh ot Rk e comedimept fropythe open-

dngrtomardd theleodbrime achi eved after approxi mately 35
m nutes assunmng a D of 3.5x10. A darck type oxygen
mcro sensor with a tip size of 10 pni positioned with

fonpmo@ealnmmqmb,aam whea sisingieal lundiheptibré aayeﬁSit B@ore bdnvenient to

blsd fic fheaB R pRyder ot e atont SRR sompREmERL gen

partial pressure at the top and the bottom of the

gggp@ftfent to determ ne the gradi ent. Fromfigure 4

rther 15 nore obvious that “the gradient can be
determ ned by neasuring the oxygen parti al

After the embryo manipulation, each individual embryo is transferred by pipetie fo a
compartment (In vitro fertilization, cloning, thawing or another technique. See e.g.: In
vitro fertilization. Kay Elder, Brian Dale, 2nd rep. Ed, Cambridge U-nivérsit_y Press
(2001), for a general description of embryo manipulation techniques). The compart-
ment is comprised within a larger frame with several compartments, such that one or
several batches of embryos, from one or several humans or animals, can be contained
in a single frame with multiple compartments, or groups of compartments. The frame is
_then incubated under desired -conditions_. which for human embryos typically would be
37°C, 5-21% O and 5% CO; in N,, 100% humidity, grown in commercially available
culture medium (e.g. IVF-50 from Scandinavién IVF Science AB, Goteborg, Sweden).

- The medium of choice depends on the acceptance of quality control and availabifity of
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pressure at any point along the linear gradient inside
the conpartnent, fromthe open- ing towards the

WOoee/9s6265For practi cal purposes, and when usi Ng@pK2003/000935

| um nophore layer, it is nore convenient to 20 place
the means for oxygen detection in the bottom of the
conpartnment. Exanple 2 After tWé enbryo mani pul ati on,

evetiai mttiev |tlwlaraian3e sbeoiiic fype! Réfaﬁ\fdij énﬁfi)lé’%al&h@@d b@lt b8luffons for cul-

I n vi,t fer zat i cl oni
7T SPBREABE Shn belush Foe S lvradsls dnd langs, Maghthaye been sucosss-
f‘enﬂy lritmdlad;edo Thes@ynediadare, avBﬂamc@ﬁin@rméin%sf sﬁﬁgie Eﬁ‘ength or concen-
Cﬁ]ﬁ’g& g veerS| ty.Press 200%% ‘“é'g‘i era
descriy p lF E?ﬁ?l"ég TGS YPREG R ylacnpaéhe frame in a
cquomily desrgned Isninesgents eshdar, tiich feldar4 Efmlﬁéﬁféﬁcé\ﬂsfghai from the

S EfBho TR DGO o pet B colbarory ity o reumed o the
ancuhaﬂtm" imoedisely aétst themaehsafernenta Thengheal ﬁvésmanan Fd?e i calculated

R e ol B i Epaadme o immsion, die ovven partal

vﬂresﬂmré at tHeupasiticendr heserbipb G hbtywikiy |adgﬂ0§n o'é?ﬁiai ntetddN0 .. be-

It
eR0 o0y e AP e bl Es. bt s pivash paytielpgessurs, is ad-
fjusjadsgawﬂhaa\appmﬂr‘ﬁi% ibsérence AB, Cot eborg, Sweden).

m of choi ce depends on the accept ance, of L
oTH ROt Aottt S PRIt STervies SBcMPG Sipessthe in vitro cut
m/@ﬁa@ Oﬁid)@ﬁB%s rééblrﬁﬁdh faté ay;ﬂeauytuh BBmBMAticn eﬁth fal rﬁorphologlcal

& Rel. a e baI salt _sol utions
aRfiagdl o8 bierEirthe 58 e ks Ml ceetectin of e Smiyyegnies taRgfer o the
Hegigientredi a have been success- fuIIy |ntroduced These

bl e conmer e stren

‘ﬂt{ ar.e Iava qdle as SI
TiiRBoiSiEa S Blon o Fafp o RS dn Spuarab foauwas i e prmbryo. Such
I&Galpeludmmeﬁﬁbdbﬁr@ baﬁbﬂﬂfetdiﬂ depan® very rBubh 8ARpalidrite. The embryo

A HEGE At B BRAT oicle fecth arveRbyHER Eciet bifegelatine-ike shell
Iaotat:eﬂniarf ma&&fknb\milaéltﬁel abna peRRIdENERY zorld) eﬁdcﬂﬁ%érﬁ;rms a variety

b T i I bt e 2 ok e ?f%nimrg for embryo evaluation.
Thé tzuhmisest;heé@balfanmfrmslﬁeh? h@n&%@hld&%ﬂeitaﬂﬁ dlstiAgtadhable from cel-
| MTENSI, ON e o0 ar pressure
TRRLHES Bhe RS fliorianin: ) rorancihetosevhlation B eaibryos are: (1)
shapienaf] thé: @hﬁfrytal (2) ﬁr@en&@oﬂ@zéﬁ@ﬁéﬂu@ldéo(‘% saie? E(4) colour; (5) knowl-
partija

nsi ons, gen
L8 e 2he, SLIFS v dn Elion fo iy A8vRpshaBRl dege. and (6) blasto-
hﬂ&EIﬁem&aﬂ'@GntbQﬁ@ fmlri’ngrbrﬁ&%ﬂﬂ& FRBophisnRehhSoiRee Fombers in-
of ten as r&l% f # the in vitro cul- ture
PEFTR JEOHR 2l 6854* é@pieFGa)t iSyRchrapeus eglhidbdgion is generally main-
i to até 96-cvil tshagd INUNBIPOR AR that, cell division becomes asynchronous
and finally individual cells possess their own cell cycle. The cells composing the em-

- bryo should be easily identified by the 16-cell stages as spherical cells. After the 32-cell

stage {morula stage), embryos undergo compaction. As a result, individuai cells in the
embryo are difficult to evaluate beyond this stage. Human embryos produced during
infertility treatment are usually transferred to the recipient -before the morula stage,
whereas other mammalian embryos often are cultured experimentally to a further de-
velopment stage (expanded blaetocysts) before transfer to the recipient or discharge.
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eval uation, is then used as the basis for selection of
the enbryos for transfer to the 15 recipient.

wobhegaeéegi cal evaluation in vitro is based Onyp gffb%@dsrfooo%s

features of the enbryo. Such evaluation netho

subj ective and depend very much on experience. The
enbryo is spherical and is comppsed of cells

( bEzsnples® es) surrounded by a gelatine-like shell, an
acellular matrix known as the zona pellucida. The zona
pel lucida perforns a variety 20 of functions until the

e nhlngleleﬂ 8emherﬂ1enaﬂdilfoSﬁ)na FRRRIBA §Hﬂr@éﬂf o%ﬁ;[enj{r]‘gﬁlé! %watrds a bovine

h
el o e T Pof ot Fasgh pameier; bsuecAS Hopays i sams

detﬂntam C(fmeersuﬁqaarr tveteke §'id mérdrs’%aﬁdé fﬂanﬁf%‘&ﬁ%?&b r (center of em-
shape of 'the );

¢
2@’ @8@@%&@0983 eadé%?ra(f%fq’%@rewbw@)of éhez@qrgen)oroﬂe In case the

| c cprofile stArts)at Kiosvrface dﬂﬁe@mﬁr?@ 28 ﬁ";é)rfadﬁﬁ%{ gg@%r?ﬁ&gb Za gan be cho-

sta , and

relation to its.dey rrent
mere ehhapmin ﬁq‘ﬁq ?f pymRSion@belitynherical diffusion
blraﬁﬂﬁilﬁﬂrrf&hmw(ﬁyeér%usﬁfr ézrrreaseor%wrﬁt 50k ,
(é} ﬁ} ltfﬂﬂ Syrlrchr onous cel Idédr vrlg¥%$1wr|]esn G2 s the true

ol Ml talnedtothe 16-cel | stage in
errbr yos. After that, cell division becones .
aﬁénﬁlhr ous and fipa i ndi vidual cells Eoss_ess
t oxgen P@%P%fhqu%' the ppkere ghpoiat a gan he calsulatudyas de-
s sorithati rhévremy IFiguré 8Bishbive @haﬁ!hé &%u%ﬁrﬁﬁ bt pétfé& §€I?e?i§:al diffusion

E)herlcal hage @F After the 32-cel
SR eomplple “Gﬂéfbwcpafmwﬁf@esws the lime Fsowiicompletely linear. The
i pomsunthtioh e@&hbfé Willhém® beSRfisRedb tﬁ’é Sidicdbia 'in?htch is not the case
eyal uatﬁe Eﬁgond this stage. Human énbryos produc
rtility treatnment are usually transferred
to the reci pient before the nmorula stage, whereas
ofher mama |an enbryos often are cultured
exper el Q98 f urt her de- vel opnent stage
expande astoc sts efore transfer to the
(expanded bI y ) bef f h
ni ent _or di schar ge 35 V\D 20041056265

l' .,.u&b SRR CONSE

sraradﬁ' 5 dliith 6160

e ll g&i?’g }fs@ém th go%ﬁ\}etﬁgolrzﬁig%irﬁd?'élr ﬁ@@%ﬁh?ﬁoﬂ?%&?@a compound;
ﬂb?PBWPBF“ W!" "ée?&%tfpwemst FeorumnmBndiosedydlifiusion. The
mﬁdd@tmsarff Al (Egg% L5 ; :
di st elmce frcljm t%eéipﬁge ce%tr{abr'e cen?%(?bg?ﬂe(%r%ﬁsrt%‘y'
to the chosen endpoint (towards the enbryo) of the

~oxygen profige. In case the profile starts at the
surfacé=ofDthe enbryo, a is @bty @ianis 1067y he enmbryo

(a can be chd- sen also at a point distant fromthe
enbryo). The assunption about spherical diffusion

.where D is the diffusion coefficient, C is the concentration, and x is the axis along

which the flux is considered.

At steady state, the area-integrated diffusional flux towards the consumpiion
source at any position in the system will be consfant. The area integrated flux is de-
fined as the cross-sectional atea, F, of the diffusion system perpendicular to the axis of |
symmeiry. Given the positive consumption, Q this can be expressed as:

-JF=Q,

i
£y
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is fulfilled if the C(r) versus a/r is linear, for
very large b values (when C2 is the true 10 bulk
WeAAI626at i on) . The flux of oxygen passing thpeuabkiobSescoss
sphere at point a can be cal cul ated as de- C')
scri bed previously. Figure 6B shows that the
assunption of perfect sphericalasdi ffusion is not
corrpl etely fulfilled in this particular case, as the
t.C tely linear. The - 15 consunption
%C%QVS%SFWP?TEW@%%%&I%‘* ﬁéﬁ!f‘éqﬁ by the choice of a,
which is not the case for a perfect fit Exanple 4
Di ffusio Ctheory 20 1. Diffusion towards a constant
source pfcgnsyption. In a 4f1fé§5| on systemwith a
met abol i Zkng paiticle or obj ect t'hat consumes a
conpound, the conpound will be transported towards
t he consunption source by diffusion. The magnitude of
t Bebudihtsaisquetions wilcod dpplied tearaiye sfeeemehre ( raﬁélrskde‘a polyhe-

i 2 = . Cr 3 99
¢ = Bl e et GA0 betsobieed o Frpbraarh iflrent godimens
xof H.net;:tmteakhsemionnﬁor endairriie t:dﬂ&]léi!(ljdm‘g 1fhf§ 0&9%61 Q%Pﬁﬂg pAtticle is sus-
ea stat e rea-| | usi
© BRI WIS with K i hsion coasBed o 3 400 i St 86 S0 n

the systemvvl Il be constant The area integrated fl ux
| i r 0ss- sectlon’a?ll areal F, of the

SEXREfRiSION. sy@eﬁﬁ@ dbﬁﬁadﬁbﬁé—&%é?@ﬁﬁﬂﬂﬁﬁh@ébnc&ﬁ&“& &We diffusing
WD 20041056265

be express a JF=Q

%ﬁﬁ‘g ﬁ%ﬁﬁ)@@@iﬁahéowﬂa@ﬁs BQ'Vé’aB/s‘f' .onatqlrewwn Wn infinitely wide
eplané bigret s an éxeir‘rhpﬂé 8Fa oReldifdrsfonkl SYsterr. IPBIGYEADES&an be ignored,
equa q glled to a rande of geonetries
(PRARIPIS de\g Vtsf‘é'ow'fej*b? Shigce of sonsumpting gt the botteptie te barpgnsidered as
t orit-dif@nsibRaliBionayetm.0 represent different
enbodi nts f the present invention. For exanp

~cal cul 2SRl s Q*ﬁ@rlﬁzyg@ﬁsweafpﬁffqu qauvhe fdﬁ%»‘ﬂb@d maﬂlematlcaﬂy as:

pended in water with a diffusion coefficient of
3.45.10. cn2 s' (at 38 C). 10 ) 2. One-dinensional

syst en%?qﬁr@l(égnkﬂ&%’ pol yhedra or cylinder)

‘which upon integration yields
——=4, -{4.2.1}

which upoh a further integration yields
C=4x+18B, (4.2.2)

where A and B are integration constants.

