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1. Technical Field

The present invention relates to a measuring device for measuring
characteristics of objects to-be-tested formed from cells, films derived from
biological bodieé, and the like.

2. Background Art

As illustrated in Fig. 8, a cell electrophysiological sensor as.an example
of a conventional measuring device includes a substrate 1 which is provided with
a first cavity 2, and a second cavity 5 connected there between through a
-through hole 4 provided in a partition wall portion 3.

In this case, the first cavity 2 and the second cavity 5 are filled with
respective predetermined electrolytic solutions, further cells 6 are injected into
the first cavity 2 and, then, suction and the like is applied thereto from the
second cavity 5, which can cause a cell 6 to be trapped (captured) into the
opening portion 7 of the through hole 4 at the first cavity 2 sidé.

Further, in the state where the cell 6 is being trapped therein, a chemical
agent is introduced into the first cavity 2, and the electric-potential difference
between the electrolytic solutions in the first cavity 2 and the second cavity 5, or
the value of the electric current flowing between the first cavity 2 and the second
cavity 5 is determined, which enables determining electric-potential changes or
electric-current values induced intracellularly and extracellularly during actions of
the cells 6, or physicochemical changes induced by actions of the cells.

Further, it is possible to cite prior-art documents as described in

WO02007/108779 (Patent Document 1) and WO2007/139511 (Patent Document



r2. . The present invention relates to a neasuring device for
measuring characteristics of objects to-be-tested fornmed fromcells, filns
derived from bi ol ogi cal bodies, and the |ike. 3. Background Art As
illustrated in Fig. 8, a cell electrophysiological sensor as an exanpl e of
a conventional neasuring device includes a substrate 1 which is provided
with a first cavity 2, and a second cavity 5 connected there between

t hrough a through hole 4 provided in a partition wall portion 3. In
this cas@) fonexamplg, agdhpsg whidndiselnse exammles sitniley tethe aforempationsd h
respective predeterm ned electrolytic solutions, further cells 6 are

i nj ect ed celheteatrephfsiokigicsengor2 and, then, suction and the like is applied
thereto fromthe second cavity 5, which can cause a cell 6 to be trapped
(capt ur e UMMARY Q- dPIENINAG=NOIANON 7 of the through hole 4 at the first
cavity 2 side. Further, in the state where the cell 6 is being
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and the electric-potential difference between the electrolytic solutions in
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agents, and the like. Namely, in cases of measurement for cells 6 as objects
to-be-tested, particularly, it is necessary .that a single cell 6 comes into contact
with a single through hole 4 with a higher adhesion force. That is, in general,
an electrophysiological reaction (for example, an electric-potential difference
induced intracellularly and extracellularly, or a value of an électric current flowing
intracellularly and extraceliularly) is caused in such a cell 6, which is an
extremely small reaction. Therefore, when the cell 6 is not in intimate contact
with the through hole 4, there is an electrical leak induced through the gap
therebetweén. Such an electrical leak obstructs accurate measurement of the
electrophysiological reaction caused intracellularly and extracellularly.

In general, it is impossible to perform measurement with higher accuracy,
for cells having induced adhesion failures as described above, due to noise
caused by electric leaks, which prevents acquisition of measurement data.
This causes the necessity for performing new measurement from the beginning,
using an additionally-prepared measuring device. This results in significant
degradation of the efficiency of measurement of electrophysiological reactions of

cells.

