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WO 2004/ 056265 PCT/ DK2003/ 000935 Title Device and
met hod for non-i nvasi ve neasurenent of the individual

woregoaosd2bx rate of a substantially spherical PCT/DK2003/000935

nmet abol i zing particle 5 Field of invention The present
invention relates to nethods and devices for

non-i nvasi ve and non- di sturbing neasurenents of

nditkbol i c rates for substantially spherical

nmet abolizing 10 particles and to a nethod and device

for controlling netabolite concentration at the |evel
ofDevive qndrmetbodafor Baoyrsive theabuiemeast df tba idividise mettabolic rate of a

Fer{’é/tg'?t'za?géﬁserr 5@ agﬁﬁzt?rggbﬁﬁechmsgﬁgsasi Lygl \(/:eg i\ﬁnt e

vitro culturing of the devel oping enbryo for a period

of, e re-inplantation of selected enbryos.
F'ga%?t'ﬁ;ﬁh'%hl deal growth conditions, se- lection

criteria are needed as a tool to choose t he nost

V'T%Q n@ eSQFW %%nt o?lr rela(ﬁ? %&%(‘% |34 dé(ﬁc?esvfo?br#on J’uVasWe and non-

rye i s an araneter Th ord
deiiséwrbmgerné@sttraaemﬂbmfymstabuild adies iforysdbstartinlyn splearicalAmetabolizing

Pt gﬁ%fét crf"or § & rﬁ]%ﬁg bdeel&:"el foF cgﬁtﬁalﬁw L éb?)ﬁ%l Snctrfion at the

p sctical d evel” can serve sess

vileael bf thy paftlctelae enbryo foll ow ng rra ni pulation. In

practice, enbryo evaluation is |limted to a nore or

| ess subjective grading based on norphol ogi cal

c Backgraundidvfdnverstiorr at i on rate of the enbryo nmay prove

a good candi date for an objective viability 25

indicator. It has previously been denonstrated that
h.tsercﬂﬁrxilbrm Tansfea{ET)déchnigies esuamas-1VF i \'éitrd Fediligation) and related

TR TPy NI o FRATB o 785 f o

Obyeg:eel r@—ompiamtpnoroof sn‘lecztedwgﬂnéryoevam witf thoolslealrgrmmhdcdmylitions se-
7 eacgm ng el e%“e ?\% a§d %%l anl]ogl ?S%ﬁggs?oﬁ‘%alna(sgj? le embryos for re-

r- chi Ve
phmplphtatlgm a'ltheonahil&pehaieambands an mﬂmmmru patanwtgrge nrdeo i determine

27 SERNCE R B Y, R 308 BB e s spotcabie
OversspractinaEldvel; whlch ch@ $RrveMb alssedst thie aiadilityxafdbe embryo following ma-
TSR e e e R WALG o = HIFER AL B e oacing
s Upaped omntmypﬁulogm:al ooieyies and bl ast ocysts grown in
é'élflg%?qgmﬁ'ru I ra{t ﬁ’% %ri “n%y (pﬁol &ﬁ &?oéﬂléangnﬁ gfrc])?%ﬁgb%ﬁtlve viability
c dmdieztor. It has previously been demonstrated that the respiration rate of bovine, 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 or Magnusson 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-

CONFIRMATION COPY



10

15

20

25

30

35

CONFI R(VATI ON COPY WO 2004/ 056265 PCT/ DK2003/ 000935 2
lated with an i nproved devel opnent such as inproved in

wa paorostevel opnent (expressed by increased bl BST/DEY®B/000935

frequenci es) or increased pregnancy frequencies. A
nunber of methods for determ nation of enbryo
respiration are knowmn. MIIs am2l 5 Brinster (See

Mitbs wlﬁtﬁ @tn Bhprsbe I‘deﬂeﬁ@ﬂme@%gﬁ As Qﬁmu@lﬁ \dino dévelopment (expressed
reinpl an
D e ety S Er RS ST B B

technl que on batches of nouse errbryos whi ch neasures

cOnPUBESGB eFEe dPb PRI OeL A ERE EREFGI, SigoRRown. Mils and

Ve 1 63 Q8e@1\/lll&| and1BAfstérOQaTe DX§e6's umziunmtlobyof Iptﬂ‘mplantatlon mouse
n.vitro,

t t
@&Q{ﬁ%ﬁtt X8n fﬁlséocyigﬂ?s?gﬁm %%S&?berﬁdlj%%ﬁ u'é‘pg he Cartesian diver
1986hniddeyon B@tﬁh@@ﬁﬁ HHoRbé @i’nbﬁiy& Q\mﬁi?QMeﬁﬁirebme solumi change of an

the earl t
dRRBSHRRUDIE 17 e&%ﬂt%yﬁﬂw R R SrBRos.
capabl e of rreasur- i ng oxygen consunption of
|n i vi dual ryos ing a sensi Lcro 15

D oLt 1985 {GEftarg saTuiRPS RrbrRa Gheytes; and plastooytes
I ngréWRlid vige aHedas RpRRiRtiorand 183 €84 argdatet bloayhphicdal. 1996 (Oxy-
is estimted as decr ea i.n 0 arti al S
RSB RS BRI oliR R HTo7ert Moot sdd fplefuer repro-
ORfuicEienh andp aEVdraIMRéNti43. ABME5) debstibelDmistidpnitse mpeble of measur-
oxygen. Due to the exte Si.v ‘E‘I‘ﬂ!dl of the errbrg &l
arlfd o PVYILY  SSUBR! 'B'Pla erRdVi rf‘é'ggﬁ?%nﬂﬁ'f‘g & e Snsifive  micro-
di gpledtrépHotbrhétrié ff@:mméyQ/h%Ee WbWo@Sarélm&edZﬁ small sealed chambers
consum % Anot her techm&% {;ﬁ descri bed in ial
whtdhthe RYgers cansumRtioads Grlimateq; g5 E C825¢ Y0 OXYRen parual pressure,
Oxrﬁgﬁfbré‘cpé@ﬁrﬁ‘bbﬁrbéﬁbegﬂﬂﬂfq@ of & sabtangzashictedptival Bbseeibance is sensi-
preci sel y?rgosn tigned os I at

mi ede thecpresenee quc,)e%gert eggg ggﬁx%gaergdéiﬁgpf H‘:fl embryo in and out

di cffféé‘éle@rbl"bﬁﬁférsghhéﬂﬁe%@uﬁnéhks are2@8tlrbif Kgtie embryo as well as time
consunpti on of S|ngle bovi ne enbryoes probed by

sc@WAtY M9l ec- trochem cal mcroscopy. Anal. Chem 73:
3751-3758, or Trimarchi JR et aI , 2000. Oxi- dative
phosphoryl at i on de end

o?ﬂﬂmift pg}plcwe hasy “?ﬁrbl %ﬁcrlgﬁ$ |cﬁrﬂn§f&%§]g§%@@g on a thin capillary

e & gePcOhRaafidn @@Efe‘h@&"ellﬁébs@?ed Wil GerdPrddiselyl pesitioned oscil-
tech- niques are characte Ci%zed rel a

cdaiIg exMden reigioeleciadrsatn §h%ﬁ YrRtioR o(;rsghérécaéﬁhﬁusmn (See Shiko

MegtcHi Ngod P @@gé@b@asuﬂfﬁﬂloh%ﬂn@]% Bovingl éiﬁbr@d)ésapl’bbed by scanning elec-
di stur bance of the enbr

cofRARMicg! iPrpRAOPYrANAIHEN 378 781,5 e 52 A1 g IR al., 2000. O
Pr @&NEhb&Horfiftont f¥pendent and independent oxygen consumption by individual

preimplantation mouse embryos. Biology of reproduction 62: 1866-1874). These tech-
niques are characterized by relatively complicated experimental designs which are de-
manding to operate, and results in significant disturbance of the embryo. 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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met hod are demanding to fulfill. In general, the
above-nenti oned studies and rel ated studi es to neasure

w0 paitwsademl em 35 bryo respiration suffer froPCDBK2@3/000935

conplicated, disturbing to the enbryo and tine con WO

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

therefore not very likely that uch nethods will be

appming apdiitis thergforegrot Vﬁltydnkelartlnartguplm diethagisawill be applied routinely for

neecghtroﬁﬁé 9@8{ &Fa??és?{r?tﬁ)‘m‘ﬂe% b‘?gé% Wc%ﬁu?eg ||¥ Ivﬁrro A déed therefore

exi sts for
natil @kistsufoba fgst.nsimblechnsntpradistudend methmm cﬂen/g:a fnd measuring indi-

] oF P RebestRly AldsnBs P rERsuiof WP ERER Uiy Fhis necd i
r @ﬂ@y @P(E'@S%Ch ﬁy mmGherS) aed @raﬂtltl@]ﬁ]w @6 et'ﬂ’tmy'(sfrensfer techmques in-

B B2 R SR S 6P GBS 0, o i
assesssmant obémbyb vigbilipi. Abetiogepologndbidetfwompilgs in a literature review
45 3- '

55028 L B L0l A g omos
[ mﬁmﬂadmlasamessmsmarma)wabm An tlexgmbrysiio Nitroftechniques be-

ST N 8 IRUETIES 1 MSRE I RGBS, conng

qandﬁre&gmcacl&;éhlmdemaedns gxr)ecte&il torbiesgmeaaven fmare peonounced. Within

cAek 0 o B0l B b2 HRECLfy LERRRERIT B, G on e -
t ot tremafer fot avieids uearded mwmseag;nan@eé odhich ere thengrineequence of
e%ul?ﬁle\,{ %n]iﬂr?&&%ﬁéfﬁlt %l@? &B&%@%ﬁ&gr 'H%M #/8 et:afl? for a close viability

pregnanci es nsequerce o
erAspgssMenk ivsdrder. b@bi@ l@s@njrﬂ}&)bea’c EMiryns, ariddhemby ,mcrease the prob-

;gﬁlbhlfy éfoe(s % c‘é%ﬁﬁ ﬁ)er %es ! \XIHICHLE g@?%% % nge&) K‘oq‘esrlmgg and objec-

‘enbry I'NCT eas
t tige pyiabiity idicatory ap;b“cablsmese:ﬂtmie Ipvdghmwwmevbhidcd:hould preferably

a : e - n ,
BT e R TnG By e laspp IR B DBRURES b0t fseeyin vivo as-
neassreetiod esbhool \dbhﬂrtyedefleabg@nolagymSaB -6 1986 oI | owi ng

key el enents as outlined by Overstrom 1996 (see In

vitro as- sessnent of enbryo viability. Theri ogenol ogy

45713 abilitydoenake2Simultarecalsi dbjacfive mneaskeensinta bt anéiplesindividual em-
o%%%t ive neasurenents of nultiple individual em

bryos. -The sensitivity and resolution to neasure an

i rhe sehsitivite it gesplobicty teemeasuRa pin ihdividual etnbom/doc@. m n

ﬁgﬁg ?Pgﬁ \fbamll]b”ésé)est must be non-perturbating

I nvasi ve. Technical ly sinple and
us\éuabihm teﬂdhgst be non-perturbating and ideally non-invasive.

-Technically simple and user friendly.
-Affordable.

In addition to the expressed need for a method and device for respiration measure-
ments applicable on a routine level, in vitro culture of embryos suffers from an insuffi-
cient control of the oxygen partial pressures as experienced by the developing embryo.
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
nmet hod and device for respiration neasure- 30 nents

wappkiosakd e on a routine level, in vitro cult uP€r/nk2003/000935

enbryos suffers froman insuffi cient control of the

oxygen partial pressures as experienced by the

devel oping enbryo. In vitro cudture of enbryos is

ofgrieifgapat! iregerevdl, émbﬁy‘@@b@b&hént\ﬁé bbtisragideat &d10% atmosphere than

C SRABGRL )t SheHOS AeRen BT pi L3 LTkt 3 "Epd Brydment o n vito

( HinBRMEGsS batturdd BSEWITL),, in Bittoris% Ty G% CU,Gnd 90NN, Human re-

ut e@%‘%??éﬁ%% 0%% O'%&Qj“%%g’ﬂ 3%&0‘%2%' 9&{0‘?@%@ r?g(f%éﬁ{??] concentration

nQin |§Wtrd/‘@a\2@&ﬁﬁé}ﬁﬁﬂﬁﬁalrﬁﬂ5h@mgﬁééw&&85attléembr)Risng Reprod Fert.

t hg%@&? %—ﬁﬁgg%ﬁg&beﬁ(@%&l %/meclaﬁ rg?eLq[ W:e @{/é gﬁﬁ og foduged oxygen
ThearRs Presurélon m&aﬁamhial‘@uebnﬂiryo 48%oonye Eﬁmi'ytts axe therefore in

gg%o\ég {:%s%s?gﬁlug%de%ryos (ﬁl_g%%jeé': 25‘?%8 |:[er r9 a’c’!) sa{uratlon It is

7(Hb)Ne55|8m5@ﬁm@ﬁt tEh&@ﬁ‘tﬁ@@lﬁb dibryes e&bosul@ﬂﬂo@béﬁby a?;fne controlling the

ox conc ntr ion.5 on in vjtro devel opment .
gt 2pun Ceratn i Btk Biuyay SYBeTeigipd (21%) when

{:ﬁﬁltlatmgS@le |E7\fi3t%rcf538liur@,?§hmtl'ﬁeécgultbfﬁm0tuﬁé )beﬁimnlﬁé rmaédigim and the

e positive e t o uced oxy parti
prczé@ﬁﬁwa»g gas @W@ﬁeﬁmaﬁaﬁep&ﬁlﬁw&n&ﬂw 4 %Fﬂ"&h EYfiip)oke as long as
are-2hebeaisosach that #ETEMBABER aWignificet peded ofthiecidudtes culture, will

oxygen at nosphere,. e.qg. 5% satuyration iS

e T e S M R
bYeéédi W%Ftﬂﬁélr(glﬂop/&’)gﬁ@ﬂnéloatﬁdyuﬁﬁbqwﬁleﬂmssutd‘l? the surface of the
nedl um e nediymis t a en saturate

ORCTIRER Wil R WP IBdOWRIER (At 41 Ry AHOSHPE e5 9%, due to the

etbddybstatel Oygkh lﬁértbeEmgmetdiédlﬁﬁldﬂr(wﬂtﬁél@ukhﬁedlum towards the em-
overl ayin gas atgo t% can E)endl ng on the in

viRY® Hisheds 3PSy Hﬁs W&ﬁ@“’a& 12-24 hours, such

that the enbryo for aS|gn|f|cant period of the in

vitro [ ture, _'I Xperience qxygen part.i al

o BSef theis i stlsaits § BarnR g TASET A1 Mstisldnyrogudate the oxygen
Cqiidl ptdsstrecst &XpRrioRdddB thé evdl8fing Emdnid difing i @iidyulture.

state partial pressure at the surface of the enbryo
wi |l however be |ower than that of the above

at AAPSRBRY fhd @n%at%eﬁt@cé@cnté@!ﬁn tt5d &eiationd beinaky greRent applica-
m t he. byl kK nedj um t owar ds

partial pressu radi en

P Hloneate B Borehy irdpigraied by [Rgianes BrnehenuRb: yo
respiration. 20 A need therefore still exists for a
sigple and fast (<1 h) nethod to regulate the oxygen
parymaiary, oE Buentiols experi enced by the devel opi ng
enbryo during in vitro culture. Al patent and

non- pat ent references ci tgd in t,h<E=S afglpl ication,. or in
t h-B’ep?r§§%rﬁt'n‘f§[5‘BP'i‘ felates to a device suitable for an easy and fast measurement of

the metabolic rate of a substantial spherical metabolizing particle. Accordingly, the pre-
sent invention relates to a device for non-invasive measurement of the individual meta-

bolic rate of a substantially spherical metabolizing particle, which device comprises

a) atleast one compartment, said compartment being defined by a diffu-
sion barrier and capable of comprising a medium with a substantially

spherical metabolizing particle, said diffusion barrier allowing metabolite
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tion, are also hereby incorporated by reference in
their entirety. 25 Summary of invention The present

WO poesi2eh rel ates to a device suitable for anPEEBRK2@AH00935

fast neasurenent of the netabolic rate of a

substanti al spherical netabolizing particle.

Accordingly, the pre- 30 sent imvention relates to a

devi ce for rtm’nsbaﬂ&sénc&onf&msmeembmanmnytstpheﬁmmdtahmditing particle
meta bolic rate of bstan , L

nmet abol i zi ngb dﬁ?? b}/%én%%&lfr’ci&gtfgsmg)gragent is allowed
| east one cqmrdstmjhsheosfajmitlwqbamnalfytspbeﬁmj nutdhatizidg particle
by a diffu- si capabl e of conprising a

medi um wi t h aé‘dq‘H é?]lfﬁé? WB:spherical metabolizing
particle, said diffusion barrl er allow ng netabolite

Vo, 2004 50253 ETLEUEARR005 5 EIRBRELHsrp oot -

particle bysigethesconfpattifehtisi on, whereby a netabolite

di ffusion gradient is allowed to be established from

the substantially spherical netabolizing particle and

t hTiIgduetis bhieablefd isasbring) thamdtatadit rataef detatabdizing particle as

measur i th concentrati pn,of. a bho
e LG BEronet™s b ey L RanG pRTERRe: Popoblat SR mhus. e
t heres@it alvehiieh fuather efates tort raimhvasnmgnpand ifar ctetammlﬂ@the

ni to arti.cles

I I
vemeieDPlrals S L rRlD b SRS pRflld Bamprising
i nvention further relates to a non-invasive rret hod for
det t f t II
Coher | cal | petaRYTg B Fentieetiss oS pRde. o) Y

providing at |east one device as defined above 15 b)

S;I ? Pg: ggi ﬁb)feﬁgft ant albl%qaf%gl yisipb%ﬁ{;ql I%%?t?cﬁlgs'\grpgg%c Ieint the medium

a met abol i t 6f £edrapatmaitj on i nsi de the conpart nent 20
obtaining a netabolite concentration neasure, and d)
correlating said netabolite concentrati on neasure to a
met abol i c Fa)trﬁeaslfrmgai rdetabidilité emvideatrhtjorsipside ireadompartment

metabol i zi ngbtg%ntg a me’[abollte concentration measure, and

d) correlating said metabolite concentration measure to a metabolic rate

of said substantially spherical metabolizing particle.

And the invention further relates to a method for regulating metabolite supply to a

substantially spherical metabo-lizing 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

of a compartment, and optionally

¢) measuring a metabolite concentration inside the compartment

obtaining a metabolite concentration measure, and optionally
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25 And the invention further relates to a nethod for
regul ating netabolite supply to a substantially

W@ pivenseeed net abo-1izing particle during cul t uP€TDK2003/000935

conprising a) providing at | east one device conprising

a conpartnment with medium 30 b) culturing a

substantially spherical metabol®zing particle in the

medi um of & cooelpting said metattiteomincenitdtion nBasmeas @ maigbolic rate

a metabol i to‘ﬁ% sgﬂﬁgg%bﬁgll&%ﬁcen '}%t%tatbgﬁzélgigﬁﬁél’g%gﬁ%pﬁonally

obtai ning a Jeta
optionally 35 WD 2004/ 056265 PCT/ DK2003/ 000935 6 d)

correlating ?%dﬁaotgu‘attﬁg ﬁle.gz% %g gsﬁfﬁﬁlgltc{egéﬁém 8% ’ﬂ%u hetdfdifd concen-

metabolic r sal Mert ca
met abol i zi rgtipantgasliee amtidbrdipd meteoliyradg of sidibetistardgiatyhepherical

nmet abolite rﬁé’tg%ﬁémgﬁ%ﬁpcqé ng on the netabolite concen-

5 trati on neasur ‘the netabolic rate of said
substantially spherical netabolizing particle. In

a 0, reI fo
Sgﬁéﬁ%ﬁrggsg)%ﬁtg%ﬂg/eé% Batlétg o & el h%% fBPse%f‘ﬁ% g%’able émbryo com-
detrisingi ni ng the netabolic rate of the enbryo at | east

once during culturing , and b) selecting the enbryo

having an optimal netabolic rate. 15 The invention is

parti cd)aletesmirﬁnﬂﬁhe nietabalie trate rof theramltrije atieasitayice cluriag eulturing ,
for a p?‘rtl cle in an open system conmunicating with

t he sur gundl ngs. However, the device according to
the invention may al so be used for determning the

vet - and?nehebBgcll SrRoR bR et hebipE Heo' - 1

non [ nva5| ve nmethod for determ ning the net abol iC

Ila\{ 30%&? lL{laZrlsﬁgaﬂqur e ezglinﬁg%n{{ﬂ 'giétgl%%%)ratezgr %B)article inan

c Ldpbﬂ lsystgrnacamlahcdtlnglm@ tpastmrmjrrelirigls iHowevezdiha mevite according to

(r:rgg%) ﬁﬁggt{e??lit r‘rq%y %llso % dn ga g% et? ng( tﬁg%%%%cif rr?tﬁtért\] § closed system.

peri od,
Accordingly, in yet another aspect the invention relates to 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 particle.
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30 d) neasuring a netabolite concentration inside the
conpartnent obtaining a netabolite concentration

woreagoseenft er the nmetabolite supply has beenPeBUKe®d/000935

and e) correlating said netabolite concentration
measure to a netabolic rate of 35 said substantially
spherical netabolizing particlez W 2004/ 056265

PCT/ DK2003/ 000935 7 Furthernore, the invention

relatesto tlmzdculturi_n vice, said dey

a ftheqners, @6&3’3 ntiryrelptes oan opy %‘g%%ﬂf'i‘%ﬁ‘('ce ssaf &vice a de-
C QJigeaddntp? ks bﬂnda@t @hﬁ carashriverd, sHid Ean@i‘rﬁéhttb%Erfgi cﬁfma@ By a diffu-
capabl e of conp ’g%a nedi um suk@t ant.i

s embada?r 3rckcapBbs MRES! %%?1‘“%4“@“ Wit iacp ?Wﬂ%‘@ﬁ*eﬂca' metabo-
bElﬁfanfartﬂJlé @%Wmiléﬁﬂowm@ﬂﬁ&@béhﬁ Fanspdiab ahti@ffrom the

substantlallﬁ1 g{lcal metaboI|2| ggPartlcb By tab
ne%%taaﬂa disPheriGabme iag pariiciedlyAReAns ' Hitugions WapTgRY @ metabo-
argslbig0sioh ra@ﬁén@l@s@loﬁ/@d ke b6 sb@blighel é@nf thersub&tantially spherical me-
subst anti al | ’?Pg rre- tabolizing particle and

t HARRIgeRaTY OE‘LU e sManot her aspect the

i nvention rel ates to a method for culturing a particle
as de- fined here, r|S|n a) pro

orlB Yakamther SR, fhag | wge 'o@dﬁb e I S %ngﬁ{ﬂeaa Sérgcle as de-

b)firfed ek, icBghpRsiagbst anti al | y spherical metabolizing
particle in the nmedium of a conpartnent, and

optionally c) regulating the netabolite supply to

and/or fr Or%(}%ﬁb\ﬂdlﬁglﬁﬁkaﬁﬁdrﬁ deWiceSdeffprisingla doRipip@laNT ivitll medium,
particle. Description of Drawi ngs Expl anation to

nunbers on figures: Each reference consists of two

nunbers in pheithisiga s%bs‘fantié(h}%@drf@ﬁl rhétabblizingieticle in the medium

refers to figure nunber and the second nunber refers
to a 25 sp¥@ sneraringntANdRtiAn?!Vgur e, but such that:
x.1l refers to: I\/Etabollzmg particle x.2 refers to:
Surroundi ng medium x.3 refers to; Detect

0 .X. ]
refers to: Neeawaiingthe matakoli %‘Rﬂ’?wtf’lfé‘fjé’i ?rﬁﬁ’rﬁq"é?‘fh@.t@t'a”y
refers to: Mﬁ&éﬂmﬁétaﬂ)él&mw_l te i nperneabl e

conpart nent

Description of Drawings

Explanation to numbers on figures: Each reference consists of two numbers in the form
x.X, where the first number refers to figure number and the second number refers to a

specification on each figure, but such that:

x.1 refers to: Metabolizing particle

x.2 refers to: Surrounding medium

x.3 refers to: Detector

x.4 refers to: Metabolite permeable diffusion barrier

x.5 refers to: Substantially metabolite impermeable compartment wall

x.6 refers to: Metabolite permeable layer capable of supporting metabolizing particle

x.7 refers to: Opening of compartment towards the surroundings outside the compart-
ment

x.8 refers to: Theoretical metabolite concentration gradient



10

15

20

25

30

X.6 refers to: Metabolite perneable | ayer capabl e of
supporting netabolizing particle x.7 refers to:

w@p@niomngedf conpartment towards the surroundi NBGT/DK2003/000935

outside the conpart- nent 35 x.8 refers to:
Theoretical netabolite concentration gradi ent WO
2004/ 056265 PCT/ DK2003/000935 & x.9 refers to: Insert
i rx.erdteditoansertio @anbdidmgert acédrging €o figure 110 refers to:

Adj ust abl e bot t 0 0 rtment x.11 refers to:
od%f‘if???@?‘?&?ﬁﬁ%ggé‘? é%tfomngﬁqq"? e§ 12 refers to: CCD

CaTeT ReférsXo: hnicefiteation igeadient Woslinegs | ayer to cover the
rredglmto g_rc%@nt evaporation and turbu- |ence x.14

r &f b E 0 HREEMER port (Fig. 7 only) x.15 refers

t o 13 pAGe S o Wsaus Byantd chlleothkymedidm 16 pregériresaporation and turbu-
support structure 10 x.17 refers to: adjustable top

(fig. 16 on®3% x.18 refers to: threads Figure 1 is a

CrQ$4 ref€stid:ansepionspdri (Fief. 7embodi nent of a di f fusi on
conpartnment wth X detector at the bottom
ad&n‘ggEﬁf?@ t?'ép?ﬁ%sgﬁgsiﬂ%@ﬁk?%'ﬁii on. The theoretical 15
steeslyerersad:esuppyrystruduradi ent is shown in a graph next

to the draw ng.  The . bl diffusion barrier is in
tm-iﬂ%@ﬁ% 69&5@%&082@?3%&“%%(“ um Figure 2 is a
CrO$Srefeetid:afreafis a conpartment with an insert in

enbodi ment according to figure 1, to adjust the

internal transverse dinmension of the first enbodi nent
20FiGireur ie aXross sectivrosfsa freCéribadimbnisstet diftusientumaparemdnt with an

oumtet et L0 Fecb Db Pessinfhlan e naprtica
exgasemplyestak dxgersgradiayt is shdven ixy geph geaidioaing dizeasy)Ted permeable

ingide a cylindrj- 25 cal diffusion coppartnment, where
an‘iélﬂﬁﬁ?’i/Bar}/'gr lémhﬂcé'aaegtst?q@nglgqciyo%m ¥ i near part
of the gradient in figure 4 corresponds to a section
of _the solid part _of the line in the .thepretical .
o BTS2 8 GoRerepton e Chme et e e h Gnitiiimang according t
t higyur i | toGdjust tisiisteindll Pansverbaelirnosdion ofthefirst bmbogietenng
of the compartnent (X 7) in relation to the gradient
is
Figure 3 is a cross section of another embodiment of the present invention comprising

a diffusion compartment with an adjustable bottom.

Figure 4 is an example of the steady state oxygen gradient measured inside a cylindri-
cal diffusion compartment, where an embryo is cultured at the bottom. The linear part
of the gradient in figure 4 corresponds to a section of the 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 pm.
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 bottom at the level of the

embryo. 5C shows a hypothetical image (top or bottom view) as seen from the CCD
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marked with the vertical line. 30 Figure 5A is another
enbodi nent of the said diffusion conpartnent where the

walrdosizer conpartment is conpletely open andP@€TBK2003/000935

oxygen gradient is recorded in two di nen- sions around
the enbryo. 5B shows a cross section of the bottom at
the level of the enbryo. 5C shdws a hypot heti cal

| FABRr4, WHer® fhelmpb ot WintindscaBics Eméhsfty ofitht hemieehdi®around each
2004/ 056265 PCT/ DQEZ&%/ 000935 canera, where the
expriiddiai e l'%ﬁ%'@é’@é‘ﬁ 'h?@ﬁ(stP'P?ﬁ of the I uninophore

around each individual enbryo is visualized in grey
es. Figure 6A js f th t
o i Sraan st Mo e Fia SoeroBHER b B e an
plems?y@gbh @ff)laﬁélb@lﬂﬁnﬁl omn@@ért marment bk Ulsiratbe th figure 5. Fig-
ure a ate
g o et e v ine s srsdent 1 b Ryl g2 porerical

g T%leérﬁtt If thd plbtie lifpdnt theSisbifigtih oftahephaacdl difusion sgdtem is fulfilled.
spherical diffusion systemis fulfilled. Figure 7.

(Design exanple) Transversal section through a design
f digiRe 7a@Desig é)&trﬁ;ﬁe) ﬁ@néNetsfal %Utl@h ttirbegtsé ddd;lgldformed as a pipette,

met abol | 2| ng

ot s temiBaed metaholifnd brge s PiskeClh Bob i it gpnteiner. The

| rblLEH@;%P oT meEﬁ\éﬂ‘eﬁg lgpértldﬁéﬁﬁﬁlﬁt it I':%%teﬁgastdwed’c@smtén thg respiring parti-

part]- cle ee ettel

wi Phhaseesn rﬂf& %f%'égupfflﬁ Wﬁaﬂ*—g'w gndj “ﬁeﬁt?@ﬂmugham"t

bq% ‘tmbcﬂfopﬁoﬂ'?ﬁ:elala\é@%% LTheTﬂanedlﬁR'éS@_ll_\w&quuelhtly 1fllledhwnh medium).

subsequen illed with ne . arrel of. the

pi Perhagred 8{ gPinglieshp/es; %é@@ﬁ%ag? o{kﬁg O nt |

15; Fi gure g (Desi gn exanpl e): Tr ansversal section

t hrou esi e the I n art

G & FDesian S s Ans e S5 URTLNTOH gl AgeRyon, yher the metabo-

?ﬂizﬁh@cﬂdrﬁ&e @Qﬂé?d gﬁla's?aﬂlc:{\nﬂwén ihha Matey TAg wieh hakﬁeﬁaabcﬂlmﬂperme—
hus varying nmetabolite nsm ssi on c

bl it PRARGRRAgSE AT P Rer o JReta UG gEmiSSioh capacit, that

h adainZRPé the el RViRCERSR Bt sediithsthyf Havisbetal dl@fla@ndﬂt éll‘ he diffusion bar-

bet ween the nedi um aa(?%the S

ad}qggﬁgnde By the mediumgya I"ees[urroﬁ%élr?éj%%{qn@Hgg dpﬁ@% Qy&)laclng differ-
i rgtfﬁ@géﬂo?h)bf ﬂ@Pﬁmh’féﬂM@& bbovdthk Rie. i t@llslrflgure‘; he rﬁwhummutsme the
outside the we

he
corlis i 6 o ore pispiet b bond 3op e g e 58f of eiasdibogy:
(Desi gn exanple): Transversal section through a design

vvherethe met abo- 25 |jzin artjcle is ced
detigwed (Reden amplah dFansy 58 Section thigpigh ‘2%5 i the metabo-

C OB paics ist diecddnRer a@éféctd?funﬂé}%rﬁlﬁ{p‘éﬁﬂéébl@lﬂsy The disk, which

! nc%%rstri?a’?egl tﬁe (l:J8;r>TeTa)rapratrtnoﬁ;c the subls’ltantlalﬁ/ |mpermeable compartment wall, is sup-
ported by spacers to keep a well-defined distance to the lower part of the substantially
impermeable compartment wall. The spacers are shown with a 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 permeable 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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ported by spacers to keep a well-defined distance to
the lower part of the substantially inperneable

weopaseent wal | . The spacers are shown wi t h BCTYRKewa600935

line to indicate that they only occupy a small

fraction of the area under the disk and do not

constitute a 30 significant barl@ier to diffusion.