Consider a one-dimensional system with a length A which has a constant con-
centration C,, at x = h, and a source of constant consumption Q at x = 0. In a one-
dimensional c_iiffusion system, the cross-sectional area, F, fs constant as a function of x.
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A diffusion systemis defined as one-di nensional, if
the concentration of the diffusing conpound and the

WOR156%E5 boundaries only vary in one di nensi ®@CT/DRR003/000935

infinitely wide plane sheet is an exanple of a
one-di nensi onal system |f edge effects can be
ignored, 15 a parallel-sided w1 with a source of
consunppplying etustioa 421 toareguatiérnd.Ne yieldsi dered as
one-di nensi onal diffusion system At steady state,
one-di nensi onal diffusion can be descri bed

mat hemit-iodl &Y as: (L213C = 0 (Crank, 1997), 20 which
upon integration yields dC d~c =A, (4.2.1) 25 which
upon a further integration yields C Ax+B, (4.2.2)

i e fi { Rsjfer a -
oS SonbomPlion oS, L UK P o SETH ARG o 2 o AR
constant con- centration C. at x = h, and a source of
const apkzGo tion Qat x 7 9., 1n a one- di nensional
di ffus?ghr? seét%e%f)n (?“he Cross- 4é%:)‘tﬂ'onal. area, F, is
constant as a. function of x:. WO 2004/ 056265
PCT/ 003/ 000935 47 Applying equation 4.2.1 on
Y ARG equatios ¢4.43) abshi- 2 sbivayfop A el B, equation (4.2.2) can
Genewfftérat i on at x = h equals C'" which according to
eq. 4.2.2 yields: C(h) = Ah +B = C 4, (4.2.4). By
combi ning equations (4.2.3) and (4.2.4) to solve for A
and B, equation (4.252) can 10 be rewitten: C(x) =
C', + D (XG4, 2: (Coh3i@e.b)pg. the concentration
Co at x = 0, equati ohD4. 2.5 can be rearranged to
yield: 15 (C-C)FD = (4.2.6)

~ Considering the concentration Cp at x = 0, equation 4.2.5 can be rearranged to yield:

0-(GmCIED,

(4.2.6)
Thus, if F, D, h, and C,, are known, the consumption rate can be calcuiated from a
measurement of Cy using eq. 4.2.6. '

Applying this to the measurements performed in Example 8, where the diffusion
system was in the form of a parallel-sided cylindrical well with a diameter of 0.5 milli-
méier, corresponding to yielding a surface area F of 0,00196 cm?, and a depth h of 4
millimeter, the measured concentration of 17% oxygen (cotresponding to 169 pM)-at
the bottom of the well compared to 21 % oxygen (corresponding to 210 uM) at the top
of the well can be translated to a consumption rate of 6.77-10°® nmol-s™ corresponding

to 0.546 nanoliters-hour™.

In a cylindrical diffusion system, diffusion takes place a!oﬁg- the radius of the cylinder,
whereas there is no change along the longitudinal axis of the cylindrical system. If edge
effects can be neglected, a diffusion system consisting of a disk-shaped body with a
consumption source in its center is to be considered a cylindrical system.

At steady state, cyiindrical difquion can be déscﬁbed niaﬁqemética]ly-a’sf

T
£ )
o




rate can be calculated froma neasurenent of Co using
WOe1p04/8662656. 20 Applying this to the nmeasur emeRpcS/pr2003/000935

performed in Exanple 6, where the diffusion system

was in the formof a parallel-sided cylindrical well

wth a diameter of 0.5 mlIll net8er, corresponding to

yielding a surface area F of 0.00196 cnR2, and a depth

h of 4 6&? i meter, the measured concentration of

! Thus, if F, D, h, and C ., are known, the consunption
|
|
|

17% oxy H[E&p@ﬁ]dlmﬁo 169 pM at the bottom of
t he vvel red to 21 % 0xygen (corresponding to 210
pM at the top 25 of the well can be translated to a
consunption rate of 6.77.10-6 nnols-1 correspondi ng
t avhicheg®nialegtdtibayieldsur - 1. 3. Cylindrical system
5 (disk-shaped) essentially two dinensional In a
cylindrical diffusion system diffusion takes pl ace
al ong th&C'radi us of the cylinder, 30 whereas there is
no chadgg-d%6ng the | ongitudi{d8it)axis of the
cylindrical system |f edge effects can be negl ected,
~a diffusion system consi sting of a disk-shaped body
' ource in its center is to be
‘Q‘g’h?f‘g’g gr}a Itlﬂl't%?f?'f Ig?stem At steady state,
-cylindrical d| ffu3| on can be descri bed mat hematically
- 10 as: V\DC290 %?DGZGS PCT/ DK2003/000935 48 r dC =0
o (Cr ank, or dr ) which{4®8h integration yields
5 r - A (4 1) whi ch upon a further integration

do‘ﬁA 3.2) where A and B are
| nt egr a?rf E%qugﬁ@m@ﬁﬂ%tﬁder a cylindrical system
wth ECdll'Ei@l‘b o&!uﬁtmd;ar@gteﬁﬁwﬂh a gﬂgl é}%& ra@: g(}b'gﬁ@ﬁbﬂ? a constant

C r =rl, and ource o
c‘%ﬁ %ﬂ\[&t Irﬁﬁfét Et‘ It and @ soyrce f 6pystant Ql;’qalanpmm @ a8r 4 0on
15 equat iApplyingleqliatios U1 o@eqlfatﬂ"l Q14C1K§ yﬁ r The

concentration at r = r, equals I°ch accor di ng to
" eq. 4.3.2 yields:

A
D-;;-F:Q {4.3.3)

The econcentration atr = r, equals C,, which according to eq. 4.3.2 yields:

20
Ch)=A+Blnr =C, (4.3.4).
In a cylindrical diffusion system, the cross-sectional area, F, is a function of -
25 F=2g.r-] (4.3.5)

By combmmg equations 4.3.3, 4.3.4, and 4.3.5 to solve for A and B, equation {4.3.2)
can be rewntten

30 C(r)=C, + Py %D n(r/r) (4.3.6),
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20 C(ri)=A+Blnr, Cw (4.3.4). In a cylindrical
di ffusion system the cross-sectional area, F, is a

WO wogbseaes of r. 25 F=2yrrl (4.3.5) By conbi nllrtglxnmogsmwﬁ

equations 4.3.3, 4.3.4, and 4.3.5 to solve for
B, equation (4.3.2) <can be rewitten: 30
C(r) =Cv+2xD(4.3.6), WO 20041056865 PCT/ DK2003/ 000935

4$dﬁ@ﬁ&rm§3ﬁie%nb§ﬂréﬁﬁﬁ @Sk bAbLGHotS p@ﬁ'ut ) il (ﬁf*ft%fbg'] system,

in the diffusion stem = equation
c H”ﬁ@%@%ﬁr@ﬁé)@cfe%a@g@tayle@(c CO2x.1.D In(r,/ro)
(4.3.7) 5. Thus, if 1, D ro, and CWare known,

t he consunption rate can be cal cuI ated froma
measur g%wof Coo2asind eq. 4.3.7. a@ | i ndri cal
di f f usion systg® /I,»% constructed by pI l?hé a 10 mm
di ameter circular i nper neabl e di sk 50 pm above an
i mper neabl e surface and placi ng an oxygen re 10

z%géénwr@?? A[ o‘?“réfgt@og'b ter of 100 %m anbd an ated from a

t measwament offCy Uingg l4.3.7he resul ting st eady st ate -

Z@%o |C{1r%£ftég \é\énljl Js&f?%n 157 E.m gﬁcﬁéfé ﬁnae%e?' cireular

g isomeable ditk-50hemabphesr mﬂienﬂeéli;é gteré@rgemafafmaaﬁé an oxygen re-

PGB AR SRl LI in GPo N Bpiin esprafiongBiaafarni ongen

dﬁoua endertiee céritorclidhe dfsz(ethé!ﬁesmlhg@e @tﬁéfcége%rﬂrgtmn will be &)
m consi stin ne- shaped bo

V\Aét‘@hhsétg@%égﬁiﬁ% &ﬁﬁg%ﬁ?%’éd*ag ?‘} kan- |4p§§s to ge Y

consi dered a spherical. system 20 At steady state,
spherical diffusion can be described mat hematically
as: a (r2 dC =0 (Crank, 1997), dr dr~ which upon

i A tSphertal e@tgmgl;&im@ed — hemispherical A three dimensional system..

In a spherical diffusion system, diffusion takes place along the radius of a sphere ora
section of a sphere. If edge effects can be neglected, a diffusion system consisting of a

cone-shaped body with a consumptlon source a its tip is to be considered a spherical
sysiem.

At steady state, spherical diffusion can be described mathematically as:

d( 2 dC

T dr) 0 {Crank, 1997) f’)

which upon integration yields:
re—=A4, ' 4.4.1)
which upon a further integration yields

| y
C=B+, | (4.4.2)
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r2dC_A dr (4.4. 1) whi ch upon a further integration
yields 30 C=B+(4.4.2) r WD 2004/ 056265

WA 3/ 000935 50 where A and B are int egis@f,bﬁgommﬂ%s

constants. Consider a spherical systemw th a radius
r, which has a constant concentration CWat r =ri,
and a source of constant consumption Qat r = 0.

W%A@nd@miimeg@nén boRdlartguation 1.2 yields 5
r = rl equals

-ch % : 4. z) The concentration at
Cu, , " wiiooRidgra s 'aﬁ'}?al ?Y&tega with afagiug r-avieh hag g constant concentration
CG.igtrB+{afid a(sbufce/of.cohbtant dohsamplidd QG k&), di ffusion

system, Lhe cross-sectional area, F, is a function of
T hphhodaafes £

the ra ing qquay o Requaticrdvigdds of a cone, F
can be described as: 15 F=2rr-r2. 1-cos! (4.4.5),
where 0 is the tip angle of the cone. By conbining
equat i qmsiﬂgpm_:b 4. 444 and 4.4.5 to solve for A and
B, equatirdn (4.%.2) cadbe rewritten: 20 )=Cw- Q1
) (4.4.6), 27rD-(1l-cose \r ri) 2~ Considering the
concentration Co at an additional point, r0O, in the
diThé osnicentratjositatm= r; equals 0y whidh ac&ﬁaﬁngeo 68§, &@rwéra’s to
yield: (i_cos.!)[i_if 25 Q(C'.-C0)-2n D-(447)0 i
2004/ 056265 PCT/ DK2003/ 000935 51 Thus, if D, ro, r|,
8, and are_«nown, the consunption rate can be

cal cul &t ﬁ"bm'acwrreasurerre(ﬁ4-éi Co using eq. 4.4.7.

In a cylindrical diffusion system, the cross-sectional area, F, is a function of the radius,
r. If the system consists of a cone, F can be described as:

F=2r-r? -[1 — COS g) (4.4.5),

where Ois the tip angle of the cone. By combining equations 4.4.3, 4.4.4, and 4.4.5 fo
solve for A and B, equation (4.4.2) can be rewritten:

[ Tt 1
Cr)=C, - (m--—] (4.4.6),
) Zﬁ-D-(lucos'g) A :

Considering the concentration C, at an additional point, £, in the diffusion system
equation x4.6 can be rearranged to yield:

L

. .5\t
Q=(C,~Cy)-2x-D -[1—»cosg—)[—-1—~-él-) {4.4.7).