Further, another cause of degradation of the measurement efficiency is



"Further, it is possible to cite prior-art docunents as described in

W2007/ 108779 (Patent Docunent 1) and W2007/139511 (Patent Docunment 2),
for exanple, as those which disclose exanples simlar to the aforenenti oned
cel |l el ectrophysiol ogi cal sensor. SUMVARY OF THE | NVENTI ON Such
conventional neasuring devices have had the problem of degradation of the
measuring efficiency. This is caused by failures of adhesion of objects _
to-be-tested, which are objects to be nmeasured, errors of absorption of
them ti RESPEYLEsCIRRAS, fueitatnsdtivatedrcalls, fasiateertinanses!iss eoddthardiecheni cal
agents, and the |like. Nanmely, in cases of neasurenent for cells 6 as
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degr adat e measur ement Icle
measurement solutions and chemical- agents. Namely, in such measurement

using a conventional measuring device, in general, reactions of cells to a
chemical agent of a single type are observed through single measurement.
Accordingly, in the case of observing reactions of cells to plural chemical agents,
it is necessary to repeatedly perform measurement by performing replacement
of the measuring dech,ﬂﬁyebyrequkmg a significantly longer time period.
Thjs results in significant degradation of the efficiency of measurement of
electrophysiological reactions of cells.

Therefore, it is an object of the present invention to overcome the
aforementioned problems at the same time for improving the measuring
efficiency of a measuring device

In order to attain the object, a measuring device according to the present
invention includes: a first substrate; and a second substrate bonded on the first
substrate, the second substrate having at least two inflow ports, at least two

outflow ports, and a injection port, wherein the two inflow ports, the two outflow
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+absorption errors, due to unactivated cells, dust rather than cells, and
the Iike. Nanely, solid substances existing wthin nmeasurenent sol utions
may include unactivated cells and dust, as well as cells desired to be
measur ed. Accordingly, in the case of absorption of themto the
through hole 4, it is inpossible to acquire neasurenent data, which causes
the necessity for perform ng new neasurenent fromthe beginning, using an
addi tional | y- prepared neasuring device. This results in signjficant
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cells. Further, yet another cause of degradation of the neasurenent
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i ntroductions of mneasurenent solutions and chem cal agents. Nanely, in such
measur eméingt casiity dpedweem e paditain wetkhportions, dedi foeningagleast twq seeand | ons of
cells to a chem cal agent of a single type are observed through single
measur eneavitiedodosaliaggingt one dfhthecpartitioh bk portions, verereinoesctotecehd s to
plural chemical agents,. it is necessary to repeatedly perform neasurenent
by perf orcaiitg is pvaisenadibcoht fohberitasoavityg addvthesugh heleshyovigadiin ittg a
significantly longer time period. This results in significant degradation
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cells. Therefore, It is an object of the present invention to
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measuring efficiency of a measuring device. In order to attain the

obj ect, @o-%%@fédniﬂgéﬁﬁ{éé‘c?irﬁﬁ%oﬁrgi Baityf Nh*é?eiﬁgﬁéﬁi?ét drﬁv}@'ig EOfhddigd wgles: a

first substrate; and a second substrate bonded on the first substrate, the

second sulstfial s 'éf\i\ﬁéﬁﬂggbtt fh‘?ﬁi%h ttﬁ(@tWﬁHff&W BBH% l%mdathe't%sc}u IR Jast | ow

ports, and a Injec rein the two infllow ports, the two outflow
and the second cavity is connected to the external environment through the

injection port.

According to the present invention, it is possible to improve the
measurement efficiency of the measuring device. This is because the plural
second cavities provided independently of each other enable performing
independent measurement on respective objects to-be-tested in the plural
through holes.

Further, due to the provision of the at least two inflow ports and the at
least two outflow ports, it is possible to perform, at the same time, each
measurement on different solutions through single measurement, thereby
smoothly performing chemical-agent stimuli thereon. This enables provision of
a measuring device with excellent measurement efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become readily understood from the following