Cerigural10y(Desigat e@mpie) diransversdl sdctips thioughsd désiomwherel the respiring
ich,th .

oo ey E R s BReslofh EmPerifEBle 48  detector s

bdomﬂemseardheb’yp ohthagong ande durieciiaped intpeemepbledidds placed in the

l . ' :
BB S SRR B bl LY B8Mdh et anc e
PampiisEio83/ 000935 10 Figure 10. (Design exanple)
Transversal section through a design where the

respiring particle is placed in a cone-shaped
i Npig@sdli1 o(Désigna&xahmirérTrwradvisapdsemtlen thkowulst @ design ivkere the com-

'°°$g%ﬁ%5§$%ﬁ§t hF?asyng { 4/{RBuERRE mBUtheApRHISE cg%gaggrriasl(ﬂﬁ)

npressi on.
errﬂameel dﬂm‘tlrrmeweééblelpfaltm(ad ai 'Ehemm/ﬁy lsslatgep/t cybiednisakfor polyhedral)

the ldd.a . [

e Bs1Es B bt s P BT ot PR sl sai Pllerg o fom are-

t hmptmtefopﬂnetmﬂabolrzmgs)a&'mm oift. t)aVlnet pmiricbhéye ¢1Hrd) aghplaced in the
bIe | 1.5) placed on an

%(gern%Q ef?@e(ﬁﬁdggﬁ&a 8(1165 cavity is largely
cyI i ndri cal (or pol yhedr al ) 10 and filled with nedia,

b \ d ou h Cl .

r drofTPdBenBlERantle) EREbo T ufdRarPoinsg 152 er hfuda Te
( Idetdgtor h'Eisehé ﬁmnn.ﬁ @i ftat eur(ébb.t&)ieaihe métale@idingrpattivte, e.g. a fluoro-
ext %pdelgeeiavi ty near the bottomplate (11.5) Figure 12

[%’s h ‘anpl e) Depression with partly open lid (can
be adj ust ed) The 15 detector has the formof a flat

ac r_the Zln . .

7 et i RERan shawp®) Pefireeod YR A oo s fhiustanie
Depr ession with a central pore (non-adjustable) 20
Fi gu b [ Zi
oA oS, 1 PTBE SFAn Gy FEbE hpe r i iarif Able e o cube
t uamli is getdenNsel yridrrirgg ¢ubegandtietfiag It faliudut by gganvétyi There atectve en-

are two ancssuch h flow can
F oS e E PRET SR & 55T roB YPhEn b R the respiring
papdrticté eutout . 25 Figure 15 (Desi gn exanpl e) Bent
capillary with funnel at end. The detector has the
formof two circular areas on the inside of the
c affigliealiby(Desigg exasipke) Baytacraptblbryf\lvlﬂoﬁmpeicat end. THeedetector has the

g?f%l('qt:\ IQP @t{q?c}cir&g{es grre%gg) i $ 918@% q& e capa}lggy, tehglfSéstangyer%?%tprophore.
The position of the respiring particle and thus the length of the diffusive barrier can be
adjusted by changing the position of the capillary on the supports, 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 permeability
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adj usted by changing the position of the capillary on
the supports, as the position will determ ne the

w@omupsans of the | owest point in the capill ar yPEDDKR@®3000935

the nmetabolizing 30 particle will travel by gravity.

Figure 16 (Design exanple) Adjustable bottomin a dial

setup. This particul ar enbodi - Itent provi des yet

armeffisient dinp dhickress ofinepeadpatsi¢ Eybeisvedused bydurningt 16at7 clockwise,

| A B Bt i AR TR R SR Bl bt the trge

adjellstoathiniyg streouiding rmédiumhicek Aedbe béttarh ef theyeemparithent is fixed

p P08 BB REIAEEREh ks epUER Y R of o gompartment

t helymes amchihiue il ayecreased itkoess diyhe parmengleldyet and therefore also in
| .ockw . .

°LSEeR RSEOIY, Hie e BRI 5) 4 BAIEFPSH O cbparimon

c dowaidsitimgbattorn olihdilargemeeli contdiGing surksurdivg rbeditimmvbére it can be

”‘beroﬁagﬂ‘gﬂ#gnﬁqqlwtb% Jehéﬁ%glt{n‘ﬁ! at ive to the bottom of

t he hi's'res Ss'in a decrease of the
conpartnent 5 volune and thus in a decreased thickness

fo.t h Le | . .0y .
oI ablS SRR BT Rt B LAAR. BB DyRpgen o
bgilatemithfsevéral, eqgnba013000 1um dempasoticat depréssidnsof afsuithlde angle 30
I t ai ni . ' | um ] ' -
G565 b R PR M G T g Vi g s
Fifgoe.@he fefhBiagiggrarecfdnpplele slrate ia/hyﬁmmebiceésimmﬂ.z of a suitable
lh\} ?u@%@%%ﬂﬁf‘ @ﬁqgg%osé%%g%sé&s @b%&e}@&h@ p%r?ﬁ/egarb?el diffusion barrier.
S UA tegbt & saiitghle oB@bovesihehdrers preSerits eGapalatgpndes) thepdrap edd convec-
in. . h ' i h hidi -
okt Dt AR RRE 83 boSaihPBAH&Epdhies  ontstag
hydmb@Alemativel, tte opluing. Qutsifle theswwnicabdepressidnumekeslibe 20rrounding

[, fills the t [ d K tf I .
o o 8o EE L B PR LIS R G 1o
t Mhdfreasqmsee@am§ stagapot. ahe parnfieabitityt didhe diffpsiandarrier can be ad-
el BT arei Sortosf 086 8851 ol Rharbllf) Wi Nlent angios or
Al depttrsaaing tHeypertkebility lofi apadicuar denitdilg sbepedadmpartment can be cal-

s, the surroundin medi um and i s not

gS(gur@%fls’?é(gcfrgjlr?r)rﬁgEocﬁhﬁ(?gaafi'%st'%gxﬁﬂﬁé‘abl e di ffusion

barrier, unless it for other reasons renains _

A0 Lo BB R € L b B OR RS Sown i
depr assdexctbddiorantphe (Sorstehdiextinifie). Batv fangisesnaer data. The fluo-
Srapeee My et e hrthade BRI IG oy (ERlndm on-

t hestegihgkparpisyrinin @olsigtened, ifcontaet with: thé/resliun imgthe incubation

ir ﬁc ?Tg)%tr)l, \(/)vgs chcto?dsedf L?sringngx%lstgtio%q%rhygt%éonantdhé%osn%% Pé’sp%cr:]tﬁlveml and re-

cording emission light at 650 nm in a Tecan Spectraflour fluorescents plate reader.

Fluorescence was recorded from 0 to 500 s after excitation.

Figure 19: Measuring respiration rates for mouse embryos in the setup shown in Fig.
11 and described in Example 6 (Skorstens example). Measured oxygen concentra-
tions, calibrated data. Fluorescence intensities were converted 1o oxygen partial pres-

sure using a modified Stern-Volmer equation, which adequately describes the re-
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25 11 and described in Exanple 6 (Skorstens exanple).
Raw fl uorescence data. The fluo- rescence intensity

wo consd2es oxygen quenchabl e por phyrin fl our ophRCT/DK2003/000935

(Platinum (I1)- octa-ethyl-porphyrin in polystyrene),
in contact with the nmediumin the incubation
chanber), was recorded using edR@itation |ight at 360
argoldelofmidst ©pPedts] sicdoyding tb Kmnarﬁ@t di Tap5eFibesbptit blygbh micro-
at 650 nmin _a Tecan.Spe ra'r { quoreﬁggn%s
r SEORAS: SR glic ‘OEM IRR8r Qe PRL -0 13%
after excitation. Figure 19: Measuring respiration

e enbryps in t e setu own ip Fig. 11
L it o VBRI P FSBBTL e '8k a7 SR SR ymed with Shygen
MergiSridE @t 0P 5§ €6 cRibEE BIEXainplé 7 @RMg thabesigmsiasvidiatigure 17.
Fl uorescence intensities were converted to oxygen
partial pres 35 sure using a nodified Stern-Vol ner
e@efinitiohs Whi ch adequately describes the re WO
2004/ 056265 PCT/ DK2003/ 000935 12 sponse of nost
optrodes, according to Klimant et al 1995 (Fi ber-optic
OANGISIROMERIC Xy §aNS&tisDr: A Okark tyjpe! eléaro@ﬁamtdacs@isak @k .a gold cath-

-SSR I, SPAELan BIoTHR LS R EnYIS BOCPBIwERH ljpd R the cathode

0X%)iFF&6E. AdcUTicBt ABRINTOherhé esstiting eedudiotrsamgntéo 4 slgdang
the design shown in figure 17. Definitions

Anperonetri c oxygen sensor: A Carck type

e Bt masTIRETESraparGREIR O thé bResaniOdintbxe tiehternd otde of the compart-
ere O

pol arj zed agai nst _an inter aI eferen en

P nt ieans R poRe! Hih Gt st bEg ISR fHHBST A any metabo-

% mfé/@érhﬁabié%péﬁmgb%loﬁ@]péml tth@ﬁuwmlam} sﬁr@rlaalsmgfa@Eﬁzing parti-
conpart nent n tne t he

© Glen T et ciook Rt easpeariy Mlonto-4 YeTEiel POROT BRpw g substan-

t hialhe sprepicalTRathbsRingdar e et mby behies siaway therdd@Mpartshent opposing

met abo-. 15 |ite permeabl e opening as conpared to the

s@<PEANGal |y spherical netabolizing parti cle. The
" bottorn' does not necessarily indicate a vertical

Siti bel ow .t he subst an i all heri cal
P Bl R esii e ShpandRsertERG L6 genpeTTRg or at a distance
C GioRd tHeRBLab NS b&icle BUch Riedt thg ndlalidiibin dTEHE Patticle does not influ-

Medi um i n the surroundjngs.outsjde {he conpartnment or
attnge g 8'3FP'69ﬁnfrﬁ{é rﬂ%fttgﬁgl'“k UBarticl e such

that the netabolismof the particle does not |anu-

ence the rret abol it ncentrati t he bul k
D yReYs Th emgceﬁﬁa@'@g ﬁfﬁ,oglm Se PaSeSHPr p@lﬁ]&l@grmmgle as the

g8 ofofan‘a@m fidldcle Midtioak cadsed B9 théndl Géﬁghibﬂiorpfresultlng in a net
random m)I ecul ar npti ons caused

r é@@ﬁmrﬁa qdissalyed sybstances from a reglgx EI hmo o%g o¥ %wer concentration.

Diffusion barrier: In the present context the “diffusion barrier” means both the imperme-
able material which restricts the diffusive flow of metabolites to 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 embodiment 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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transport of dissolved substances froma regi on of
hi gher to one of |ower concentration. D ffusion

wh20mios265 | N t he present context the "diffusi oPCT/DK2003/000935

barrier” nmeans both the inperne- able material which
restricts the diffusive flow of netabolites to the
nmet abol i zi ng parti- 30 cle and18he perneabl e nateri al

t Iy onighbotitdsCirorh Iﬂfe otk mbdiaith ehe mkseibolining partiglaphssdsethrough a con-
ecul.ar diffus '

passes, b . 1t may in, sonme es
D T e W Be et s Seien apdiof RAuHS) B ERREMTFlcn as e
Whngeht df ifey. ermamu f Figt 8Kt thignegibmpepartialtariy limitirgy foathe area
OB oL P S TR ey o B8Nt conconts
Oﬂleﬁ IgFegﬁer’ﬂQ dndles prt offthe dewed Isahavefdre oftbuiteférredidyasaths tdiffusion

ntain other perneable 35 materials such as silicone
o t%er pol yner (see above). |f the diffusive pathway
taken WD 2004/ 056265 PCT/ DK2003/ 000935 13 by

bolites fromthe bul k nmedi
oI OR AREEH APGH dr GOMPALTPILD CHPTP Bl o Caonsion with a

r Qié‘ﬂﬁ&ﬂo émﬁgstms am etafldrosnvirepimenid Themqaldhjalsed ynaemh inside the
I nse

%‘Oé‘g?%?Pel"&“eﬁ‘éﬁ ?‘39“%{111 @f'”ﬂ?rﬂ¥ FP%S Qﬁﬂo?ﬁ gorg;% geRNeen the liquid

| rHrﬂQh@Tcﬁﬁﬁpéhm\é‘nt Wall. Wihe| diffdzich @mpm‘rm@em ig bigoIrefeged to as the “com-
and shar pest netabol tehggnftﬁnt ra 5 1i on radi ents and

tkﬂaéml?é‘lttm e dGyice g et EPé?sc?InEm?ﬁ?'? ‘referred to

as the "diffusion barrier” D ffusion con'partrre_nt: A
\?\Ap?}%gggé $ pn}%ge&}ag‘égfﬂe%eg $ gxt%\t“gﬁé]eghesble Hateral” or “substan-
ey MparifeablégatblidlUndaies atarial eith aiarkewy Kdadutétéperii@ablllty for
di ffusi on co artpent is steﬁgréant gr na

rth@meé@% i qcla fqyggtlogmg}paf M/qﬁr, regﬂa[)tyﬁ%e permea%mty is reduced

CagRe % H&ithe Wﬂitébohféhﬁ qdéétfoh%smmp@r’emmwmat nmiose plefarably reduced
referredtoa ice a

PR BrOTTHo Optoes Wt et Pareter St e o the me-
| ﬂa%&lt&ir@f ts rﬁQdEH lewer than ’chdﬂ}nﬁ( thRaigh ¢he'pérateable’ material (e.g.
"subst an er nea material ' nmeans.
RO PO l?d?‘ﬁ%lm%/ 5@&5@5 &P et TPS Sfegy mtegppged flux
ﬁﬁ@hltﬁ@mﬂérmbgﬁé bogummelmafpednéablmmnal should be <10%, pref-

P okt Nl SHEESRY 5SS SE ' i R e oo

pr"ﬁ Ry pplidle.r educed to < 0.2%or < 0.05% so that the
area |ntegrated flux through this material to the ne-
tabolizing object is nmuch | ower than the flux through

t heyrhigesab ePrEal@ibh af lidHe. 18 the2Cort@a F thg, presgntiabhiion the lumines-
nmenbr ane and/ or diffusio

i eGP Ffigg dee Eg(abspmaélga HP Ifq?’@ [) Iﬁ.‘é@%wgglgcﬁg%ﬁ%ubsequent return to the
sugretirdbiafd AfterieissidresiigBt wied £ ongbr wilerehtier h%’sl@%ess is often re-

pref- erably < 1 % or nos refera 01 %o
{ oieHPd & 8 TiorpRiENaS BEPIISAROEECTIE Bataged of he'bB5 ahdFretime of
the decay.

Medium: Liquid growth substance for the embryo, such as a fluid 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'izing particle. 25 Lum nescence: Production of |ight.
In the context of the present invention the | um nes-

w@emeesass se due to absorbance of |ight by a PCTI/DK2003/000935

| um nophore and subsequent return to the ground state

after emssion of light with a Ionger wavel ength. This

process is often re- ferred to14s fluorescence or

pm@@pﬁ@ﬁ@@t’@ﬁd@'eﬂ@fp% AfisA gPresiranteden Yve ta@dvackimt(appliedfby the mass

r)3Rsille Hiet e LU flor uBst; :

erbry S RadE e Tho i il (i hleS aUANRe: Bfouilie gas per

a meahle dngmiAne:. Ehﬂa@pa ationsbf selected|gessemers subsequenﬂy deter-

S [Lechnique for neasuring oxygen

a%ﬁggg é?é%@?\wﬁ gasses, based on a tube

equi pped vvlth a gas perneabl e nenbr ane WD 2004/ 056265

PGRAEBSRO 3h W%ge?t]c%nf‘emﬂg ‘ferﬁp“rr‘ié? § 'rﬁga%% ocfo o'[ﬁﬁﬁ that is ei-

spectroneter. 0 a vacuum (app
spbertiekencte el rejarsed bytthﬁemmbelizirw@rmt@ eE@ntpﬁ@ cpfae@abohtes include

SRAGHEPTIZHE gy IikdEodaRELs RARL SEERERAR anl15,0" ons.

nt'rations el ected 'gasses are s sequen
deter- mned by the mass spectronmeter. 5 Met abollte

' r\\/lelgﬁolg:r@% fhe 9&@%@%@% IS EBblid gll?égtr h& cdﬁ%@r’ﬁéd Br released

oun I's ei- t t aken up eased
né:tyatbe rnezamzparpart@lee Thexstgiiole raie l&ﬁp@bdemttoesbq‘trnmeudetabohte in

gu Q{bn %gc{@r?fheqé\%fgﬂﬁﬁ%@%ﬂﬂe ﬁFdlag%We.gl ucose, ions,

I ons an I ons tabolic rate: The
rate at whi ch the netabolite in question is consuned

OrMétEB?%ﬁ%d In 1A% p nfr@&ggeltﬁezfeﬂﬁoﬁﬁfa‘ohﬁé K rglje? o) tp?e process of

Icrate is epen nt on tabo i
queldng up onrrleasing metabelitel A pfefercad metapolie whinh ip bginginsmiabolised is

' r dCl@nlje e term
ﬁ@gﬁomgﬁ%taﬁ(gnp rednt8 ggﬁﬁm r cegbs(}aééynw taki ng up or
rel easing netabolite. A preferred net abolite which is
be ' a
LGRS et buchingt T B Prolahf bR dReAneabic oper-
| ring’He apoapariment mag ke used tweine\ip@ﬂeibto@ péeevabihiag (e nontaining

' ?%éhlh%téﬁtl rﬁgﬂ?rﬁ éﬂ@ gt&c])?a%d %EeM@%q'hteq%ﬂ&% g‘r c%s? gﬁ-rgrgathe opening
an@i cevered/ witk @ pepoablg material ert@ra nembhma: é@e awilicame layer) to

t rb%ngtﬂﬁl@ ap&ffuélérz BQN%F ﬁlgt *é"rli%}g eﬁﬁééﬁé’igﬂ ﬁ tﬁ@pt‘ﬁ@r \%Il (H’Cttl?e com-

as a nenbran
partment

Metabolizing particle: in the present context 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 particle which consumes oxygen by respiration. The
metabolizing particle is preferably a cell or a group of cells, however the metabolizing

particle may also be a synthetic particle consuming oxygen.

Microspectrophotometric technique: A technique for measuring oxygen based on an
increase or decrease in absorbance at 435 nm, reflecting dissociation of oxy-
hemoglobin due to a decrease or increase in oxygen partial pressure. Other oxygen

binding molecules with other absorption characteristics may be used.
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constitute a diffusion barrier that is nore perneable
than the other walls of the com partnent 25

woveioabsd26zi ng particle: in the present contextPCTBKR@B/000935

"metabolizing particle" nmeans a particle taking up or

rel easing netabolites during a period of tinme. A

preferred type of netabolizindgbparticle is a

r eNdpiinviaBige pagthod: | Ao madthazh) whiohswitresit axy destrumjive disturbance, or without

respi.ration.. Th nmet abol i zi n article i nef erabl -

N R R L T e
panédsttea pajansteaeléediosybddyesfirtengat t i cl e consumi ng

oxygen. 30 M crospectrophotonetric technique: A

techni que for measuring oxygen based on an increase

oroptrar &§gen isengilis X easeringt pribdplengsedednl the tabitity of oxygen to act as
di ssoci ation. of oxy- henogl Qbi p due . to ecrease or. .
PR BRI SPTTR b batpeerols e Bl fafoRd i excted by

bi defihed wambleagthesand fuminédrencelssanitied dry the luminescent indicator as a

characteristics ma e. used. 35 WD.20Q4 2
R 5 SR ST THi5 A PoRrS 18 CEA TRTER {9,55 fluorescence or
WhihoBphdrestante.aliythd eségamct iof exyhest thebateosity and thiet demay time of the

R B0 1 BBk 00 L AEHLEE A Bk ot
r adxgbed sbosing i tyo dfménsicasesin. bé b&éd oalluminggesnce lifetime imaging,

i.ng: A [ rinci pl ed th ili f
oxyeh fhssmetacas < Aablaghpid s (ritattuies IaRlhupidis
| um nophore. The | um nophore is excited by defined
BRI oAl O GESEIS 5 b s rent s oo
C OTHEE D] faks PressUie & fheoaes of irslividuat gas eiessusss. Undas normal atmos-

x5 condtions br4Pe) SEHA Ferrastis Wit b Sghé 1535 & 1000 nPa. At
| uRbsRREE DREyheRIrEH PesSssure B gpprikinadtaly| 24 %ary 2 thuleP4.olHehexygen con-

quenchj.ng_ process., Opti cal ygen sensing.in t .
di FEHEITE RSB heeuoahparTahesyi . & kY pilfie oxvgen solubitty
| NBgiAg.Ps YWhiheke tHe soniBlitg 8sies fuRctRmvefritagentuse osainity and total gas
| um nescence intensity inmaging. Oxygen parti al

prif€si®: The pressure that oxygen as a single

conponent would exert. 15 The total gas pressure is

the sum of individual gas pressures. Under. nornal

at RepIrafiensFate: Mestdivindorrgapingst iBeHFing ARYEPPE LUy Foasume oxy-
W ddn Rend&it @@?9 mela®NisnOby 3 PPsteBE dalleit respiBiBAEThE oxygen consump-
oxygen partial pressure is approxipmately 21 %or_210 .
hPEeN refieof AdpgRiing SFeanissms3ltq 8?{“?9 fhe "eq) etiop gatey, Lhe respiration rate
OXY Ok bribs RALSHSVoBsIP bBbh HetRirhiagd BYbd MEtheXatiRr0.34 — 0.53 nl O,

sol ubi |l it
embryo™’ hy1, 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: 183-184). Bovine embryos will typically have respiration rates in the range

from 1-8 nl O, 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.



10

15

20

25

30

35

S, (C=PS), where the solubility Sis a function of
tenperature, salinity and total gas 20 pressure.

woe®pisass on rate: Most |iving organi sms, i nclRdi/DE2003/000935

devel opi ng enbryos, consune oxy- gen in their energy

nmet abolism by a process called respiration. The

oxygen consunp- tion rate of al6espiring organismis

aI Stagmmfrﬂiquidhé\ linepwitlzdut any rfatve tuerhlenq:aegp'rrmeinent rTaamsport of dis-

25 el MBBA SIS KOS9 PBRPEBYL BY Rlsticfifien determined to

bed e rang enbryo’ h-', but
enbryo respi ration rates can vary consi derably duri ng

S8BT SOR IR B P e Sy sch

cogasupqntnaloprebs;ur@,uuacomnyatm gmdiebtsasit disyﬂ‘te;i gulzsianden, are stable

V' bl 9 p#ﬁ% %%BF l]eﬁnyg# 8&10%}1’[%@0% %‘u%ﬂ#et g¥ E‘%ﬁ qugLtime.

ave rtespira
range 30 from 1 8 nl 02 enbryo-' W Response time:

r R lrl)boslli]%ﬁla r e&ﬁ%lt hggbo@zlr&w&grlﬁ%@ef)rﬁgg@tuc{ogﬁeé(% Eheit%rm “a sub-
obdtamtiatig splamntat g'gatat;emaug gaﬁmle” o@ande metgbommnlarhde or a group of
S ERRR R AT o Pt 5.7 R R S & 2P Bl sgrere or

or elipso@hartiox s]ﬁape‘dsq:b)ectt sﬁchdissa greop mécbllsufosemmpis a multi-cell em-
primarily takes place by diffusion. Steady state: A

i TeiAti on where consunption and transport are in

equi | i bri um such that 5 gas partial pressure, or

co ce t|on t. i ssol ved substances, are
st %lia ﬁacrﬁ%tgop g tt?‘ng |§veq{tl q’n

i al” pressure change or
concentratlon change takes pl ace over tine.

2 ﬁrrets%rb \élgf hﬁeiét%sitorﬁrg?%b?‘lgﬁbb %r'% ] ra* a)%@ E te %f 5 Ig.ﬁbs’cantially
mmbabalzmetgbqjlamglpaheﬂe Wbametaboietratbuﬂ pmfengplpasiabhﬂhed non-

roup of 10 a wher

gr 'BV%S(%{ iy ﬁrO(%e{dlgape ci;atyg)r tﬁle ga%c rﬂ'\ fnvgﬁflon I @r gécg (r)}' Hw% finding that

el ﬂhepslaldﬂ nmtabmﬂsat@hapmcbmdetenmlnectfashamnm prasiyelpby measuring the

cells e t

e Mo A Pl A B0k ) Bl At

r eilhatpestldeolf thetembirorshentgs tdmtrnetbdlb@ialicmad)mly) diffusibe oﬁéald metabohte to

subst ant.i al | her cal t abol |

ne?rszocw ibe Qaﬁ(cée.i hfae(i'oggﬁf/&gs { acﬁ ré%hno &leﬁ gf the Breedetermmed
metabolite develops in the environment and by measuring the concentration of the
predetermined metabolite at only one position of the diffusion gradient knowing the
concentration outside the environment it is possible to calculate 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 particles. 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, embryonic stem cells, a small multi-
cellular organism at a life stage with a relevant size and metabolic rate (e.g. eggs, em-

bryo or tissue samples of some of the larger organisms) such as Caenorhabditis ele-
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invasively in order not to disturb the particle. The
invention is based on the finding that the rate of

woredoalosd2esat i on may be determ ned fast and PCT/DK2003/000935

non-invasi vely by neasuring the 20 concentration of a
predeterm ned netabolite in a small volunme of the

envi ronnent of the particle ifi7fthe environnent is

c gass, riictyesteNumn distaidewn,) BrodbdHilaShelanayasteai XenopiigalzeVist Arabidop-

tao. or.fromthe ticle. By suc LConstrucktion a
&g Bptitreh Egidinaihe G0 0n R R0 EEipgHhat @ most pre-
d éarsddopstidlan iricheles manimalia@imiapss fuchradamian)botihe or murine em-
concentration of the predeterm ned netabolite at only
oR®%BPosition of the diffusion gradient knowing the 25
concentration outside the environment it is possible

tq.calculate the netabolite. concentratjop at the b .
o LP ETTAPHe ARET by SR Rt e oft LA e Rdenished or e-
na]ccavtbd Iby;mdlectugaraﬁfhis_tdmleammtnﬁdl i Exéﬁhple?r. gale ibvicey efithé present
rel ates to substantial spher, cal . . izing .. :
DSBS tmaies Celen St bR EHG DL TR b e bP p Aty gpherical
t métehmaliphgsmﬂltcllé i8 pietd Orhd crmﬂ]!psd’eneﬁt pbr;iﬁlisiﬁ ysfﬁybérmeeble and imperme-
eukaryoti.c ce r a grou uch ¢ ver the .
b BBy 0ard P i Pefeb e pafis o ApLad redlce the -
paiveifiik of metsboliies o any Biem.thé\partieleelf tretsubgtaatialfy spherical metabo-
BB £ A oS van R el B 52 v o
S mRdthbdiitastis magieluntinderedrtyasphsnca tiffasioh feffectivagdthwhoderate meta-
Lgy@y %ri]éﬁ, i;@ll ¢ efgea gg‘?ﬁ‘h’gﬁ)ﬁ éfglat%%t rg?t(ag'ﬂlgé? gl%g%]']y r%rar}gslr?ally affected for
OBgeNy SiTa) valumb irslos@paainighditid espiting WeHi2ROMONEGR6Bthe particle
B R o e s SRR SThe Bt B D gneabo-
t Nidls| tea.mdaR0iadld Eangeinl they:ooranirator igkidb daltdmpartment of these
S B 0Bl B b egion accomoten
Mitiis B lr@tfﬂictihg )ﬂ&fivollﬁng hﬁqg;@% which itﬁdémefa;bl&Es r{i@dba(ssiiwholecular
%&@IC&S.OY reagfls@F t .enﬂarereg eglse QL% ac
§oB\PYHBPERIRARIE (@F PERREFSRING INRRTNERNE LS MRCeS Jghe syrfaces (or
Thﬁl:@)edde@&ﬁ)t eitﬁtirtalbtesupbmcemb me;tﬁw@izmgmrtmtmmu} leavaley perateable
o BRen e PRI hs Melebsllf rabes P 3pfbaqtnofpsmesble opening(e)
C pigyed fined twithanadisihor @hotper peratelapleansteriaipEiiespatial abdrggement of
TR Sy e SRR b o it e
Wﬁtgﬂlbblnidaﬂfelrt l@s@rgés _er@elprlﬁrbsse%aﬂj tio_qjestrictl the ﬂh)_eofl metabolites so that a
subst anti a S ri,cal nmetapo- |1 zin arficle |l .
2 dacz) deieton m BRAuoshReRRIaRB cen peEsar b ilA geater 2) it en-
I @BR¥aete?ination of the metabolic rate for the metabolizing particle based on the

magnitude of the deviation. 3) it restricts or eliminates transport of metabolite to the
metabolizing particle by turbulent flow. The latter purpose of the diffusion barrier is
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 possible designs for devices and diffusion barriers are pre-
sented in example 5. The theoretical concentration gradients arising from different de-

signs are shown in example 4. Experimental data arising from compartments with a
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nmetabolites is made unhi ndered by spherical diffusion
effective with noderate meta- bolic rates, then the

w@emgest2snt i on of these netabolites are only nBCODRE2008§00935

affected for 15 a very small volunme in close proximty
to the respiring particle. However, if the particle
is placed in a conpartnment, whitg@h limts the diffusive

r Eylﬁk!ﬁ@él)depfeslénema\/@bre@éntﬁ@trﬂ&&m;ilda temd atdmwm%@ﬁurryabéwg on an
changes |

C HERmeb SUERP B CRHreBHoGnebeEie HACYIR FLetmple &

conprising the present invention acconplish this by

restrictin he vol une t hr.ou ich th lite
C e ey B GInkeonls S eramp i By Bing Gprature:
S@éﬁk@ongﬁﬂ. Thé WRefdm:aieh of DEusbacERrenthaFeesslr f aces

(or walls) does not entirely surround the
nmet abol i zi ng particle, but |eaves a perneable

Ok M@turé lof eiediradihtin the @ofbaleht, icausasbe mebmetabonsatuon by the

di f fusi on. .per e openj
b bR P BT B ag Radiole caRRel L dosorhe i pifhe interal
aldisIBRIMBNT thé coﬁn@éﬂﬁh@bﬂ et walRsfinedthe dagice rdaalbe calibrated by

around t he abo n artlcl constitutes
e ha<aria) b antelbt SHePen aniRbeE T P REEES Wil & Gown metabolie
r @ptake Endidiarelebb Afificat aupetdntigsy %&lbatm@tabbm@ partlcles for cali-

devi ation fromthe bul k concent
\PIH08 GBite TR sphjerical IO MG Tk CBTAoT2h B v, ubstanial

MepR&al Metaozih® battibe, f&fea&ﬂblezarﬂm:lél&irﬁbr%séoﬁlaéenhmmns of 50-
t he devi ati on,

é%m%%@get gﬁgo@%gqn BQnSHEY%@?fQ(“@ {aéﬁlfnﬁgant Ilﬁe Vitamin C,E, A ca-

NeétaReIls, Helghiuddrtitarlid chorilslrdutlonné, feirovg sdifties| abedded in a stable
pur ose of the diffusjon barrier is

30 usually
e comeauBy Thesihich; Fepoeted crie I BBPbRoYes g glass beads,
that are positioned so close to each other that the
I|qU|d cannot ni x bg t ur hul ent

flow,
s Fareetie MejaRgitaicPPesdAton QTR BN %ssf«gmaémﬁ@&lsg% in steady
f @tatslaMd eRIBdaIbpdl @vﬁléﬁln%y @@fhrel @ise shbelyRifer tHeedibentislly spherical
exanple 5. The thecir etic concentration {%df
ameg@b@'zmaaﬂﬁtﬁ'% Fetasd Bde SPmReTRPE komAS H'Ceséerrmaa! still be de-
4 terBNR&S b ai: #Aial ah@chandtdof fHenneribBRtet dBRBEMratioh yradient inside
WD 2004/ 05626 CT/ DK2003/ 000935 18 cylindrica
ddit E@EP%'H“%WGP%F'%W%J B stead iAte oradient gndRQhe" typrds be mod-
eEdydyiathaiafigallgfrofa sbiigeedfia Rteady eidtegradmdntdlover time.
depressions in exanple 7 or without in exanple 3. The
theory of diffusion is presented in exanple 4, based
omMdthBolites! ow ng literature: 5 Crank, J. 1997. The
Mat hemati cs of Diffusion. Carendon Press. If the
nature of the gradient in the conpartnent, caused by

t h@leﬂﬁé@@&ﬁéaﬂﬂbéﬁﬂe@ﬁcd&’(ﬁng ﬁﬂthétp?égén@inwntﬁnﬁhhﬁéy Sélbny metabolites

nmet abol i zi ng_ par cannot be descri bed

t hleyant & h%rs'th%fﬂ@qwpowsthsﬁuwént@&wﬁamrwehme%\bey particle or
Webikastef frdif daidlJ3Rticdke ExaRpea bf R taRlitddr=aé a8 dB¥cribed above under

definitions. In one embodiment the metabolite is a gas, such as oxygen 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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10 using artificial substantially spherical
nmet abol i zing particles with a known netabolite uptake

w@anaiose2sel ease. Artificial substantially spheP€TRK2003/000935

nmet abol i zing particles for cali- bration can be snal
spherical particles with the dlaneter of the rel evant
substantially spherical netabol zing particle, for
exBlmgs, i apreferies embasdirmentdee gnfesemienmn%emselaiﬁs toydetg@nination of the
20