A
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Applying this to the nmeasurenents perforned in Exanple
7, where a Co = 206 pMwas found at rg = 0.015 cm

wg Bmofosseessur f ace), and where D = 3.45. 105 cn? permkhoosioosss

50.04cm 0 =60, and Cw = 210 NM vyields a
respiration rate of 0.11 nl hour i. Literature: Crank,
J. 1997. The Mathematics of D fgqusion. C arendon
Prieas, if beand GRSt |
e SEH HihpfEle SR Bhuited roma

descr i bed y t he Jnventlo I gu

pAPeARIrepential SosinaSRet4i%5 di fferent designs for the
novel QpiRpthisiBIns hﬁ%gw%ﬁfeﬁts 8{] i “Xaliiple 7, where a Go= 206

variations are functi ona i val en to
f &M was found a5 0.0 en (embryn@ua‘bcﬁb)x mdwghqaar[@ F<3I45 10°%em®s™, ry =

SSHOEHLR 18 GIE M QRS SIS o

opti mal” i ncubat' i oft* con [
particle. They can be organized into 15 cat egorl es

¢ PRl d oPT, B VB rals S e Press.

cl ose prOXI mty to the conpartment.. The four

di rren3| onal system Wi t h a I ogarl thmc net abol ite
c he gurneatir this patenti appicitiod shff\hr‘tsejrffbrmrﬁﬁs@ha lforabie h&dl devices

é§§ ?'gﬁ‘f' 'ﬂg@ ipabvﬁ ? W'Ftér?n ai%%per qm t(&r}a 3? gggrgalentr &mgns to facilitate:

cbadling tof te métabhks:@pnr&cle andlorhdjustingiahe diffusion bawier to ensure

ool b Bor e Ot BRgPeIind PR Tt bebroproanized info

Tt taiegttrmeaocaltdﬁmmtbs mietaboiiecionbasiration drididrt typae thas bbﬁérated in

ORI I B3 R ) o 2 5 ! Bl cpooris

and dlnen3|on an exanple from each category of devices
nsor, si

a met abol j si .
part| cl eW‘iﬁ "5'0{7 r?yf’ Oyt g ?Prr"a?t@{""@fjf’o"%ef‘gﬁ qudfent
exanpl e deals with oxygen diffusion to a respl ring
enbryo s ended .in ueo u use the
ol Povi nd W Anasbhe sPeE R A osaRrsia stasgie smosntiaion gract-
PCT/ D@03/ 000935 52 - consunption rate, Q= 1.0

nanolitershour 1(=to 1.24.105 nnols 1), oxygen
di ffusion coefficient. D = 3.45.105 cn? s' in medium

(at 3. Three dimensional system (cone — hemisphere) with a hyperbolic concen-
fration gradient

4. leregular systems which is a combination of the above, and where more
complex modelling is required to describe the conceniration gradient

The diffusion theory pertaining to each of the three categories is described in detail in
the previous exampie (Example 4). Using the derived equations, we present an exam-
ple of how to design and dimension an example from each category of devices to ob-
tain a desired sensor signal for a metabolising particle with a given respiration rate. Our
standard example deals with oxygen diffusion fo a respiring embryo suspended in
aqueous medium. We will use the following standard parameters:

Faad
k) 23
Nus’
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38C). an oxygen concentration in the nmedium C., = 210
pMat 38 C5 - desired sensor signal is 30% | ower than
Whmorogeese. Co =147 pMat 38 C) One di mensi OWTlﬁlé&(ﬁﬁhO%s
with a linear nmetabolite concentration gradient 10 T

di ffusion equations pertaining to such a systemis
described in the second sectiogzof Exanple 4. If we

assuire a_hei ghéorlmblich e,/ A% 0 nbholfis ol (L1450 % amol.s™),

can use Egn. to calculate th

t he ¢yl i nder, @wendtfmapn oefficiedt. D2 3146-10°<n? sF/ifl et (at
(5.1) gagb _D (Cw Co) 15 G ven the standard paraneters

above vvech)i nd the diameter of the cylinder nust be re-

duced to abouta@ggemconcepiratior inthe aridiuet] G, §240 &t 38 °C

an Qbj ect vvit .ed Qx en r Lratjon_rate.

20 Design A omngdlgn é'ng’ 'i)‘é’%'g‘r gwprff ﬁbp e‘?'r@a’b‘\‘é pM at 38
mat er i ¥}) Thi s deS| gn is a sinple cylindrical bore in

an inpermeable material (1.5). It could also be a

rectangul ar or poly- hedral cavity with simlar

Tyesteme with al linsaMgie Bdblite GoBedntralidn bfadrmrced

at the bottomon' a |layer of a perneable nmaterral 1.6
above a detector (1.3) (which could be, but is not

IThﬂ diffubicroequutiony pertakhing tor s Sy sterh I'@aedcﬁb@&)mhé 8€cond section of

e Ew‘ﬁ&’ga%rﬁ'b'ﬁg ety ﬂgf%ﬁéi&'h'é?&n’i ' 3y thep w5 cpe vee Ean. 4.26
QY 8AcAHlo thi Qlia c?ti@t /, QOS'IItﬁe n}eﬁ"aethé:t? E’C eﬁé{ l?ag:%ncg 2NF %

gradi ent found in’close

ing particle (1.1). The observed signal fromthe
detector (1.3) will thus be practically wuniform
acrossy it su#f@ce. Concentration gra& nts in close

proximt 40Dt e, et gbol is- ing parti wi Il deviate
slightly froman' i déal linear curve, but if the aspect

ratio of the 30 bore |s hlgh (i.e. h >>d) then these
torfions flcant Qutside t

Exihithe ahuBld b Amefius aboye il ag firdiarmion pbiae eWiden must bo re-

dhéettotabeut4reemtio gIVth\e deé!felﬁ' e(ij’gna@ﬁ)‘i 'WARbidchith the expected oxy-

8&19&@ é@ﬂe of the bulk fl ui For all” practi cal

gurpo & *in thus consider the systemas a one

di mensi onal systemw th properties described by the WO
56265 P 3/Q00935 53 equation above,

CRAIA RIS [RFineoddhiore df P impgyanbedapiedel. T6ieiiobion f a simple

eindiival boreThandinpermeable material ( 1.5). it.could also be a rectangular or poly-

hedral cavity with similar dimensions. The metabolising particle (1.1) is placed at the
bottom onra layer of a permeable material 1.6 above a dstector (1.3} {(which could be,
but is not limited to, a layer of luminophore that is observed from:-the top or through the
transparent bottom (1.5)). The purpose of the permeable layer (1.8) is to even out the
horizontal metabolite concentration gradient found in close proximity to the metabolis-
ing particle (1.1). The observed signal from the detector (1.3) will thus be practically
uniform across its surface. Concentration gradients in close proximity to the metabolis-
ing particle will deviate slightly from an ideal linear curve, but if the aspect ratio of the
bore is high (i.e. h >> d) then these slight distortions are insignificant. Qutside the
opening (1.7) we expect a hemispherical gradient in which the concentration quickly
assumes the concentration of the bulk fluid. For all practical purposes we can thus
consider the system as a one dimensional system with properties described by the
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- 25 eve the main di sadvantage 1s the dif

aneter of the bore should be kept so |ow that
turbul ent m xi ng does not occur in the nedia columm

woaloovesetdze net abol i sing particle. The advant ag&%@@%uogﬁ

design is its sim plicity. It has successfully been
used for the oxygen m croel ectrode experinents de 5
scribed in Exanple 1. The two ®gi n di sadvantages wth

t bqsatdmsab@ne Ivsheré)thé fuex "icbhirQlitby thd 8s e%t FAtRVST the bore. The di-
narr ow bor e,

[ e de 05|ted in a
SRR of TP Sfouid e KEgEiipw thadiiapient Siodng dass natooodr in the
b arseelih mmh abowi mbohetabdsmtr@ pektidd) Q‘hﬁ‘%ﬁiﬁﬁﬁﬂagﬁ'dﬂﬂ'ﬂs desrgn is its sim-~
in Figure 11, Bore wt

Q@%%(ﬁ'lé ﬁﬁ%ﬁ@cﬁg%“ﬁyrh?@ redifepthe gwyn@r%@réfodf@xpwments de-

't beribmidrim Egarhprea mhéctwam Bié&d’\ba‘?ﬁbﬂeké v&t%Qﬁ!sgibs@n is: ] X tl'lédlfﬁculty

sed o A vessel
1P Tl Adugpbo A araRe depesiteginia Spen nAIel by, 7) he Inabilly o
negjulate theldiffusion KArier hdYed onaRs fletdboli® l‘aié%@'tl% rﬁgﬁlbbhsmg particle
pi ece of an inperneable material (11.5) wt
cylindrical (or polyhedral) hole (11.4) through its

cbatige B, Sovirhia Fmgeteof. BoR: e éxofhaﬁ étble deGTH%Scﬁa%ign Is very similar -
xcavat ed (" | owed out™) t orm

S%s‘hgce P@%S?@'g%%ge BreXioHElN (@Efw;erk/é)s Bils corgppesd @féwe impermeable
(Hidess) Alvessdl agaib of Bibimipeindiid mafdrial él'é(i; gé@s?glléh’ With medium

B OB S vr S B pieeed 3 Hnahb e of i HiRsnePRlg matarial (11.5) with

mcwmah@i (& n@m@aﬁén ifolé (fﬁ| 4) tﬁ:&qgﬁ h@cé\%e At tﬁ@&h@oﬂhe hole facing

‘He hol h hen t he e3|%n IS qui val ent
t 8"@?%‘?3!5@159&&*8 bP?dﬁ@@S%‘a@Sd\m O‘ﬂe%PﬁbeQW @fsrmaih agvity into
detsicly therasigiriny partibiegd1. IQ? Rhrced Tt @B v@fﬂéQﬁ‘ﬂwé@é\ﬁt&%@’ Eovered with

hore has successtully been used to neasur e

I
HERPORE Petectiis LSX An et e oummbes i Wbt thmetabolsing
Epeatinn & ;ﬁaceﬁh@ sﬁz@" and tﬁ@%)e@f rali® bfthe Y)'ié% ﬁ(fr?ﬁeto‘émgn is

the cgni bore describ above 1s t pPOSSI b

?ré{f%ﬂiﬁ iboes dgcysaed abeve. ﬂrmmotm@ ofdbis @esrsy made of

pAde8 Withh &
mpj% S0, SERSRA D Rop ORI Sl i od o

RS eﬁP'&ﬂoﬁéate& ofimurige @mbr!tﬂSf&rsuéaS@ﬁb%n Example BhThe advan-
dadd 6mRiaIdedica FBHPardd to'ﬂ‘i‘é‘gérﬁra@f)or{ehfes&%d ?\%0\}%% the ﬁ(?%.‘@.iblhty to

cul t

fiemave thi meiabelising pastigle &omath@ deyipg by §Wﬁhm9th%w0tlméeﬂﬂeabie

- plres (ia. Eerﬁ@nﬁ@ﬂieztéﬁt‘ﬁlmﬁépf 1aé afsg%fo?ﬁhfé %ﬁi@g&ﬁé’@?@w provide

th wherein the netabolite can use

ehidifysianhareerwitive sifigrent diamebetrerilength @i the cEntrathase. How-
\éiéérh tHer}ﬁ&htdisa-E%ﬁta 8% @l dﬁ?d t?%‘h'aﬁé khe ﬁvodiﬁﬁﬁegﬁ’le@ble e parts fit

ure e on erence 1s an
FH@SWY- ﬁﬁ the ihﬁée %‘@r@ chngyntal gitfisct theigtarface heﬂwefm them wherein

f’r%%ét@ﬂoﬁlé chh Jﬂgé?mhéd?ﬁ%i@ e{léhg thd 8feSreded.© B infigure

reduce F 0SS sec I NCr ease the
dlffu5|on barrier and thus reduce the netabolite

%E{%ﬁ W, %ﬁfgmng} ﬁlﬁg (ﬁ/ 2 td;@ g}}’}g {Jé?ﬁtnﬁ'h g Sy gn (1L ﬁiepﬂéeﬁ i design A (Fig-
ar@i 1); The only diftegencstis an ump@mefaba lmrblata imrbdw (2.Bh migiahgeduces
BRI S doliGPbf the Wotd' i A R PH 8 ifHiGUIE 2. The reduced cross sec-
tion will increase the diffusion barrier and thus reduce the metabolite conceniration in
the compartment below the insert (2.4). The main advantage of this design is the ability
to regulate the diffusive barrier by changing between inserts with different bore diame-

ters. It may also be easier to remove the metabolising particle if the insert is first re-
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35 tern. It may al so be easier to renove the
nmet abol i sing particle if the insert is first re WO

WRDo4#/336265 PCT/ DK2003/ 000935 54 noved to Inﬁfﬁﬂﬁﬁ]m/ogg%s

the dianeter of the bore and facilitate access to the
met abolising particle. A disadvantage is the required
size of inserts and bores thatsgmakes them very

dhﬁﬁécﬁ@hnﬁcrb@sé‘ﬁn@dﬁé?n@tér SMRY béeSandShdilitaiPadcedd ﬂ%ﬁ{etabohsmg
f It e to aVOI gaps et ween I nsert an

%H”\( ﬁﬁ?@‘@f\*@?@ 'ﬁm%wspmchl@gﬁ igserts angkkores thpbmialges them very
Dirfrsmomarﬂlefasg%?a dP¢ Ofnalf 3P4 H:.éf ﬁ& veWéu %es«}oﬂﬁgégg between

fun |o al |y eﬂw valent"to desig consi sts
"ReRIo @hE@WIW%Wf@P@eWUMQ'ﬁU%e cl osed end
(or a very di stant opening.-so that diffusive

n rt of netabolite fromthe back end can be
ré%?%'@s oA Figure dA denteaniisey. dhisedesignds functionally equivalent to