(ae PSR Ao o 1R AR SRRGHEEL RGPl Ehy Bariclo by mepeuring the
sesaa;maml pte?asaiﬁ efixygrroandder cathanidiofide.e, f err ous
sul fides, enbedded in a stable auxiliary conmpound
like starch or coated onto inert spherical bodies
I |Qem@55§@ﬂ§eads In case the netabolite
concentration gradient inside the conpartnent is not
in stead state and still devel ops, which nay be the
cale d§$ﬂ§%ﬁd ypbaye the pragens inysntor isaialsgd optiee establishonent of a diffusion
me@r%@i@hf Bt e Mefabbfb o | bé aléﬁt%q {4 tﬁa}%%?ﬂ‘gégé% | '%6Rditions around the

he netabolic rate @%2 de- ter
| neubstangallyi srperigel ©R/ gbznraﬁ patielenaliomsod diféusion gradlent to be estab-

C t
I"I%@Sﬂnét%.ds? lérg{sg?tg EF'OSC% glftgﬁj@rel%ggtn @P@?&%E%ﬂ%‘gbﬁpﬁabohc rate.
vvords be nod- el ed mat henat i caI ly froma series of non

lg@“ﬁ% ng%gﬁ'ér?cgf ?ne@éb% |ﬁ fﬂismc%5us'\ﬁ£@é?:°!ahé/8:3cJ Rfed in a com-

|tes accor
i nwhme?rﬁﬁwtimyewmad;dmmml Theégompentreeatmremh:bsecomprlses medium

ei &d?ﬁd’rls r@ktﬁé‘ rélev Ry g‘fe*faeooﬁfég%r‘%f?é El%(ﬁt% téﬁ}?@ﬁﬂe‘ﬁ@al metabolizing particle.

met abo partl rel ease sai d
Exkiiiieayorss ltn%t)@&frﬂd st thecomparesot ISUQ@oamwcaQO with the outside

300fdtﬁé'c'8h1tp'aﬂﬂ1§nt alrbvﬂ nfitieReR e éﬁé}eth ‘ﬂﬁ%lrl'rﬁe%t aﬁ? Fnto the me-

such as ox at may be tfecte
rredlhr@dy way Qf@ﬁ&#si%eiﬂh@ébbwls mssntbl@etom@eéihmbwmkariment for culturmg the

Co by ol 0 ORRTE PEUAEDEoE fgt rvi

Thugve fhe subsiastiaiiy erhesisdloteiabelizinchparficleseran defeenitingrihe metabo-
r qzﬁ&ﬁ%tet Pio%(l?rr O RlhiA rl]heo%,c &;e eeﬁrgéérﬂtlﬁ\%ﬂ |(5r’lafh%t@$ substantially

stantially spherica I'ZI ng par
we%@ﬁflﬁiaigﬂ@tﬁbdlzg&pgaclm lalm@fegs‘@uth@ @jm;@e(y@@ﬂ etredy determmlng the

C%Q@Bol%@g%ﬁgg Iﬁ:gs'f%%ﬁ oh teﬁd ASRGhd PI Dpa i i—!ﬁt t he

present ase e esta of a
diffusion gradient for the netabolite to be neasured,

is. I 'orcﬁé?% %@Sl.s%hﬁé 'cSr?dl |d}1%'?51r' éblbﬁ,ﬁ%aﬁ‘&.ﬂtfélgn P%%lent c1 %e W%staablished,

ubstanti a erlca art
dithe ngmaﬁrtrgeafdh@mbe tefirted ta@t @tiﬁuanrobamslh@m beacapabiesef comprising a
d t [
rre%g grlnI %ﬁ(ﬁl g%é@ﬁﬁgr&eﬁfu g"@gh@ h‘?el\t’a"d%ﬁlte tﬁJnsPEﬁ’FdJaﬁ&& #dM the substan-
metiedly ephericagmetabolizingeparticle bw@ananﬂdlﬁuswwhﬁr@w a metabolite diffu-
CABn 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 to be transported to and/or from the

substantially spherical metabolizing particle by diffusion only.
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partnment with predefined dinmensions. The conpart nent
preferably conprises nedium conprising the rel evant

woredoalosd2ss es for the substantially spherical PCT/DK2003/000935

nmet abol i zing particle. 15 Furthernore, it is preferred

that the conpartnment is in comunication with the

outside of the conpartnent al ROwi ng netabolites to

eﬁhermédie:nonﬂp)artharreorhpamdemtrmmrouhemg&he dubstartialiyapherical metabo-
b e 19 use

di.f.f T

ciharae SRS Alpiapine RRR! Sefnt sl rapsnar apubstances

rmItSﬁbntzd# e madiﬂm:bm ébthe daltleoplges b?emffuscbmeulh medllum outside the
t hout, hay oy, e.su nt | eri

b BREmBR A0 i Rt at el XAt end b RS BV,

lizing rate. However, it is within the scope of the

o R TR R R e A

detaghaniniang furtrermoret sdothlat tengarispbie of trdpredéisrined efabolite to the

removed framthe ¢ artme 0 r.to.establish. . .

¢ REMbamer BN ToIPI FRRR iR Ra Gt me oo particl,
e slicahletabobcirate2bwhibie iscto meatetgrmiriedray be defined by a

di ffusion barrier and be capable of conprising a

medi um said diffusion barrier allow ng netabolite

t Istagmweanitt to and/or fromthe substan- tially spherical

nmet abol i zi ng particle by neans of diffusion, whereby a
netabolite diffu- sion gradient is allowed to be

e Sthebinbsigrtelof e §tbgn@11b1$écmm ingdyl bye expretned il relation to the respiration

iR rberT et Mo St & e oI Mo the compart

t h@ersumet@«ygémlpbmas pf‘ésrsu:bablo@{o tlebembajongillpdoé ite like oxygen con-
al | owi.n transpor

t It
A RUTBIOF bl S0 B R FEHTE P CPPEiHaP o PR ABERA Prasgure oulside
ggé/ B%ngggrregﬂogrg ?Sstgsdyi)ﬁfaYe skt 0 HeOEpPhb of oxygen equals the con-
c SHPRIPRERd Q%P’r(y&?ﬁoqqﬁtéawtpﬁee%g%%@gﬁf‘ %Wa{fpss%'ﬁeerm%? will be stable.

n’@h@b@eednlegd; ﬁgthaéyrédhéhtﬁr@hmd chepiref efrtad diffubien leppte or at a distance
f substances. . dis

sta nt uch t ha r ans .
R B oits BREURG ottt BPatnr oG ey £xvgen con-
mMedimptioe (tte§p|f&|oh]'l a hecreémwgbﬂeaitb (ﬁmembtyghimdﬁmeheby determining
st agnant nant is as de e, 5 Furthermor

© {8 BB BB D Bt o SheceeRanat BoS iRt hdhe R gment. One
i madabardnsertefill besédii@ftt for dvdriinirghtheniespirstiont fagd uhde the above
transport of the predeterm ned metabolite to the

ﬁﬁfﬁ{ difigNSontrolled in relation to the

substantial ly spherl cal metabolizing particle, the

meéabollcr wglchlsto be determ ned.
ompartmen e5|gn 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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10 Stagnant The inportance of the stagnant nmedi um may
be explained in relation to the respiration rate of

wa@poogihi2gd: VWhen the enbryo is in the stagnantP@EOKN03/000935

inside the conpart 15 nent, the oxygen parti al
pressure close to the enbryo wll, due to the oxygen
con- sunption of the enbryo, b21reduced conpared to
t he oxygen partial pressure outside the conpartnent.

In a steady stat Slt atlon t he supply of oxygen
equal sAt‘H’éXQ?(SWG”E r8ﬁ‘ a gl FH@O%&&% Rt i al
pressure gradi ent tovvards the enbryo will be stable.
The st eepness, of the gradient from.the openi of the

0T 10 oPTapATEeeT mage U BY SndfUed 2ht 3 YePe AL BIASRy Slowing a con-

t ovar dsrollQedifiib 6F atilsast BHS n2tdiaguUr € of the embryo
oxygen con- sunption (respiration). The respiration

rate of the enbryo is neasured by determ ning the

OXYQ§ anﬂ\arre%bé’dt tcpih@?rﬁéi rpﬂnélble@cﬁé‘ Q%bé@héﬁtﬂné\} b@d@lﬂﬁa‘dtbycé’t least one
i nsi de the conpartne measur enent

sl |cen%tﬁvtm&he eéieéPﬁM%af theeorwapmeat ?%cmabée efrfpiding medium

t %@ \ﬁé!pé{é?thedﬁﬁ)%fdnhﬁ@ mﬂbéurﬁaabolzzﬁ]gcﬁum@étmwamw b@ferably im-
and materials The conpart nent na%/qén designed in

C BOUTRAb iy she IR (& Pe PRI (PSS FoBalmob el dygopolymer s

3@hd¥n @ ddretir th@rﬁnéléhé]' ;ﬁ*&w@ufng@méd’@w ﬁn@a’rmeame dn’fus;on bar-
di scussed herein bel ow, however npart rreB
®

cAigaHt ghodid e chatpeigrizaskby ?f'?weane@trﬂgw .r%lﬁfe\(est)o i filling the

eghalhimBARd lfftﬁé l\/\/all\ﬂé b&h{éabféat %C&ﬁn‘ﬁp@rftaﬁdé%ﬂf a8 Q\FHII material is char-
i nvention. 35 two different principles are

2 @oierigebbys lq»wrm@z@wé// rglatuz p the edium e‘iWﬁamemwpaﬁ%eéﬂ

froma wall surrounding a space A conpartment nade up
b)(/yand filled wwth a viscous material allow n
5

e iheavaliasrsh &S@ﬁf%a'iyela@@"aﬁ%b'%&ré'%met%ohf?ﬁa§e measured,

Wtﬁé‘wéﬂfﬁ%%o lsta%lefabf Ste H¥driry é]loﬂnﬂd“l%rfs@ﬁﬂ%f 5418 Metabolite to the
defi ne | east one wall constituting

t he
o@HE?taﬁf{?r”M épaerwﬁ ﬁ@bSM%P@'ﬁ’é'ﬁt Seefyar apaHne meY B fily open to the
h%hﬁbﬁl%lﬁ@gh\h%hméﬁt dﬁﬂ tha Tﬁﬁe bEﬁlaﬁW&SﬁJﬂW&d\/@l’écﬁ/b)ﬁﬁ Rembtahe, wherein

nmet abol | zi ng particle. pref e;
said membrane allows transport of the metabohte to and/or from the inside of the com-

partment.

The barrier material (impermeable part) of the diffusion sphere surrounding the metabi-
lising object should possess the ability to restrict the passage of metabolites or materi-
als in general through their boundaries. Accordingly, the compartment wall may be
made by any suitable material possessing the ability of restricting the passage of the
metabolite through their boundaries. Plastics, composites, coatings, laminates, fabrics,
metals, glass, 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, chlorobutyl rubber,

polyisobutylene rubber, chlorosulfonated polyethylene rubber, epichlorohydrin rubber,
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10 perneable for the netabolite to be neasured. In
case a polyner or a copolyner is chosen to constitute

W b@4ns2es i al providing a substantially i nper nmeEiDE2003/000935

di ffusion bar- rier, it should be characterized by a

| ow perneability relative to the nediumfilling the
conpartnent. If the wall is perZeable it is of
i gtildérenprepylbag rubber, \ﬂﬁbﬂoematoﬁféra,lnaitlﬂalohbbers aﬁo@réné&dbbers nitrile

fuBesmePEHERE riker e Feeagh Posrs (B fBoets. shihe-butadiene
s ubisifeasitaralekgmplep ef mesbial thatrmhiee D®ddaiocichicee bGubstantially imper-
wal | must conprise at | east one opening

M
al T hg T 'Pa ¥?)r0rt of said netabolite to the

substanti al | y spherl cal netaboli zing partl cle. Such an

oM eamaRng St o e BRs bforonfana i oRHAR A She asnsrpl gguation for

a masgtiramsport whe penatran®asrassla parer.ane al | ows transport
of the nmetabolite to and/or fromthe inside of the
com partnent. The barrier material (inperneable part)
of the diffusion sphere sur i nltgAA;be nmet abi - 1ising
obj ect shoul d possess th@ =abi Jty forestrict the
passage of netabolites or materi- 25"als in general

t hrough their boundari es. Accordi ngly, the conpartnment

\Aﬁ&k%{s 53Q§e B?rn?e@g%f a%){hswa% IS%{ggrt S;L gfnggp/é? S{ﬁe al%a integrated

mafuRbe! thkerahbinReBA rhfeeAlis fh@lé'ﬂé’eﬁrl isSthe tHitideks 68d Ap is the partial pres-
conposites, coatings, |lam.nates, fabrics, met al s,

gls&ﬁ%d'ﬁﬁ'@”ﬁ?fﬁﬁ@ssﬁlﬂ%rsp $@e thedimessieRs r esi ns,
acrylic resins, cellulosic plas- tics, quoropIastics,
i ononers, par yI enes, pol am des, pol yam

ne{ﬁb&%ﬁﬁ iof eermesst yag@r Wﬁ@?ﬁé{(@@a tl@?ﬁ ?@?@P&r adient)

pol yi mi de, polyolefins, polyphenyle sulfides,

pol ysul fones, sty- renic resins,vinyl resins, plastic
aITh@)lérm ﬁﬁ'l”ﬂ%?!"é)y%?r defihegd repve a"@ﬁ'ﬁ‘kﬁi CPREIANYY usgrder gpses, whereas
t hRé 1Pl rASdticemPAGHR QIBRISH otREY H&IINRM rRétaBHite s dfRisivity (see exam-
pol ybut adi ene thernopl astic el as- toners, styrenic

t RS fb 1 Biét §a8€el ast oners, vinyl thernoplastic

el astoners, rubber na- terials such as butadiene

rubber, butyl rubber, bronobutyl rubber, chlorobutyl

rubber. 35 pol yi sobutyl e T phber ANG or osul f onat ed

pol yet hyl ene rubber, epic Tor ohydFi m, rubber, WO

2004/ 056265 PCT/ DK2003/ 000935 22 et hyl ene- propyl ene

rubber, fluoroelastonmers, natural rubbers, neoprene

r iiReive tréHépr'o?gaééébﬁ@f Be dORriped b% bﬁl%rrséb&%'q%atlons as The per-

pol yur et hane rubbers i cone rub

stypaRiity pus HigiRepeuct Pﬁ@ﬁ@#@s'%r@eﬁﬁﬁﬁw@@dé‘fﬂe FRieRIFtY 8 ke. P=S

t It whs the suisBifltyti® dafidesana ratidbehdsdn @nk¥nttdiBRand partial pres-
nmeabl e barrl er layer.
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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5
p

The perneability of a materiel is the
roportionality constant in the general equation for

wore®g/oseensport of a penetrant across a barri ePCT/BKR@a®00935
AAp At 10 Were P is the perneability of the
material/barrier, Q= Angas/At is the area integrated

f
t
d

t

p
f

lux i.e. the transmssion rat@3 Ais the area, | is
he thi ckness and Ap is'the partial pres- sure

W11 esoﬁ,[cgﬁlﬁq raﬁ%a%ﬁﬁ :{:g(gg%rf [?rg:,lﬁ)grlmeabﬁe ma&anafjmay b8 idgﬁﬁc’edl ass a mate-

macikémﬁé béradedllity Gt PRdRs50/6M° Binddi2elal )atr128 °CeEwsh as at most 35
er qeabl ity as defined above are npst co nIy used

S G da)«?émé’é’»s C, ﬁH%h peAlmagsi0 %d‘l’rﬁ'ﬂpyd%ys%tﬂ‘ 237C, such as at

tnﬁk%jlfgl ﬁ géﬂﬁ%@éﬁ ﬁtf’z fv)hasr]?evr{éﬁ?ﬁ an port23 "G

ofsugtaaeet mayt 1!5ecm‘°’emrrv’nn6éay iyn 23 t@aucbes abfnoetq‘wat:m%mm/m day atm

h
(i
c
d
a
r
r

Y
=

per - ab I| ISZ t  of
RSPl 2 B a8 45 5uBh 5 & post2 gt mmim” day
a*fm 2%50D)sucHMB’=‘ét&né§t€I cﬁ@*mm/rh‘f‘ day atf 2efC.ned as the
atio betvveen concentration and partial pres- sure
i.e. C/'p). The common units for Diffusion
Eshhiptd s%bﬁygfb“nepé%ﬂﬁ%éﬁlhtywsiélé&éd‘fiﬁéﬁlclslpbwmﬁare
iffusion coefficients are affected by tenperature. As
first ap- proximtion both increase with tenperature

@HeRhY -Aeﬁyloﬂwlleq;aphﬁ/nfér@sS@Aﬂqb N4 he em%m/%e day atm at 24 °C)
el ationship. St a&ant aqueous nedi a

drondeniile- Bytafi'@ne RYERAS Qﬁpoamﬁrewﬁ&(é’w%?@m @p/m? day atm at 25
n2 day atn) at 37C. WO 2004/ 056265
DK2003/ 000935 23 In case of the netabolite

oXBadyevinyl @hloridgser neabl e materi al may be defined as a

I 40 ns
n%??ﬁ)“a) fidtle f@g@ﬁ&&% suc g? I5aét o &&/%5 dgyégn nm ?rQ day
atﬁnlmem(lerwswﬂd@ BPSr(BHVG@CmF‘rB\mv‘mzr@@)'@ﬁy) atm 23 C,

Cc
d

LEAI}H%@ gg QW”‘@“ H%éfm n%Sd?:y atsumcﬁsasC afufrgsflsw
lyeytinfiexyianedinatingers Etoyiehe Terephtalats PENS (Rr3 97 ang’ mm/m? day
m att %hs °C)

Polyvinylidene Fluoride PVDF (P = 1.96 cm® mm/m? day atm),

Polyethylene Terephtalate PET (P = 2.4 cm® 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),

Liquid Crystal Polymers LCP (P = 0.037 cm® mm/m? day atm at 23°C)

Ethylene-Vinyl Alcohol Copolymers EVOH barrier layers (e.g Capran Oxyshield OB, P
= 0.0021-24 cm® mm/m? day atm)

Acrylonitrile-Methyl Acrylate Copolymer AMA (P = 0.08-0.64 cm® mm/m? 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 being that the wall material is characterized by a
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23 C, such as at nost 5 cnB mMi n2 day atm 23 C, such
as at nost 2 cnB mmn2 day atm 23 C, such as at npst

wa2@alsamd n2 day atm 23 C. 10 Exanpl es of oxyge@I/DK2003/000935

perneability for selected plastics/polyners are:

Styrene -Acrylonitrile Copol yneres SAN (P = 15-40 cn8B

mm n2 day atm at 24 O 24

AdowénopermreabidityBetadide e éheéStrregiven €illicg fied gompedmARS Thereby the com-

39. . t . C) 15 Pol yvi nyl
il ﬁeﬁg%%%@%ﬁ %%@%é‘?ééﬁ@ﬁ%ﬁ#@”ﬁ%y\(ﬂ 15.5 cnB
mm n2 day atn) Pol yphenyl ene Sul fides PPS (P = 11.8

Pol yi m.d P =10 ng d
R ko B SRl ALt B el 8o Wombranc. o
Tdilragike atradtereRir BGo(her strd:t @&, allviings oéhtdigd sigbifiaambia@nsport of
e Sg L PSR e Rt o ase of e
2. Metahﬂitemkygén;jmrmbbe, matBdldbwing enmnidalidd diffadien BiiNer, the per-
gﬁﬁegbi@)% % p&%%rqm %Ee%si%O Mﬁm%w%?/%%@ ?rgnk]%]egs gtF;eeTst 60 cm®
Pahinit Gayldim 232G st 89 afBBstB0 3t/ dByHtm2BIC, such as at
Et hyl ene- Vi nyl Al cohol_ Copol ynmers EVOH barrier ]ayers

( degst 88 sra My devats 238C, puch-apatjesst 99 £ mamimmd daY ajen23 °C.
atm Acrylonitrile-Mthyl Acrylate Copolynmer AVA (P =
0.08-0.64 cnB mm n2 day atm) 30 The opening(s) into

t Hexegmigseofishidahle owigrialdier ao vxyasn Aeymaable matelitd arfade of

a netabolite perneable material, whereby the nenbrane
constitutes a contraolled diffu- sion barrier. (Se

d F¥lypuifonesn(PEx 90plcen’Bnmimidayeat®)23 ¢ )anot her enbodi nent

t le ¢ mept | Is could, be a

mrlf%{%ﬁgﬁ%ne%ggﬁ gJeF é&%’*ﬁéﬁ’@&? acfa’y e}t'ﬁ:aqgﬁl%) provi si on

beCyutic Ohefin CdpolywadrlCORLR =i 7l cnnsmeifrat dat &) zed by a WO

2 / 056265 PCT/ 3/ 900935 . 24 lower perneability

r g‘lgojﬁ ! Or\agest(ﬁer" %%jﬁ'ﬁ mnﬂ’ﬁh&aY Rk onpar t nent .

TheolgdhyrehdseP$ = da-157amt® malh? daynatin)t ut es a

cantrol | ed di [ arrier t P _
et s IR A R PR G BoR B P e R R ~aret 0. P

or(LLBPE) £ 9827k ens mrat’uday adm) anot her structure,

al étQWer?qugryﬁg REIE’ %dp%ﬁ/msérgsn}ém%g oL 1 %[%ngwr%m%lz day atm)
Polytetrafluoroethylenes, PTFE Teflon (P = 223 cm® mm/m? day atm at 25 °C)
Ethylene-Vinyl Acetat Copolymeres EVA (P = 177-210 cm® mm/m? day atm)

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: Liesl K. Massey: Permeability proper-
ties of plastics and Elastomeres, a guide to packaging and barrier materials 2™ edition,
P 57-507). Even further examples are listed in: Brandrup & Immergut, Polymer Hand-
book 4™ edition).
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nmet abolite, such as oxygen to and/or fromthe
nmet abol i zing particle. In case of the netabolite

w@ongem26per neabl e material all owi ng a cont r ol PEHDK2003/000935

di ffusion barrier, the per- neability is preferably at
| east 50 cnB mm n2 day atm 23 C, such as at |east 60
cnB nmmn2 day atm 23 C, such &5 at |east 750 cnB

nmm n2 day atm 23 C, such as at 10 least 80 cnB mi nR

de\X oﬁé gh,p«?iﬂc em cﬁrp\e ?tcoh}g?%‘ueﬁes e'ﬁyn?g gggYmSérme%ﬁle material

es O eria or an o
pGTavmtmdemimeucmenmgewhl@blqp@ulngoa@@s (plerme@@e 5T len@pening could be

%@%ﬁ% % é;ygé %rrﬁ%%tﬂ%%%ﬁlr & Hxlo‘?‘%epsaf@?ﬂ%%m‘qo%ﬁn&Qéla%SIde walls
( Fard 7@ bott@mrang n2dd a0 agas)impétoieabler maiaaaleih@ pOmpa@mg:zl(pompnsmg
B SUEn 5l FBLBLERGR D Tt G m e n e
( LdoABgction1@iEh héaatmﬁsmthPE)f kno@ﬁ-gb&éou@corﬁpos@ﬁ_cm;)mﬁjj controlled tem-
?JS%%%@F&S?E% %ﬁr@é\@@%&@%%&@fﬁ%ﬁ@%&@ agtﬁf%lr volume of medium
Pobutsiee e taroparthént! Orggen #FEhFedibenivedrsubsizpges ate supplied to the
Co%u&ﬂm@%@?é%ﬁ%lé% %9@%5&1% ﬁ’# n*é f@‘fr?ttl’?é m%qé)hzhe or via the
exlargel eolameeof\nezdjurp ér Hemhbrmnpwltlyﬂmatompbierbethrcgqghtb@ defined diffu-
B
wi THre exiigealpadial Bﬂa_spenermdtbdé tftwccnmrmar’mh?amt alt ierbosh D@%&Smﬁyknown- Ei-
SuBORRERRaEA B Do PSS T DB RIp i i e i i
Fururh evithd@aiplasphere of shewanompaodijon.ners are |i sted

with perneability coefficients in: Liesl K Mssey:

Perneability proper- ties of plastics and El astoneres,
a puardeher @nmimdiosegit tige eordpdrémeritas defitedrtiyed sultirel medium of either high

oSSR TR o 5 S 8 SR JRASRL B s °°

edi tion). D 2004/ 056265 PCT] DK2003/ 000935 25 In one
sp 5%%3% &b ’%g‘ilﬁ‘? éwu?‘%gse%%@gwgtgé arméjo(?ch{ ﬂmllﬁo Y€, Nidacon)

one openi
vvhhamnotrpmny agdliffusiopawefiicientadreximatety ldqsematargofcsemecsa!bmty Such

et 8 P E GRS ERE L AREndhd pARRAbE EbhRgs or ob-

a jges in theemadiabl @ imacasingthe Villcesityoofiize edinm. conpri si ng

Culture medias may be changed by suspending impermeable particles or objects, in
order to reduce porosity and thus the diffusion coefficient, D. When gasses or other
metabolites diffuse in a mixture of a liquid and impermeable particles, Dmixure = Diiquid *

porosity.

Culture medium may also be changed by increasing viscosity, to achieve a medium
with a high viscosity and a substantially reduced diffusion coefficient. Such a medium
may be arise from addition of essentially inert organic solutes such as dexiran, glyc-

erol, sugars, carbohydrates, proteins, organic polymers or inorganic salts.
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t he substantially spherical netabolizing particle in a
suitable growh nmediumis in open connection with an

wa@rmespizes e of known gaseous conposition, and PCT/DK2003/000935

controlled tem perature and humdity, directly via

the opening or through a | arger volunme of nedium

out si de the conpartnment. Oxyge@6and ot her dissol ved

s ufis tlsoqessibledo shame tad viscodityavilhidutsubstamtitlyedffegting the diffusion
spher.i cal, netabol i.zing.particle dir Ly fr he .
ARl o B AG BRE T Eiyhrs Syt S Siroh cbieb Bfother goting
e qeadants. iMhiv may be dhealad twosgieer terbuldmt atixiing inHargddifeieriigdid spaces.
di ffu- sion conpartnment by diffusion through the

stagnant nedi uminside the conpartnent. The oxygen

p &urthammqre eadtureemediusi day bé endosqubiot exembplevbl loventyigpoih such as

o1 5 U0 oD S SR bl Bl e or s e
e @liffsidor batSerrdovtpaved th anfezjuat hamypdi eukure fimddivomrBoth solubility and

c osition. .l not her enbodi.nment. the c nt i ,
adrRRer pgPticietts 1o el i PURTR e e Gier bR ot n we-
orteisur rounded by a medi um of hi gher viscosity and/or

polarity. 20 Commercially avail able culture nedia

(frome.g Sigma, Medicult, In vitro Life, Ni dacon)
haGompanmehyshapk f f usi on coeffici ent approxi mately

i ke water of sane salinity. Such culture medi um nmay

be changed by either suspendi ng i nperneabl e particles
orTheteonEginsent mdyhire pArdpleraxbibitiaveryesudtablg shhpe Yorssstatilistying a diffu-

of .the di 25 [ t.ure. medi as be cha d

SLARRG! e mep LGl SR IRE IR Spgggmpartment
t shoardysrefepapipalst Yadiiitate ttiheibaridiiag @f fHeusibstantiallyf spherieal tmetabolizing
r?]ga\rapﬁg i%%gniigﬁlﬁg{r}i rgltagﬁgtq I%eté'ﬁ%glglbﬁs \z/ﬁla%%{v%lgcﬁzlgé Qubastantially spherical
D:?hélbgblizin‘g ;ﬂriicﬂélibld theporesaniticpnteRDth€shépe eferedo tha inmsr dimensions of
al so be chan y increasi.ng Vi scosit to,achieve a .
e GRTPATRTG e SEBErOy hieockpigh PR §in Bay practica
r eshaped di ffusi on coefficient. Such a nedium may be

arise fromaddition of essentially inert organic

sol utes such as dextran, glyc- erol, sugars,

c akdvoryicyI@ttRs inner eh&penss, the cgmpatmpnl yagbs selectenldraatiiccgroup of a
salbs WO 2Pg4/056265 PCﬁiDKZQ%S/OOOQSS b.26.It i S Hso ferred
pd¥iNdare PEYERYRGE? LAY RBISPRSIeWET A 6RTPalNY WRTSCL [T'y? Pre
afdrasddimgnt the selbpd Issa eylindepafdonej @ sbmbinaticld bt iwancydihders or a com-
organi ¢ polyners such as starc agar ose. o her

ceitioh o ke ang s SndSr By s Sh it pohe difiias. More prefera-

t WiptHeesHapyiiska Byinder.| arge free |iquid spaces. 5
Furt hernore, culture medi um nmay be encl osed for
exanpl e by overlying oil, such as paraffin oil or
si tompartfdnt diméndions medi cal oil, where the oil

constitutes a |like or a different
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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di ffusion barrier conpared to an equal body of culture
medi um Both solubility and transport coefficients

wo oro4ps2buil ent and di ffusive flow may di ffer bRBCTMDER003/000935

oil and in wa- ter. 10 Conpartnent shape The
conpartnment may in principle exhibit every suitable
shape for establishing a diffu27sion gradient for the
net abolite(s) in question. However, the shape of the

t 5 shoul .d ferably .al so.facilitate t. o
i fjonino, e SEBSTaR s RgRSsdf reRICTE apuRrigh cvinarica
p@bﬁgahmri an@?LédwaQ&ﬁllw gprferlllsaiitm@tﬁbolgziﬁgnpmitlé dravimpcthe size of a
W t r 0 S stanil a S erica
RSBORV FGOMar £ AU prariep pERERD D30 dapgndent on the de-

sappmeaf=f EBigk @ntilpetian afor dtHer BAbstaAStially sphdrizal metabolizing particles

c artnment. The outer di i ons qf the conpartnent

ol Garba Akl M anei FlaycalCg Rl e ofai SErdRER peoR ool

i nner shape of the conpartnment nay be selected from

t roup of a cyljinder, a _polyhedron, a cone, a ,
nds Sl trasiverS¥ e aiinsct e 5o B pR s 'GiRcined 2gymm, partiou-
endrydesetbin 1 Emat) anee bartidulanly iess éian 500qmMasuch as less than 250 pm.
conmbi nation of two cylinders or a com bination of a

cone and a cylinder. Exanples are shown in the

Driel ivgtsitudiMar inensiba lof the2foniayinidng issinape drsbatliment between 2 to 25

cyl i nder.. rtment, dLmensions The.c artnent is .
R BT SRt 15 s H Ui B 1 uddaly the vertca
dinefghs o ﬂwr:agﬁ?_dimﬂbplﬁﬁitutﬁg tﬁéh siirispachbahey dn gbrlerb_hieal terms it is the
respect the djnensiaons the c rtment relative.to

[ FERET gl it TP oBusoh GradiER e Miatetiizl paficle™o the muik
syhsdignt i al |y spherical netabolizing particle is

i mportant. Since the uptake and/or rel ease of a
netabolite of a given substantially spherical

NEthalihbddiongs pay bethe didfdneions f thepRthafghedid as Beacts oz & may be pro-
of@[Be subst ant | al Iry spherjcal netabali zi
t &g Hao

[izin article
HOHSPIR %P EOEORRAS: e NPT eTOReBaD e faciltating
35hé hé’elﬁo%etéaﬁ";esﬂybé bﬁadirhpér’tm{erji@ ﬂﬁrmééﬂuriﬁ@hiﬂmﬁdli}e iratg of several dif-
particle is rel ev . . 2004/ 056265 PCT/ DK2003/ 000935
D et bhes BB iSRRI eRONE S Bt Etuscod | n
relation to a substantially cylindrical conpartnent
and a substantially spherical tabol i zi.n rticl
g eHdEnons Tor SomPrigig 1o Pdor pBS Iobst 1ok g Adiustment of the
ditrimelerse BRtoMaRIMs 3P tHEOE nFartaend enprefaireti entid@iment the inner trans-
verse dimensions of a cylindrical insert is as defined above, such as less than 2.5 mm,
particularly less than 1.5 mm, more particularly less than 500 pm, 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-like 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 more in-

serts as is appropriate in the specific situation.
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5 vel opnental stage and species. For other
substantially spherical netabolizing particles the

w@engos2ekil led in the art may cal cul ate the seCT/RER@3/000935

di mensi ons accordingly. Typically the transverse
di mensi ons of the conpartnent is less than 2.5 nm
particu- larly less than 1.5 n8 nore particularly

| ¥R fuireasha?e0m Eﬂtméﬁlcdlméﬁsh@é‘?'ﬁ\ay b%ﬁ b%&ﬁhalﬁged bﬂt@hé’ﬂiging the volume
| ongi t udi nal dlmsnlonoft S i,n on

o RhaftEYD th caEeATmeRt sz%meﬁmﬂ B4t it ndbe s SPTpatRpQlEg by varied in
t @ cbatrBBd WAL bY @b8ing Ut rembviflg BEdsFined quantiity lmlnhgdldrh €The functional
verti cal he| t of. the nedi um const tutl n

dPfiRGiRle Qﬁtl’)bsarre tegfoi lp?{G@%%P% goperpindihpdista egn ?lheestagnant medium

disrb @ RhieR RS Rebitanblied oik;@ehhﬁsdbfd‘ fﬂfslepﬁo@éépﬂjndmb tbraMgring the di-
nmet abol i zing particle to the nu Hgﬁdlum

AFIRRON 46 Ui §TORIVE T isiomeseT ¥ ﬁﬁ%%'%&he&gansport of
Sﬁg—:‘garlbtdﬂfe frémrfﬁ%! o*l?lgsldlatr:i 6F thel m%qdnpﬁﬁbbrgﬁgntoé&?pﬁsﬂmr ® the sub-
i s in a standard co n ere t

{ REniialy Hheneal RelpRIEpE@eEr Tec?fﬁﬁmtﬁ%%gx?ﬁ? UfRtarighy spheri-
m%blall%{a'b@hi' \i! Sal@iﬁlesééfﬁbéﬂdetéhﬁmeaQNlﬂ"Eﬂ”@%ptbyiRﬂSadpﬁstlng the medium
substantial |y her i cal mstabollzmg arti

o IBLATLRLS e MRAASLE B ieden 2 o Betiacst 2y iR shfb Ty soheri

t k8l ASLSIAR Yarfdle 8 dedifelnNset  ang histilsliorgteof t he
conpartnent. In a preferred enbodi nent the inner

trans- verse dinensions of a cylindrical insert is as

defdtawslita pRrfealSlddllyets | ess than 2.5 nm 25
particularly less than 1.5 mm nore particularly |ess

than 500 pm such as less than 300 pm |n another
enb ok ERBbdimeAetndi SuBsBhI sﬂﬁyrlo'al hﬁ@tdb@h@ﬁ’g paitield i®srranged in the

providing the com partnent with adj bot t

s FEMPAEMERLONER VST @ of MRabltn pETRELs B ﬁ@ B@ stantially

f QpRESEaNnkbBIiAhd PSEbelid Kepphed Wﬂmme-félﬁillféol%rh la# sides leading to

di mensi gns of the conpartne t crea q

amePrg QEP’@a'sC@@d't“?ﬂ% Aamth%@%réa%%/ftt%m%jo te RRCBgblR faver, is that

C Y ThAyRLiREE WelrReddlifdthéntOn tHef metaBolRE coMiediration §€dibSusasd below.
is appropriate in the specific S|tuat|on

26@&/’%@%@ P@W%R@dé@rﬁ)@@%a y arrgpged in the BB% of the at least one

C QERPEFARAL whiFE &cbHolfhi¥ adldefndibatsiienged by changi ng
the volume of nediumin the conpartnent. The medi um

| evel in the conpartnent can be varied in a
Col‘?ferrﬁétlaséilté\@ém%/atﬁ@ @Kagmay bEIBMIcRE frdntlahy ARferial permeable to the
uant|t¥ of nmedi um e functi onal
metabolite in question, as discussed above for the metabolite permeable membrane. In
particular the metabolite permeable layer may be produced from a material comprising
silicone, Teflon fluoropolymers, plastic compounds such as polyethylene, polypropyl-

ene or neoprene.