R iisdomdispPoftd Kl xméermle%!%%aﬁﬁlaWSfSZ%ﬁ lond Q:lo%@&jend {ora

&M& and allowed to sett y gravit
istantopgning sq fhat difiusive anspotief metamihtﬂ frera &%bfa*\md can be
h@glé@fa‘éi) bhd aGhindd b%@'cﬁ%r %ﬁ&l K@ﬂle%aﬁ)dﬁmé %ﬁﬂ&@ PicdcBd &t the funnel

ERIT5.7 elouacs spBie s bl ek hedowastimin (16 B the eapillary
AHiRCis p!d&@d FRHRAE Ploldes BRIk %ﬁ@s'rﬁé}‘kgé Qg #Zgﬁbmér%eﬂ fHe4 €essel

are two bands then the outer- npst band serve as
PBF‘@F@?%'@‘?QH@ t1Re2) ot Sieiaholitersepsitive, detepion nsndat(epbn o b@wds (15.3)
td18atdbt tHB hRNAbIIRd SshcBAkation!gRadidrt: lﬂhé?@ afb ﬂ%tlig] s e outer-

as Ion as the bands are nore proximal to the openin
'?fb“"laﬁﬁmei 5P Iefgrenes and the distance fram ﬁwmmtma??to the

|nfﬁtﬂﬁihsiﬂg Partitfee(16I 0 Mebd Rot W&Wﬁ%s(léﬁ é% tid '@éhcfsté?e mare proximeal

abol i sing particle (15. I St ance

F‘h e|openingd afam r?%ﬂmgﬂ%?le rlﬁ%lprq)@ a<bafmt aﬂa@er dlstance from the

6p@ﬁtﬁg ers. f)fthéx'i‘ theCRBIabbIRS gl% ﬂﬁ% 8hce Eéiwe%n the lat-
nt tur ul ence. An advantage o eS| gn is

5&5 ianfl i fosmpemystheknave. dhe ﬂ@meéw ozfcﬁh%aamfmy nw;zt be small enough

td ;brbtré]ﬁ tlﬁrbﬁleﬁé@ | Ad Qdi\)éntd@eto? thid' 9SG lsstﬁ? LA gS r{ileété‘ the diffusion

Ves the netabolising partic
beiar t"B?Q ﬁ!ﬁa@ﬂpfﬂaahmttmﬁéh@%rﬁqigat(m*gwm moyass(relishthgimefabolising

békﬁcldl(% APAVakiieor AWyARM tﬂeeod&ﬁﬁlgt(% t??] fhifs d:'ﬁ @Xg the distance the

The I argest problemwth

f tﬁg'aﬁé? ip¥eres| Mgirfﬁya\om H?eelarg%bpm@r@ with |tmlaﬁ9wcennéo get
?Pﬁ?%ﬁ??”?o@g@ﬁ%?‘:ﬁ?% e S S o i ke suh
@V’W@re\/ﬁ"ﬁﬁuééﬂ%ls%@e bottom This design is
identical to design A a cylindrical (or polyhedral)
bore (3.4) in an inperneable material (3.5) with the

Resign 51 shawiyindzigure @, Boteawith adjestabla ot Tibisisesigo s identical to

- BEAGIPAR EyImBUELI (SrpIheBnHPe @.4) i Sn impermeable material (3.5) with

the metabalising particle (3.1) resting on the bottom permeable layer (3.6) on top of the
metabolite sensitive detector (3.3.). However, this design employ a piston (3.10) to ob-
tain an adjustable height, h, of the diffusion barrier it is thus possible to adjust the as-
pect ratio of the bore and hence the metabolite concentration at the bottom of the bore.
The adjustable height is here accomplished by moving the bottom with fixed walls,
however an identical effect can be achieved by keeping the boitom stationary and
moving the walls downwards (as in design G below). The adjustabie boftom (3.10)

serves two purposes: 1) regulating metabolite supply to the respiring particle by altering
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met abolite sensitive detector (3.3.). However, this
design enploy a piston (3.10) to ob 30 tain an

waadpasmsedeos e hei ght, h, of the diffusion barri epciripr2803/000935

thus possible to adjust the as- pect ratio of the bore
and hence the netabolite concentration at the bottom
of the bore. The adjustable heSfht is here

acﬁb@rﬁﬁff Usiondwrtiey, ansl2)tg ff?diﬁ?lhﬂhé mgithal ﬁ‘ thé %Mﬂi‘sﬂn@ particle from the
[S] can be_acnl.ev eeln

O, TR e St e e R RemAbon Atdieiore and the

( esuliang emplsizeobibl pigton. Thie aefdithsrtoabrplicAtRhitRan thay At fit very well

SR MRS o oA BRI coutd o, 1
2003y 9156 b6 BifRUN IDKRABEIRE Sfal ﬁcﬁntﬁtﬁmétdbﬁhtéls‘éﬁsmve detector (3.3)

ba}fcfn'g)ﬁf bo?t'aﬁnze) F}rg rgﬁ;'PlltatE?b e renoval of th

net a I'sing pa devi ce. The naln
dlsadvantage is the required di mnutive dianeter of

| s P P b Fiectprio This debiap s g1 oxample of

- walow the design Ediegaritsedostiove enull ket t@ﬁhz%ﬁdlt bﬁé\ﬁs h %ﬁi&ﬂl&r embodiment

R TSR RO b o Gyl R B pipatico il by the Studied me-

s &atwilising padieleds pisked 8p Fpm 4 tramefémnBmiidroThé ﬁlun@@rr STYR pipette

P P8 ot LEAE e SRS g 7 5k Alar the respiring part  £7)

eﬁ@lﬁﬁ’!e hasﬁ bedropichdubup) disé pipelie BaSeld REG tAS aY %E%Hhﬁ’sé?%d through a-

r i articul r enbodj nment
¢ BB 80 Y BN o R tedl i marhevecolitp sepauentl fled
ww:th nwhimdn(z 2eThe beirelbfiive pipbied beivedad Bic diddvialls§7. 5? of the com-
h xlﬁﬁgntulo froma transfer container. The plunger o

e prpétte (7.10). is particular in that it contain a
met abolite detector (7.3). After the respiring parti-

P Bro o i e o Bt i vl dolistabe Botomafis pision s
tS hmcﬁmﬂtlpaqmﬁalmt%?e&ivgqﬁéﬂbus Bhﬁhﬁ%%@tﬂ&ﬁﬁ@hcéozﬁhesred ina
HSRREMER vy i ain 3 o<l ieverl e Adiegtase dimensions as the

A dmhtmﬁmmunmg walls 36.5@nbd rﬁocﬁﬁ&ilfe?atﬂf@ o BRY Bl Ho*&om

TR R e

atha thickmess of the liquio tayer §TB?4J) ib Ped%lcg@ b? kdrﬁfﬁ?' (¥6. dvj &8&!{%&9 whereby

t b
At by R of A SRR {1810 ettt hatiom of e large well
(cbbitaiing surrdvedimgdhddigs (18R AR betd ST f &é?ﬁﬁéi{{‘(m 10) is

t'ﬁg‘& ﬁ%‘&’g{%i" e E‘ﬂ? ‘F"ﬂg§ d g’%&&ﬂ@rfg&ﬁt@(ﬁ gtdg}"%ﬂ%@f Hesseompart-

ofiertt heluhewﬁdclhbs’liﬁ%f déckbash thﬁkz‘i&@l&% by 1Bfer (16.4) and
W se, whereby neans of a

{uﬁ‘?rgtzl?fig ?ii% 'nl%) mc;egs% pegneg J@e CB@I (163 extendefrom the bot-
ltarn @& theRlompartment towards the bottom of the larger well containing surrounding

- medium, where it can be brought in contact with a recording unit. As the detector mate-

rial (16.3) is embedded in the impermeable well material except for the detector surface
(16.10) below the metabolising particle (16.1) The same metabolite concentration
should be observed within all of the detector material. it is thus possible to extend the -
detector into a horizontal disc beneath the. metabolising particle. This disc may. serve

as a physical signal amplifier for an optical detection principle using a metabolite sensi-

P
P

W
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25 contai ning surroundi ng nmedium (16.2). As the bottom
of the conpartnent (16.10) is fixed rel ative to the

womod/eseresf the |larger well this results in a ﬁgﬁ,mﬁogﬁ

of the conmpart- nent volune and thus in a decreas
t hi ckness of the perneable |layer (16.4) and therefore
al so in an increased perneabilisgy. The detector (16.3)

etivestadsndphors élhee&uadmttmnanerﬁaasbls HEEH §B Mbs(e%gfﬁ%ﬁl below. This

contal nl ng surroun

tt f
38'8%’8?'8{35'1 ﬂ%ﬂ@&&a‘?% ‘H‘g?fgaéféo @rsd%qrrtrem?nee 9f terdalpater as the whole
r detecior ngumsidct ad\a rédvelefof HeTheBBbIRs tHdt ?Ausﬁ B 1r33,c}dilﬁnum toget a

bl IT mat
ReES ot Sl SRS sipasnyo sgnolampllontartmby be ungul n other

pdedigre s Wdlb Thp nTdie a&@éﬁa@@bﬁﬁ@kﬁés@nﬁe@ %gg;?g?fﬂecﬂ}adual adjustment

rﬁsggb ?}e[ ved within all o _
~othe diffusiop Barier ang dh &8 rppripyligtienefdhe matebolisiag eettisle, when the
i iﬂited)opalshmmea @!!tﬂ@é wely d6wh! eﬂ%’%ﬁrrﬁd&dvﬁﬁl‘éﬁ@% fhelr Q%.Ill'ed diminutive

%1 i ?ﬂ" é may serve 35 as si cal
" 8f the dyore, And fhe Tekpitans small Fis of ermistpndt ise fugher complica-
rtmabaﬂ théﬁnﬁemlmm/%t?@woﬂﬁ&ﬁ%eﬁﬁ&%@@%(ng%%ﬁm which

ve | nmbedded in the inperneable materia
)}b %@J&e%"‘%g HU#R1 ow. This type of signal
arrpllflcatlon wll lead to a slower response of the
det ector vol ume act as a
i - aalabe priceritsation gradient
eqU|I|br|umto get a steady state S|gnal Still thls
nal anplification may be useful)

c!%{ ﬁ@r&&'%@a I Vg °§f|§=89\}af| the metaboliging Padipleris agaitieed beéween two imper-
mmpledamﬁag@s 56 tHalt mease?ﬁkeable%%té.%l Bt meQ{a) Enﬁ%ﬁtutes a disk. We

SP@%’f usi on {l)yarr r..and the easy manip | on o
QBT f’\ffé:'ﬁ'eﬂ inA discshaped %émtierp In & oylindrieal diffusion system,
tdif&lsimyal(hk\/maoeﬁlﬁn@m&adi&%@WE r@ﬁs ﬁﬁigé‘ fef rF)dchange along

g}ﬁgapnub_' pﬁg}er of the bor and t ere
dinal gids afviingsical systera. lhedapr effants eambs neglected, a diffusion
tsyﬂémtdmtstsﬁrﬁﬁdf adsk idf dévelb?&l R i @%@Jﬁlﬁﬂé Bértaining fo such a

and bore throu mhlc

bet
ST "5983 fthgit *F%%cﬂomfag@melﬁgh Hive asspmecarragiustof the detec-

a;rldwgabab\hrm@ mERiShy barﬂeerts 9B £, 3 4 B! AH ﬁ‘)@ Fé? ré&?l?s of the
B'% Iigns of .this category t met abol T si ng par't

Lgfaga laying ghayet mqﬁmlsmg partisiedp @epna@mm Then we canuse
Eun.fh8. 790 s8lctia®d the fb%tﬂﬂfe”? abhvzemBLE fnﬁﬁnn%%‘lb plz{ﬁaﬁj skaces to obtain

%ns}gz{{g%es a .di sk. have essenfi y radia

il eqtar signals shaped cylinder. In a cylindrical
di ffusion system diffusion takes place along the
radi us of the cylinder, whereas there is no change

al ong; _t he2 t Iofrpd Mdl nal axis of the c I|ndr| cal
system 4. @d ftts can be negl edPed, a diffusion
system consi s ng 8t a disk is devel oped The

di ffusi on equations pertaining to such a

Given the standard parameters above we find the distance between the the planar
surfaces must be 20.1 pm to give the desired signal for an object with the expected
oxygen respiration rate.

Design H, shown in Figure 9. Diffusion disk beween impermeable plates. This is a de-

sign where the metabolising particle (9.1) is placed near a detector (9.3) under an im-
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20 systemis described in the third section of Exanple
4. |If we assune a radius of the detec- tor disk bel ow

W he4/sbesbol i sing particle to be, ro = 0.5 M @ﬂﬂK%Jb?fooo%s
outer radius of the planar surface |aying above

nmet abol i sing particle to be, r, =5 mm Then we can
use Eqn. 4.3.7 to calculate the distance, 1, between

(OB 8 3 Sy
weﬁmame g@@n@ranantpmﬂampermbwepmrs (Mtb)tikeep a well-defined
HiSthRRCS tRE IRE Pahtf il bg aﬂpg\{y dmﬁ%{ﬁn%@ﬁ g%&%qﬁgwﬁn{)&alﬁ(g 5). The

pmto gl ve the esire
dnelabelising mthiaﬁgéhnsrpémpd liraé sballomawel) mcaepnagm The spéamn(9.15) are

holinifhca futohkd MG foch BAG 31} FRERTS D BAcbFSt the area
(undey the slighl ansedp n@tenonatttdbtaeslgmﬁca(rw b8irien tujdlffuam i The\8Bfusion bar-
bl
?f%"éé"’@%@ﬁa@?%ﬁ%“@ﬁ@%eﬂ@%&tﬁi@e"?pn%% EpPoRS the peper v
ith of thesaubstandiallyyimpenpeabie amhpartmeniawalise The wadin dlsadyantage is the
3‘?2? Rirk b MaRE"URTeRob S0 ik o niEREs BaliBah tFpRS femins unal-
tergdy Pedation fomrplanarityrmustahly be® B ulierer awslatbhelyi laigegliameter
l.at
8R40 b do eRoifleob iy iEiing by of ¥ I bspie R meable
ﬁhl’cfﬁl%t Anathet prohleyn ismlacingeandoerevingethe tightfttingoii withouhizrbu-
t1tut
%’lrng%d F{j(:}gﬁp t%%?'re?%@ﬁ?ﬁag g‘?’l&glgéﬁ&o zel diuf ?uzi on bar -
r i er can be adjusted by changi ng the height of the
h I
ERRGA 1 SDURRE FIdd 16 BOBE ok Tronpe S5 e e 4 gqne. This e a
des;gm wehicthaig éumcjlonalw equivadbrit tr thblpgé\hguw@@f as ttrefp&maieab!e space
RppBof e AR S RSk Plte T ool s 48 fupprmeable
surfasesrHewaverr din |time lcgsé ﬁlegm?ehlmbieacurfamﬁsh@e nmbplﬁMr but constitute
i of t ap .bet ween
bt e 38R U8 310 BE e B cobe pbed cATBdn fiefiiAgmoable
~ piate (i @ﬁb\ﬂ‘lwgnehbollmmparhcle('l 3)) ib pthoet tim thet mediumUilled (10 2) cone
t
YEBRT SR YhBIL Ll Sy ELARRR IisSPaiRr Rofiah tad 8 iy A ce-
ml‘ap(i@cﬁ)as lochtednear ﬂtﬁanefabahsmymmﬂlh ia$ thestippof te s&vity, and a
nt {,
sign'as t
Shehaba FRaHeABRI: BRI RR ol ShReBrTI0 Shiysure ata
welbdefiped t:hschdndehe kept bﬂmdaert melhd ahd e MeskebsibHErR ddvantage of this
dé@%‘f‘l %F‘me previous is that the metabolising particle density makes it sink to the
-detector position at the bottom tip of the cavity. Still the spacing between the two im-
permeable parts must be carefully controlied with very small tolerances, which is not
easily accomplished.

Three dimensional system (conus — hemisphere) with a hyperbolic concentration gra-

dient

- Inthe designs of this category the metabolising particle is positioned on a planar imper-

meable surface or in a conical depression in such a surface. Both cases are examples of a
spherical diffusion system, where the impermeable material resiricts the angles from which
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surfaces. However, in this case the inperneable

surfaces are not planar but constitute an inperneable
WOowskied (10.5) inserted in a cone shaped caidppkie

an i nperneabl e 20 plate. (10.5). The netabolising Hoooss

particle (10.3) is placed in the nmediumfilled (10.2)

cone shaped cavity, where it & gravity cones to rest

athe rhedalbdite Gm approadh thb enatabdiising pAridR: IvREEPredslPeDbserved flow as

i t met abol.i sin rticle at the tip

o MrREH Sing bie ohhe Conilderariter dgaubrBaBise e igaldusion pattern

pfaceetablisingparialé by a iBpPensssbid 4GHakB)caf BeleRcfihas byPthe same set of
di s ept_between the |id and 't he '

wdef i ne apce i s

i draia!@g% ‘Qﬂ? ﬁl‘?ﬁ@ggﬁaﬁi% élk hgidiffysion qgualionsspettainig tasush a system is
tdwescrieahin thesfourth sBetion! STEXBRIpRDS! f wé i i
r[?oléﬁ% i% Si nktgfjol.the det ect or r;f)‘g?tglg%%tg r%t#{tgsgfglﬁ?gpnﬁeatthe
tHO5 ISP of 1 raefebelisinadzariigle fq ke, 45 O @My anddisnoutreradivs of the conical
idepreseion®e bk oy B fnfn. Mash f CARL L L Ldhi
Z?S Snﬁligla%t ol er ances, mv*égclﬂﬁn%r} Mgé?gﬁ{/a%dlﬁgﬂ){gé&m' angle, ,

' %‘Hﬂ ?idRe aenssig opigina desieshdeleater sigyalt em (conus
-hem sphere) with a hyperbolic concentration gre-.
dient In the designs of this category the netabolising
particle is pgsitioned on p| anar i nper- neable
surface or infa corf ;ai““depre sion in, such a surface.
Bot h &hseas ] exanp @Q_ﬁ a_{ 35 spheri cal diftgig' on

S

system where |t h&a -dpdiCheal))| material restric he
angl es from wjpi ch WD 2004/ 056265 PCT/ DK2003/ 000935 58
the nmetabolité& can approach tihe netabolising particle.
If we express the observed flow as a function of the
ngl e of the conical depression, -then the

' éigju giandad Reyamelsrsoabayemeeeiind thefco:aicaﬂﬂatrgb lz«aorin'u_stibtmgzobo to give the
BaditddGs i e an _be descr i
By o R el Ry gD 78l Thipbme-
g de 8- 2anudeemenninal holemwithgnt apeningrofd . G6/sieand & bbttom width
eV irkesh i jon of. Exanmple 4. If we ..
assu rr% _ 2&}} %’gilrﬁ S§8¥ Qﬁéteg%o?geg&ﬁ Elt’lﬁ@ion&@?ﬁ&ﬂwgﬁstq{gspmng par-
licis, dn s easeqp purine blastocystide a ganical Bois isgiveraindsxahmle 7.
outer radius of the conical depression to be, rl= 3
mm_Then we can use Eqn. 4.4.7 to calculate the
Resigre-dishawgiinFigore SatMetabolising pdrtitibeon ametdotorgititai Thi®design is

A508GO Aot e e mri com-
Blyopga anfl ek metaboliteigradiertrig rezordebitin o 3dEsrsrgibye detector
(613¢ embedded in the surface on which the metabolising particle:(5.1) rests. 5B shows
a cross section of the bottom at the level of the metaboiisihg particle siiowing concen-
tric iso-concentration lines (5.11) for the metabolite. 5C shows a hypothstical image
(top or bottom view) as seen from the CCD camera (5.12), where the expécted detec-
tor signal around each individual metaboiising particie is visualized in grey tones. Mi-
cro-elecirode profiles close to bovine embryos have been measured in this type of
setup. This experiment is presented in example 3. The advantage of this design is its
simplicity, the main disadvantage is the necessary accuracy in determining the local
metabolite concentration in very close proximity to the metabolising particle. As spheri-
cal diffusion is extremely efficient over short distances spatial resolutioh, is erucial.
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desired signal for an object with the expected oxygen
respiration rate. This corre- sponds to a 2.5 nmm deep

- wWa2osdhehol e with an opening of 1.05 mm and aP@P/bk%ﬁsloowss

width 15 of 170 pm An exanple of a netabolite
concentration gradient towards a respiring par- ticle,
in this case a nurine blastocysg¢, in a conical hole is

giDesign lKnshDva'mle%gt}f'e 1@69!%‘14/#!? cSHIMdebresEibBY Fhi® Aesign consists of
detector plate. This

A ffirnBab oBE (76 5an SaEadth i dorr Bemenl deprassionsefa suitable
\Maazgle 30 I(Eucd lab T8t G0 degrasal, iplRiY ih fetePBthed Qh@h%ﬁi‘éésmn witha

Pl e d i Bl s%%‘?ésetﬂ% Pl TAce S PYroBeedudrop

o(17vﬂ)|06h stiteblewsladne] 16RO Gl Bl HeQlve déﬁre%?sroh@%h& coRdtitutes the per-
the bottom at the el

c 4% R 2Rrb™ A1 Ps raslihgiag Sarl 1 7t Digpiaced at thebotiom

| sfthe oordent teprebsion (1 m&ﬁscﬂﬁaﬂi@s ith Bdnthétwilled akR loF H@tec@pmatenai
Op.,or bottom vi ew)

02 ePomEREN Bief diernratematonal (T} The pelepsipaif fip detector into

deeharizoftal fiee bsm@aﬁltheﬁmetaﬁdhﬁfg:ﬁbmélé’ eMaslE ¥ to serve as a R;stncal sig-
S visuyalized in

a USI ng _parti Coj [
c a@)a ghtigel delection panciplg, %@@ﬁ?@b%ﬁfgy\&f%g@@gn G, Alayer

tniemmmmeltlfﬂe HfUpSpréVéiﬁs ebapobdtioH FfromTfHeSdrSES l’(’&fdré?l‘i‘étched lig-
rese n exanpl e 3. The advant age of

i PyRRee B erveption Meidadhdispaaieb et dte dropiet o me-

tohen (ECZ)Te0pcties pu@@yeé. i8 ket REdHaRE. %eH!alee@CﬂJe volume outside
t abol i.t,e concent %[ in very close proximt
a

e coniral fiepression (1afhis PR of the Sslﬁﬁemdmgsmeéiwm ang m;@. et specifi-
lcall)emt:ln@éfewth@bétrﬁéaﬂﬁ difM§ibn BAYie Lﬂle%k AL SthaPAlakEhs remains

%ﬁol ut gﬁg i s Crgfy@f VO 2004/ 0562
S PoHIESEI éh?)g@'i'uaﬁn karr%mbe diusigst Ry mpving the me-
Rhlallisingvphiticleas ofiwdr cdﬁi@él I'é%@%ns {QnSpH@Rris) 'ﬁpélff(éjﬁeﬁt angles

f 2l th 500- 3000 |
2oL dertib o Srafesbily ah atlpdor canigRlly Slag r_@gtmentcan

b5 ctamummgmmaed i |e&§ﬁh9!el mau@ﬁqe%%ﬁ&{s Sbdvaht
% I essi n Wi t h @%%dro l.ic surface. The remai ning

nn&efnt ﬁ%s%tp i @a@@lgngs RIRSEBisH db Famplegf. giiegnain advan- '
(abé o? thi®desiyriidiits ShSlicitp) HoWRverl©-o&? n@asurfa'bié gl :té?noéé"ﬁ metabollte

S|l ons d constitutes the per- ffusio
B%{f)ﬁer'@ f'o(’fvfak(& degpangdiagey) %Icﬁbd%?ﬁf@ @ reqcrsr@) thus approach—
iphakesimple Bde dBSérived abdle. tlﬁg ﬂﬁf&ﬁrﬁ:@ar e BSHbAYUebrcbsibh brings

so t hat II)It is in contact wwth a disk of detector

A pRrpgpble improvementis hgedina{ espreialipéthreaatddoremeying the re-
phingPobjectdRoi@the BEIES) viif -
horlg’zs%r%ta di sc ber{eéé?th %imnrfgﬁ &Eg)lté)éwr#g ggﬁeaas ?escrlbed forde
VeRlPEAt to serve as a physical sig 10 nal anplifier

‘for an optical detection principle, as described above
;or deS| (I;n G, A Iayeri of smtabl e 0|I above the drop

Design L, shown in Figure 8. Compartment with lid of adjustable thickness. This design
employs a fid (8.4) as a non-liquid diffusion barrier composed of a material which is
less permeable to the metabolite than the medium but stll more permeable than the
impermeable walls (8.5) of the compartment. The metabolising parficle (8.1) is placed
in a shallow well in an impermeable plate. A detector (8.3) is placed at the bottom of




dium (17.2) for practical purposes is kept stagnant.
Alternatively, the volune outside the conical