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 layer is produced from a material

comprising silicone.
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principle of this relates to increasing or decreasing
the distance in the stagnant nedium 5 through which

wa b@4ns2edol i t e oxygen has to diffuse, corresppCDREV0B000935

altering the di- nmensions of the effective diffusion
conpartmment and thus controlling the transport of
netabolite fromthe outside of 20he conpartnent of
C Ot thickness o thsl hetabolit¢ peinteabilibyerdd dintdnalongd sptrerpuesdses it
msab i Zzin ar t Th boljc rate of the

BE8 el o BaishbPe Boqu T Epalerec, rmbtie wp dieiesnef the me-
d Gtalmhm pertheablehiayten ¢s mrpterabily af leastjtwist itgdiametere tHensubBtantially

| evgﬂland ga%gﬁzl?%ga@glgg%)%qsaq ggg@i{n%t p@'ﬁf:ua‘grly at least 300 um,
mednalmdrepartigulzdy bt lebst 900 @n.desired | evel , at any

nmetabolic rate. Metabolite perneable |ayer 15 In one

enbodi ment the substantially spherical metabolizing
paédtectien metliodsanged in the conpartnment on a | ayer of

met abolite perneabl e [ayer. Thereby the substantially
spherical netabolizing particle is supplied with

nmelrelhattabelité comeatrhtici idside kl%aaﬁﬁmmartnﬁbnt oprefepgisly Mdasured by a non-
candi ti ons al%e of the netabol

peP YRG! rBetngAfnﬂ‘e mgﬂpﬂ\al{? g\tpP Priglg!vs chopen fig?%ﬂlrﬁ%on the metabolite in

meassti@nent of the netabolite concentration as

di scussed bel ow. 20 The netabolite perneable |ayer is
preferably arranged in the bottomof the at |east one

C dnaktemstidimetane netddutitebistdxggen sorestintielf bhyntbd akb@taeitlally spherical

The tabol it ernmeabl e, |l ayer be roduced, f
e RER B g b rORRE e dtE calie. et & PRl s&iThg, see defini-
aStlodB)S\mltISBr&dotﬂllzzedﬂiJrﬁlﬂbplﬁdTé cbm‘th:alméhi;hg V\fitﬁﬂlm’ﬁmbbﬁoreg Idlssolved in the
ane. .In articul ar the net ite a

e i Bsnah R e s e i [ patPREbBased ogen sen-
snédggﬂm&ldunbetlaen tidwoxyy@ralsemem. h/pM&stebh‘ndl@ggoqnaﬂBrane inlet mass
such as 0 ene or rene
SR En SR S A T i GeRan BB oo 3 pareqniskiled in that
prptl e @pafticarr arriﬂsatilﬁfénabf th|30n\idmlﬂ6|ﬁ s oygpe rpﬁﬂiaibbﬁéssure or concen-
3 e o il BBl s e
sumlscémegmtrda WUmipésdehte f@aden oy atcafieed Bach erba@iCD®Aamera, or a pho-
rrg (%Ilte pernmeabl e layer is produced froma

?@P '8 rising silicone. 35 WD 2004/ 056265

PCT/ DK2003/ 000935 29 The thickness of the metabolite
i s di nensi on

P@&p%@gelhsgr%%rgép?lglgaa %(gglt%%el qgm&fﬁgar%q%rpﬁwgiactzence quenching.
emtr@dbwarthe k@ enltopkarecgion thd igakee the quenching becomes and an in-
creased luminescence is observed. Based on a modified Stern-Volmer equation the
following is found
= _i‘[_ (1)
Ko (I-1,2t)
where a is the nonquenchable fraction of the luminescence, /; is the luminescence 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, Klimant et al. 1995).

The concentration can be calculated based on a simple three-point calibration.
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tabolite perneable layer is preferably at |east tw ce
the diameter of the substantially spherical

woredoabsd26zi ng particle, such as at | east 100 pPGT/DK2003/000935

particularly at |least 300 pm 5 and nore particularly

at least 900 pm Detection nmethods The netabolite
concentration inside the conpaBdnent is preferably
rreaxsaWemiatnbg oﬁticmbﬁenslr@ prinéivtd Nas Weloﬁh@f@ﬁlﬂmdpﬁc&es with long

ropri at el psen endi ng on th .
o BBbEoReShts EMRRD oA et Sthee it & 3fess jyBe environ-
cmmmnhyhé luenisapheterittid shdspheebedrice difetimea(biidrad siagis dlash of
et ectl on can be based on opti cal

23 'tg‘,ﬁl)f?é’g h:‘?élé){'g%]s}' pma m?i"@ﬁ{s) with i mobilized

| um nophore, optical sensing with | um nophores

di,ssol ved in t M Cr os tr,0

DR R e a5 oB B s D g 4T SeliRors 5 dpsoribed by
I it StrMyoftheraklatiorphipoxygen sensors, M MS t echnol ogy

(rmenbr ane inl Zt mass spectronetry) or any ot her neans

of detecti orfofohédikrpPe by a@erson skilled in that

alherd B, 8n@34rb thH SHospABRIEHR R ifednds e tHeRBhEOHT dxb§ene and at
oxygen partial pressure or concen 20 tration is

denepsroerepartisi nigssare Phrubiaspediyelyuanthiss uengliag capgiant) is a
r %%QérQi E‘Q{eF Rfe LHStant ﬂ%‘ffsq%%?ed/‘{otthe ﬁ’ebl%ﬁc? %ﬁ&(ﬁﬁ%s between oxy-

r eader a canera such a CCD- caner a,

t @enland |c§h$ excited ipletonte @bﬂhem@yﬁn cae dhst @roaaféhtwﬁf finsygy transfer
b%ﬁ%ﬂ c,%nlsro'ﬂ@ oBEUrNEd BAISUIDE thel B RRA TRREE p@égﬁemop %e qéehching con-

The Tower the oxygen concentration the weaker

o $éats Bng @ebk,f@mmm tha gbsgnceef OéY@é'sIé@iStlbﬁrﬁ‘??és‘Eﬁé’nce i s
observed. Based on a nodified Stern-Vol ner equation

the following is found C 1-1 éyl Ksv(l -loa) where a

i dn corirass kymerrceaannenly Herd intansty-dages qyatﬂmﬁﬂ@eﬁ@%sur%ent of lu-

' %lﬁ@&énemdféﬁﬁﬁ%%?&ﬁdésrberépi dRARiabYs, istch B8 |r@Q§§WP@ t@Ehoto

oxygen, Ksv i s constant expressing the quenching
efbﬂeachmlenweafdlatmwtlpmﬁmaqhmcpf thendlyei. ph@mge&r@hﬁ ideigsity of

V@xgﬂtloﬁqgﬁ’e Tﬁs'fﬁ@l bieSt (Jﬂeause Jf%ﬁ'g?ﬁle opﬂ-{:ﬁ s%?é}ﬁ@ BF 5RichPibres. A new

can cul at ed ase on a sInp
c &amiby gft%nenm@w@d/ye%h@eomrd@w 09@ @1 mia“edur:red which

aletxﬁ{bﬁéqv a/%faor %;Se%%\l $HEpSHiETary Héh@ymnfeshﬁﬁﬁeh?rﬁ& of tens and hun-

devel ope um nophores with 1ong phosphorescence

| idreds efegicroascartde. by glawscibacen of aifpiorieelpelpsiascijcyitry and low-
t RBsEHRsEEQRHg electronics.

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-
nigues. Here, the sensor foil can be mounted on the inside of a transparent sample
container, and by monitoring the sensor foil from outside with a charge-coupled device
(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 docu-
ment. Examples of oxygen luminophores are Methalorganic dyes, such as Ruthenium

(1) polypyridyl complexes, Ruthenium (11) bipyridyl complexes, Ruthenium (ll) diimin



10

15

20

25

30

35

ment around the | um nophore, the phosphorescence
lifetime (after a single flash of light) lengthens in

wa@2@yssesmnt i ¢ manner. 5 The oxygen dependence BET/DK2003/000935

phosphorescence for this type of sensors is described
by the Stern-Volmer relationship zo /z = 1 + kq zoPo2
(2) where zo and r are the phoshorescence |ifetines

i rcoh’rpmmb,sledsmganméompdymnanﬂﬁdhcﬂhatg)kﬁbﬁl?ll)ﬁ%@ﬂnpﬁzte'hedjithiolates.
pr Ively, an q (the quenchi ng

ﬁgfé 358'\ AOXXQG%EJEEE'EP%BF‘%@H rate constant that is
r eiaatbednzhdﬁe dsfrm;thérﬁgmenams -0f7-dishdnyB1, 00~$)r|’]1bﬂétvmlﬁﬁ p@?(&hlora:cje (Rudpp)
gen and. the excited tr tate t r in.an
O RBrEBUsts £ Povaonh oy m-Bidnds U ASper o
oqﬁmnantﬁmhnabmuhdé Rﬁ%lmwg}&l’s(lﬂﬁ}‘ﬂdmlcommf @(2?2 sbipyridyl di-

hi dt
o SRl EGe ) Be it ee, B e, Baumik)-Fieclhi-Pabhyinyn polysty-
noeRe, cmﬂmm Ml)m%dethﬂtpbﬁﬂ'lyhu 1rb§@¢(d1§lyyﬁ-trmfﬁacrylbl%) Platinum (I1)-octa-

ek ERaRiring el RS B mun (Dl oqt £y PHesS SRy, Patladium

b|(H)36dSta¥w‘;yl-pB|Epjh9m[ﬂipﬁi]yslt3beﬁe on or |eaching of the dye,
or changes in the intensity of excitation light. This
facilitates the use of sinple optical systens or

gmu'rmak inforfia@isn aboutdve @ 6f@i§'tidr:]al oﬁﬁgmﬁrssegﬂiéegbw for other me-
ye r|n t ones S _been r oduc , .
B BP0 g LB b B APXRS GPB 5B P BN Jterature lsted
datyww.times in the order of tens and hun- dreds of

m croseconds. This allows the use of sinple

optoel ectronic circuitry and | ow cost processing

el Bts| MNbES embddingsie nthk Yoxygern Gdteaipproandde tlettrdingmical or any other
sg%ttl al resol ution studies was devel oped based on the

EEﬁ"'OBIpﬂlﬂi:’leJiBrt(?’%’813'"sensor foils for oxygen in
conmbi nation with inmaging tech- niques. Here, the
sor foil can, be nted on the inside of, a, )
¢ HRupeh ot ROn 1 BaPayoigrshbtimgntgegomed in the
S&ﬁﬁt@l‘n drahé ccﬁr’ﬁpéﬂrﬁé\ﬁt,sardﬂn}&r?bmeaembamm@ﬂgnh@&hsd’ewd)@gen deter-
caner a, e I N e 0X n-ge naen .
TRt Bplateg &l oM ing P ERe g ngaTeah 4 Betaolie porme-
arsc!?ellag&t ér@th%@?ﬁ&ﬂ d@ sidbetahﬂ&;ll_ly@pﬁéﬂﬁdl feddboliXiMg Particle is resting on
rrputlon n e a can e
£ 4R bt RemAB YY) s ol Thedns oS ced RIS By e TS RESd between the
Theipsatallyesphessh] artabilighg phrtidlet=egtine metdbditded gtenten

devi ces described in this docu- nent. Exanples of
oxygen | um nophores are Methal organi c dyes, such as

Ruh b8 ieribod(nhdnt tHiOb¥BERA beitil ;@r@%ﬂr@)@@eteﬁimhéwmw B dladk)type electro-
blé%ern{lc(:ja}{ loxygerﬂ)lrnelgc):(rgSsensRclJJrt vt\]n?ﬁlaut% %lalnzeter not exceedlng the transverse 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
tip is separated from the substantially spherical metabolizing particle by an oxygen
permeable layer. The oxygen sensor should be of a design such that the analyte (oxy-
gen) consumption of the sensor does not exceed a negligible fraction, such as 1%, of
the substantially spherical metabolizing particle respiration rate, such that the oxygen
partial pressure inside the compartment gradient is not disturbed by the measuring

activity of the said sensor.



10

15

20

25

30

WO 2004/ 056265 PCT/ DK2003/ 000935 31 conpl exes,
Por hyrin conpl exes, Bis(Hi stidinato)cobalt(ll),

web@iiosmees 1, 2 enedithiol ates. Preferably the PXHDER003/000935

| unoni phores can be made of

Rut henium(11)-tris-4,7-di phenyl -1, 10- phenatrol i ne per

chlorate (Rudpp) immobilised i32 a pol ystyrene matri x,
Rulnhamiten érboditnents ths, Tletk pipenyttygén d@nSompiserphicbd Myi AMIMS fiber

it i T DSERT obbLBLVAEY he ZER L 5 s s

Ruiibis\separakeat froro the( émbwoaiyane;]dﬁ)dermeamlayayen The MIMS fiber should be

ook LT P o 54 A AR I B s e

et imgnbkaetecarplds phtectabld am a@dass Ts)té@‘tﬂﬁnetai) abhgumption of the sensor does

E ! 'Ht R ib%ig'bg%ﬁﬁ% :#SBM @tﬁﬁ St rfgihe ephepigal metabolizing

i n;barha:‘rabommnahloutor bhﬁuum rafe, gpéh hat thexdyadients# asiticular gas inside

and_sensar.s for oI|t such as gl.ucos ,

s Rt aredleniie B iy@ps idhe SRRy BT tre said Mivs

| ifideed below. 15 Thus, in one enbodi mnent, the oxygen

detector can be el ectrochem cal or any other

detection principle for oxygen. The oxygen

c:)rlltt;qgattanamieoenﬁeﬁmm‘it nlaéidmgérgpénﬁalapméﬁdrécguédiént inside the compart-
odi ne n 0

conga & e PRIcby Bahg chleemiitieth aniier faglaguip gith an oxygen

oxdependatdtabserpion oharatiedstic, & mbagr@ﬂthahedhhm abﬂtrh@éﬁuﬁﬁg the absorb-

the co rt under ne tabol p
| oee URAERRE A e 2Ehaine Siipe Arvplensy st aparent sicevals
medfethe Icomipagmeat, tandl theledy ldegsriniiingdthe dxyged afistiilRtiBR AP kit compart-
Ia &Ly SO that the netabolite perneable |ayer is

8'% bet ween the substantially spherical
rret abolizing particle and the netabolite detector. 25

ne e nment 0X artial. pressure IS
0P BRI TleF Risy e SeRe it By B unBiskah fbletofs g apse metabo-
mi lites) saeinsoiumikhddeencd inicaiorset esirbow tiorkiec€dt nghd flacose.
transverse di- ameter of the conpartnent, placed at
the bottom of the conpartnment with the sensor tip

pefetheahobnag thﬁa@bygﬁélaslumlfamghrbﬂ paettibenih W torfpartriént indicating
s se%@gat ed fromthe

C&ngsgrhcﬁnﬁﬁ fion Qgh%mei%O"}?éF FIDRAES L t i cl e by an

oxygen 30 perneabl e | ayer. The oxygen sensor shoul d be
a.design such that the analyte (oxy- gen)

cd% ﬁ%tlon of the sensor does not exceed a negligible

fraction, such as 1 9% of the substantially spherica

%b(ﬁelvllc% a%%opda o ’[Ihg3 prrgsse% {neéﬁt%% cro?rt\p%ses ast: Iéatstthe ct:ohrr?partment as
described above. In a preferred embodiment the device comprises more than one
compartment, such as at least two compartments, such as at least 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 compartments,
such as at least 96 compartments. Thereby, the metabolic rate of more the one sub-
stantially spherical metabolizing particle can easily be determined, each compartment

comprising one substantially spherical metabolizing particle.
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partial pressure inside the conpartnent gradient is
not di sturbed by the neasuring activity of the said

WG 2080562635 WO 2004/ 056265 PCT/ DK2003/ 000935 BCI/DK2003/000935

anot her enbodi rent the C ark type oxygen sensor is

replaced by a MM fiber penetrating the oxygen

i nper neabl e bottomwal | of the3%onpartnent. The M NS

f ithe preférrgy that Sepaonaietindnit mmlmleenmbrcymmxg tA8 sgbstantially spherical

GBS RaP3l e 13T CEOR)PTG oS ARVER < & poRvgiangl 45- or 96wl
t beviceg fortdas cidvingl Hoakever, bsraeatiaial wells ﬂet/@opalﬂh@ o large for

sss ctrorre unption.of the sen

S TR S b R 4-20 o oS S9Y Spf R metaboiiing
Spbﬁ‘bl@nﬂ'hdefcye stpb evells anhay‘reé phwlided \ﬂlﬁ‘l |rﬁal‘t((sl) ﬁb @lescribed above. The
cons t| roduct.ion rate, ch that the gragient.
osap e e pesitRpad iHog e Wbl i HRener SR i period of es-
| sablishingl ittt etapelitd yradivht BRA & hptbit invdtalyolied cdrizentsation.

MMs fiber. 10 In yet another enbodi nent, the oxygen

partial pressure gradient inside the conpart- nent is

deluttofingeiévive addi ng oxyhaenogl obi n, or anot her
nol ecul e with an oxygen dependant absorption
characteristic, to the grow h nedi um and neasuring the

alrse rpbeseaﬂ memmorunnér rélatgs3p dMoptizedoévies fod wutuabigeof metaboliz-
wavel en iidewal | s 15 of

t h tran ar ent
s 2 AR bl BTSRRI ISR hrReiizg At 164 one compart
dlm?ériktJ b dbs@ibed rabghﬁ A@@Gﬂdﬁfgl!y, _tﬁﬁéht/entﬁf\hebters&b aztmiv;derSr culture of a
ma e neasure um nescen lcators or
 aiTna sardie. i She Ao Res Ab AN &5 e pal Blegt, said com-
f @értﬁ\éhfg@&ingﬂd@ﬂﬁedg)y etC@ﬂ‘fdxsmlﬁlerr@P HA® 8&pabld oftontgreingtd Medium with
e neasure al

c@nws?%bﬁmg PR EasARGHen daffi 3 AipaieRelSitpdransport to andior
MoaD el ﬁm@tabahﬂirkgepsmau@aw ARahs obeliffueidon, dberhy denstawlite diffusion

o TR loeA(o 48 SRRLEhec 6 4o e SHRIEES ol i foushout the

emsalirent the device conprises nore than one
conmpartnent, such as at | east two conpartnments, such
as at |least 4 conpartnents,

The compartment is preferably as described above, except that a detector is not nec-
essarily included into the culture device. Accordingly, the device may comprise more
than one compartment, such as at least two compartments, such as at least 4 com-
partments, 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 com-

partments, such as at least 96 compartments.
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 culturing a metabolizing parti-

cle, said method comprising

a) providing at least one device as defined herein,



10

15

20

25

30

35

such as at least 6 conpartnents, such as at |east 8
conpartnents, such as at |east 12 30 conpartnents,

wGeomh/oaeeat | east 24 conpartnents, such as at PEEDPK2008/000935

conpartnents, such as at |east 96 conpartnents.
Thereby, the netabolic rate of nore the one sub-
stantially spherical netabolizidg particle can easily
be determ ned, each conpartnent conprising one

> l0iarBRRbRs heiPRRBER 08 54 i of BeiceBieBrndit ans,

the conpartnent is suitable for culturing the

e e S BRGRRE Becicl” 0PV onal 46 or 96 wal |

device for cell culturing. However, the conventi onal

ot af AN Sn® Rithe e Prargod e Blowick: 1% @ ABBA T any of he

medthboinethodg ad dpsaribed hereinlher ef ore, the wel ls nmay be

provided with insert(s) as descri bed above. The

inserts may be positioned during the whole culture

peMietithd off detatnyining theengtabobizingfrates- t abl i shing t he

net abolite gradi ent and nmeasuring the netabolite
concentration. Culturing device 10 The present

i nireavioticar dapetthibe imantiore selbies d0 copon-imvasice dethakfdr aetermining the

nootEboliR e L 3B o SpBRG rfer@Bq BB og ) seia method com-

copnisst - nment as descri bed above. Accordingly, the
invention relates to a device for culture of a

nmet abol i zi ng particle, which device conprises at | east
one e)npavidngrdt Jeastomtk devitelds ¢efinbdabovdei ng defi ned by

a diffusion.barrier and capable of rising. a, nedi

Wi ¢ h D) aStraaiE PURer Rl R oS RO R R P o o
al | owi ngompdrahaitj te transport to and/or fromthe

nmet abol i zi ng particle by neans of diffusion, whereby a
netabolite diffusion gradient is allowed to be

est ald)i sleasuringaMidiebalitet atvadentratign ipside itted eonapeditment obtaining a
throughou% 20 The coppartnent is

. di
preferamefbég(é&@g%errit%glﬂn d58ve @ ept that a detector

is not nec- essarily included into the culture device.

o Aatafatng 3aid HetaB8iP B TRES D eBRIrE fn A EElaglE pete o said
as at | sasstardiaihosphepedl metatbclizing paktictes trarebyedeterntining the metabolic
conpart eas

ComPe  BS8h g YRl el SRS B R SR 5"
conpartnents, such as at |east 48 com
The metabolite may be as described above. The metabolite may be supplied to or re-
moved from the substantially spherical metabolizing particle by diffusion through the
medium, such as oxygen supplied to the substantially spherical metabolizing particle by
diffusion through the medium. In the latter case, the metabolic concentration may be

the gas partial pressure, such as the gas partial pressure of oxygen or carbon dioxide.

It is preferred 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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partnents, such as at |east 96 conpartnents. The
device offers optim zed conditions for culturing of

weelsd®santl organi sns in that the m croenvironPE&HDK2003/000935

surrounding the cells and organisns is easily
nonitored and opti- 30 m zed as described herein.
Accordingly, the invention furgBber relates to a nethod

f Ohe endtabuliteheprenpitRDOhdZbdgeBalrkd in £ elumsahtllsethhan the volume of

G2 TP AR HSaabs TREHTRD B GGt e retabolise

blio@Fdt@Bfsdlg sabs@itry bpHdriag! RetabbIEAr® pantididi’ detstrineddy deter-

t he conpart pent,..and culturi t boJ i zj

- Afnine Pnetabats peBlon gidkidiln He spBPERnE NG bATRIT P heasured

C @iedabHiitd &tﬁlgemlrétmgeamte&drmbtmbtsaidaﬁytaaélité Aifusioh laeddient to the
as SCI, 1

met hods, 3 herein. Method, of .deternining the

EARIe S AT el SUbSBALY ShhATEl MagBatnG PRI Rvenci on

relates to a non-invasive nethod for determ ning the
abolic rate of a bstantjally spherical

I DaBRR 59T GalGaraX B BeloReNer PRt LBHIPeREegNtef the me-

PhaBoIiE dthcahtratioassr enerafleiebs@ement] eficHgslatabast evd neasurements.

DBt ring BT tAlp ey R SR ARSHBRE ) oHEaiing e cuture
a paRbéaROMbhifr SNSRIk IoR tHeubkRatglR sphéric® MeaibohERg particle.

obtaining a 20 netabolite concentrati on neasure, and
d) correlating said nmetabolite concentration neasure

t AsalelBiiRIddove falhdh BB nfadbisbliteSis RSdarNsichl dsyo §&re the 8hs may be

nmet abol i zi ng particle, . thereby determnj t .

TEHERISES e siPalaalby oo TIRRCHE g PapKEr pdusion through the

g@taﬁﬂ_@fg’d rgécﬂigmﬂﬁltﬁé;rﬁdn@pa?ﬁ]emlﬁirémwm ig;b%trﬁasfpllfbﬁzaﬁfrom a larger
escri bed ahove. e netabolite may be supplied to or

By b AT g AT

nmet abol i zi ng particle by diffusion through the

medi u such as oxygen supplied to the substantially

siHessEeasPHOMatf i zi ng particle by

The device according to the present invention may further be used for measuring the
respiration rate of a particle, such as a substantially spherical metabolizing particle by
closed respirometry. Closed respirometry is a measure of the respiration rate in a
closed respirometric cell, i.e. a cell wherein the supply of oxygen Is terminated at least
temporarily. The present device can be converted into a closed respirometric cell by
applying a cover of a material impermeable to the metabolite, such as oxygen, over
any opening(s) in the compartment(s) of the device. The cover may be produced from

any of the impermeable materials mentioned above.

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

mining 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,
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di ffusion through the nedium In the latter case, the
nmet abol i ¢ concentrati on nay be 30 the gas parti al

wQe@sssie; such as the gas partial pressure of PORDERGV3/000935

or carbon dioxide. It is preferred that the

substantially spherical netabolizing particle is

cultured in the conpartnent, s that no unnecessary

di st ur bancgsredficing enetatinditeamupplyl tb yhespkdiuimcduringest least a part of the
tabolizing p e place due to the

det erm nat i o‘% %bﬁé ﬁ%ﬁcﬁ:}(ét abolic rate. 35 WO 2004/ 056265

PCT/ DK2003/ 000935 35 The netabolite concentrati on nay

be measured in |u I t

t he conpalds| n@ﬁ?guar?rﬁ]g/aor iaﬁglﬁégﬁﬁ?%ﬂgﬁorﬁ E’gldg% E@ng%r{m?nt obtaining
preferred thametdimliteetombentiatian mdasorer aftes thef metabdlite supply has
subst anti al | tabolizing particle is

det er m ned b% ez]p'ltggpée%a n“?ﬁ a nmetabolite diffusion

gradient in the conpartmsnt based on the neasured 5

met abol it rati [ .

et abol 1 ¢ & ar e grrelf ReieBRfe B8R Rion a8 o p egaboti rate of
of said subs$a1d1tsulmtérytiaﬂpkmancallmatebeilzoigl paErtie.parti cl e.

The netabolic rate may be determ ned by perform ng one
measurenent of the nme- tabolite concentration, or

s eWVith a¢speetis olesed mespirsacrwhya:be anetblodiss istvast often oxygen and the meta-

eSS b Y AR TR PR s B Ry rcuee

t oormera.t or the status of the substantial ly spheri cal
nmet abol i zi ng particle. As described above, when the
netabolite is a gas, such as oxygen, the gas may be
s ulpisl grefeérred thish thesmbtbalite icahdgntrapidre measlire et deeh okiaimgd during the

f’%{dﬁ)@'irb&ﬁcg{isﬂb@' on through the 15 stagnant nedi um

onpar dlrectly fromthe atnosphere or
froma larger volune of mediumin equilibriumwth

pironmetry 20 The device
acco@&gﬁéﬁpﬂ'}%ﬁ °|R§§gﬁ?§l nventi on may further be used
for nmeasuring the respiration rate of a particle,
su cal t Lizi .
Sk QP8 R B ARL 8 BRIy st it oy
i stoa pmmﬁe;rse\cbfastalmxbs’aﬂmliyaﬂphemcai atetabioliziag pattioleeith a compartment.
respironetric cell, i.e. a cell wherein the supply of

oxygen |s term nat ed at |east tenporarily. The
prksnerdingi dive meextiom fogheroalatastted method ﬁormdaglﬁaimg metabolite supply to

R S B e AR, o

oxygen, over any openlng(s) in the conpartnent(s) of
| e P BT oL le TR Gt fombatthert Wi Sodilif

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

partment,

b) measuring a metabolite concentration inside the compartment obtaining a me-

tabolite concentration measure, and optionally

c) correlating said metabolite concentration measure to a metabolic rate of said

substantially spherical metabolizing particle.
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Accordingly, the present invention further relates to
a non-invasive nethod for deter- 30 mning the

woreioabsd2sx rate of a netabolizing particle, coP@I/DERIVG/000935

a) providing at |east one device as defined above, b)
culturing a nmetabolizing particle in the nediumof a

conpartment, 35 WD 2004/ 05626%37PCT/ DK2003/ 000935 36
c) reducing netabolite supply to the medi um during at

| east, a rt of th ulturing period, d) neasuyring a .
ot aBbiTeBaeing e ataRql S b heBrHBS £ HiR iiangiie Gohcaniration
obt ai nirgasube andreit thb ehdtalsolic Pate &N baiaUbstaniMg dpleerthl @Etabolizing
the netabolite supply has been reduced, and e)

correl &8 'said metabolite concentrati on neasure to a
nmetabolic rate of said substantially spherical

abol i zing particle, 10 Wth respect to ¢l osed L
r oU PR Mbdr e eiBlesdp thempes i Benio e b geriabelie is a gas,
t heuchek axyde dridl th@hRetdbolit BRoceesRiregila@bnrate. I n the

nmet hod the oxygen supply is preferably reduced to
zero. 15 1t is preferred that the netabolite

C OTHeEdtmi i th it REARSFDIA Sord & oMtz deafledIHéreMOsitBle for allowing

peri od of reduced s ly. Regulation of netabolite
sﬁﬁws%eﬁtﬁgﬁ W?}??ﬁ&?d'ﬁ%ﬂ@'& radigeti nvention relates to

a nethod for regulation of netabolite supply to a -
particle, such as a suybstantially spherical .
ngf*hedsw"z‘imgofg% PefatiltiesypRly Finchpted ImaRbLFiaklp, manner. In

t hhel givissdirhént tha!FdgliRition & cUn@Ectb® b chaiditfthbehetabolite concentration
re \lel.i(i?ti ng netabolite supply to a substantially

S

¢ e CRRPRABENYi ng particle during cul turing,

conprising 25 a) providing at |east one device

conprising a conmpartnment with nmedi um ;gh?cu_lturi ng a .

sdB_@Pa‘E‘FT %mpﬁ@gﬁ&%%@ulﬂ@nmw%wg By, i Peing ”i’%d'%}’?és'ons of the

MesmpArfient ASUBscitsd 4506, thd Yoldme RASHE thghgRd in several ways. One

nmet abolite concentration 1 nside the conpartnment )

ofEMR er@ergofd%wherem the dimensions are adjusted by inserting an insert, such as
wherein the transverse dimensions of the compartment 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,
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tabolite concentration nmeasure, and optionally c)
correlating said netabolite concentration neasure to a

woredoabsd2sx rate of said 35 substantially spheP€TRK2003/000935

met abol i zi ng particle. W 2004/ 056265

PCT/ DK2003/ 000935 37 d) regulating the netabolite

supply dependi ng on the netabol3g e concentration

Meas yj getdrfihing thdmefaofd Alté 6f thalePiifo s@kskt once during culturing,
substantially spherical netabolizing particle. 5 The
method in particular relates to the nmeasurenent,

wher g NsdlditingBicaétabryb ®alig dnGpSmal sEhoRsragxygen and

the netabolic process is respiration The conpart nent

is preferably a conpartnent as defined herein suitable

f OTh@Jjét@r\Mlﬁélloan?trﬁaSMQiébbﬁJ‘mk ppéfehblEdorBOtted ¢ a device as defined
di ffu3| on radl ent . %egl I ation of the netaboli

supplhs PRese b'@"%\‘?&?@t a%]weglﬂdtegkqeécrmr{ﬁremi Iﬁurﬁwrmore the

ONEMIBHYB ApeRdbly b&tureDin tAé coMphemeptsidaidaidviey. changi ng
the netabolite concentration outside the conpartnent.