- WOpHenszason (17.4) is part of the surroundi ng praghkER3/000935
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and thus not specifi- 15 cally included in the
pernmeabl e diffusion barrier, unless it for other
reasons remains stagnant The ggerneability of the

dﬂhfefvwﬂl Tie bell hases nfeiboiR ReLakiIedd %%wuébg%mf fied®(B.4). We can

bol i..Si icle to, other conical ons
58?1’8%{??*3@% E%;JS'W‘ PRITET by epvaring dywelkwith, ﬁfﬁ%mnt gegfidns of the lid
a"‘m difiereptthickadis bytsﬁm@?rc Rl r{? i@ ho;%wté? Wth%h@ﬂﬁﬁd the well

as exp alne In ex

r.t me
zf’%g’ﬁg ¥ ﬁ%"eé?fi‘é({zh gi&e %t(ﬂ'; gredium (8.2 whwbrﬁ gubmergat! tugder an ofl
Vdctvbr (SUKE) tcﬂp:é&érht%ab&a@érﬁ %ﬁ%@‘i’nédﬁ;rﬁ’é@ﬂ’@'a@sﬂﬁﬂ th8 Sessel without

dvan- tgqq“ fIFISdeSI IS Its si
ms%P“T% 4 E?ﬁ%% s KlesioRis e simelishy, egshf bamling ghe metabo-
dieing@atict ih me&uff@y shallodagall, aRd aBRLEN "G&‘P.bsﬁt" diffusion barrier with
Sﬁé)koej% onlg awred_ thusa roach- iIn ?

e e'Ptenfs@"rlgl'ﬁJ hﬁﬁtb@wem jid end the base plate. If
donfitdahotdeiegaste] Berizdhian Siﬁusnéﬁ‘ o%@fa%ﬁht@ hes tl‘lé@&ﬂ;\.‘ﬁﬁﬁéﬂt becomes
| n handl i ng (especially with regard to renoving t
@Tl ng objects fromthe device) when conpared to a

SI rrpl e bore as described for de- vice type A
lLrreqular systeps which constitute a conbi nati on of
é?é’gg@é\ﬁé"’ ' Ei%"ea?% (prarasimend wéh derily| apenifiddEhis dagjgn is almost

icmptlu:an &dthb@réiﬁ@t@dd nt aﬁcéﬁeﬂféeﬂbﬁﬂdy@%nqméhﬁ%méﬁ’d 12.5),

ure 8 ar t nent

3{35@ ‘@V?ﬁvﬁﬁ weldeving 3 simal pgﬁnm@ (2. Byas adiffugiop &anler for the
mtﬁadﬂ@ﬂ?‘hdz ﬁﬁﬁn@r AiahttzioP tHRBEL; elsQRé'Eigrgﬁgﬂ}%n@?d;ustable Jid to

Is |ess pernmeab

gﬁié{ﬁtrtt‘% Q'ffH%'BP &‘ﬁ{r iStthanever a dspdvaniaanda hecexnested diliculties in cali-
brating seabreinegliap s&sﬁerﬁ)mi%uttl&%p% mﬁﬁtbw‘:ﬁ ozh%a act position of

tabolisin article I's aced 35
' g%'%'"ﬁaéhmgﬂ%@' Wedbl e plate. A detector (8.3) is
~ placed at the bottom of WO 2004/ 056265

5@ D@ZOOS/ OO 35 60.the well. The well has a
0 ?‘E%”fb'@ 18118 Gargoaginant with ympermasbisdivbwith yantzy pore.

Tis deﬂgn IsﬁUﬁct%ﬁthﬁHer‘itﬁ:ﬁl withd Privils Q@él?h e(%xcgﬁt ey iﬁél'nBQ:ys a

glf ferent sections
%ﬁ"?@ﬁ?‘gﬁt(ﬂ A ipbriEpespeablefid {1 %5)3% wa@uata@eldifﬂiswn barrier. To
¢tRnge dd difibsion barribhit & ;fo‘sQHI%% k&t g@ g\e [[E?;\ﬁﬁi ahbﬂileP with a larger

with g dropl et rrE|um

'i‘l%% %53&@ V@rﬁﬁ%mpﬁﬁfaﬂ Pfolaalﬂb%?ler(te calihratecanst usecthan the previous
| GRSIPOTRS idih dlbéﬂvahfh%e'@ghééﬁhﬁ %Lﬂgﬂt ﬁc'b%i\ﬁéérl {jdeéﬁ}?th\é%%ﬁs lolate. 1f

out oil. rime
twﬂ bp'§ PRprGesuale, helg@@tamlfﬁuaﬁa lof mgtatiediteriptodbe compsnmgnt becomes
p@@g’blecl ein arelatively shallow well, and adjustable
‘conpact"” diffusion barrier with

Deslgn O, shown in Figure 14 Cube with infet and outlet for metabolising particle. This
design is an impermeable cube (14.5) submerged in media {14.2) it contain two bores
.{14.4) connected to a central compartment. Each bore has a funnel shaped entrance
(14.7). Initially the metabolising particle (1 4.1) is dropped into the vertically oriented
funnel and allowed tfo settle by gravity onto the detector {14.3), the resulting metabolite
| conceniration gradient is somewhat complex as metabolite is replenished through both
 bores. However numerical modelling can predict expected gradients given proper di-
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the lid. The mmin disadvantage is ensuring a tight fit
between lid and the base plate. If the fit is not

wogdndgezes hori zontal diffusion of netabolite iﬁ(‘f‘f/ﬂK%b@/ﬂﬂostss

conpartnment becones 10 possible. Design M s
Figure 12. Conpartnent with partly open-lid. This
design is alnost identical togjhe previous design,

mﬁﬁﬁﬁihne ﬁﬂhé ée\ﬁdepb%% déﬁﬁh#@f%@@lbl’é@d b snﬁ% metabollsmg par-

artl covers t vVin a sne
( tt@esmﬂakncawmﬁtabghmt@anmlw aﬁaantag@tsttse pessiiiy tq r@tneve the

gtéﬁgh‘ﬂ@q %r%l@:?:pgtgrﬂmﬁfthé Bl et Qﬁcﬁl‘eﬂﬁp gl?eu[ggl}g%lé Eﬂf&rdtﬁpwav,w The

3'@9 patiele vanalsgde Cbpphltedmpdbeteaideﬁ affthe compargment with
Cﬁﬁérenf&&&étﬂ\% tﬂtﬁﬁur@}hé rc[uﬁ? W gténvt%}‘.tg\}re%l’f%f %&‘\Uﬁe tﬁg@éﬂ' #itbugh the

y tra exac

eltbie hpepsssantimdisciRagaibei @nhdle. Astieadvantagpiigtheenare complicated
W déeﬂﬁasswgmaﬁﬂﬂ?aaﬁt&% Gttt ot SR Bl B8 compartment.

deS| gn except that it enploys a central pore (13.7)

mmgsn ble to exchange the I|d for another W|th a

| arger pore size. It is very sinple and probably

easier to calibrate and use than the previous 25

dEwsi ganeralimeasuiing pirsiply was ayaluated éms paitioglanembgdiment according

GHERT. e Pt SOy 7 Busg bminbiae e o iago wes

doeasavedagnordieg tertbe follpwingi deiseriptibesi gn 0, shown in
Figure 14 Cube with inlet and outlet for netabolising
particle. This 30 design is an inperneable cube
(Bevid®) submerged in media (14.2) it contain two bores

S RS ARn e RPR  Rrs P B ORI Pl e
rteis sbwippsédef tya nmpmableéplec)ea madkr ofigless. Arglasstiiate forms to bottom
{715 R4 SR Hlead 30R skl USH 5 RbiA R s
o aBubigletheomnbef fhis ass eyliadirdsia cylindscateoeat! 1Gt)nwlhea<
aotcavngéptep%%t’d 8 n’lrﬁ Atetﬁelz SIFJI! Sthtﬁg h'i:[erf%éi'iggt o\ser%sélf’su?ﬁég the hole is

huneri cal can expec
greaiiatad Shglowed opt”bwﬂ'l a dnil W@W/zﬂé‘rﬁé}ﬁﬁmrcai cavity into which the

AR o TIPR BBBc S A B G coveres
pdth-the oxlges qmetrl]thablmmplmsrm?‘mmmnhora(rtle :33 (Platiﬂmn (Il)-ccta-ethyl-

|
RENRONR Podnitireiol B3 Eiiblls Fheu i sbdfe to thagipgs plte
with deatdl iwak cofaabid mt:lzorhal teansport v oxigen ahthiedbtelfacs befween the
E%%%Cl e an al so be deposited on other sides of the

B3 R wi ¢ h

Embryos;

Three to four-week-old immature female B6D2F1 mice (F1 hybrids between

DBA/2J males and C57BL//6J females) were treated with 6 L.U. PMSG (Folligoh® vet, -
Intervet, Denmark} i.p. on day 0. Two days later (day 3) they were treated with 6 1.U.

- Suigonan® Vet. (Suigonan , Intervet, Denmark 4001.E. serumgonadotropin 200 LE.

choric_)ngonadotmpin). At the same day the females were mated to mature (fertility

tesied) male B6D2F1 mice. Two-cell embryos were flushed from the oviduct 2 days
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5 different detectors by turning the cube. A
convective current can be forced through the cube if

woBmessassy to discharge the particle. A di sadv?ﬁgwﬂdgﬁmﬂ”s

the nore conplicated design and possibility
nmet abol i sing particle gets stuck inside the
conpartment. Exanple 6 Opticalgy oxygen neasurenent in

Cﬁﬁéﬂﬂéﬂn@?ﬁaf 8 hahd WFUW E?nl}a é%éﬁis J;Qﬁ) After flushing,

general feasuring prin
pHierarekiyes weredsriisierrad tad\&tt‘r (Sigrga Cheinical,Stf Lopis élsm medium and

Taﬁtlfr&fsﬁ' 37240 QS 895 idyy |ﬁ rag% 3]%8?6 [1%' o %}(]eéte képt in type 1l Mac-

bl ast ocyst stage was me
f slonosdges (Techoinlasti taly) wnﬁﬂr@amees toJeed @em-arﬂure# 1314, Brogaarden,

dﬂéﬁfnéﬂ?éﬁé‘\n)afbraa”pl e 5, version B, shown in Figure

s conposed of two |rrpermsabl e pi eces nade of
glass. A glass plate forrrs to bottom (11.5). Onto

tﬂ'dév:@é ﬁ&?orﬁrf\g Q‘!ﬁ ﬁ%@@ t“?ﬁn‘é’oﬂﬁ‘r e gLﬁ?‘g gfaé%d P0a Nunc 12

t‘M@l!sdlélﬂ mwcxytmentmrmat Q\IlmcalySJ Rokkilda Dehaiaek)( ﬁllbd%th/w‘lﬁ fedium
aand*bﬁ‘f@%cgjlhbrgte iy 6(?16‘1"%]? R & h@gf) éaaglastocyst stage

facin Vess e sur
((‘5h5@V$ afigromating) )Nam ttamsﬁen@dutb thet dagvidethyf ejemr@ isfidrhlthe iransfer pi-

L TR e ———
G&lambyr by graytty éﬂe‘w The ahivahef tba;Fg?qu @ﬁf?ﬁebhl@?r wastverrr ied by
n
RIRR Throstboly, SRIDE clrsct bl ehPcPh B i heiif rpi Below. The
aﬂvﬁtaseehmndteeelw feainttioe blgegloaeachibs @Drphyﬁrhﬂdiﬁﬂ;bl&ir (Platlnum -
T I MO T e
Thawber (d 1f&)masmnrdﬂdd.:smgmﬂatﬁmfI@ﬁﬁhmmmm&espechvely

PhATphg Shistior R AT R o B e Bee ity Disreroents piate

veader. Hlmreswtcg v@amaon‘d)ad from 0 tmrﬁ(ldms éﬁer‘éﬁ@ltﬁmﬁs Fludisgtence

E@%?{Séto@r? él?}é}g)épﬁféer? \?é l{: é}i‘% a}r{zar] msuge usmg a% nC?IP écf gtem-Volmer
§Gmﬁ¢gowhi¢btadegitatemsbnlﬁs the I'eq)bnslgdfmdﬁtdpu@tiéé .acbbrding to
wer e_mat.ed
IRaRETR) 8% rthert G oflae R nsope. & n. 9 G ppuatio iology.
bimnoy Oseamgr 40t 1ISBed66):0m t he ovi duct 2 days WO
2004/ 056265 PCT/ DK2003/ 000935 62 after rt ing (day 5)
S

usi ng medi um M2 ( Si gpa Chenical . St'i Lo USA). After

f | ushi ng, IR 1feT ¢ 1+X. C

Where o-in the non-quenchable fraction of the fluorescence including scattered stray
light, and I, is the fluorescence intensity in the absence after placing the embryo inthe
device, the oxygen partial pressure dropped from 21% (atmospheric concentration) to
approximately 17% yielding a gradient of 4% oxygen (or 19% atmospheric saturation)

- over the height (4mm) of the vertical cylindrical cavity of the device (11.4 in Figure 11).