15 In anot her enbodi nent the regulation is conducted

byTdremgit &Q‘aélhﬁteﬁltlﬁ@ﬁﬁé Qé‘t%rrﬁfmaﬁ&lﬁof RS FRHLONE fite |sA§)nducted without
descri bed above, the vol une may be changggyln sever al

weSASINg ARy CBQ%H?p'Péh?]@rroé‘@? C?%d”’\méreéf’ﬁ”%ﬂ? SeTBIS:
are adjusted by inserting an insert, such as wherein
the transverse_ di nensions_of the conpartnent i's
adPeteiled description of 1hg HAWINGS0 sert. The | ongi t udi nal
di mensi on may al so be adjusted by shifting the
position of an adjustable bottom of the con‘g{_@1

" ringthe fRlowng:hBemRRer diifrrenteRypRimentsof thegrig téweﬁyon will be de-

C hanBba QithheredbddeUsi e Rabmp&iyit dralwiiysC 8uPRid fHEBé understood that
This may be conducted by changi ng the thlckness of

coipss erbiediments galy| conghituleyexampies AYthengensraldnyantivg ldea and that

i CSthbr &ﬂso&naemsmgay B édiReRapBay BRI ovelilled iVEHY 41 i Ng
of substantially spherical netabolizing particles The

present invention further relates to nonitoring of

suPsd 8fbbaihent §P’fh%r|h\‘f‘él‘|tloﬁ%3ﬂﬁ|lh llﬁur%01 'fdi%@a’ﬁuhh? lefrfbryo respiration
and sel ection of substantiall erical netabolizing

palfl¥stiatess aHenaitygingl comesrtraerl 1ty ﬂybmen P ORET Pt gf the com-

aSpaMRASH! RHIck ¥ollB baR9lindFicaY codifts of 8 gas Pemiibleeslibstance 1.6 on top

errbodl ment the invention relates to selection of

vi et Banrsparsid exvasnEengidive luminophore 1.3. The bottom wall 1.5 of the diffusion
compartment is made of a transparent material which allows visual inspection of the
embryo under magnification. The bottom wall 1.5 is made of a gas impermeable mate-
rial like glass or plastic, such that the only supply of oxygen is through the opening of
the compartment 1.7. Oxygen partial pressure, in the luminophore layer 1.3 at the bot-
tom of the compartment, is measured by means of an exiernal luminescence reader by
recording luminescence from the oxygen luminophore 1.3 at the bottom of the com-
partment, 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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a method for selecting a viable enbryo conprising, 35
WD 2004/ 056265 PCT/ DK2003/ 000935 38 a) determ ning

W b@4ne2edol i c rate of the enbryo at | east oncBCHDKR693/000935

culturing, b) selecting the enbryo having an opti nal
netabolic rate. 5 The determ nation of the netabolic

rate is preferably conducted i % device as defined

bypctrhes mamiehbased\mmnomerahemiﬂally mertiyatariafdiké gihsasceramics or min-

pr e f@%g Q ePaI flg 'r@&c?ds rhrgfél III%[GH(;I)(%, 8r ﬂ)lét

ture e co Tovi ce.
Thereby |t |s faC|I|tated that t he detern1nat|on of

Qc%dl ﬁ)ri[\ﬁélggéfg‘t v\§ m%%??s meﬁ Iﬂ%uembgy%s @!ﬁ%‘\gﬂ}%ﬂﬂn of oxygen

any change 1 h'con I ONS ‘experi‘ence
enmedyces het aiyiged padiat prgsisiienatothet drygen alstevisy (llummhréwore) 1.3 com-

f Oﬂ)é 8&“&6‘91@023@3# ﬁértlglf;frg%gufrg et'h% ?Wr?lgg U@Eﬁﬁoﬁhdihagtz The oxygen

resent I nve SCri
r e;ﬁaa’hdrpm@sswm giadieat t.8vyilhimystearydstatei begatable @ndinot sybjead to change as
be rsto t ny, Y, -CRAS
oo 0oL B3. b SRR WY BRshiebbCombodiment
ot Mpr@ﬂmIamgihmdina‘myllridecai@f&elwmﬂn@aoiyn@t pbe owygen partial pressure

2 KBl Wil b0 final'as FBREANRICIRDY, RLof Bk MR Bk g shown in
i | figise Maffes Oﬁyﬁl@m%@rtsummm bszcbhrqoambmmwm]thareﬁqme el detemined as the

en{ﬂﬁe%ﬂ@e% e%WtRé %@% Cp%rf[e'al g)géésnpenét’ tgyeyoﬁgm 8oy kEFi 8pening 1.7

consi s pernea sub ance
onofttbep) saldfdlfamtqnanmspartmmt Mygmg Ferssi. taw ef difiusiorofsiquation i),
1.3. The bottomwall 1.5 of the diffusion conpartnent
is made of a transparent material which allows visua
[ ectidqm of the enbryo under magnification. The
bot'tom | 1.5 is nade of a gas inperneable mate 25
rial like gp ss or plastic, such that the only supply
of oxygen is through the opening of the conpart nment

1. SeyPRE e decfieeB (SRt doepaicehareh T SERindfPra e opening
mepardy tharembriyerimaat the rooftesc emeee U eather fluxyof dxggeiﬂ dihich in steady

luni scenc fromthe o pho
poREBHRGAR e OB e ety ort aikgorh diisiarapeficiont of the
boimkaigmiahd d&/dX. is ﬂﬁe&)@gérﬁ gtﬂdwnngﬂwelgradlw ddydXrns theedifBfence in oxy-

enbodi nent coul d, be fum.is i,n equilibriumwth .
andeh pr%gﬁlr@'e%s%e bﬁ%ﬁﬂ tlae Hefg}?%r%m [gheg% g1ed|um a{nhe opening 1.7 of
C offeOsonipa@iment Rad dey lboeomwomdmbeﬁmamsambeem of the embryo 1.1.
seyer al bryos, 1. | aced on t he .
SubS? e B he @resiRt ainbedimBits: ol onies B9 aed RUiHRof: 1.35covering the
Si botemef tHNcdrparPiera 114, aV ras@rate GXYgGHers eyl dvee the total bottom
[ um noplhor e ]] . The gas -
area. Horizontal oxygen gradients at the level of the embryo, 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 determined by a single oxygen
partial pressure measurement, performed from the outside of the diffusion compart-
ment without perturbing the embryo, by oxygen detector means immobilized inside the
compartment. The measurement can be performed within a few seconds without any

disturbance of the embryo. Depending on the detector means, the measurement can
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per meabl e substance 1.6 can be a silicone conpound, a
Tefl on fl uoropolynere, a 35 plastic conpound |ike

w@eingesdrgd ene, pol ypropyl ene or neoprene, a pePCERER@3/000935

matri x or WD 2004/ 056265 PCT/ DK2003/ 000935 39 porous
materi al based on another chemcally inert materi al
i ke glass, ceramcs or mn- edals, glass or mneral

f IbEEHeﬁroﬁﬁeeam@iaeQh@m&umérawchK:eulaca 6§ 1rarphalibaietr ahdgrm room, or
functional prij nC|$)eoe of the invention is that

el PEESUTEBRBLGRN hOPPTERMER YA 2 ery ghprtige PHE 45%853 inpubator, such

PatidtigPdwtRIcBAGItER SlpetiBRcc@hydRE efiBiyBGE A6t igriidanep BRsHdd.
1.3 com pared to the oxygen partial pressure in the

bul k medi unf surroundi ngs 1.2. The oxygen partial

W@a@ bAtl P torhpdrivbhts of theSpreasht islcatien brﬂu|ﬁ§>l§bin<ibryos can be

not subject to change as  long as the enbr

oXGaHIed eh@aw&uabwsmgaft?aﬁ@t@aﬁtmuﬁ@ﬁe?%v PP B8R A odiment the at least

eme%ﬁ%ahmeﬁpmpﬁse@ght epeasps %Méﬂﬁrlﬁ@htscyém&ﬂéﬂlyﬁélﬂ least 10 compart-
di ffusi on conpart nent, gen partial pressure, 1@
rly at least

g MRNIt® RO Hairt'ob'@riylaﬁé%ﬁs’f 3@ CP’HH?'E’B?@E and FYegurerepa
expaohipRfhhtsdata are shown in figure 4. The oxygen
consunption by the enbryo will therefore be determ ned
as the difference between the oxygen partial pressure

3tln aharthet e dimantBiRdivids! é?ﬂﬁ?b@grélirzwn% sbb@raﬁaadxdnpartments and

ffusion conpartnent 1.4 using Fi 1. |law of
diif ps8i BiheegmaediBrnt sachfomeﬂmfst BIRTIERS UG HaRPng embryo.
I i near decrease (see the theoretical graph 1. 8) of
ox gen fromthe opening . towards the enbryo 1

igUsen2 sirryysean inser He Msidgxthe ffirexarprRadimeipt &w'qhnseéveéamadwst the

Stt@n§ve§§é‘§in§er¥s% A SN dit0@inaif compiraent 2Q. BY rafrodin Cfg or enlarging
known diffusion coefficient of the 20 medi um and

i dhe franeveyer Aimpnsinneine. capRElGPiRe iUy BO0PYIPRE %6 tamsport dis-

d'sfofv%H %ﬂB@tahébs%’Wdlff%Bn BAY bé fﬂcrerarssé SHFSRIUREY V‘ﬂ%ntréﬁé@ort capacity of
defi ned atnosphere or nedjum at the opening of

t e stﬁfﬁﬁlantq?gmaﬂmt figterpipes 19 Sﬁadwat?ow&ﬁﬁ rP@Hta' Rressure at the

trb%sit,gyg{rth@fengg}?oenbryo 1.1. The use in the present
nbodi nent of anh optical oxygen | uni nophore 1.3,

cover| ng the bottomof the compartnment 1.4, wll
| Nk RGE AnfodditBeOf RS irfve Bt th@\(ﬁpgémﬁaﬁtlglt @Jesélﬁ’éta@[ﬁez S|t|on of the

area. Horizontal oxygen gradients at the |evel of

erASBTR isarandofie by aRilalno the disenpiong; ithe B‘BWE%WBWQ%?‘T “This can be

C QAP MR sbfdtal ®hR, %dgi twy ddpestipgiiney Posd%r{ bf HedpisRbRIBEom 3.10 (see
as if the con- su i on was even |str|buted over

t Hig- BdtRYoRe@PRSINg gumrwmg ‘i‘ﬁén%‘%'a'@t leyg! dedifie e gpmparaent, or by

erlf%dé%cﬁ%@%?ﬁ‘ﬁ%r‘t Q@e(lSSé( agt2)figb thd @orﬁﬁérﬁhérﬂt {vARdh will reduce the trans-
estimation. he respiration rate of an individual

e#@f%ﬁcﬂ'@ﬁﬁs't)ﬁé\s be deternined by a single oxygen

The thickness of the gas permeable layer 2.6 is in one embodiment at least 100 um,
particularly at least 300 um, and more particularly at least 900 pm. 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 ym dependent on the

developmental stage and species.

Figure 3 shows another embodiment of the present invention. Elements identical with

elements of the first embodiment shown in Figure 1 are designated by the same refer-
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partial pressure neasurenent, perfornmed fromthe
outside of the diffusion conpart- nent w thout

w@erosd2ehg t he enbryo, by oxygen detector nmeaPGI/DK2003/000935

i mmobi lized inside the conpartnent. The measurenent

can be perfornmed wthin a few seconds w thout any

di sturbance of the enbryo. Depéldi ng on the detector

mesges nutntbersnasacnifigarent (searfigi@ 296dd)0bBe 6Bbodiment consists of a com-

PCT/,DK2 0 e perforned,i

| REIBRTEs . S eredlnital EorBp A i & BBab 4 inonggngh but wih 2
Ir anogeable ortet@shast&s botorard. 1@ aith Iaegqsqra‘rmeanld Iavarlﬁi Ghoa top of an oxy-
very skdet h ncub a
gr%wtsﬁngg%e um pisivs ?’1% ég g%ttonbyaﬁé élaﬁ/%d Iaégllﬂ%ttthe compartment
siveall 3.5 sact that méfseehe@as ﬁn@rmeableg an ar ray of

conpartnents of the present invention, mnmultiple

enbryos can be scanned for individual respiration
r athesdisiension ahtheusinpartient irethe rseoctichemboditmentof the asdsent invention

ggq%{lld@lgq%ﬁe{}eﬁg\%e %gengc% e§ 1@%%%%&@?0%“9% ed 4 way élther increasing or

p adeicrezgingrthy dﬁmsloeaemgtBbe orygaar ftone ites ppaniny efvtha avompartment 3.7 to

p tlc east Qnpart nents

P b e o HvenfeRRae o sEaPea R et B ik, fomperiment 5.4, the

s&n@adyt stateasrygert penias paasdurel ai the &ivel of maranhtﬂryo 3.1 can be either de-

nt. each conpart ne ses .

et ohinGRe B TRANL AR RREe FRrRE i PRL Wiy eecting the

ermxsehbmamf pevibingihg seesrmmtlblm eetdpatmh Tih\@re‘lsﬁlrahmateeofsm embryo can
nsi on A fthe ongi 2.4. By

P EORRY 5 SeiairiPer M bR bR S SaPRIG R andod Pt pressure as

c appeiigncedbytthe eshbfyious iaodesredrizael aeaty rtaSpltatian saler t

di s- solved substances by diffusion can be increased

or reduced. The transport capacity of the diffusion

C OFiparetarientet debmerrienmsdm’fmt of dedyresdratieventiyy whepmtl*tei @dmplete vol-

D SRS B b SEor BTl - AR L35 g el o fment 5.4, whic
pneﬂﬁmrreucat latdee thamsan lthleotbthen‘ erhibadimentb rof thel mesamtﬁm/ehhcmj The bottom
o0 8% 450 e TP S o s on top o

t heh|¢w3s fplaoad adneacadpuhiabinerypetl. orat & Hstdraeefrori gpch other, large
)i SRR i P B30 i B e s amors
2.18e @a'fbeyd‘st The ﬂ.)nctlﬂrheﬂ pt*lhepleamﬂ&r preeent,envidridirhentiid that oxygen is sup-
8 W AN RS g s o B RSy Mosmtere out
| egidd thboébrﬁmrtment above the embryo as illustrated in figure 5 B. When the com-
partment is very large relative to the embryo, the resulting oxygen gradient towards the
embryo will be spherical as illustrated by the oxygen partial pressure iso-lines 5.11 in
figure 5B, 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 respiration is estimated by fitting a recorded oxygen partial pressure
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particularly at |east 300 pm and nore particularly at
| east 900 pm The thickness of the 30 gas perneable

wo 200e05@koul d preferably be about tw ce or norBCT/DE2003/000935

di anmeter of the em bryo, which for manmal i an enbryos

typically is between 30-400 pm dependent on the

devel opnent al stage and speci ed2 Figure 3 shows

argr:adnemt amhmﬂihﬁmwnbrgtb td bethgsretieinimddel assuntng ideat sptndrisal diffusion.
ntical nts of the first, enbodi pent, .

rigTeraen! o Puod IR A epveti Sy BELR &R djysion space

ZQIM/%@Eé&bgﬂh%m&OmBQ%ncéﬁraﬁﬁn@ ratireb given gsbirdr in a hollow

RS bS5 w5t be gL0SRAARL TBRLortoSh £ S 1) and
c@@@)ﬁm (OrarkM SD7RPherd g rd. constmptieh afrukygdrubetwieth aand b.
noveabl e or adjustable bottom 3.10 with a gas
perneabl e layer 3.6 on top of an oxy- gen sensitive

| um nophore 3. 3 The bomwall(»3-40 1 s seal ed

agai nst the conp@ néggK—Sﬁéafgl%‘SlpudﬁqHﬁKP'Dhe sea
i s gas inperneable. The di nS|on of the conpart nent
in the second enbodi nent of the present invention can
due to the noveabl e botton13 10 be altered. in a
cobher i ol @xvigep diifusng thoyeh &g sripies! W%‘e(:‘?@é\’?f‘r?@{ t he

di ffusion Iength of oxygen fromthe opening of the
conpartment 3.7 to 10 t he enbryo 3.1. By |ncrea5|ng or

decreasing the | ength,pf %@0@3£2@ﬂ t%‘ t he

steady state oxygen partlbaJa ressl eveI of
the enbryo 3.1 can be either de- creased or increased
to reach a desired oxygen partial pressure, wthout

afyvasid M@ thé @iffusies Tbbffitichof @kydat ihakdrinegiaa respiration
estimation. The respiration rate of the enbryo can in
this way be determned with the option of adjusting

t hEneDyrugient |§@yrhh@tnoar@@ahw mMyg%cmmm@m@brhycdn% mirrored

enbryo to a desired | ev t respiration.ra

Fi ﬂlﬁné pianedhrough g\%qngr Oéﬂﬁg%ﬂdbfe {s hgnoe ﬁ@s%’?'éé‘éﬁ?ns'der an oxygen

| NoERBLMMG BUAGS IR thid @a%émb@/ovﬂbcewma @fanbhs@rface at the bottom of a

i ncubation medi um w t hi q rowtsqudl sh defj nei f}ﬁ

ORSORBARTENUDREPIER> 170 THHPIoI TP Tht ey center of a

t hephatd)ehly %ﬁ‘@t@mm Sxy8én b&%umea&gnhe embet Wil Ibe s'ﬁbphed from a half

bottom205 of the growh shmtra&s&l‘%ﬁ? age | wall

c oRRERERY TR Tmp@ﬁlca'are@rfﬁm%‘fev £ate (ux pf oxygengihrough g, spherical wall),

pl \ﬁﬁ&fjﬁtﬁrﬁy?th@rre&ﬁé!&f éﬂad%ﬁbfoy[ﬁé tHeoletidghl Modk) SéhvnREthbFefdPe be divided

each other, |arge enoug ally nore th

t PG H T patire ol e %@F‘FPB'P t%$@ U3iP. CEMRATBAT C%%?&T&y the em-

t hry6 PP aon, Iﬁenétw@dés@ﬂ@éd Ry, iee Qé@cé)cf:art thecdlibrfieby using artifi-

enbodi ment i s that OX%%GHIS su b othe nt?oy

f r SAhTHEYQVERR K9 WY 0 ﬂ&ﬁpwﬁmz % Pwn’ﬁﬁ‘éls so suitable for a

at BRSNS 861RpAiton 2P réspABtid et HIREH, gémlﬂfyoélbmttﬁ?ed H©the same com-
gur e

errbr'%/o as |IIustrated|nf| B. When the com
ment bottom with a 2D recording of oxygen disfribution.

Examples

Example 1

A bovine embryo was placed at the bottom of a cylindrical compartment with a diame-
ter of 1 mm and a depth of 4 mm and cultured under an atmosphere with an oxygen
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partnment is very large relative to the enbryo, the
resul ting oxygen gradient towards the enbryo will be

wapivenseed as illustrated by the oxygen parti aPCT/DK2003/000935

pressure iso-lines 5.11 in figure 5B, and real data
fromFigure 6 The grow h dish constituting the
di ffusion com partment is plaaed on a CCD canera 5.12

Wipagtfal pieseeio? 86 hPsy Tensteads stk dS)@@QIh baﬁlaB&ekilﬁ?e gradlent inside the
hor i zop[t al  distribution,

of no
o YpantrAgt AR hazRiRe Wi 08 A flervils dfiF HF eRaSesHaing compart-
5.rdéht ¢EW4res fneibyo! Thd tr@e 2 (iRaca6MIE) BeRPE BteatiPEitte fo. dehieved can

w Il thus be asure of the individual enbryo
ré’?&l%‘ﬁ’%ﬁteg%ﬁnzheeiﬂﬂe‘wgl%r%m in figure 5C, V\%I ch

shows an i nage as seen fromthe CCD canera, where the
| um nes- ceg{;z ll ntensity of the | um nophore around
each i ndi yi $ e | & M SHRL .
Enbryo rezpl ragi ogajlyrérgéjs ﬂ%% ﬁ%f M?Eh eg{a%s ?@%@%gﬁ)
oxygen partial pressure V\D 2004/ 056265

PCT/ DK2003/ 000935 42 gradi ent around the enbryo to a

t RARE&! .tscmé dé‘iﬁﬂ %k thR ¥ IO ehPMEdrh aAd DAé irfet@ff&mon coefficient
The ra i ent qug!en t owar an oxygen consum n

bé’é)}‘“q megiufy §ée%yf giba C@‘E‘ﬁ@@meﬁfa‘ﬁ'“b% dipgeien qjéomm and a depth of
t el 8R1d 6 acifvel GREPAYTIAR S nirtell YRR A1 67 3.5x10°. A

in a hollow sphere between a and b (a<r<b) can
dddaick BRe PRygeReMichh samor Atithon tigt size o9 Fﬁﬂ,dp%ﬁ't'%‘eﬁ with a micro-

( %nlblﬁaﬂép Q/Vés(@ean*he@%) s Eﬁkﬁﬁrﬁm‘ ’r%uPéMCbeWQmﬁéé}rgchﬁlent through
é%g@mgetween a and b. aC r)+bC2(r- a)

artment. | ispthus ayfﬁqrﬁ@t ’fm UQWcS'?e eRgge ﬁaaiafcér@éwg at the top and
t hﬁé’%%oﬁwhﬁ tﬁc@f&SﬁwbSﬁﬂneM@ﬂd delertniind 'tﬁéegramént ]FQOP]\ figufe 4l is further-

% (equation Il1) \ere IS
mmwssqhyw%oféfa thei erdiept cm?gé@twﬁmﬂ%bmaaw%thﬁq@xygen partial

grp@éiés%% al snySpdmElEALCRE hﬁéé’r”d"rgdnbhﬁngdé! wcwwﬁerm %rom the open-

and can be m rrored at™ any pl ane through
cé’ffﬁ@rweé(fs PREMRBY is hence possible to conS| der
an oxygen consum ng body, in this case an enbryo,
pl aced on a plane surface at the bottomof a_|arge )
c 619h RraGlieal PUrPPsefe fid When Uging st WinHeerhere [yek it ipdnore convenient to

2198ce tAS nidifis ‘F&'Hx%erpcﬁetéctuoﬁmk‘ﬁfeeooﬂ%m & 1R EdmpAehertthe

oxygen consuned the enbryo will be supplied froma
hal f 20 sphere. The calcul ated respiration rate (flux
ofg,\g 8 through the spherical wall), when fitting
the recorded gradient to the theoretical nodel, should
therefore be divided

After the embryo manipulation, each individual embryo is transferred by pipette fo a
compartment (In vitro fertilization, cloning, thawing or another technique. See e.g.: In
vitro fertilization. Kay Eider, Brian Dale, 2nd rep. Ed, Cambridge University 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 Scandinavian IVF Science AB, Géteborg, Sweden).
The medium of choice depends on the acceptance of quality control and availability of
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by two. If the nature of the gradient in the diffusion
conpartnent, caused by the em bryo respiration, can

woedo4loss2eescri bed fully, the device can be cal PGT/RKe@3/000935

by using artifi- cial enbryos with a known oxygen
consunption. The enbodinent is also suitable for a 25

rel ati ve conparison of respirat4on rates anong enbryos

c uh¢dia eathenthiahearnyaspecifio iypep Relatiwaly dropledralaricett salt 2blutions for cul-

L 0 D S B B s AT,y AL e
c flliynidirodraded c Ohngszr hedia tarena vdilabledioamasrcially ag singlenstreagth or concen-

4501 S, 0L A0t B S B 8P B3 e o o
prepesiaiiededigiEsl hifenesthrcesteadely whicht veldx pdemineacencal signal from the
o Ao A b S TRRR AR YRR AR i o o
meEncubatordmoedtately efdarthe meBheretriamts. Thé iantuskespidation rate is calculated

before.ste t i,s. achi e QX ,

oS RN R0k SRR B el RBRAEN! PEEE oen para

égﬁtéisu'f?et Met pesitidn f']; | afsthefeniirfd issnanyithibavgieere optimal inteeval, e.g. be-

e di ffusion co rt.oent | :

PP REI0 €64 ptia e SRS R ool I & R Sotby b, o -

a jostatarg. withtanvdpplopaiat iaset.er of 1 mm and a depth of

10,4 mmwi.l | thu e [ fte p ' 35

i Wi B ER e ucie 7 ks Bt fPR] BEUPE Bty in vivo cui-

m tarecpesiods Ohe eimblyoa respiration eateftydiGaliyrin cpmbinationedh wirhdrphological

a m.cra-_ nanjpul at or used.  The. dat [

S TR L e e e BRI istr 0 e

campipgiehtrent. It is thus sufficient to know t he oxygen

pal.tial pressure .at the to nd, the botto

CoHaPoloBicR B Gah by icd 5550, ah S8R GrBb of e prorvo. Sue

i teviatuation tiedihodsbaramiubjeotine andsddpeatl viehemgcladh experingeb€he embryo

det ermi ned_ by. measuring. t he oxygen rtial ness T

> SROP Al At By epRLo] (8 PR pbirRnde FREb8 Ene-tie shel,

(l; mmmdln?nmatMX lorovitrhaes mpemga m@dm\@hdxonm ee@dﬂay;mrforms a variety
or. practical, purpgses, a n.us .

25 phaphs £3b, BECRBRES itk 0 s SR, Bub AR BRERES evalustion

f oTheoxorzein spatked iaad tianslubentbarid simudd bé lekeady Mdinguistmeble from cel-
lular debris. The important criteria in a morphological evaluation of embryos are: (1)
shape of the embryo; (2) presence of a zona pellucida; (3) size; (4) colour; (5) knowl-
edge of the age of the embryo in relation to its developmental stage, and (6) blasto-
mere membrane integrity. During embryonic development, blastomere numbers in-
crease geometrically (1-2-4-8-16- etc.). Synchronous cell division is generally main-
tained to the 16-cell stage in embryos. After 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, individual 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 blastocysts) before transfer to the recipient or discharge.
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Exanple 2 After the enbryo mani pul ati on, each
i ndi vidual enbryo is transferred by pipette to a 25

w@eopaseent (In vitro fertilization, cloning, PCTRKR603/000935

or another technique. See e.g.: In wvitro

fertilization. Kay Elder, Brian Dale, 2nd rep. Ed,

Canbridge University Press (2088), for a general

deExarmpieidon of enbryo mani pul ation techniques). The

conpart- ment is conprised within a larger frame with

several conpartnents, such that one or several

baMeoHeled semesaheyics!, diffusion: HigareBA skoves ah okygeansofile towards a bovine

P TBRifgn s RRBLRAT 2 ot BaRptAENC Elcl AT Hsbllys the same
f r datg in €(r) véraus dinoutieae ads thedtistankesirone thecephdrd ceantsr, (center of em-

b 3 BATPR GBS BB B3 vt e

coproblecitartd at they aurfaielof thecarhlbryo,ea iseick tatiyseafdhe evBryoda can be cho-

fr ' ' Y/ | e weden) .. T
helh 856 B B ABh ot B A e 2 b ARG hercal aiffusion
quislfulfileddbimerGr) vermlisavres lisdsr] fot yerglary®©b2aés QEHEAEE62 is the true

P PK%Q 35 44 media rather than any specific

t%@. ¢ e%ﬁrlg@%]%y si npl e bal anced salt solutions for

cul - ture of enbryos can be used. Earle's, Tyrode's '

an ' C - _ful i_nt,roduced,
ThoneRBES ke P RPN HEHERE sty i e et as oe-

st s&ibgt previoustyn Eignre 6B abha@vds thet theiassumfitivn of eepfectatpherical diffusion

me [ y r ) | n he.frane, in 5.
PSPk AR Rt 850 da g F MRt gy near. The
| uesdnsespon estinajaalill ierocmbehefluchced yihleaheicatof ahehich is not the case
bo ch individual conpartnment. The frane is
re{oh%ﬂ?ggg?tgﬁt he incubator imediately after the

nmeasurenents. The actual respiration rate is

cakg. e\ i_.nformati on about each individual

cviﬁ)ﬁf @%gﬂ?ﬁ#ﬂéﬁ@%l. If the oxygen partial pressure

at the position of the enbryo is not within a given

gp‘z.ié‘?ﬁ* siéup oWyc@acgn nt% u g ol T (;)/Qar:ih;

pr lessdiffesion syséem with st reetabolgingvpariiclanr apectdipaticath®umes a compound,
[ r r irati asu nt 1s perforned a .

o T8 r0meOli it e BRARIETAE PonsyFoeiph SB{EE by Hitusion. The
pemaguitudeioé thistiffysisn Fdispilwat cambe déseribéy py EaklisyFiishLaw:

conbi nation with a norphol ogi cal evaluation, is then

used as the basis for selection of the enbryos for

transfer, to_tdte 15 recipient, Mryrphol oqi cal

eval uat /o Pazvitro i s based h!-db\apalt. 1988} ures of

the enbryo. Such evaluation nethods are subjective

and depend very nuch on experience. The enbryo

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 consumption
source at any position in the system will be constant. The area integrated flux is de-
fined as the cross-sectional area, F, of the diffusion system perpendicular to the axis of

symmetry. Given the positive consumption, Q this can be expressed as:

-J-F=0,
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is spherical and is conposed of cells (bl astoneres)
surrounded by a gelatine-like shell, an acellular

woraionose2khown as the zona pel l uci da. The zona PEt/DKeI0d@00935

perfornms a variety 20 of functions until the enbryo
hatches, and is a good | andmark for enbryo eval uati on.
The zona is spherical and trandéucent, and shoul d be
clearly distinguishable fromcel- lular debris. The

[ tant criterig in rphol pgi cal eval uation of
e%f“&d’é’séﬂpém tﬂ%w'ﬁkﬁ%ﬂ?@"gﬁ'ﬂ:@e ryo; (2) presence of

a zona pellucida; (3) size; (4) colour; (5) know -

edge of the age of the enbryo in relation to its

devel ogyﬂﬁjq;l ¢ age, and (6) @I—l to 25 nere nenbrane
integrityl Durihg embryonic csevel opnent, bl astonere

nunbers in- crease geonetrically (1-2-4-8-16- etc.).
Synchronous cell division is generally main- tained to

t Belolbthesd bqudtiage will'beeappligd to a Adrigerof ghametries|(barallel-sided polyhe-

g!g\r/al} ? lg*giglgé %ﬁg@iﬂ%&ﬁg)grc%gvggr%dfté.ﬂe?rl% e‘ln& rg’]gfjerenggr%t)odlments
fﬁgﬁ@?rgﬁr’f h?;agtmen Bbi}/@;egrmel bﬂcmhietldemsiHe)oX%/%mesbmegl phgticle is sus-
3p5edd hgtterules iHoRan sosagRo! S A et 46

conpaction. As a result, individual cells |n the
errbr 0 are dlfflcult to vaI

) [ ;
arAedﬁlssi@{ éy:éténﬁ %r@effméa as oh@-dﬁrh@ngcfnél mtﬁ@bomma@ort dfehe diffusing

nor ul a st age, ereas other |an e
DT e AT L BT S BV 1y s VRN G AT Rty wide
stReR shexPandestam %Sdf@\cdf%tcﬁ%ehﬁﬁﬁél% yétemnFleage tledth €an be ignored,
reci pient or discharge. 35 WO

pemaiisheided weh vath a@urc@(%{rpﬁpéurég g%noeg?lgdbottom is to be considered as

S Q- oﬁﬁ&@d‘émhlﬁdslbﬁ@w@m Fi gure 6A shows an oxygen
proflletovvardsa owneﬂ@_%?%f E onth

bot t omASteady atadre oBErAIAPRTINA dTiEFgHCRN BB a?%f&egygatbﬂaat'ca"y as:
sane 5 data in C(r) versus al/r, V\,here ais the

di st ancg fromthe sphere cent er (center of em bryo)
to the ndpo (towards the enbryo) of the
oxygen 2of‘e¢é8 ﬁ*’é’%&é the profile starts at the
surface of the enbryo, a is the radius of the enbryo
(a can be cho- sen also at a point distant fromthe
el i-on about spherical diffusion is
fm‘?ﬁo‘%pm F%g ioH ‘rd)s versus a/r is linear, for very

| arge b val ues (vvhen C2 is the true 10 bulk
concentagtl on). The flux of oxygen passing through the
sphere pdint a can be cal c4lzatled as de- scri bed
previ oud¥ y. Figure 6B shows that the assunption of
perfect spherical diffusion

which upon a further integration yields
C=A4Ax+18B, (4.2.2)

where A and B are integration constants.
Consider a one-dimensional system with a length h which has a constant con-
centration C,, at x = h, and a source of constant consumptipn Qatx=0.Inaone-

dimensional diffusion system, the cross-sectional area, F, is constant as a function of x.
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is not conpletely fulfilled in this particul ar case,
as the line is not conpletely linear. The 15

w@emgsss on estimate will hence be i nfl uencedp@lyDKR@®3/000935

choice of a, which is not the case for a perfect fit.
Exanple 4 Diffusion theory 20 1. Diffusion towards a
constant source of consunptiond47ln a diffusion system
Wi t h a Applyddopéquatiog 4{2at on ebeation HbpReidldst hat consunes a
conmpound, the conpound wi Il be transported towards
the consunption source by diffusion. The rmagnitude of
this diDfusiFoaQ theg4fd3)x - can be described by Fick's
First Law. 25 J = -Ddz , (4.1.1) (Crank, 1997) where
Dis the diffusion coefficient, Cis the
COPHEREattin ofRE edubid 2 WA (oY, Al 3 ikt ux
is considered. At steady state, the area-integrated

di f f usi onal fI ux towards the consurrptl on 30 source at
any pos he system w constant. The area
i ntegra ?é h+é s%c‘re- fined 4 Qﬁe cross-sectional
area, F, of the dlfoSI on system per pendi cul ar to the
axis of sy he positive caonsunption, ?
t tﬁYSCQ%tH”'B@ ea%ﬁw& é‘ba 3A§nd (4rdHo %ezfeoémdgesuaﬂon 4.2.2) can
PQYE BitaQ83/ 000935 46 which by substitution wth
equation 4.1.1 yields Ddz F =Q(4.1.2) 5 Below
these equations will be applied to a range of
geonetries (parallel-gided polyhe- dra, cylindrical,
spheri cal ),C(x)ath&n—%B(xoﬁéi@eﬁ‘.éld to represent
different enbodi ment® Lot the present invention. For
exanpl e cal cul ations, the oxygen respiring particle is
sus- pended in water with a diffusjon coefficient of
3.Gepsidsrigg @??Qcoﬁcint(aé't’“éb gty = O papationd2 i Gaersi "eRERNged to yield:
system (parall el -sided pol yhedra or cylinder) A

di ffusion systemis defined as one-di nensional, if the
concent pat {n—6b) K he diffusing conpoup and the
physic boundg ies only vary in one d i on.
infinitely wide plane sheet is an exarrple of a

one-di mensi onal system |f edge effects can be

| oSl F, DDh,ainBas,Adrk Rhowh ARE cHRdUmpHohhatd caA %Q:@lc@fated from a

consunptl on at the bottomis to be consi dered
measurement of C, using eq. 4.2.6.

Applying this to the measurements performed in Example 6, where the diffusion
system was in the form of a parallel-sided cylindrical well with a diameter of 0.5 milli-
meter, corresponding to yielding a surface area F of 0.00196 cm?, and a depth h of 4
millimeter, the measured concentration of 17% oxygen (corresponding 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™.

3. Cylindrical system (disk-shaped) essentially two dimensional.

In a cylindrical diffusion system, diffusion takes place along 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, cylindrical diffusion can be described mathematically as:
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one-di nensi onal diffusion system At steady state,
one-di nensi onal diffusion can be descri bed

woradohesass cal ly as: d 2C = 0 (Crank, 1997), drCI/DRR003/000935

whi ch upon integration yields dC dx A (4.2.1) 25
whi ch upon a further integration yields C=Ax+B,
(4.2.2) where A and B are integf@tion constants. 30
Consi der a one-di mensional systemwith a length h
whi ch hag stant con- centration C, at x = h, and
a source—éﬁfggEsﬂdEMwmpmgmqption Qat x = 0. In a one-
di mensi ¢#al 4Hijfusi on system the cross-sectional
area, F, is constant as a function of x. WD
2004/ 056265 PCT/ DK2003/ 000935 47 Appl yi ng equati on
4. whithapordniegration viells2 yi el ds D. A F=Q (4.2.3) 5 The
concentration at x = h equals Ca,, which according to
eq. 4.2.2 yields: Ch) = Ah +B = C,,, (4.2.4). By
conbi ni ngCequations (4.2.3) and (4.2.4) to solve for A
and B, &gpati‘n (4.2.2) can {93de rewitten: C(x) =
C,, +D(x - h) (4.2.5), Considering the
concentration Co at x = 0, equation 4.2.5 can be
r e@fhi peld. .15.0=(C,, - Co )F Dh (4.2.6)
Th‘ﬁ@,ﬁﬁiﬂ? Srg’atﬁ%-’tﬁéﬁrltg%raué Y'Qg?e known, the consunption
rate can be calculated froma neasurenent of Co using
eq. 4.2,6. 20 lying this t nmeasur enent s
perforn%g_fﬁkgﬁgﬁple 6, mhereg%%g§diffusion system
was in the formof a parallel-sided cylindrical well

- nmeter, corresponding to

i jamgter. of 0.5 ml/i
31%ﬁ%?ﬁgé§f§6$éEﬁﬁﬁﬂF@ég%S%%ﬁo.00196 cn2, and a depth

h of 4 Consider a cylindrical system with a length / and radius ry which has a constant

concentration C,, at r = r,, and a source of constant consumption Q atr = 0.
Applying equation 4.3.1 on equation 4.1.2 yields

Dé?F:Q (4.3.3)

The concentration at r = r, equals C,, which according to eq. 4.3.2 yields:
C(n)=A4+Bnr=C, (4.3.4).
In a cylindrical diffusion system, the cross-sectional area, F, is a function of r-

F=2m-r] (4.3.5)

By combining equations 4.3.3, 4.3.4, and 4.3.5 to solve for A and B, equation (4.3.2)

can be rewritten:

C(r)=C,+ In(r/%) (4.3.6),

2z1-D
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mllinmeter, the neasured concentration of 17% oxygen

(corresponding to 169 pM at the bottom of the well
w@eopaseds t o 21 % oxygen (correspondi ng to 210P@IVPKai03/000935

the top 25 of the well can be translated to a

consunption rate of 6.77.10"6 nnols 1 correspondi ng

to 0.546 nanolitershour 1. 3. @&dindrical system

( dCensidsiap dh cassabticnl Cyattanadditiopalgioimial,, in e diffusion system,

o e Toh 3o i a6 BePBnBdliRige, | 'S0 Wher cas Lhere i s

no change al ong the | ongitudinal axis of the
cylindrical sys If edge effects can be negl ected,
a di ffug@ﬁ&ﬁi&fﬁdﬂﬁ sting of a di s@gbzped body
with a “consunpi(# fm)source in its center
considered a cylindrical system At steady st ate,
cylindrical diffusion can be described mathematically
ast hdéﬂf?@%?@ﬁ@g@@ %@Jk%@@ﬁé %%%tloﬁgate @aﬁi Ee calgulaged from a
( Crank whi ch'upon”integration yi el
OneaS(Lmergeqt)of er'-'stm|%4@f70n a further integration
Y 1eh @glinHACSMBIIN systen & cdhstr Y& ﬁy fadRg ab Oarfn% diameter circular
i ntegration const ant s. Consi der ylindri
wi ifReEmeattigydisk PO artabous m%lmpgrmm%sme@n@lmmmn oxygen re-
C%Hﬁﬁ@tﬁa%dlé’ﬂntﬁ:@/cﬁéméterof 1300 gné‘aﬁ QM]%& r%E%IFé%Bﬁtragtoﬂ nl oxygen

consuppti on
edURY| BRder. tl1eQ Qeryerecpfdge d@k t]z\e rqsuﬁln@s tepdy-state concemiration will be
, i ch accordlng to

eqoravg_ Mététﬁé;/ ?gmeﬁe sfurracé C%&w@ %A%hBM/‘@ _ageor
(4.3.4). In a cyli ndrl cal diffusion system the
cross-sectional area, F, is a function of r: 25 F=27c
i-1(4.3.5)

4. Spherical system (cone-shaped — hemispherical A three dimensional system..

In a spherical diffusion system, diffusion takes place along the radius of a sphere or a
section of a sphere. If edge effects can be neglected, a diffusion system consisting of a
cone-shaped body with a consumption source a its tip is to be considered a spherical
system.

At steady state, spherical diffusion can be described mathematically as:

d( , dC
—\ ¥

) 0 (Crank, 1997),
dr

dr
which upon integration yields

, dC
t—=A, 4.41
’ dr ( )

which upon a further integration yields

c=p+2, (4.4.2)
r



By conbi ning equations 4.3.3, 4.3.4, and 4.3.5 to

solve for A and B, equation (4.3.2) can be rewitten:
wWa0@PsR6x= C,y + Q In(rhri) (4.3.6), 27r-1D VECT/DK2003/000935

2004/ 056265 PCT/ DK2003/ 000935 49 Considering the

concentration Co at an additional point, ro, in the

di ffusion system equation 4.306 can be rearranged to

yivethate AGmd(Elsve ml@@)aﬁﬁnboﬁbtéﬂtsS 7) 1In(rl /ro ) 5.

Thus,

consu n’péci’rl?ﬁjerr a8 R%%?‘ %PéS?%'H quﬂlaar?gﬁ'sf t mbghaﬂ@ £807tankpncentration

of C,Cat rlHSrhmgwdea:{souﬁcéiof?conhfanaccmshmpddsm Cadt réi d.f usi on
system s const d placin 10 mm di anmet er

ci rcul %‘H?g ﬁe‘”‘ﬁ%gﬁq%%'oﬂ%gl%@é an i nper meabl e
surface and pIaC|ng an oxygen re 10 spiring particle
wth a di ameter of 100 pm and an oxygen respiration
rate ofDI ?gen (4hpgy * under the center of the

di sk, therfesul i ng steady-state concentration wll be
157pM at the particle surface according to Eqn. 4. 3.6.
15 4. Spherical system (cone-shaped - hem spherical A
t Hrheecathicentretion aal = sysiuvala C,, whidh sgebelingctaleqd 44 2igiekde:
system diffusion takes place along the radius of a
sphere or a section of a sphere. If edge effects can
be negl ect ed aAdI ffusion system consisting of a

cone- shaffeks Bady wfth a consuer’cff)on source a its tip
is to be considéred a spherical system 20 At steady
state, spherical diffusion can be described

mat hemat i cal | a C2dr J 0 (Crank, 1997) '
upBr? YRR iRk T\%‘dﬁ’PWﬂ@F% the grogs-gectional area, fz.ig 7 fU'Wa'PE ﬁf the radius,
UROR tiie dydtdnBbnsidhé 604 BdADF con@etiesdfbdd=dt 4, (4.4.2)

r

F=2r r? -(1 - cosg) (4.4.5),

where 0 is the tip angle of the cone. By combining equations 4.4.3, 4.4.4, and 4.4.5 to

solve for A and B, equation (4.4.2) can be rewritten:

Ciry=C, - 0 0 (l —lJ (4.4.6),
2% -D-(l—cos;) roh

Considering the concentration C, at an additional point, r,, in the diffusion system,

equation x4.6 can be rearranged to yield:

0=(C,—-Cy)-2m -D-(l—cos%)(-l—~l) (4.4.7).

B R
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WD 2004/ 056265 PCT/ DK2003/ 000935 50 where A and B are
i ntegrati on constants. Consider a spherical system

wonaoh/os6268di us rl whi ch has a constant concentPEE/DER003/000935

Cwat r =r,, and a source of constant consunption Q

at r = 0. Applying equation 4.4.1 on equation 1.2

yields 5D 2. F=Q(4.4.3) Th& concentration at r =

r 1Tiews) #1535 rowm, ondmca, amodjnnmetdbngmﬂpﬂbnéfa% oanddeSsiculat€d from a

C(rl)=B+4 a cylindrical diffusion
sy@?éﬂfre?‘ﬁ@%%’é’?'@e%}l onal area, F, is a function of

t he radApslying this td the Imse&uﬁérmﬁ@géwdrmtea ll’OEXEﬁn}Q@ rewhére a Cp = 206
can be desc I bed

s. 15 F=27r cosO

nQHGRs 35 Ry (045 GPCEPh At SRS Ay 10° o’ s, 1 =
eqyakicRN® -4604° §nd é 4 Mo Emd d& §ré39|rat%9||r¥% cff@rﬂAhI%BQr
B, equation (4.4. can ewitten:
Q9 rr (446) 20D|1 cos0J ' ConS|der|ngthe
Co[‘i BuFRCrank, 901897, &he Méﬁé’&gl fBﬁ‘fu@fon C@redd%ntlﬂ?é‘ss

usion system equation x4.6 can be rearranged to
yleld 25 =(C,,,-Co)27rD 1-cos e 1 - 1(447) 2ro

r1E§('g;)n Q% nP 4 %QQ?&eQ/ g%@scr%&d-ﬁ l’t'l?e in'\/éntBn

be cal cul at ed from a rreasurerrent of Co u3| ng
4. Iiheflgtmgwrymﬁgnattemtgppl@atlmsfrr@aé@n difpeant desiens for tlr@mQVﬁl devices

Ex
o gﬁ@rlgﬁg ?gﬁg‘b%g gL s€ \e/%%ongyrle"@ﬁgﬁfo%b@ﬁecﬂﬁvsaﬁ i "d%Sl%nS to facilitate

s handling of the raetelaolising rarticlesand/aratljwsling tre1diffysign Pardeie ensure

B@tﬁv%lrr?édtl)ggbﬁ &ﬁrﬁlti@k&@h (Jéﬁrﬁa @Fg&g@ﬁln%ﬁ %lglr'gﬁéﬂlrtﬁn be organized into
Ol eategriiss aeeeising to theamplabolile DersayvratismansHisst ype ik és generated in

defﬂe‘%ﬁec‘dlg QAR 8% B¥st BRXIHMKAB hEBomp&tment. The four categories are:

1. One dimensional system with a linear metabolite concentration gradient

2. Two dimensional system with a logarithmic metabolite concentration gradi-
ent

3. Three dimensional system (cone — hemisphere) with a hyperbolic concen-

tration gradient

4, Irregular systems which is a combination of the above, and where more

complex modelling is required to describe the concentration gradient

The diffusion theory pertaining to each of the three categories is described in detail in
the previous example (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 to a respiring embryo suspended in

aqueous medium. We will use the following standard parameters:



The figures in this patent application show 15

different designs for the novel devices described
whesa/05d2bsy of these variations are functi onal PGI/DK2003/000935

equi val ent designs to facilitate handling of the

met abol i sing particle and/or adjusting the diffusion

barrier to ensure optinml incdRation conditions for

the netabol i si sghgadiptibs ke, @Re0 ganoliss abGeNErEt 2870 Bnmol-s™),

15 categories according to the netabolite . 1. _

concentrati on §R&ensfiusioprestiisient.ik=geAdstOtqsef §rn maelum (at

medi a \MSB@i'n and in close proximty to the

conpartnent. The four categories are: 1. One

di mensi onal sy8@ eXygsintaengentiationin netagstiims €., =210 pM at 38 °C

concentration ﬁé&%ﬁ%%hs%r%i al %0 o8 [ TRP Ak @.X?b}?mu uM at 38

with a logarithmc metabo e concentration gradr- ent

3. Thr é€)di nensi onal system (cone - hemi sphere) with a

hyperbolic concen- tration gradient 25 4. Irregul ar

systens which is a conbination of the above, and where

mPree dicenpbeal sysidel wiing linsarnestabalitsicénrediegiioni drediehle

concentration gradient The diffusion theory pertaining

to each of the three categories is described in detail

I Mheliffusion qayuatiomaserekrangtossucheasyptem ¥)destidheddn theesecond section of

derjve atians resent an exam. .pble of how to
a&RPIRTeLEdt He AR A nelRnEs e cBMeph A Bt fendi sprhyee Ean. 426
09y bESIalAn8Riarldtb] dBodfs bifon BREAMNI M3k (/9) B d = 2JF /x
metabol1sing particle wth a given respiration’rate.

Qur standard exanple deals with oxygen diffusion to a
respiring nded in aqueous medium W wl|

use the,foll owtrd-&t andard paraneters: 5315 VO
2004/ 05621 ﬂPg(@p@%$/000935 52 - cohé nption rate,
Q=1.0 nanoliters-hour 1 (=to 1.24.10-5 nnol-s'"' ),

- oxygen diffusion coefficient. D= 3.45.10 5 cn2 s-

I na.edjum, (a 380). .- an ox n,concentration in the
rrg.a}/?”r{heétér}dtagd Eira%ﬁrggg%\g \éggnc_l ﬁ@e%?rp%tgr gtgtﬁg gylmder must be re-
Sidyoed td sbROUT0 pweto diveathe bdasiked( sigreal fdCan=biett with #ie Sected oxy-
O . One di nsitonal systemwith a |inear netabolite
c&’?&éﬁ‘?@?ﬂg%ﬁa Gradi ent 10 The diffusion equations

pertaining to such a systemis described in the second

S etslig%nA,osfhown in Figure 1 Bore in an impermeable material. This design is a simple

cylindrical bore in an impermeable 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 on a layer of a permeable material 1.6 above a detector (1.3) (which couid 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 (1.6) 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. Outside 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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Exanple 4. If we assune a height of the cylinder, h,
of 3 mmthen we can use Eqn. 4.2.6 to calculate the

waoelr@amwsesy d, of the cylinder, given that F = FCT/OKL®BE/000935

<t d=2FTcd=4C (5.1) DC1,-Co) 15 Gven the
standard paraneters above we find the dianeter of the
cylinder nust be re- duced to d&%ut 470 pmto give the
desjuation sbaowealwhers tharfiup ks @otroldd by thh @speg eaticeaf tiox pore. The di-

BcatnbEE B8 bbeAchlche Kbt 88 fubfhet i uldlg WbBs Bt obour n the

si mptiie colynin aixhviedlad metabelisimg particlapErenadantageaf ¢his désign is its sim-
. I -.h

Ry e tebeeth BB uled BF R o8 flip BBt Gad b Rents ae-

pasaribed & Extaniple i1sTid teenaimtdigadeantboes with this dedigryier 1)dhe difficulty
‘ v al . t ' .

201&%%{5%2%) L%ﬁéoﬁéhﬁ (g)ta}ltfc?em@e%gg(%agl,n%Zéq%gyr%:rrogvflbo%, é)‘%ﬁ‘é l%lablhty to

| uregniajshibe eiffusan hssrieritaeed el tHer roetabble ratgpofdhe tristabotising particle

the 25 transparent bottom (1.5)). The purpose of the

perneabl e layer (1.6) is to even out the horizontal

neDetign Bt shavomiodigurat! il oBorgvaiti eexcbardgeabie top Wiodasign is very similar

T Lie. i . . .
orbabairtis Bork i TER e Bt BRSBRAY B)<“odriobbet ol mpermeabie
pr pietasc Al vegsel nmdemfmnaopessabtesmateribldes. glBes)dfdiat méthinoedium
or 57 e LS RNt AL A PRBh e 115w
c ua egindbicdl (orfpdiyhedes)tedd (1riat)ittmoodgh theer8@. Bothe and diiitigghhole facing

' . > { i i i I, o
Byl s Bl E el RSB  al cqy o
hewhisip ler iespiling pardicler(t 1.1 his\piecet. Thectop ovatle of thatdaeity are covered with

Hoelipitg ARRATS (115) ASIRE USRS Ay bndmifern i tigdnetabolising
3 ypﬂrﬁm a'ssplgcefo{iﬁ sdiaﬂegg itlzmpes%mti% of 1>vath|qu ;b]@f gieesthes design is
escl.i A } .
o R p R Bor daREE 880K ARERiAE S dbiar ade of
aﬁ@am piee&s'kwitmén bky@ebcsezsii;i%arrngiﬂpgﬁrrw%srs.uoéestshélg kbeer:e used to
so.lo .
o oDl FogbTBlor o bl S el HERRLE! The advan-
plaﬁagé of this d’etve'a:eadmmﬁ*etgmftbié lcerlit'gﬂ bdesdeguribex albavess e possibility to
icitv., It . . .1
P el an BRI PRk o b8 EB Uik B Sab fRtid gy #5Permeabic
gr?]??:aaxli.aaiemodir?aﬂw img/“abjgmey\’nt).t Igisltdiléo;sp;]aﬁe'fbieﬁ;hmi éxstéanb)e topto provide
e ot iybin faklS SR AR RaRarh el Hr B of I cpnirg bore. How-
r egualrgihe nmaredidadantagenis ter diffieultytia seakedhe tweinermabable parts fit
r aérﬁoo%ly,t Qoethg%ﬁéargoalré fcié) ﬂgrifo%{atl Iggbs.e at the interface between them wherein

the metabolite can diffuse horizontally along the interface.

Design C, shown in Figure 2. Bore with insert. This design is identical to design A (Fig-
ure 1). The only difference is an impermeable insert into the bore (2.9), which reduces
the cross section of the bore from A in figure 1 to B in figure 2. The reduced cross sec-
tion will increase the diffusion barrier and thus reduce the metabolite concentration 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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Design B, shown in Figure 11. Bore w th exchangeabl e
top. This design is very simlar 10 to the sinple bore

waele@ensees] previously (design A). It is conposkCI/DK2608000935

i nper neabl e pieces. A vessel made of an inperneabl e
material (e.g. glass) filled wwth nmedium (11.5). Onto
this vessel is placed a small P4 ece of an inperneabl e

hllﬁrioﬁl &d ? lnérbésﬁﬂhevdlérhete&oﬁtﬁb b ey ér&ﬂ’acigt@te qmdeyfl &ﬁﬂﬁalrr)etabollsmg
ol e thro S cen t he end of  the
{ Beili AceclRLSUT B4t fesiked Ao Rbnsetieatbardh g fakes from very
f ﬁmﬁﬂultwﬁ@hwés )hety(arf 08 smemrmblmmm \tadry w_ertrl] ¢ a\&)w@a;lﬁsjlwbetween

e respirin ticle e top walls
ofnSgH&n Qer%tg cﬁ*gé Wiseh Wlt%%'te ?@J@@ﬁr‘?@t e detectors
(11.3). As long as the caV|ty ‘chanber” in which the
net apol rtic isp i.s small and. th .
Dokt o 2hodn iF Pbie {epertoBn g g AEHGR frs gy sauivatent o
egesiyrirenicohsistt bea bbﬁﬂh@ehﬁéeﬁbl&b@;ﬁlmm Bhtheone’slosed end (or a

prototype of this desj cesvvl
P SrCIEtER sdering o thrh e e aaet elfpaBbelt Ff ipglbhck 8 can be
U%@gle&t@d)?&hd’f@ﬂﬁﬁél&atﬂﬁ@ mhéaémcpm mhataeslishig particleds slatadyatshe funnel

60 (B Diataploted o Sells bR aray atigr Bt pob s D e qegitery

t RidhQ$ Blabed bk Ywd ﬁoldér%l'(BMxek triaaglaehadmleéd 5. myswba’fdrg@d i a vessel
fromthe device

BTN e BE) o TERBOH B soP U RIS SIHBCRY 15 nggbands (15.2)
p@&aétebtethé ﬁme@wdnmcémmoh Qravignti Ifltheroaidi tﬂvbefaadi then the outer-
diffusion barrier with a di ffehggt di a

o ash B LRy SPIVBGH & 1efesP B EES distaise i ine SpeniRg 1817 to the

dinsetsbyctish %rtlcFe t1be) deéd hetd KhoWh dﬂik@g adithetbmds are more proximal
|nperrreab arts fit snogth

 t t.h are
hé‘i’ inecpeRIngdaas tharresmidng pRrEsle- oot akend e 7 B SR from the
eﬁifﬁé BTy Dtgﬁn t}@rméﬂabéusﬁ@ Mdl@ mﬂﬂlthyn nieangamdwbetween the lat-
ertace. Sl

| HRreane the farmeGBURUhe KRoWydhe Pt ot s sy Peetbe sigal enough

UR& pﬁe»ﬁntﬁlgn%umba AR éé@rn%rgéaaf itiis a@sugrmgethaeanmyao ireReite the diffusion
into the ore

reduc Cross
ofoafrieE bbBF'égftheo‘FﬁpAaM'nft“% it ma\{ﬁse(@%ﬁﬂ?éﬂe"abO"smg
I SAHERA 161 SS=F8S or AW frah lthe o;mrr@a(se 7 reusdinbhging me distance the
barrier and thus reduce the E§0|Ite once trat,

| AetE BRI AR RTENBISE RGH lsiam Y et P(ePIar) WIS dayine s to get

adNSRcRBRIIShg bartisle AR5 it capillah) rhaBinriel ¥holl®heip Gut atiienake such a
the diffusive barrier b%/ changi ng between inserts with

didevige gire gificultde sarstEtt ers. "1t may al so be easier to

renove the netabolising particle if the i nsert i's
first re WO 2004/ 056265 PCT/ DK2003/ 000935
| Rasigase SR i BIUTRS. B iHl S TIA PTORE (T Seein 3 idefiical to

aGesRh A Q ath.rréar(@bsblyﬁédwl) bexar(Bi4¢ irean ipnsaablaniaagel (3.5) with
is the required S|ze i nserts and bores [(1;3 ng}ﬁ’gf  th
t W@thm paiticlai(3.1) 68%91 an dheROtoRRReraIagLIPdRYEr SR PN top of the
anfetdbitie Edrsit8détat®drl(3B9. BYRbEr ARRIdBRINEEsloy 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 bottom stationary and
moving the walls downwards (as in design G below). The adjustable bottom (3.10)

serves two purposes: 1) regulating metabolite supply to the respiring particle by altering
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insert and bore through which the netabolite could
diffuse. 5 Design D, shown in Figure 15 Bent

w@apihsasy. This design is functionally equi vaPE€nDKR@3/000935

design A It consists of a bent inperneable capillary

(15.5) with one closed end (or a very distant opening

so that diffusive transport of Setabolite fromthe

balbk difusionzhartss, antsg)lte facdidte dmeremdvahoféhe aetdtutisiog perticle from the

by, PR 4540 L LS4 JFE0A) SO v anc

| oveesltanysimall sige Bf the pifton.Hiis caafpfrthérwbmplwmloohhatSh@j masidit very well

' I
oni B RGE kil £ 8B 06 MR e
s emsy aisvdediiffiedttomdasurs the @tg nathm:cﬂ‘:doma@o(té SeBsitive detector (3.3)
Ciréfitind E&togﬁe?tfﬁrjohéﬁth% &h é"f‘é' on gradient. |f there
two ban

are hen er- st band nay serve as a
reference and the di stance fromthe opening (15.7) to

t hBFs]@ &Eés%t ik ﬁaqqge Pab ééﬁé ﬁ/ltﬂ gigte%)%gi%%% ?‘Rl% I%%SIgBE%O\?Aﬁ axample of

nmor e pr oxi
t hiagw tH@GS@S\FE desmgbpdaabcp\@l @uld lﬁe telatizesl. It$hawbarmhr1mulaa embodiment

I t [ (
oy A S4B DATh ' Jen M 4 AR bt Rhucr B g me-
t h@bblmng paziiclaiscitked updrmnma inansfer benthinemithe *ﬁruager of the pipette
Q - .

or Qo et 36l cbAbh ThBlondite?Rictor 3 Hler 1@ repgirng part-
a_b¢|13 (£.9) has b@guu!l(ateé uphibediifeftiads tnmn@[)wﬂtfaﬂ*ieit\prupbgnd inserted through a
Er:)é/éerls Pi(glr% Irl}ftsh)g%t?)ﬁéhraroré%arh%f é OSSS%P lﬂg:n?escﬁ Vi S(nglg ;_sja,lgéetq\ﬁently filled
t owidhr ohediom @vid)y THer loanre béthepmmthegse(vb% a%)thd; bidswallsa({[cfi) of the com-
th rﬁﬁeﬂtance the netabolite has to traverse by

'%u& on. The largest problemw th this device is to

get the netabolising particle into the capillary. The

fu il h.a Vi e I
28l A, R D4 B M8 e BB e s
3. fuBctiopally ectw\mﬂs}nilm thiel teo Ipotviausy bdthhs adjesimgemt lssaccomphshed ina
[ he
dsﬁ@“if&\t{?rleﬂt W%F ?ﬂ C%Her 18 ggﬁt}gl ﬁ)@?ere 1 \l\{tg egf g‘ n}eﬁn ions as the
mahea@hjqu merayrrpandm@Wellq @615) caasbbmmgilfcerd reladivéo tat 1he fixed bottom
( 0 t et abo
¢13| ! ?Lgtdrrﬂ%@[i}e a%p%% tgg otp ﬁg%z/ 'I?% thlﬁk%esa é)t h&ndlfgf%crn ls)/arrler ie.
a tbeethldmeesoﬂm¢ ligaid dﬂye8016;43)| in restuced by titraibg (a161137)gjlmkwis;e whereby
b &y h 0ssi. bl
01011 Yy 39 SR P16, ) M ARE A B B e
rrectcmtaMmQ surcamdngt mediuma{18.2). tAsehd bbttamobdthetdoenaethent (16.10) is
T ' s  here onpl i,shed nmovi
(eSS 08 o AEGBTBR BT el oF e compart
efrhenttvoluame dred muhlrea/delcrbgsédetbpkmﬁgsstdﬁ ¢hehymdrineable layer (16.4) and
Sttﬁérle%}g Esg \%E m@%,?'ggg 8%8?%@%5@ av%’??r?qg?extends from the bot-
tom of the compartment 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-
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supply to the respiring particle by altering WD
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barrier, and 2) to facilitate the renoval of the

nmet abol i sing particle fromthe device. The main

di sadvantage is the required digf nutive dianeter of

t hivebamimopharetemsbedded inl thaimhpermaablesnateriafyet blesepiesitfoom below. This

b3 SHERASRERLACER B DRk IR Mgt o il
V\m&tdmtommme ablnis 4 esex_vulrcﬂordhé fne@hohﬂetthﬁ muest balirs equikbrium to get a

di Jtéécﬁ}gtéte ,{g?%%,ﬂ'{p?§[@§ o? %énaéo{‘n ﬁflégﬁ{)r?%%%/ljﬁe%sewn in other

sensi el 6Ctor omi .
t Imspgrstasme(lBTh@)nalrfmbAagtagE of ﬂfmvmsen’ned:dwres?he gradual adjustment

PI (9% 8 IE)H bgﬁ ﬁc? Ihe Lotk n Thl’[%n eljaBO|%ﬂ'l particle, when the
cﬁ‘e % Misnipidat 19 AT

ove Co
r etabltapals tunned sh dmway dxamrt iThe | naain ells‘advzhmm is tl‘jd)reqhnaectdlmmutlve