The solubility of oxygen is 210 uM at 38 °C (incubation temperature) resulting in a gra- .
dient (dC/dX) of 100 pM em™. The diffusion coefficient in growth media at 38°C is ap~ "~
proximately 3.45*10° cm? s, which yields a fiux of 3.45*10 mol e s, As the tube
has a cross section area of 0.00196 cm? this gives an embryo specific respiration rate
of 0.677*10"* mol embryo™ s, or 0.546*10® 1 embryo™ h* (0'.546 nl Oz h').
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the enbryos were transferred to M6 (Sigma Chem cal,
St. Louis USA) nediumand cultured at 37 C under a 5%

wd3eByed32¢s 1 at nosphere. Aninmals were kept int (f’ﬁ])fdoo3/000935

Mac- rolon cages (Techniplast, Italy) with free access

to food (Altromn # 1314, Brogaarden 5 Denmar k) and

wat er. A device according to figgure 11 (design type

Bin Exanple 5) was placed in a Nunc 12 well dish in

mcro tlter format (Nunc A/S Roski | de Denmar k),
l o $ SO MBASLERR BHOEIIERS 2 in the

|ncubator for 60 m nut es. One errbryo at bl ast ocyst

stage 10 (5 days after mating) was transferred to the

é\ﬁ? @bomy e@P@emcﬁbdenresswwqweatedmﬂ@rbqﬁfpm ofeet 2 emartide well in.a

t BSIP(/&?H:EB p‘i’ésh&%bﬁat@ E?bF&'smp%\l &b &# r%bo;ﬁ%% ét@éltrbcf‘ﬁlltd its surface. A

SN tom I nt gravil

( 1hin lgyer of glental waxavessippligbasadrmm dlameles c@ﬂgmdmdepressuon
V Abpriok eﬁb@)&u[tdréﬂb%ﬁﬁ?&ium Msﬂﬁ%@\ﬁw?@ 'tﬁ@éﬁﬁsgbﬁﬁﬁﬁ the area inside

vi sual i nspection o rom
f theovaxsditsies and grfewsdayold ppprox. hwod;m giamejaemotisthembryo was placed

PRItRY }SBitcﬂn ok iy %l&ﬂéﬂ&l‘b i Joﬁ was poured mto th? well to
oct a- et orphyrin in poly rene
‘-’iliﬁi’ [ a 3(1@ \n@;er hnﬂ’sand the fip of an

t PRVeRhe ﬁmeﬁélm néeiate ams

r §8/8EA %ﬁcﬂd§é6&)r ﬁ ind l'ngfbr-dh%ﬁ mﬁ:}orﬁm‘)ﬁ‘lﬁﬁy \Ei;:étg Hég},oned above the
respect i vel recor em ssi on t
i fepiespita A é@ﬁwalrei whieh eould eeritnt hoth the atleromaewlator and acquire
RhdQiRaerdh crbSGRbFStpik Iﬂr Fens [—dbrg’kgﬂ'ne‘asto Ao oxygen measure-

excl tati on. uorescence I'es were conver
t Hepigaiang govariicallling taveards 'é‘lel%ﬁlhfg) W steps ¢f Z2ohicrometer: The measured

Sgcﬁa%ﬁf%tﬂﬁé vg@; %@alob&libor \g%{a‘?@e ?@ﬁ%:l%ﬁ 3 4 lsd ;H %rv:l%ure 20. At

t he response 0 acco
ethe &mbng:g@r(acebwhtcb pwli lmg@d Rppicxr 8.4 soy &Qmahmtm:ottom of the:

L%Eﬂﬁéssgmafi}geazgdnﬁehﬁrﬁoﬂga}fas 2(?;6' l{m ‘Uim.% S@?@@ l'translateid toan oxygen con-

rﬁﬂmnﬁlee a5 Del 1 nl ot owsing fonhvda #4i6r Asscambe seercironitmyfigure, a
(S

S Srfon £k 04 e od el O, ShASE SRR formute

thé7 to E’mdcbthlst prefilepjugsasyant gtmld fibrwdsishy penfdmpib@daﬂdrtxanf the

' quat nospheric concentration) to approximtely 17%
yle

ding a gradient of 4% oxygen (or 19% at nospheric
saturation) over the height (4mm) of the vertical
cylindrical cavity of the device (11.4 in Figure 11).
The solubility of oxygen is 210 pMat 38 C (incubation .
tenperature) resulting in a gra 30 dient (dC/ dX) of
100 pMcm 1. The diffusion coefficient in gromh nedia.
at 38Cis ap- proximately 3.45*10-6 cn2 s', which.

. yields a flux of 3.45*10-12 nol cm-2 s'. As the tube

has a cross section area of 0.00196 cnR this gives an
enbryo specific respiration rate
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of 0.677*10-'4 not enbryo' s', or 0.546*10 | enbryo’

£g€ 46 nl O2 h-"). WD 2004/ 056265
w @%% 3/ 000935 63 Exanple 7. M crosensor PCT/DK2003/000935

nmeasurenents in a conical depression. A 0.04 cm deep
coni cal depression was created. i,n the bottomof a 2 cm
W8, ina 5 polystyrene Sﬂastic pl at e by
pressing a 60 degree pointed steel rod into its
surface. A thin layer of dental wax was applied as a
4-mm di aneter circle around the depression. Approx.

28jsigan M. Riwsplomesventioumenctin®ieaiodsor inbisdrdoidat of intracellular PO2
d?}gre% |og]§[‘]dg thgl %li)ea inside the -wax circle, and a

f SUP° gﬁsis PEEPISYR 1080 pm di anet er nouse embryo was

P ARt Physiolt PeoRbigsm@Pfad e depression before 5 ni

paraffin oil was poure€d into the well to 10 cover the

dr, 0 ium_The plate was placed in a 37C water

b é]l% EM%'QHF Cp Reininger Foldoleaal G @ Loarahs BindtiRde Optivaboxygen
ednQ6 - 19l ¥ Ly )J JaS~Posi ti oned. above. t he
depr egsi%dri.ﬁéh,&m% so?t{)/\Ilg*rﬂeeEH\/?ﬁ‘“irC gé@@g n%sgﬁqqegﬁfé%?.h t he
nd\dv Space Roesl KOU;22(h0): BesGuT4.e  the signal fromthe

m crosensor anplifier was programed to nake oxygen

NBAF M .agrvertical line towards the .

e rrbé'vr%y 0l n,ng tg%ggﬁc‘a f%lgl c%l %’ﬁ’gﬁ% PEsot ﬁaﬁ;gd ﬂﬂ\ﬁﬁ?ﬁpz‘ﬁreiWCG lifetime
oprenching ahd employiigaiisol finer BERGSRSed ) ﬁ;eiﬂﬁtgbe. Part . The-
enb(r‘?ﬁg.l shown in Flgure 20. At the enbryo surface,

vitv W?‘i“m&@ﬂpe%é%@ pgCongpus B 3rianB3dth) 2aK).
tip/bottomof the depression, the concentration was

Kb, 1yWlieodr, VaKile, M 2008, #iiReLopQ¥Bx gﬁilﬁr&eﬁ’szrs?an w tool in
sun}gtl on rate of 0.11 nl hour' using Tornula 4.4.7. &s
AqRatirbigkagy. kimnelagyeand Qeranography; ¢0¢) 41 59-dd6E ent r at i on

profile was neasured towards the enbryo, and using

f@IRaR N2R /Nt B, iSRPrf tVes .
goog}l}{i t m conf%ﬁsﬁg J\S/a ’|B§Pt%]ﬁ%%t’t]§§®§%§§ﬁr optrodes,
Fpeyiioohivs s sceds rpararan of Banditfnsioial Gfietibntes in benthic

R o AR RRAERE ol PRl serea A 00 206el ot

muscle fibers. 5 J Appl Physiol. 1999 Feb; 86(2):720-4.
RN Gluia EK\Guridotsen, N3 Raeising(3660)HlcBedchzmlicaland bHRAL ¥xygen mi-

Inot. RA. .Optical ox n, sensor, i nstrunentation .
E%’é"%&ggsnfof }FeSI‘%e‘P%"éP{ F 1 P e rewe of paeatigsystems: Chemical

analysis and speciation. John Wiley & Sons Ltd (eds J Buffle & G Horvai). Chapier 2:

19-73
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Adv Space Res. 1998;22(10):1465-74. Gewehr PM Del py

DT. Optical oxygenh sensor based on phosphorescence

lifetime 10 quenchi ng and €pl oyi ng a pol yner

i mmobi | i sed netal |l oporphyrin probe. Part 1. The- ory

and instrunmentation. Med Biol Eng Conput. 1993 Jan;

31(1):2-10. Klimant, L, Meyer, V., Kuhl, M 1995,

Fi beflaed 1 ¢ oxygen m crosensors, a new tool in

aquati c biol ogy. Limol ogy and Qceanography, 40(6)
1159-1165 A ud, R N, Ransing, N B., Qundersen, J.

K., Tafidierice fRiiion-invsi@odpasupbmantrof ti indidiasal maBbalic 1 of a sub-

t 00lstgh ' ; : SUr {S.0 wo di nensi onal 02

di str ingﬁl{yifdgﬁgin%ﬁgiﬁ?ﬂl c Brﬁ%é%; gabi's”zg"(:i' 76 FPIPEEeS Mar i ne

Ecol ogy Progress. Series 140: 217-226. RN dud, JK

Qunder sen, %’ég{s _ | ectrochem cal, and . o
opti cal oxydgl?%} m -b!gk?(c:)&s'ﬁ%s}g%%&f%aﬁ ??T"%?rtnrﬁe"q being defined by a diffusion
nmeasur enentlamierandicaphble offoomprising e makiume wth laGubstantially spherical

systenms: Chgdty : . MST S ciati.on. John Wle

2 Sons. Lt TageoisingTRAe, i ari 1§ GrapGed arobmy the substan-
19-73 65 &l Wemim%ﬁof&mgfmimmmlmmasémeguoe the diffusive fux
measur emeniy. ic rate ) sub-

stantial | y%ﬁi&ﬁﬂ}@tgﬂ%ﬁ%&éﬁ@?ﬁéﬁggr ?'f"&‘f"éq ",'\ﬁ%b@ﬁte transport through-

devi ce confitd diéusien byrrigr to areiur fronethe supstahtidy lsphériiabmetabolizing

conpar t menpaikelets HeiA s hif s | ffusion barrier and =~
capabl e of b?:onp?iﬂ’s"ﬁ%ﬁ a nélﬁ'?éboﬁﬂ"\%eﬁpyaa Wﬁ%ﬁ‘#‘@ﬁ"ﬂf‘ gradient is al-
spheri cal loweddn briesfanfjstrst frar the subsiadtisliyf Spheiied metabolizing parti-
barrier isgabhaedar substan- tially -

spheri cal rretaabol I g?ﬁ%&pﬁalﬁn%@ﬁg'to restrict and reduce

the diffusive flux 10 of netabolites to and fromthe

icle, @YdiQuanEng hrough the =
R T i e G L —

" spherical ¥i¢& thestampangnentarticl e by means of diffusion
- whereby & netabolite diffusion gradient is al- |owed
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to_be established fromthe substantial ly spheri cal 3 :
E?f;?‘i ﬁ’%'wqyafdémg totl@imahwvreneio Uhditisiéribarecls Bhsthited by a

: r@ASH vllShia e meESRkE na : -
conce%t_rat fon of @bﬁﬁ%ghq‘% glgfﬁilpﬁgipggnﬁ%}ge opening and the medium.
conpartnent. 2. The device according to claim1, | -
W‘&Pﬁierﬁetvﬁ@ a‘abtf)lfdﬂﬁ ts'?:léit‘?'lri-\nﬂéréir? th%%%?ntdahlrﬁg%?ngisaproduced froma

_ '.substénfiafly m'é,i_tébbiite -impenne_ablé' material.

4. The device according to claim 1, wherein the d‘iffusion barrier is cons'ti'tme-d' bya
high-viscosity medium. - o > ya

5. The device gct_?o'rdihlg‘to any.of the preceding claims, wherein the shape of the com-
partment is selected from the group of a cylinder, a polyhedron, a cone, a hemisphere
or'a combination thereof. | o |

6. The devi'cg acpof@ing ‘to_any of the preceding claims comprising an insert for the
~ adjustment of the transverse dimension.of the compartment . '




20 conmpartnent wall having at |east one netabolite
per neabl e opening and the nmedium 3. The device
according to claim 2, whepgin the conpartnment wall is
produced froma substantirally netabolite inperneable

‘material. 25. 4. The device according to claim1,

wherein the diffusion baner is constituted by a

hi g e device according to any
oy UL ARSBSLKABAT oF ofBF sPERG S55ELhrtie Soppormnt has
par tareadiusiable botiomeid ordero thaenggrthe Binddnsiong Wnt RARE inérease or de-

pol yh sphere 30 or a conbination
there%yeq(@e gg'g@\? é’lﬂg'&%ordl ng to any of the

precedi ng clains conprising an insert for the

dj 1 di f the =~ |
5 o) 8 THE BkyiBh abiaih RUSNFHEe Bielelig Shimt ovitbrgin srmetaolte perme-

- 10

15

pr e @bl layerds airamgediih dheebotianhef the apREs TR coffartniRAt.
adj ustabl e bottomin order to change the dinensions
and either increase or de- crease the conpartnent.

vol nhe Biefodrivsonting toelamd) wieregn b enctabolies pérﬁh@able layer is placed

: lit o
P;;g?lq{egg gﬁt-% g%ﬂggg d‘ltlgﬂﬁ% ?‘B%Itmn%ﬂg@%nbrp% rgrgb@p r@)e;gbollte detector.

compartnent. .9. The met hod accord| ng to claimS8,

. \Q’gteag'él';]h e Sﬁa%g{) r&tg%lng%ggﬁ g%/ﬂe "%?'HEOWF‘%“"H@‘“Q metabollte is

par @Xygee osparbohdioxisleabol i t e detector. 10 10. The
devi ce according to any of the preceding clains,
wherein the netabolite is t < oxygen or .car bon

_dl oki-d&e device Hoeordingite enp ofibe giratgding caenuhso&mérerh the detector is an

e&gﬁg,@gef‘ek%oms wherein the detector is an

det ec 12. A non-invasi ve nethod for

.determ ning the netabolic rate of a substantially

_ ;Pg% Id| "n"g‘ qé é%gf%%é ég'gjé{g a}'[rl‘té'l‘"géﬁl? He éi%qsrﬁpegqff e}fbstanttaliy spheri-

- 20

cl alah@elﬁbmiz!n@partlalermgpnm@ subst ant| al ly spheri cal
met abol i zing. particle in the nedium of a corrpartment,
25 c) neasuring a netabolite concentration inside the
conpar t mend) aitedding ableast onetdovitki dsalefinse emrryadfldmns 1-11,
measure, and d) correlating said netabolite

'_concentratlon measure to a netabolic rate of .

30

b) arranglng a substantially sphencal metabollzmg partlc!e in the medlum
" ofa compartment

c) measunng a metabohte concentratlon ms:de the compartment obtalnmg .
a metabolite cencentration measure and

d) correlatmg said metabohte concentration measure to a metabollc rate of
said substantlally spherical metabohzmg parhcie

13 The method accordlng to claim 12, wherein metabol:te is supphed to the substan-
tlaliy sphencal metabolizing particle: by duffusmn through the medrum
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sai d substantially spherical netabolizing particle. 30
13. The method according to claim 12, wherei-n
netabolite is supplied to ghe substan- tially
spherical netabolizing particle by diffusion through
the medium 67 14. The nethod according to any of the
clains 12-13, wherein the substantially spheri - cal

met abhlThsinghepsddofdify foSaryWr iy 8& s“rhe A groh'%’.%" Etsfantiany spheri-

15. Ttlte n%glitqd accordin 0 an%/
wher@ etaheiag pardee i suliueedin the compattsertist ant | al | y
spherical netabolizing particle is determ ned by

deter tabolite diffusion gradient in the ‘
c orrpgnr ﬁ% H%"E%@G"%’Wgttﬂ eneblerddmedRetdovhereincthe-metabolic rate of

. 5 centsant subStangAly spREME!
s iy SPRETGR! Mooy Bate TP Geinfind] by pteffiping a me-

grag eogtgﬂé the netabolic rate
sphe? baliig di %fb@f?ﬁ’fmri@ ﬂgﬁaﬁqmmrbnemobased ofitilee measirdd metabolite con-
acc oedrrmnt amcaéntrerzaftm k8idGh
net a hg cen- t?atl on@t:ag5 lg&%gfh?;:)ny[%%’q%tg @S@u‘?t@bo"c rate of
17,59 @” ‘ef YQEWBH’H@E‘P@'M%DM@G wherein the gas
. partial pressure is the partial pressure of oxygen or
10 carl?@ d| oXi d 15 18, The nethod according to any of
" the AtertEeth ggcordipg fosany eftiee claims t5, attieyein tiremetabolite concen-
- cal trmbelgaglpaglap@-éggtﬁée is selected fromthe group -
of an enbryo, group of cel:dls, such as cancer ceII(s)
stemcells, enbryonal stem cel | s, C. elegans or ot her

B S TieIhéthed acdoktin] to
' ?Pul at i nﬁgmet 3%ol ."f!é 0s u%@rH@?%re géfgtl'%&asﬁaﬁ%'i Pg?swre |s the partral

- spHEPPRAF REPYE8T PLsatgon %‘Q?('fjﬁcl e during culturing, | ,
15 conprl SI ng t a. providing at |east one device .

co r ng . .a con‘gartrrent wth a nmedium 25 b. - '
cul: Q%A" rdingi ta |any o feeeiaims| 1261, wherauzthegsubstantrally spheri-

parcal mletabbnzrﬁdﬂﬁar%Ié' isWBidted ﬁomqggﬁ{ohg%gé%g‘b%@ afsol{rrp oftells, such

a -nmet abol | t%foncentratr on I nsi
obPRIAMY ceds) stam cellsormbeyonattemtcetis, @ elagaas br etheasrdall muiticel-
Oplilaraganisils. correlating said netabolite

20’ concentrati on neasure to a net abolic rate of

19: A method for regulatrng metabolite supp!y toa substantrally sphencal metabolrzrng |
partlcle during cultunng, comprrsmg

a. 'providing'at least one device COmprisiﬁg a cempartmentwrth a medium, .

b cultunng a substantrally sphencal metabolrzrng partrcle rn the medium of
a compartment '

' ¢ measunng a metabolite concentratron inside the compartment obtaining

30 | ' o ametabolrte concentration measure, and optronaliy '

-d. correlatmg sard metabohte concentratron measure fo a metabolzc rate of
sard substantrally spherrca! metabolrzrng partrcle arid optronalry
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sai d substantially spherical netabolizing particle and
optionally 68 e. e) regulating the netabolite supply
dependi ng on the mnetabolitgs con centrati on nmeasure
and/ or the netabolic rate of said substantially
spherical netabolizing particle. 5. 20. The nethod
according to claim19, wherein at |east one of the

devices is ags 1 . Th i

met hod accor di ﬁgfetbgﬁgn%tﬂé r@%%b%e g@ﬁ%@ "ﬁ\g? gﬂ“? t"ée?abome con-
i s oxygen and EeEra%en meapwiiandfer Suomstabslia retepifisald swbstantally

10 22. The net MH@Q%tgbﬁﬁrnﬁ%%gﬁea' m 19 or 20,

wherein the regulation I's co d by changing the
nmet abolite concentration outside the conpartnent.

23. .2th
5t 3. 2r e%fhgﬁge:lgkﬁi ?«i&éﬁéﬁ% E)g%léé(ﬁj’i ’gj Wh%teﬁ?cﬂéasggﬂamfﬁg deices is as defined

~ di ndh@

clgims;hdt.conpart ment. 24. The met hod
according to claim23, wherein the regulation is

'Cog%j ed b¥ chang- ing the diffusion barrier of the

hoglacsgrding teiain 205 whersisl the niatabditevis akygen and the meta-

"enbwmmawglglréwraﬂan deternmining the netabolic rate -

10

of. the enbryo at | east once during culturing , and 25
b) - sel ecting the enbryo. having an optinmal netabolic

Crat ¢2. B mmd@&mmga& SR B Yr ?8 Wit

the deter natl on of "t he netabofli'c ra H]ﬂ%ef 'éegwglﬁ%@tcgaducted bY
wi t AARNginghe imelabalie eonsarteation autsideghewbmpariment. i ons

- .experienced by the enbryo. 30.27. The nethod

15

' -matabﬁﬁqc1 rate of "a neta

20 -

accg%gt gmto any of the ‘clains 25-26, wherein the '
hednethed ap%ordlneawav@m ar 20, ieherair fresregebiiore’ dodducted by

anyctfa‘ngg?%@“wlémloﬁs otthe ‘%ﬁm ent N€ met hod accordi ng

to any the clains 25-2 erern the netabolic rate

determ ned by a nethod as defined in any of clains

12:26 713 Shotfod BEorANG R R M%r%@ he?rgé@?{%rgilsn %néuc‘ied by chang-
sion-barrier of the compartment R

25. A method for selecting a viable em’bryb comprising,l

o j;-a.) determining the metabolic.rate of the ernbtyo at least once during culturing ,

o b) s:etec'ti-ng the embﬂ;o. haviﬁg'ah ohtirﬁé‘l méta’boiic rate.

26 The method accordlng to claim 25 wherem the determination of the metabotlc rate
_is conducted without causmg any change in the. growth conditions experienced by the’

S embryo
300 |

: 27 The method according fo.any of the clatms 25-26 wherein the metabollc rate is
. ,measured ina dewce as det" ned: by any of the clalms 1 1 1
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a) providing at |east one device as defined in any of
clains 1-11, by culturing a netabolizing particle in
the medi um of a conpartmengg 10. / c) reducing
net abolite supply to the nediumduring at |east a part
of the | culturing period, d) nmeasuring a netabolite.
concentration inside the conpartnent obtaini ng 15 a
met #30Thé metAGRBbS ’ ’
Supg}&é has . been rgg{gctg%n% H%‘@%?gé’zﬁa@ Slntf:gletabolicrates
P rBsbpdes dansia ani of daimsrie: #hol i c
rate.of said substantially spherical netaboli zing
par%g}ﬁ 20 30. The nethod according to claim 29,
i A NPRAVasive tihadfor detemminiag thenmetaholionateef mktabolizing particle
r at eomprigiig respiration rate. t 31 The net hod
according to claim?29, wherein the oxygen supply is
reduced to zero. . 25. 32. The nethod accordi ng to

cl ai m 29, Vd)ebl%lvﬂufglﬁlék%?o diidla dso%é?fﬁl ng ga{iri%gagﬂ,

the conmpartnent- has been obtal ne

of reduced oxygen supply 33. A cul ture devi ce for

cul turing- ayn@ileRieg b #disbdish C

conpri ses at . 30 IE])df’east one C%‘n"phﬁb'm r“e&'iﬁﬁn&% compartment
conpartment being defined by a diffusion banmer "and ca-

bl f 7'
Bgr ! IeC Ioe C ggpsugerwﬁgtdgﬁﬁgﬁpkplgﬁ tﬂﬁﬁt&eﬁ %ghhéeglgget 3 part of the

“transport to. cYf{ing pariogm -t he et abol i zi ng particle by
~means of diffusion, whereby a netabolite diffusion

gr adi-ent a al | owed to be established fromthe netabo- . L
I'izi ng par®) NRasHFiRg @ meatehstiteconcensratiediinside e co&nﬁartrﬁleﬂt obta:mng

devi ce accor @i figabsits has
one or rore of tlﬁle@h eg@m{éhf%%ong@e%ﬁj{é‘ %‘9%9%? teS”pp’y has. . .
clains 1-11. bgentedused,madhod for cul turi ng. a

nmet abol i zi ng particle, 'said nmethod conprising f)-

'prOV|d|ng at | east one. device as defined in any of. :
-cl ai ms "33- @4m’§9'3m%m@bghtma¢mﬂnahomg1e|aam'e|to laenetebollc rate of

t he medium °§al&@ﬁb§9@@f§m{métgba%g{pg‘r}dcu' turing

the nmet abol i zi ng part

- 30. The method accordmg to clalm 29 whereln the metabolrte is oxygen and the meta- |
. bolic rate is the resplratlon fa'te

31 The mé-th“f’d 5""‘:"'.‘5'6“’1‘“.9 '*-"Z't’"_é'i"“ 29, wherein the oxygen supply is reduced o zetoj

o 32 The method acurdtng to clalm 29 wherein the gas partial pressure measure in the

compartment has been obtamed dunng the period of reduced oxygen sthpIy
33 A cuiture dewee for cultunng a metabohzmg particle, which devrce compnses at |
feast one compartment said compartment being defined by a dlffusmn barrier and ca-

pable of compnsmg a medtum with a metabonzzng partlcle said diffusion bamer allow-

--whereby a metabollte dszusron gradrent is allowed to be establlshed from the metabo— :

3 l:zrng particle and throughout the medium
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34, The device according to claim 33, wherein said device has one or more of the fea-
tures as defined in any of claims 1-11.

5 35. Amethod for culturing a metabbliiirig pérﬁcle,_' said method comprising

o f) - providing at lea‘st-one‘ldé\_/i‘ce_ as deﬁrieti in any of claims 33-34, .

| g _érrangingémetabdlizing pé;ticfe in-t_hé medidrh_of the compartment,
10 - and - | T _

: (/' C h) 6UItun‘ng the metéboIiZiﬁg 'p_ar_'ticle.,- '_