831 B P0G 65 ] B ot compica-

pi tdoettiatuthey must it veryamalf teravoidrgapss ibetweetipéstoh andjboredhrough which

is particular in that it contain a
S%&%@Ol?edgéi%%gf?"S?? 3). After the respiring parti -
cIe (7.1) has been p|cked up, the plpette is turned
. th

subsequently f| 'l ed 15 W|th medi um(7 2). The barrel

c olﬁ}tﬂ% gge ﬁ@ %%rg % S 191%:%%!1?& p%%t.io ! gtrbleE%Neen two imper-

W inbalbla pémde elurﬁxd:jeel sb aﬂ’ﬂalt ¢hebpartneable Thatsrial ¢s.ggmedia) constitutes a disk. We

el vemanr ety Pt SRR g sy SuoB8 BIRHT 1T aritpagal fusion system.
wagiffudion taiies place alongihe ediusaf the( dyinder, medeaad]etustsa‘@l @hange along

O RISl o0 B PRl by 0F, B SO B bgiected, a diffusion
155/811600 conysigtimg rof agilskhsda\tqlmmﬂaﬁh@diffuﬁo(n £Gudtions p@ha!nlng to sucha
the t

LP éy{: Eeéﬁ rsss of latgﬁbcglygrl)e {hir 3237 |okr)1aorf ﬁéﬁﬁ‘@g d‘F B&/we a?%m}]e | & ir%?]e °of the detec-
( 16r digk tnElIcm kel met,aboﬂmgammclé ﬁﬁbd?& Olﬁymmeam;thefomer radius of the

dto rds th ttomof th

| R oS EViog el RSB SR PO 1 23, Thoggwe oan use
t hEqrioet 3.0 1o cdiculae tb@d’pwnbmelribet(véﬁ) fh@)impsrmdablecplanar surfaces to obtain
reI ti.ve ch the.bottomof the larger well this results

e%lreeéjr g orsflgr} e conpart- nent volune and thus in
a decreased t hi ckness of the perneable |ayer (16.4)
and therefore I o in an increased perneability. The
detectoy (1 'evends fromthe bot- {opyof the
corrpartrrerﬂﬂuov(md—scgﬁe bottom of the larger well
cont ai ni ng surroundi ng 30 medi um where it can be
brought in contact with a recording unit. As the

degReh We SBh&ard parameters above we find the distance between the the planar
surfaces must be 20.1 um 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-



10

15

20

25

30

35

rial (16.3) is enbedded in the inperneable well

mat eri al except for the detector surface (16.10)
whedloemsd2be et abol i sing particle (16.1) The saP@I/DK2003/000935

nmet abolite concentration should be observed within

all of the detector material. It is thus possible to

extend the detector into a hogtzontal disc beneath

E@rma%uomgk @. 51)9Tﬁ@6tsk Clifich ddHsHitiésSthe R els}%r!/@f tRE sa¥Sstantially
P!

si cal nal ifier for an optica
p Rﬁf?‘ﬁ?%‘e&g’ rtmréﬁ&wa'b& syRpoLad 8y 59@992%694% %S%P a well-defined
P@Eféaﬁa%@{eqm&%rt &ﬁhé w&térwlmwmm@mea@%aﬁhgaﬂmbﬁt WAIK9.5). The
abl e rra erI§ I¥et observed frgm be
5% islag pREIC ea(ﬁﬂ i placad g8 shellew welin 2 8 a’ée Ji hé\ﬁ@?‘cers (9.15) are

r gﬁmnmh afhatdhedding @&marca@&héthﬁeymy @chqﬁytaeghar fré(&ubH BBthe area
as a reservoir for the netabolite that

c HuAeT g skene dgart gonsiuia iostisee BATRTAP cilgpipn Theigusion bar-

t YiBecf bePAGG48E b icB mgﬂﬂﬁ@lﬁefght:aﬁm@ RpA®ets beppbmf ls ubPer wall
ot her 5 desi The main advant e of

S BB SOREANGAlY TeP e Ble A Vel e rogin Cfvgavantage is the

dihtéafor ﬂl@théheﬁrsuﬁaébst SEhEARY dSBEHCB Wetldtheldidteremains unal-
met abol i si ng partic when the the top is turne

al |
t FRESEPVERSRA | Oﬁh@'aﬁﬁr't)ﬁ mysseRly AR PAEW HS OYEH’@ reiduely gd'ge diameter

diofri Mk, U8 avéil %Bﬁfpﬁfm@ihg teuhRritAsthe td;ﬁb 'b@ﬁ\kéehaﬂé lmpermeable
smal |l size of the piston, It is a further

t ﬁwﬁaqeﬁaft\n@th%&prﬁh@m if placipgrapdygmpving ﬂaﬁﬂeﬂ@%@ag&d without turbu-
binee AR tRbmG e ARELHINSIRY bArtiBlBdbo Maksh 10 the

nmetabolite could diffuse. Two di nensional systemwth

a logarithmc netabolite concentration gradien In the

derisgng, sHownhh Fiduaé €0, omu&&ed@wweusame BaWhdeCdfe dowe. This is a
posi ti oned between t v& 15 neabl e pl anar
S GP?‘%@@'%'%“HW‘%‘H&’ qreivenb oAU de@@ngas the gpayeable space

C aPslableUbegiffasite ﬁgnsdéﬂ of 'ﬂ%’rﬂe@%élﬁ@ﬁé &drifiied Beiwalen two |mpermeable
iffusion in a di sc shape inder. In a cylindric

dﬁquwolﬁog?\éqrelﬁ]thls §P%9 Eﬁ@,lr@ﬁertrgﬁ@epge wr@@@s ﬁf%’?ﬂj Planer but constitute

r @ﬁ'lrﬁﬁerﬁfeab%&ﬁé'hugqi@ 6? indEleseAS ddﬂ@rsﬁa‘oéd E’él/lty“ |'h'ié1 @R impermeable
al on t he |l ongi tudinal axis of the cylindri

59?@%%0 3 fT'é%I@’é’ta@Pf'%B@ pardigh (1)%3)1@@'8&@9 éathea{n%q"vmdbﬂ%ﬂo 2) cone

S ¥RAFN GRp ividrd @ bfgravitdicelnet o ARY S tﬁ@‘b@ttonﬁhi@ of the cavnty A de-
di ffusi on eﬂuatl ons pertaining to suc

déasteri(h@d) isdogated pearthe %@P%”%Pa@R'Sr%F@ tJZP Oflﬂf‘e %wty, "and a
a%@h&%a%e"dﬁ%‘pléﬁné&blé f“tﬁs%@éc@@ in ih@rcadityﬁ lSSp*é@ér@.V(ﬂ(‘) h's) ensure that a

nmet abol i sing particle to ro =

oweliicfingd dtagee et B?ta’ﬁafﬂ H%el}idfad@ethie élX)Prﬁﬁs'%oT}“@ qdygntage of this

”@béﬂ&ﬁ’ loVé‘ th8 ngVdds% fhat &ebﬁetabéllsmg%dﬂfﬁle a&mwfﬁakéér’t sink to the
use to cal culate i stance, ./, between

 Hetepinp BpsitaAhp aan (Bl Heceaiy. SiitapAcing bRIFRES o im-
deb@tdMe parERUstd® ar&uilylédritolidd Wi véM-sflall tolerances, which is not

easily accomplished.

Three dimensional system (conus — hemisphere) with a hyperbolic concentration gra-

dient

In the 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 restricts the angles from which
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27r D (C,,, - Co) Gven the standard paraneters
above we find the distance between the the pl anar

wa@oasess nust be 20.1 pmto give the desired BCDER003/000935

for an object with the expected 30 oxygen respiration

rate. Design H, shown in Figure 9. Diffusion disk

beween i nperneabl e plates. Thi $8is a de- sign where

t be metatistilel cainappprachithd metaboliging parfitlaciéwerexaresa the observed flow as

P%I'ﬁé o Cg%%%rbfggg%s%gglgﬁne (gsg%ﬁ/ {B@ﬁgﬁ’% emLf.Rher(l]cal ?(Iffusmn pattern

whif @lmetebalisingurasticle h@aupp@mq@btetswﬁace h@n be desciibved dltye same set of

TR SRR G RN S S o oo

patesciitfedtin éhesfobﬂlh aadtioal df Exampler 4rifatd esaumqmratdi&srrbf theatdne at the
g?PQSSft%WE\?\E\eI ﬁ%ttﬁgg%ﬁgiag&l (relzgelS ?3"%{5 8](5pm 19ar1(§ eac?, eergracljlﬂs of the conical
S hdapressiohho behahc‘hmth Thee \AbQ:ahmée@ifne4t4Wa&> dakueiate tHeyconical angle, 6,

RS oA ot fo iR Beiged FrBERT B e (0

di ffusion. The diffusion bar- rier can be adjusted by
changi ng the height of the spacers supporting the
upper wal | (|Id) of tHe dupstpantially inperneable
conpartnent walll T rﬁil—n di sadvantage is the need
for hi g@ul:)/z-pbahar .hat the distance(s.3)
bet ween the pl gt es%e@a(%‘@m)a 10 tered. Deviation
fromplanarity |[nust only be a few pmover a relatively
| arge dianeter ~of 10 nm to oi d conprom sing the
uniformty of the gab between the inperneable
surfaces. Another problemis placing and renovin

t he
t | Giyen #heﬁt@wgﬂrcﬂ P%rameiteﬂé ghovauvdind therropicgl anglie mtﬁgb% g’ to give the
”Ede%ﬁ% ‘s%hé]%npa?f 6bj§ét%|ﬂ1‘3cﬁe BMSdbiedloxyBBs FélipirdtiorS @MY his”corre—

Fi gure fusion di sk wapped as the surface of
coendsig &2 54y degesrpical Rl wﬁh P8 opefieg Pohap mym 2nd a botiom width

eadfi1ral e iAnt ahipfe O £MbRIBSIitE @8hEENhtaGoh BRJRPE RARELa respiring par-
space available for diffusive transport of the

nett%m thisecase adpwineniiesipatshd conealinpile bgp| ik example 7.
surfaces. However, in this case the inperneable
surfaces are not pI anar but constitute an inpernea

c dPRsign ¢ shan &) Fighees?A- ddetpbplising aeiclasaes delggior plate Ta's design is
anpk @Wlé@ %Béﬁblg%fﬁﬂs%%o%grtﬁl)ent wh&reRd éi‘?fgélbﬁ 'cB&Eartment is com-
particle ( is placed in the nmedi um f 2)
c oMetelysipepend éfsﬁ/mﬁiabovm@r@@rtt ipipcgidgdiin WQ:@W@S'PBS Py 3tdetector
at st3) %n@)%ﬁ&l&fnntth@ séﬁffaéerkﬁ] \ﬁﬁlé’lﬁ fné- m&agtﬁtsu{ge&ér@éle E@@) résts. 5B shows

is |ocated near the netabolising particle at t
ofa €18es 8eRjiPh pf th@rm)ttam Hdnrelevelgh die Maisbplsingpaticle éhp\ymg concen-
pl tﬁE%@ doRcdhiRti6ARYheY (5. PRFGERS meldbolie) 5ERRBNE gtﬁﬁbthétlcal image

efined distance IS kept between the Ii
n@g{g@§o@;ﬁm vigye) ascreshtiEgetherCERicgmera (5.12), where the expected detec-

tor signal around each individual metabolising particle is visualized in grey tones. Mi-

cro-electrode 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 resolution is crucial.
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25 design over the previous is that the netabolising
particle density makes it sink to the detector
w@ominsaes at the bottomtip of the cavity. StiPCT/DKE2003/000935
spaci ng between the two im perneable parts nust be
carefully controlled with very small tol erances, which
is not easily acconplished. 389Three di nensi onal
s PesigmK, sbows in Figere Bhiéate yithicohical deprssieas. This design consists of
c e LS. :
AR big17,8) Gt SbE b7 Ao Bkl dephiugions ofa stable
plaagtar30| (m:m as ﬁm(bdweéeacmamd in ryeharmhﬂrﬁght depression with a
d kn._S t ; S
o P4/SPREBithe =i rencitihd BER of B G ABRECAE Ry@BRRIE A arop
i rﬁbb?h@‘aiﬁt&tabdatvemrra&, 10626 14l fdlssthe tveo capgessionsanchophstitiies the per-
4 . : [
Xﬁn@aﬁ%pélﬂﬁc%??ﬁ?%?%"ﬂ%ﬁ%%%é%e#%@@fﬁm?@%géésyhe bottom
t loé thebmaicabdedréssiorad 7.4) sb that itiisin whtachwithaglisk afidetdetor material
r i i .
t r. efémg&gea%? l{l}%qggFFg@anbt@ﬁ\até?i:acﬁslgrég.nﬂg@%x&%\eg;ﬁnﬂéo;fgﬁg detector into
sLaarHmzentemSmleerdaaﬂtthebe@awnsmg@astmlmerwue ibfo servrias & physical sig-

per[l Elﬁle?fbtg%ﬁ 5?8)’8 %gtect@#ﬁglrﬁjd él%%escrﬁrgéﬂgéﬂog@?%redesign G, Alayer

f @tﬂsmltabkaecmtahme difie @oarmb\@ntla evaporgtion froomibe drapa(@parse bftched lig-
t he et Lisi .
{ Ofy 88t arf\GimyPASE L ARASn hEBo W ARBILSH Bk BRI dbibEof me-

er radi
caiiing §17.2)fepprastixiabpurposdsds kept staghantnAliBtratively tbamoluse outside

E . .
i vy Lot o) Ephey GBI AR B b b6t o
Qlally intlpd€d--tbe petimdable diffusionf baipr, LRZBBIt@r, qth@cr)aa@nseﬂmams

A0 g PORATE S B BN Yl B LSRRI gyt e
ohgatamslngﬁpartgteﬂe ozﬁ)qme:omedl depyepsions éecpmlveaﬂmefms)w@iﬂmwférhmtcangles
o St g3BRC kR Ronehl, SR Barfiil @ty frafioh bolparimont oan
extemaloalatéd as expiaibed intexavplecéand tHts exuatorsdhl@ve. t owar ds

a éx??ﬁﬁ}ellﬂ?pregﬁfs WIH guc% g B% Og’ms%rgs%?\?eda\n i Ez%n%) nge_;r.]ain advan-

ven
Désgegof tﬂls dshlgwms litmsmpgm’tyeh@mevewm @&imhe@um@lqaduﬁerieobmin metabolite

Orl:oﬁc%ﬁrla?éﬁ % ffalﬁ aéeep ar:ircplllasr o%&%rﬁ%n 'dggre%ﬂgn § %ﬁbl?esot thus approach-

Y OR e dMpar tnen
cmrga’dnetsmnpie boee describ@Dalpdvet B lisythop encleardf thi eonieélaieprdssion brings

ﬁp%PerfbébZe 40 8veq1$%|et lrgﬁér g %Q%Wltl{jﬁe@gro‘jﬁtrgﬁgs} F\g the re-

rrmpahglqb;aactsg‘rqmma advire| Elhém compared t86B sirhpledore as described for de-
vice type A.

Irreqular systems which constitute a combination of the above designs, and where

more complex modelling is required to describe the concentration gradient

Design L, shown in Figure 8. Compartment with lid of adjustable thickness. This design
employs a lid (8.4) as a non-liquid diffusion barrier composed of a material which is
less permeable to the metabolite than the medium but still more permeable than the
impermeable walls (8.5) of the compartment. The metabolising particle (8.1) is placed
in a shallow well in an impermeable plate. A detector (8.3) is placed at the bottom of



10

15

20

25

30

35

a cross section of the bottomat the |level of the
nmet abol i sing particle showi ng concen- tric

w0 s@4opi2eentration lines (5.11) for the met aboPCT/BK203000935

shows a hypothetical image (top or bottomview) as
seen fromthe CCD canera (5.12), where the expected
detec 25 tor signal around eachoi ndi vi dual

mgicpel. ThHicREIIPas tal rﬁétabme pEsBZROWitvAiaY thiekss (8M). We can
cro electrogﬁ rofiles close to bovine e

sipn bareenRyovering thewgd Wlﬁé@erngﬁcflmqf the lid

i &ntﬁrﬁfe%ﬁﬁlﬂckdés@b?@mm dispidbifig ML/RMcEen@fly. iR ks flgure the well
the main di sadvantage is

design.is its
¢ RBY i isecaugrey vg@@"?@efﬁt plinagioey Gl Wijok [esubpieaged under an ol

{Tﬁb@ém? |1E)':‘t|ocpi’é\¢éi‘1lﬂbflaﬁidreﬁl&)nl But\’tﬁé quatm Eowd Qb Ml ke Vedsel without
e netapol |

article. As heri_ 30 cal i f
i Sllelier g 93\@0 hoia s desion Bribs ereplicha gese 05@?5##%9 the metabo-
I §SiAg BhHR ih 8 rélatiElAshall¥l welO4nPadigsable ¢ compact” diffusion barrier with
PCT/ 003/ 000935 59 Design K, shown

pithg bd. ?W%’bﬂ'ﬁ%‘é\fa%?&&r'%%%lﬁ‘@ a tight &t Qﬁé@?ﬁh‘%%ﬂ@tbﬁe plate. If
Ofthe fits hoRRIEBRAB! KorRbatakdifidsio® bf MelaBofitd thts @0cdipLteedht becomes

conlcal depressions of a suitable angle 30 (such as
19°8%PIB0 degrees), placed in yet another slight

depression with a hydrophilic surface. The renaining

part of the plate surface is hydrophob g

( Desig Mrshawdiin Fianres 19 draimartmest s pertdnend ¢ Pl dagon is aimost

deRInBeRIte e REdoGNASHId, Whkespt tHRR itReAploy¥RAN eﬁhééuu@umz 5),
barrleraﬁﬂ 4). The netabolising particle

Y $9YEr e st legying ﬁén@&rﬂpeam&%%?)e%%? st]ﬁf)ue@'? bagrier for the

S OndtBidlitd. th?rlhﬁr aavH Mtkib ddsigh %(th@fSJrﬂﬁkWéﬁt! adjustable Jid to
enbedded in_ the inperneabl e mat

?af%furgls %eﬂ&f&;sp;@tt@ﬁéqrolppvgﬁvef Adisadvantags isiths gxpegted dlfflC&tleS in cali-
h%‘rétﬁf@r!stuéh airfsguRR BEAEM Wlh\%uf"ﬁééﬁi}@ thinufy @é’dktdf%é?exact position of

enable it to serve as a physical sig 10 nal anplifier

f dre Bthinsigeh mgaswemsdti on principl e, as descri bed above
for design G A layer of suitable oil above the drop

prevents evaporation fromthe drop (coarse hatch

| iRpsig b shawp ds Slghye khEompArinRAL w4 epReshia i Pt .va'éffa' pore.
t s nS@ﬁJhcﬁ&ﬁH]lyid@ﬁtné’dl @@{r\%tpr@\ﬁo@deéi’gm Bkdebf tr%)t |tfe‘ﬁ{ploys a

practica Lf)OSGS is kept stagnant. Alternativel
18

t 1IweniIngrR 8L & the 'mpﬂ@e,e@m idi(1 3 g weeagivisiable dﬁfw%n barrier. To

p%hbngé the TR ISNRWRithE paBdhie o @mahgwem@tforsmﬁhérlwnh% larger
cally included in the errreabl e di ffu3| on barrie

umogsw it ip ¥RryiRle qnsamw@ ¥ @asiarie calbralg ﬁaﬁwseﬁ?@ the previous

PERAPTH tn¥indlisddentdhé fsUe?isQﬂn@artlbhﬁft befcRgiaafidusd Bsse plate. If
by nmpving the ne- tabolising particle to other conical

dé"r!ﬁ tids nefrﬁ,deee%fﬁp'aqrt@aw gwfuwp'ﬂ BT wetapelitedpto Mg pumpartment becomes

ankapledept hs, and the perneability of a particular
coni cally shaped conpartnment can be cal cul ated as
expl ained in exanple 4 and the equati ons above. 20

E’ﬁk%?dnr@ rgh%bvn e F lglufrfre;? lg]"nge Wgﬁ Wiét RSBt fob RERRShE Particle. This
desngn is an |mpermeable 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 (14.1) is dropped into the vertically oriented
funnel and allowed fo settie by gravity onto the detector (14.3), the resulting metabolite
concentration 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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tage of this design is its sinplicity, however to get
measurabl e differences in netabolite concentration a

w0 ajosse2ekep and narrow coni cal depression i s PEDKe@d/000935

t hus approach- ing the sinple bore described above. It

Is thus unclear if the conical depression brings an
appreci abl e i nprovenent in han@ling (especially wth

I aEAEdnS foriieerasicyy Onde dé@ga&j B par ba galﬁing'itedbs ubingmMmétalaolising par-

19 g%llle% g)-'th yﬁg\&n %%%ji‘g l”a]t?§ ég‘f]?%fr Jé@gt@l fﬁ% pgﬁmblfitiy B8 fhirieve the

C aetdidlisihg partieRity tuaﬁngxne elibé bed miingethel pattigledall autdy gravity. The

wher more conpl ex delling is r U|red de [i .

| R iER praR gy urpote bR PR oS alfs SR BalRentwit
Fidgferént Setelcwipby tumming thal dubel Adonfecticy aateatban be forced through the
t hi ckpess. This desi

n, enploys,a. lid (8 4).as a .
n6H5% 1 Garapeanttp SacaroBdrs Patck oA disatiprigost 1 mPre gomplicated
Waib§iBn lafd pbesisility eiaTeemetbolidifepardtiabets shecktihside theecompartment.
medi um but still nore perneable than the inperneable
walls (8.5) of the conpartnent. The netabolising
pPExhinglees OBtidal okfuedl rAcRtirdthentlin aylinbidddl owmpardtrhentrwithnmurine
i nperneabl e plate. A detector (8.3) is placed at the
b&MBEYR of WD 2004/ 056265 PCT/ DK2003/ 000935 60 t he
well. The well has a netabolite perneable lid vvith
varylngthlcknes 8.4). W can hus_adj
diPREENBIR BSRRYTRI0 %_\?C@ffv‘m A taes el patibite emfipentaccording
SQ@h?lﬂ’ésl 10T hé Ft%plratfbn a&tmty olidf heusngmbiyb ek thedsadiycyst stage was
si np id horizontally. In this

y dj spl acin
f iNpRASHred 3fEOoUNg t%t g’"?‘f‘"&l‘gld?s 58'8Ped with a droplet of
medi um (8. 2), whi ch i s submerged under an oil 5 cover
(8.13) to prevent evaporation, but the nedium could
al2eyid8 | | the vessel without oil. The prine advantage

ofséefueianéane@Bnpt@numEx@hpﬂ@I5|, gérsion B ahewnfn Hfigmbl iing the

TGPy g o ke R B2 e b botom

|'i(dl4 57 ohto8iis peitesia BBl agﬁwau&ym of @lgssa(mlag ltithfd height , A of 4
between lid and the

adBRu A0rOUTh 815 SFotE o Uik SR Sl meblgbanels (i i 2
EQfmﬁét‘éfifgﬁbf @BQﬂﬁeﬁt th%@n@@ﬁthlebio(b fablag ItfgaﬁYdﬂgelSdWe the hole is

i gure ) nt. Wi |
acSeareted (HPIREE o bl P 1B o SIER) Sartoayedi o which tne
\%ﬁﬁ@;ﬂﬁnd Betiililclbtﬁ ermb @%é‘lﬁ:eaﬂTHermﬁTeﬁ%hé 6f thé dorﬁldaﬂ cé%ty are covered

i ch par covers the eavin
( i SxveensianGastin eahy itougan el 1y RayB e ety
Tl'b?ar riﬁﬁlﬁ pé?é’t@f&nég Gl'h@fgletsblc%rﬁi%ﬁlsgﬂfl)t&i atrhl%eéieﬂpb ithed glyss plate

ustab to ad ust tBe di f f usi

P OHE v i et Bgizon @l §aseal ot Erissn a1 B RPEbetugen the
Calb-glass parts.

Embryos:
Three to four-week-old immature female B6D2F1 mice (F1 hybrids between

DBA/2J males and C57BL//6J females) were treated with 6 1.U. PMSG (Folligon® 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 L.E.
choriongonadotropin). At the same day the females were mated to mature (fertility

tested) male B6D2F1 mice. Two-cell embryos were flushed from the oviduct 2 days
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brating such an irregular system w t hout keeping
m nutely track of the exact position of the lid in

weamh/oseesur emrent . 20 Design N, shown in Fi gurBCI/BK2003/000935

Conmpartnment with inperneable Iid with ventral pore.

This design is functionally identical to the previous

desi gn, except that it enployséa central pore (13.7)

| Bitth@atimpeiays)bkiag |ni|edill(rﬂﬁ425(5|gtﬁa Ghém&ﬂ],l&.tlaimisaUSA) After flushing,

dlfoS on barrier f sd,0 [

% SEbIRP & eSS VS (PRt ok o4t L] metfum and

| UBREd aP9Y €C2Undér a B% Co, M%‘lyatﬁiogﬁﬁéi’e anﬂmars@béib lkgpt in type 1l Mac-
easier to calibrate and use than the_pr

déelpg Fagemd eranplagh Yalyy Wit Bigeareess ﬁ&tﬂoﬁﬁé‘ﬂ&wn éﬁ?“ﬁ Brogaarden,
besanpaik) 4rfd viirer.t he base plate. If the fit is not

adequate hori zontal diffusion of netabolite into the
conpart nent becones possible. Design 0, shown in

F'AGG’é\ﬁcelé’cc@\ﬁﬂ?ﬁg ) é)ﬂjré M eles@yndyiB it Exdrhple 55 vab @ldcet ga Nunc 12

particle. This design is an |nperneabl e

( ellsjereinmercgiler PRISbHaE (Vi RopKIde ReRvalkh ilagbvigoegnedium
( Khadet E)%Hifﬂﬁ)?éig il PedndiBBaior fr 6©Qﬁ'ﬁa’(e% n@ﬁé enﬁﬁ@i’btm’s&)cyst stage

has a funnel shaped entrance °§1 |y E
neb 4BYy% alerigating tMag |tr@n§f§[z[eqjo iihg d@ylgﬁlggazjq p%lt{ Qe the transfer pi-

V &fcttb @RiHeYmBHith & trRCcentrd e &ﬂ a@ﬂd'l@tﬂﬁ@ﬂ%ﬁnk&@tﬁd tbtieh, into the
gravity onto the detector t he

|t
e ARGRT baegrecy&h E6nDr Zhe Brﬁ'V@‘roééf'ee?mbWQ i B n%&Wﬁﬁ vesjfied by
asnyGicalRibidseopy aﬂ&lﬂh&ﬁlré&i@%uéhﬁﬂi&ho@@lthe%ﬁaﬂﬁ@érefﬁom below. The

However nuneri cal del ling can predict P
grf&@r@ﬁ@@%m@ﬁlhﬁr%éhe %ygmqggmmBhyr n flourophor (Platinum (Il)-

PCSE‘[%QD;%@Q;Q%E po@%ty?@?ié? i 6§nt§é’crwﬁmﬂe ARIER in BB Gtubation

deS| gned 1t can be calibrated by usi ngt net abol i si

aghambiet ( Es3ven ragosad ysiidesitation ightat 368 gndemnp0 nm 1 fespectively

a%%é&@l %rﬁ@éﬁonﬁ’@?ﬁ'ab%@ hiv ih @ Tfe@élﬁ B@é@créfb@r quorescents plate
met abol 1 sing partic turnlng)t e cupe and

{ Heagat FRiraopaie was ecayed an] § o 5Othes S aBRtPS: Hiyordscence
p%t%h&h@s wefe éﬁr@@ﬂ@@t&@@@@rﬁ E)ﬁﬂal%?e@édﬁ@ Usifig GQﬁocﬁﬁed@l@m—Volmer

conpart ment fférent detectors, by turni

cgsaiation, dﬁh%@@quet%uw@ﬂ'@e%@ﬁ reRPONg? efefaw?trﬁp&fesgsg t‘%f%ord'“g to

CYRRndrft ePSCRRBAE W et-Bpiill S§Ban BfcrbdihsBRY, hinelwaoolAn aquatic biology.
di sadvantage is the nore conplicated design and

pddaingi Peeanognd@: 11 3% HRabol 1 sing particle gets stuck
insi de the conpartnent. anpl e { QJ{I c oxygen

measurenent in cylindricall ocpo h nmurine 10
enbryo The gener al measur$ ng prl il plie, eval uat ed

in a particul ar enbodi nent” accordi ng to igure 11.
Theheespirr thtinon-cauehchable/fradtion ofiieskioeasbenae in¢ludihg scattered stray

fb lo!? \Oﬁ%ﬁzt tbg ?Ifejgtig%%?pce in érlilsrlt?/qn ecagsghgeg atftgr ;Blggmg the embryo in the
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 uM cm™. The diffusion coefficient in growth media at 38°C is ap-
proximately 3.45%10°° cm? s™, which yields a flux of 3.45*107"2 mol cm? 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° | embryo™ h™ (0.546 ni O, h™).
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version B, shown in Figure 11. It is conposed of two

wo ppenseedl e pi eces made of glass. A gl ass pl ar€I/DERGVS/000935

to bottom (11.5). Onto this plate is placed a snall
cylinder of glass (11.5) with a height, h of 4 20 mm
Through the centre of this cla$s8 cylinder is a
cylindrical hole (11 4) with a dlarreter d, of 0.5
| surf_ace

d
. |cro :

tip to forma small conical caV|ty into which the

{)?‘& piﬁréli cgrgﬂ %o;ﬁtzolnil ‘fd%@}'eg?]ién I(\Q%% grl'reg n th%g?thb[ﬁ? &f a %lnl wide well in a
qlm’nﬁmaémeaplpstrqmgmel by grésxingogpBbo degr@éz PpoBiteq Qbaltmdunto its surface. A

o1 Hru8G By el v Y bR Sl AR g the cpression.

pl Approx.\BOuhcultvatiah msaium tvas pipetted imtor ihe@iep&tsstonaamslpm airea inside

of ,oxygen at t e.interface bet nth
o AR, S S RERDS) S5 T el el o was s
f einahebddn? flthaideprestibn bgfore 8 ol ipatafirecil BBA\bAUrediite the well to

o AR LB MR M) Ay P85 v ot

Twexyday sidrasensof fiveed i8)a mdsteydmnenmroammlabbt Wwa$positidned above the

?glq YA g)é‘té/(g%?fﬂ&%%% ouldc%ogﬁro[)%rgﬁ ﬁ%eg%‘% Wé&&k{ Bnd acquire

t hihesigiel fiay themidresenbesarmgifier wad pobgtammed o make oxygen measure-

erPy el G N PRI PReTRcTSs AAeRpreter. The measurec

ZOMcéﬁlﬁéﬁEs PEELDKAE034r3008isanc® B the tearbrymisi shgwhdaFighie 20. At

11 e Siase oGP 50 o PEH 67 ahaPl 0 B8 bR e eifom of the

Ch@épréﬁlon Hie cdmahtﬁaﬂdSA\)aslmﬁi ukmveitich caruibé traestatat t3an 6:xygen con-

u n der F?ti% oy %O% 4 o'H ?‘8;;{51:@ %Eﬁ{qg éTZQZ‘t Na?fnaq,ﬂ%ee% e figure, a

f r erﬁn;ﬁét@%ﬁcérmaftloodrdfﬁ Wwameasdted BiwbrdBthegaalsrgerand using formula

Den k) apd. wat e A devi ce acc rdln to fiqgure 11.

b g R e g VBfY G O Pyt iy ofthe
wembdéeli sh in micro titer format (Nunc A/S, Roskilde
Denmark), filled with M2 nmedium and left to

equilibrate in the incubator for 60 m nutes. One

enbryo at bl astocyst stage 10 (5 days after mating)

was transferred to the device by ejecting it fromthe
transfer pi-
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pette at the nmouth of the central hole (11.7) and
letting it sink to the bottom into the chanber by

w@eaniosozey 11. 1) . The arrival of the enbryo in PEEDK2003/000935

chanmber was verified by inverted mcroscopy, allow ng
direct visual inspection of the chanmber from bel ow.

The fluorescence intensity frdi the oxygen quenchabl e
poRefleyeniaesf | our ophor (Pl atinum (11) 15

oct a- et hyl - porphyrin in polystyrene), in contact with

the nmediumin the incubation chanber (11.3), was

r

] Zlglg agltqg\% Fh&@h&?géeég%hg&cﬁ Ir?nltlestgtlgdoﬁg &e@ﬂ?erﬁé&G tracellular PO2
[ rﬁnaso‘[aiedmke&mianumd fibers.f | uorescents plate reader.

o RPETGRO, A IO FE O 20t ensi t | es ver e convert ed
to oxygen partial pressure using a nodified

St @réttne WIEK o120C eRitiaingonk, DéleLd Cadeicgast B) BindeR AL Op€isal oxygen
t he response of st optrodes, ~according to _Kljmant
et Segpor fugrmentation basnd; Qfl ths efertion oflpaunesesnge lifetimay

a0 SRR 1P RO 1! 11 Ve Where a in the

non- quenchable fraction of the fluorescence |nclud|ng )
s caeverdMsPelay DD ©pticalnxysemsenser hased erephospberesceape bletime

AR 0, OSSN Ll 8 B0 SR Al 1. e

2 lor%Ypahd imsasipieatation.Aviad BidlEaigl @nh)pﬂt 01993 3pn;0 k{1t K.y 17%
yi el di ng a gr adi ent of 4% oxygen (or 19% at nospheric

b Eaica oy 08 U6 406 SO0 5)4tR il  new toolin
Thﬁlu%ﬁé bi@ﬂdgyt VindfolOsy SRIOE&n3dplp1et6) 385€1 (61cubat i on
terrperature) resulting in a gra 30 dient (dC/ dX) of

R R NIRRT T —

y | £hE6 tR] FdriineQtald nfasdiembats §8 kwé OhfenSiohal AS disReoutivRen benthic

has a cross section area of 0.00196 cnR this gives an

ermroydalelp@mmmmtmeb@matﬂcgh)gwé’tr@ressf Series A70:1BL /+ 2G|
enbryo-' s-1, or 0.546*10"9 1 enbryo-' h_1 (0.546 nl

OZRN i, MORARHLA5RRORBGEL DR B LR R icA 3nEX BRI Sxygen mi-

. M crosensor neasurenments_ i n a conical depressi on.
O @dsepsord éapin sivn inasurdepnte sliio sitwaenitorieg ehquatic spstems: Chemlcal

o e 1oy < Sob g (B AR KGR Crapter >

itp-gyurface. A thin layer of dental wax was applied
as a 4-mmdi anmeter circle around the depression.
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Approx. 20pl cultivation nmediumwas pipetted into the
depression and the area inside the wax circle, and a

wo oan/0skys ol d approx. 100- pm di ameter nouse enPCHDKMAS/000935

placed in the bottomof the depression before 5 ni
paraffin oil was poured into the well to 10 cover the
drop of nmedium The plate was fPaced in a 37C wat er
balainsd the tip of an oxygen nmicrosensor fixed in a

not or -dri ven m cromani pul at or was positioned above the
depression. A PC software which could control both the

mi1c Acdheviviefolt rairsinvasing measlrement df¢hesindivigluak meiabolinerate of a sub-

e Sien e o ah SR R e pge 2 "

enbryo in steps of 5 micrometer. The rreasured 15

concentrat ] e r..di

cnbryo | oL ROs SRS Ko BR g3 B oot BhARE A heted by a difusion
whi ch wi | baibier hluxtearmmaxp)‘momprisi@g@]meaﬁnmfwlm stmgstantlally spherical
tzlog/ Bﬁ/f t \%ﬁe@ oiéﬁg Bgreﬁ I%Z%a;‘{j g[ﬂéjaiop%aﬁ%ﬁ]%ﬁ&klﬁﬁﬁﬁe%bo‘ﬁ?estransport to
sunpti on wmad/er fném@hd&ubsltar‘rmally Sph%lcaignétabmlne particlerby means of
can be se fr _
profile Wgﬁfu ’Sur egbi %\%;ert O|Ifbhdlﬁt?% gﬁaﬁueﬁ{’g%ﬂ&%@ d Blestab
formul a 20shed4rom the subdieintiallyispherica irletahylizieg padickeeang throughout
good fit %é@ %\onfi rome the validity of the nodel.

25 WO ZOOH} 65" PCT/ DK2003/ 000935 64 Ref er ences

Hogan MC. Phosphorescence quenchi ng net hod for

neasur ene . o
ol e 11 Bt ME ALl G mERKorinh fnd %‘ﬁb%twﬂ'gﬁ%ﬁﬁ%bo"te
Trett nak WideKiod bemartRentni nger F, Dol ezal C, O Leary

P, Binot RA. Optical oxygen sensor instrunentation

based on the detection of |uni nescence lifetine. Adv

Space. Rew dé\m@ﬁ(@@)mm 17 wheGimtherdiffigiorTedrgr iDTonstituted by a
|Q|J]E Ief laln%o %agﬁneé‘uiglﬁ VIR§§F @aé‘ﬁ%n%*}ﬁét%&ﬁé* Fﬁgm%%le opening and the

i mobi | medidmiret al | opor phyrin pr obe Part 1 The- ory

and instrunentation. Med Biol Eng Conput. 1993 Jan;
31(1):2-10. Klimant, I., Meyer, V., Kuhl, M 1995.

Fi beB: optteé deviceyapenrdngioatams mherain theveonueirtmient wall is produced

aquat i Ce bi ol o 40(6)
1150- 115N & gStapd a'&lmt%g&'teap’g’ %89@8%%%%'& sen,
K., and Klimant, 1. (1996). Pl anar optrodes,
4. The device according to according to claim 3, wherein the substantially metabo-

lite impermeable material has a metabolite diffusion coefficient less than 1 % of
the metabolite diffusion coefficient in water, particularly less than 0.2%, most

particularly less than 0.05%.

5. The device according to any of the claims 2-4, wherein the metabolite flux
through the compartment wall of substantially metabolite impermeable material
constitutes less than 10 % of the total metabolite flux to the compartment, par-

ticularly less than 1%, most particularly less than 0.1%

6. The device according to claim 3, wherein the substantially gas impermeable

material is selected from the group of materials of plastics, polymer material,
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15 a new tool for fine scale neasurenents of two
di nrensi onal 02 distribution in benthic m crobial

W@ omi2ed es. Mari ne Ecol ogy Progress. Series RAODK2003/000935

217-226. RN dud, JK Gundersen, NB Ransi ng (2000)
El ectrochem cal and optical oxygen m - crosensors for
in situ measurenments. In in si®é nonitoring of aquatic

syst engjlagshaatedall metdlil ystefalpa spaticahaterial akotdl A4 d@ybinations
& Sons ,Ltd (eds J Buffle & G Horvai). Chapter 2: 20
19-73 %804/ 056265 PCT/ DK2003/ 000935 65 C aims 1.
A device for non-invasive neasurenent of the
net abolic rate,.of. a, sub-, staptia

sphef1 oL ST EnaD BRIt o NES Al BiroRtE aiteralis selocted from
conpr i shs ghoup)of pblymeestf et erifRaaEHINtesing addllulosic plastics, fluoro-
comer Tl e P U B G . e
B pher i dainlaltdﬁepabédtértéj pétg)l/ilpit&fet b@ly@eﬁr‘ieaitpdltyﬁlhérfyl&?tﬁﬁdefs, polysulfones,
arrier_allow ng netabol i ransport to and/or from .
Che sUBTEREIET MBPRETS alPcHib AYS! MUliRGYSRRILTTs: FRPe resins,
rreag_s aflefid tﬂ?rlfﬁdpiﬁgﬁ@elaghﬁfeﬁmg@eﬁt ﬁbgk ;Itatnﬁidséi Ecﬁlyﬁit@dﬂene ther-
gradient is allowed to, be estab- lis romthe :
subst arﬂ‘?@?f’tﬂp eéﬁgpgr@gltyr%? %WPQ'P?#& eg%ﬁt?ringqsewg}ﬁlc}hermoplastlc
t hr oughaadtombleerusbei meteribls sath ke datadiene ralsiee WLyl rilsler, bromobu-
measuri.n

he ncentrati on of. tabolite jn- 1
e« HETLBRTa Ry BbberhachisGh et Bsbat shiorastlpnatsd polustn-
1, whergérne rtubb?r;;i bbi“clhl_&ﬁoﬁ?drbﬁ}tlbb@f eih?leﬁémﬁéﬁyldlﬂla&dbw, #uoroelasto-
conpart nent ving at | east one, petabolite '
por heatiTE SRR HBHE. HRabreRraBLR. Sl T UbbRt. ey ide rubbers,
accor di giydrethehaiubbers, vikoneiribbidis, shpepabutatiehe Wabters 6r co-
pr oduced fro% substantially netabolite inperneabl e
mat er | OYMESHREYeyi ce according to according to
claim 3, wherein the substantially nmetabo- 25 lite

i npe ble material has,a netabolite diffusion . ,
cobt Bf ClTEieveBeoping  ShTafl WpRe e st loh daiar i cqpituted by a
coef f i diigtlistasitpatiedlium.particularly | ess than 0.2%
nost particularly less than 0.05%
9. The device according to claim 8, wherein the high-viscosity medium is due to a
high concentration of organic solutes selected from the group of dextrans, glyc-

erol, sugars, carbohydrates, proteins, and inorganic salts.

10. The device according to any of the preceding claims, wherein the shape of the
compartment is selected from the group of a cylinder, a polyhedron, a cone, a

hemisphere or a combination thereof.

11. The device according to claim 10, wherein the general shape of the compart-

ment is a cylinder.

12. The device according to any of the preceding claims comprising an insert for

the adjustment of the transverse dimension of the compartment .
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5. The device according to any of the clains 2-4,
wherein the netabolite flux 30 through the conpartnent

wordod/opR26subst anti al |y netabolite inperneabl e PEI/BKR@B/000935

constitutes less than 10 % of the total netabolite

flux to the conpartnent, par- ticularly less than 1 %

nost particularly less than 0.1 6. The device

accorgdi Hiwe deviad adcordng teheyeif thet recedimgs ¢laims, wlhbgeirgthe compartment

ot or | 2 9y ot Bkl e G e i HpRicHs 2R ftr n

2004/ 05828 rCiRChIBes: Gtﬁlﬁ;%fmerﬁ@otytTms mat eri al ,

nmetallic material, and ceramc material as well as

conmbi nations thereof. 7. The device according to

cl ai A6Theimvics accohdingtol gnysf thegrecedihg ¢lginese Whetsittheriamsverse

?egrﬁsg&'%léﬁflgf' @?A%'Trﬁ%@g gf r%c tﬂm&ﬁﬁé{? taf'ilclrélnjnhtc more particularly

i onomerlsss thanyioénes,, supblealﬂsdehan 268 yraumi de

nanoconposi tes, polycar- bonates, polyesters,

pol yi m de, polyol efins, polyphenyle sulfides,

pol yd6! Thendsyjice axopraing t© dami 125 whierejn theda'nmaersqz) Hmariston of the in-

al | oys, I y

t her rmp?eg\%;i% |tkii:sl‘g'et %rgii g%@gﬂlc‘mla@ﬁ% ythﬁﬁ ?hm ngA a'%u'arly less

pol ybuttadn é6e unhewerlmomparasulardy Ietssatmorﬁﬁﬂspm;t yr eni c

t hernopl astic el astonmers, vinyl thernoplastic

el astoners, rubber materials such as butadi ene rubber,

but y16r Tiebeevicebaamonding tatgnly of tHebmecediid driniawlydreinitbd Bngitudinal

pol yi so I th= ..

yl ene r(ﬁ e}é% Sﬂgg {hc %ﬁp%tﬁ%nt) fe%se%%e%pfh%gtoog Mﬁt,%ar’ucularly between
et hyl en&amn 6pi5 eme rubber fl uoroel asto- ners, natural

rubbers, neoprene rubbers, nitrile rubbers,

pol ysul fi de rubbers, 15 pol yurethane rubbers, silicone

r ubbdi sThesdguicnacdoutisgltosriamr2) mtherein tre roetabpliié peeneaable opening is

t her eof r |m1 wherein

the. ai feuSrSIER T el BRaR b e B h

hi gh-vi scosity medl um 20 9. The device accordl ng to

cl ai L el i ' to a

i gh TBoRHETER feskenid s £ bt PR TubEhb B B agebicnombrane

t he graos prmfucdéﬁbmmateglayoemmg, silimga,rﬁeﬂon ﬂuoropolymers, or plas-

car bohydr at es rot p ﬁl |rhor nloc a tsn

The devid BaRhE 65 palfgur e RES Bl BReie] nefily

wher ei n the shape of the conpartment is seI ect ed from

t h‘?g %8 gwg a%cortﬁmgqg %I'eﬂm ?7,%%&481%%8 rqq’eta%oﬁt%np%’rmgable membrane 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.

20. The device according to claim 17, wherein the metabolite permeable membrane is

produced from a material comprising silicone.

21. The device according to any of the preceding claims, wherein a metabolite perme-

able layer is arranged in the bottom of the at least one compartment.
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hem sphere or a conbination thereof. 11. The device
according to claim 10, wherein the general shape of

wo b@sosirpart - 30 ment is a cylinder. 12. The drWi/DE2003/000935

according to any of the preceding clains conprising an
insert for the adjustnent of the transverse dinension

of the conpartnment. WO 2004/ 05365 PCT/ DK2003/ 000935

67221 3he Thdcal aw'crdingutmdadi Y wheréinthefetaheliprpeeradalsg layer is pro-

cl ai eenth art table .

ot t SRra PGP BuPatbls cRARERNG REConsd Ao b It B el pRy Bistc com-

i n-  poeaisssush adeomﬁ@&nehmlmcp)aeﬁmedpmnﬂm. 5 14.

The devi ce according to any of the preceding clains,
wherein the transverse dinension is less than 2.5 mm
pa23.iTae ldamb@'abc&)sding baciaitn 21, Wher&inties matdbbmelp&rm;!ablé €fy8r is pro-

212 22 ngﬁ?f% ad]"%‘?ﬂ»’% fgm%\,%\lﬁlgb @Fmeﬁg F\%{H@§ oF ggrous ?naterlal such as

di megkisgrcetdmichamingrals] @lase ot miserhieb®rd, bapretions mmatal such as gold or
partigﬁlarly less than 1.0 nm nore particularly |ess

t han "Bm even nore particularly |less than 300 pm

16. The device according to any of the preceding

cl aj erein the t .
cort e HBAES peoadiadtRtst Hnitisran beerp e Horiprye taver s pro-
bet weeted ftdm 3 mawetial cbmprising ificordie devi ce according to
claim 2, wherein the netabolite perneable opening is
constituted by a netabolite perneable nenbrane. 20 18.

Thes, dagidedcaacardihgto aty oflthe mebédmmer rR$ B1424€ wherein the thickness

met abplite perne duced f

ot of e EesRBITE poreeblR R & atfedst BT SRl lsast 300 um,
or phasmdré padiompdyuadsast@ob yas pol yet hyI ene,

pol ypropyl ene or neoprene. 19. The device according to
claim 17, wherein the netabolite perneabl e nenbrane is

252 mhé m:el@bcf a&m@g@afyioakhdzmeﬁédiﬁg algilmme Whieedih the metabolite de-
mat r| Xe r 0 eri suc ass, ceramcs,
m ne eé’l @,’PE%‘{:, @E 55& r\el"r?@"rp?rt”lﬁngpr eci ous et al
such as gol d or plati num 20. The devi ce according to

jm 17, wherein.the metaho nmenbr.a ,is

b Glee S SR B A e ST o Mereit BBotaBgte Bermeable
The ter eq:;lamed cbed/vmm the sawamfauy bﬁu@rcemdtabglnzn%gapmme and the
wher ei n {TEJ? ?Ilte per nme-

taboll elec

28. The method according to any of the claims 21-27, wherein the metabolite perme-
able layer has a thickness of at least twice the diameter of the substantially spheri-

cal metabolizing particle.

29. The device according to any of the preceding claims, wherein the metabolite is a

gas.

30. The device according to any of the preceding claims, wherein the metabolite is

oxygen or carbon dioxide.

31. The device according to any of the preceding claims, wherein the detector is an

oxygen detector.
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able layer is arranged in the bottomof the at |east
one conpartnment. WD 2004/ 056265 PCT/ DK2003/ 000935 68

WQ2004/0he6%levi ce according to claim 21, wherei nPCTIBK2003/000935

net abolite perneable |layer is pro- duced froma
material conprising silicone, Teflon fluoropolyners,
pl astic com pounds such as pol8ft hyl ene,

pol ypr opyl ene or neoprene. 5 23. The devi ce accordi ng

t 038 HeMegit a%ﬂﬁ%g? EBfn F‘F,t\ﬁl%?laihttﬁe 9&5%?@'& E}ég@ﬁﬁ{g #h& oxygen

pro- duced froma material conprising per
mat r icreeenyetign ePNRIiSes tEEMeadMelc loxygen sghae's, meebeariedslet mass

m ner, : ] Lber ' et al
cuch Be RS SRR o b8 1 onfil BN IAAE: i ng
to claim 21, wherein the netabolite perneable |ayer is

or Y _ \ e . _
P 55 JA4ERR SO o O el AR s s prfomes
21- 2asingteduminophere, partieiads ain imMmoblizedismimaphioteeplaced inside the

. O 1
Pen ERRNE gk pRlelgagh 0BT 27 beharliuglgpecono
pm 26. The nmethod according to any of the preceding

Cl@#.'ﬁe d@bﬁé kb rﬁm t%ﬂéﬁpgéf\kl’?er 7 the Rffi®phore gs"ﬁuthe-
the bottom of the CTonpartnent. 5 . heD net ho
accomiimil-tris-afrginhenyHe! &plgnatrolrie 8, chigiiaie éRudrp) immobilised in a
TR R e AT 5 7 B8 T R ot oo,
et aliRytheniuna@i-&ts(ipyridg8 comhplexnBish@R -hipyddydidirghlore-rithenium) hexa-

ft i AL ' lid - PIag
abl ¢ P Ao Fifin i A TR S fEEBRR 1, by e pidium (-
di amectaretbyl-ponehysiolis pelpinieihylynetipdnsylate), Fdatinuet Aociazdthy-keto-
ti . i . i .
b cc Gy ooy, FRIRAERN-SR B @bnIrRE pallediym (1-octa
30. TFHwl-dewhyin acotystirense, Platiany-be-enkdlithiokdesdélags of compounds.
claims, wherein the netabolite is oxygen or carbon

di oxi de. 31. The device according to any of the
pr &% dinerdigvice aceardingtie clainm 38 heheteindls detecior ailumB®scence is a lumi-

OXY 98 R 418 Hler, MAARMPRIARR SFGTEEKARLPRI35

36. A non-invasive method for determining the metabolic rate of a substantially spheri-

cal metabolizing particle, comprising
a) providing at least one device as defined in any of claims 1-35,

b) arranging a substantially spherical metabolizing particle in the medium

of a compartment,

c) measuring a metabolite concentration inside the compartment obtaining

a metabolite concentration measure, and

d) correlating said metabolite concentration measure to a metabolic rate of

said substantially spherical metabolizing particle.
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69 32. The device according to claim 31, wherein the
detector for neasuring the oxygen concentration

W@ vposees anperometri c oxygen sensors, nenbr ah€r/DRR@B/000935

mass spectronetry, mcrospectrophotonetry, or optical
oxygen sensing. 5 33. The device according to claim

32, wherein the optical oxygen ensing is perforned

usimgrre reithibd apdmdieg tpderin 86 velrdrgin ametabatitehis Isuppleed to the substan-

0 RO B REFShl AR S5y SEBA! ARt e,

| um nescence. 10 34. The device according to claim 33,

M@Mel:'f]%)%? olg %g@:o?&ﬁg g%g%wg ﬁ% %g? hc?rﬁlg the rsubstantlally spheri-
chl oraltreetgBuiting) partmieisiduitsred in theaconpairgrestng.r ene matri x,

Rut henium (11) tris-1,7-di phenyl -1, 10- phenant hrol i ne
chloride, Rutheniunm([l)-tris(bipyridyl) conplex, Tris

( 32" Tha mgthod pkcatting b enyefrthe lolaimsi A§- 3Bewlaerelmyttie atedabolite concen-

Ru(b Platin [l -

D ol( yg%g)‘?%ﬁ éneeﬁug%a ﬁ \)0 Lﬁf&% %%ﬁ%ﬁl‘gaarptg]% ?(JHpegorf the compartment and/or
pol y theetdiythe b‘éﬂwbamqmrat e), Platinum

(I'l)-octa-ethyl-keto- porphyrin in polystyrene,

Platinum (11)-octa-et hyl - ket o- porphyrin, Palladium

(140. - Tt methet! lagtorping pingny of the clairhy 86430 ewmkerein the metabolic rate of

Pl at i_pum o

The 88@ sgéstggte agly g%hé&a?h% a%%hﬁé@%gqtlﬁlfe 85@%”8‘(? b¥ g%t[egnpmlng a

the de
of | umtat&ﬁntee@ﬁmlmrsgradleuhm thé!@ompardmaru:tebawddmﬂhe aneasured metabo-

phot [ ti rtub C . :
Pon- fieedRen A sl dtodsrid TirRb s b Bt jo g metaboli
of arstals saidtsubsthytiadlp bphericacaktatvelizidgoparticieg parti cl e,
conprising 25 a) providing at | east one device as

defined in any of clains 1-35, b) arranging a

s ubk fTaetnethdd/asyphding twednynafttieebdbing 3634Q avieraih at leasttttve measure-

medi um . of co r.t ment ) ing a netabolite
concéﬁqisa?ﬁ tﬁ?\ rqeﬁ Hé quge%tﬁagjﬁératréggﬁoﬁlgp aining a

nmet abolite concentration neasure, and d) correlating

saj tabplite c ntr n t [,C

*245 B AR B B8P3 7 b 08 RS Y BBl ahRhsore concor
par t itratien isIbgaMp ) HlexsG65 PCT/ DK2003/ 000935 70 37.

The nmethod according to claim36, wherein netabolite

is supplied to the substan-
43. The method according to claim 42, wherein the gas partial pressure is the partial

pressure of oxygen or carbon dioxide.

44. The method according to any of the claims 36-43, wherein gas is supplied to the
substantially spherical metabolizing particle by diffusion through the stagnant me-
dium in the compartment directly from the atmosphere or from a larger volume of

medium in equilibrium with the atmosphere.

45. The method according to any of the claims 36-44, wherein the substantially spheri-
cal metabolizing particle is selected from the group of an embryo, group of cells,
such as cancer cell(s), stem cells, embryonal stem cells, C. elegans or other small

multicellular organisms.
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tially spherical netabolizing particle by diffusion
t hrough the nedium 38. The nethod according to any of

W b@4osashs 36- 37, wherein the substantially sptEDK2003/000935

cal nmetabolizing particle is cultured in the

conpartment. 39. The nethod according to any of the

claims 36-38, wherein the net abOl i te concen- tration

i s4GraAeupettod Acerrdjag ioralainydl, mdveraim the substavbiallyrmphefical etabolizing
COWD%%HE%ﬂEaﬁ@Hﬁﬁ?Q the volunme of the medium 10 40.

The et hod according to any of the clains 36-39,

wherein the netabolic rate of said substantially

S PRET THnetFRH %E%Fbiﬁg 2? aWBi;t;h? :p?eqieﬁingecﬁ Qpefd, W?rﬁaien the meas-

determning a netabolite usion-gradient in

conparemenof Kirconceiratine ohtgguetabolite saigpdusted after a temporary
conc - e di [ ;

i R TR ) PRI irom oyieide the com-
subsﬁ@ﬁﬂﬁﬂgly spherical netabolizing particle. 41. The

nmet hod according to any of the clains 36-40, wherein

at least two neasure- nents of the netabolite

c offe énmethed & regdatinermeirheliie sorplvip a Fuhstantiaiospherical metabolizing
accondiR@ dling ™ot Bnidig™® 36-41, wherein the

met abol i te concen- ?ratlon I'S a gas partial pressure

43. The nethod according to claim42, wherein the gas
partial pLeSSHGBIN ' r ey :
Car bon df e Ao gk e Fa8 B dore coRpER oo e il medium,
the clains 36-43, wherein gas is supplied to the

substanti ah | [ |7l b : :

G 7 usi on{ HoAD R PN RBSIaI forte in the medium of
conpar t ment feBRAtetty om t he at mosphere or from a

| arger volune of nediumin equilibriumwth the

at nosphere, 30 45. The nethod according to any of the

cl ai N5 36ChAMestEing pringthlolife pencentratidn ipside Her gompaaiment obtaining
met abol i i NG, RRfdbbofic Gohseriielinit hitdslieOid B&-@%@yp of an
enbryo, group of cells, such as cancer el , Stem

cells, enbryonal stemcells, C elegans or other snall

rFEucl'I'} ID&glolog) 8%6%!’%% %%ifﬁnetg&lﬁpcgrggﬁ{r%@%ﬁéasure to a metabolic rate of

said substantially spherical metabolizing particle and optionally
e) e) regulating the metabolite supply depending on the metabolite con-
centration measure and/or the metabolic rate of said substantially

spherical metabolizing particle.

49. The method according to claim 48, wherein at least one of the devices is as defined
in any of claims 1-35,

50. The method according to claim 48 or 49, wherein the metabolite is a gas.

51. The method according to claim 50, wherein the metabolite is oxygen and the meta-

bolic process is respiration.
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46. The nethod according to claim45, wherein the
substantially spherical netabolizing particle is an

wepdspse26%7. The met hod according to any of thBCT/DK2003/000935

precedi ng cl ains 36-46, wherein the nmeas- 5 urenent of

the concentration of the nmetabolite is conducted after

a tenporary elimination of diffdisive netabolite

supd | netroethbe acenging tnelaim 43 omd D wtheraie thetregwdlation is conducted by

Copprytand e REN CoA Shr AR AL hBIARAIEE 1o

particle durl ng cul turing, corrpri sing a) providing at

| e%§tTl9é]ﬁne§i1%\ﬁ' tEord B'CEHrHQS%rgr rkﬁﬁ‘% élﬁuHﬁPﬂ is conducted by
ikgia gasubstan yspelca

met alsbanging thepdimengionrs dfrihe h@mn@ﬁnernh of 15 a

conpartnent, c) neasuring a netabolite concentration

i nside the conpartnent obtaining a netabolite

c ofrt dilnerragthoth acesading &, claimd53 pthiersiathevaddnel s adjusted by inserting an

corr%llﬁzgﬂu ng said netabolite concentration neasure to a

nmetabol1¢ rate of said substantially spherical

met abol i zing particle and optionally e) e) regulating

th§§ TREIRGhbA Sty @Ry Yo ?R]e:ftg'vﬂ%r Htﬁe{‘ﬁ? 55520 ér%io%grlifthe com-

centration neasure and e Ic rate sal

substparimeat isyadBtesidhyeinsarting amtrabidl | zi ng parti cI e. 49.

The nethod according to claim48, wherein at | east one

of the devices is as defined in any of clains 1-35,

3056 0 he Thethat ataeddiag toelaimp, twhegdimithe viBuroe is4gljusigdeipyeshifting the

t he according to

cl ai @é@?ﬁv}t]éef%&ﬁs@ ng%%tt @%5F%@Wgen and the

nmeta- bolic process is respiration. W 2004/ 056265

o1 3 o g nenb goeinaind f Gl 83\ FurBFL e REGRICH RS ohfucted b chaning

chandfendifftisien betrighof theeompalttreamr ation outside the

conpartment. 53. The nmet hod according to claim48 or

49, wherein the regulation is conducted by 5 changing

t heS.dTeemsthodsacodrdingdo claim &81 wigerein tbe difftibien istrieo& changed by

accorg H%q %ﬂqefthﬂkrﬁasé%fF‘Maﬁ{pghﬁ‘)eh{\ﬁan’o' ume i's adj usted

by i ser g an

59. The method according to claim 53, wherein the regulation is conducted by changing

the size of at least one opening in the compartment wall.
60. A method for selecting a viable embryo comprising,

a) determining the metabolic rate of the embryo at least once during culturing ,

and
b) selecting the embryo having an optimal metabolic rate.
61. The method according to claim 60, wherein the determination of the metabolic rate

is conducted without causing any change in the growth conditions experienced by

the embryo.
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10 55. The nethod according to claim53, wherein the
transverse di nensions of the com partnent is adjusted

whyoosnsess i ng an insert. 56. The net hod accor dPEIyDK003/000935

claim53, wherein the volunme is adjusted by shifting

the position of an adjustable bottom of the
compartment. 15 57. The met hod %@ccording to clai m 53,
w2 #he meitodrangatding @y ¢fdhe daict®a1.byheafeinritg mgtabohierate is

di ffysi Wel: é&ﬁy) #fﬂ% e net hod
accoﬁ%?%@ep§{%Fgﬁﬁ?é%PQ@%er i%ﬁé e dg?ﬁﬁ%1§ﬁ'barrier

is changed by 20 changing the thickness of a

c t ; ol 4l j :

S apeERoltBoordg pny BENERIAHAS oY Wbt IR ricsBbdlo rate i de
t he $rminedfbyat methad tasgietinepimranygf clainnhdb-dénpar t ment

wall. 25 60. A nethod for selecting a viable enbryo
conprising, a) determning the nmetabolic rate of the

et poncatinyasivst metheoe fat detengining thermetgbolic rated>f @gmetpbolizing particle,
sele%%kggghie enbryo having an optiml netabolic rate.

61. e nethod according to claim®60, wherein the

determ nation of the nmetabolic rate is conducted

W t hout caus| i N it
O oot e 8l iaRR Y RRBNGR ddYidR M I S IiRRs-3s,
PCT/ DK2003/ 000935 73 62. The nethod accordi ng any of
the cl ai 6 il - :

measur ednh %“ﬁén\g %@%@Jﬂ@ﬁ‘? ?85’3[?3”%%5‘8?%{‘@ %?Og?e?sﬂment
1-35. 63. The nmethod according any of the clains

60-61, wh j - | d ' - I
a mothod 56 oy NEHRRERHR S Bpl 3 o el ArhGialleRSta Birtof e
non-i nvasi vecultgtihgperas, determ ning the netabolic rate

of a netabolizing particle, conprising 10 a)

provi ding at | east one device as defined in any of

cl ai ns 1- 8%, mg3suring teuméetagolie sencendration ingidp dve ¢armrarinent obtaining
t he medium o ; cl i

supply t o t R ERaiof SRR I B Sugply hes
cul turing pebrdendeduced, and

e) correlating said metabolite concentration measure to a metabolic rate of

said substantially spherical metabolizing particle.

65. The method according to claim 64, wherein the metabolite is oxygen and the

metabolic rate is the respiration rate.
66. The method according to claim 64, wherein the oxygen supply is reduced to zero.

67. The method according to claim 64, wherein the gas partial pressure measure in the

compartment has been obtained during the period of reduced oxygen supply

68. A culture device for culturing a metabolizing particle, which device comprises at
least one compartment, said compartment being defined by a diffusion barrier and ca-
pable of comprising a medium with a metabolizing particle, said diffusion barrier allow-

ing metabolite transport to and/or from the metabolizing particle by means of diffusion,



d) neasuring a netabolite concentration inside the
conpartnent obtaining a netabolite concentration
woreagoseenft er the nmetabolite supply has beenPeBUKe®d/000935
and 20 e) correlating said netabolite concentration
measure to a netabolic rate of _ said substantially

spherical netabolizing particlé4 65. The met hod
aodereliyrgmetgbelitadiiusion oidiendiimaliomedrie Patsstablighgdsrom the metabo-
OX:Vs j ate is the respiration
rﬁ?gs%8@£g¥#@qﬁ%%ﬁggﬁg?%@%ﬂ@ﬂ% to claim64, wherein

t he oxygen supply is reduced to zero. 67. The nethod

a (o) . . . A . . -
o £22 T BBbichaceo D Bt YR hrokl S5 89yBAAS Bie or more of the fea
olitrab medetinad ingny Reclpigsi bd5.of reduced oxygen supply

68. A culture device for culturing a netabolizing

particle, which device conprises at |east one

c dfpaAmaethed for suliuling @rpelebolizing fssticle) saist matbgd sgmarising

di ffusion barrier and ca- pable of conprising a nmedium

with a nmetabolizing particle, said diffusion barrier

al | ow 35 angromidiadhal leasgt oanealevise es detinethin/apy of elaifms $&69,

nmet abol i zi ng particle by neans of diffusion, WO

2004/ 056265 PCT/ DK2003/ 000935 74 whereby a netabolite

di f f usi onblgrasndnging airgetabolizinacbariclen the masiung rbiefcogwpartment,
the metabo- Jyzing particle and throughout the nedium

69. The device according to claim®68, wherein said

device has one or nore of the fea- 5 tures as defined

in any of ¢l 'qﬁ;& . ﬁﬁgg d for culturing a
netaboliz?ﬁéﬁg%r .@%§F“%%Wé th%%"conprising a)
providing at |east one device as defined in any of
clainms 68-69, 10 b) arranging a netabolizing particle

in the nmediumof the conpartnent, and c) culturing
the netabolizing particle. 15