description of preferred embodiments thereof made with reference to the

accompanying drawings, in which like parts are designated by like reference
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ports, and the injection port penetrate the second substrate, wherein the
first substrate includes: partition wall portions opposing to each other,
and formng a first cavity between the partition wall portions, and form ng
at |l east two second cavities close against one of the partition wall
portions, wherein each second cavity is provided adjacent to the first
cavity; and through holes provided in the respective partition wall
portions to connect the first cavity and the second cavity each other, and
t he t hr oDgfera)iangl ipaWhighadapt ed to capture an object to-be-tested |
introduced in the first cavity, wherein the first cavity is connected to an
ext ernal envi r bigndnis 2 esspgctivhaiewmfi mmeasusivgt devier] acerrdingtaoatfirsbw
ports, and the second cavity is connected to the external environnent

t hr ough embadithent, from fhare above; According to the present invention, it
is possible to inprove the neasurenent efficiency of the measuring device.
Thi s i s becausEigt Res pltaredpasetomnzly ofthd messprioy ddeide iacdemimgl entheyfiref each
ot her _enabl e perform ng i ndependent neasurenent on respective objects

t 0- be-t eshitbdirnenthat pé uppér sinfacegh -hol es. _ Further, due to the
provision of the at least two inflow ports and the at |east two outfl ow

ports, it is ppRsihse drospeetosnal vidw bha peatien AlinFig.€ach measur ement on
di fferent solutions through single nmeasurenent,. thereby snoothly perform ng

chemi cal - agent Fgft unylhi mbitep&@expidRbos DR 6ﬁthléfrﬁéh§tiug@ @vide BEESHNdY
device with excellent neasurenent efficiency. BRI EF DESCRI PTI ON OF THE
DRAW NGStq the first embB8inRégsent invention will beconme readily understood from
the foll owm ng description of preferred embodi ments thereof made with
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to the first embodiment;

Fig. 6 is a main-part explanation view of the measuring device according
to the first embodiment;

Fig. 7 is a main-part explanation view of a measuring device according
to a second embodiment; and |

Fig. 8 illustrétes a conventional measuring device.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

| A measuring device according to the present embodiment will be

described. Components having the same -structures as those in a first
embodiment preceding out of respective embodiments will be designated by the
same reference characters and will not be described in detail, in some cases.
Further, the present invention is not intended to be restricted to the following
respective embodiments.
(First Embodiment)

There will be described the structure of a measuring device according to

the present embodiment.



"Fig. 1 is a perspective view of a measuring device according to a first
enbodi nent, fromthere above; Fig. 2 is a transparent view of the
measuring device according to the first enmbodi nent, at its upper surface;
Fig. 3 is a cross-sectional view of a portion Ain Fig. 2; Fig. 4
IS a main-part explanation view of the neasuring device according to the
first enbodi nent; Fig. 51s a nmain-part explanation view of the
measuring device according to the first enbodi nent; _ Fig. 6 is a
mai n-part expl Asatlugratefdl g. 1 htherBaskring daveec acerrdhadiontpe praseat f i r st
enbodi nment ; Fig. 7 is a main-part explanation view of a measuring
devi ce aeomagimgnt is gorstiuied byrsofiisisnbstraied11, and a second substrate 12

which is bonded on an upper portion of the first substrate 11 and is provided with

inflow ports 13 at two positions, outflow ports 14 at two positions, and plural

injection ports 15. Further, as illustrated in Fig. 2 and Fig. 3, these inflow ports

13 at the two positions and the outflow ports 14 at the two positions are all

connected to each other through a first cavity 16, which is a slot portion formed

in the first substrate 11, and the inflow ports 13 at the two positions are

connected to the first cavity 16 through a two-branch-shaped first coupling

portion 17, thereby enabling a solution or a chemical agent to be flowed into the

first cavity 16. Further, the outflow ports 14 at the two positions are connected

to the first cavity 16 through a two-branch-shaped second coupling portion 18,

which enables the solution, chemical agent or the like to be flowed to the outflow

ports 14 at the two positions. Further, the side surfaces of the first cavity 16 are

constituted by partition wall portions 19 which are opposed to each other,

wherein these partition wall portions 19 are provided with plural through holes 20

(20a, 20b) for trapping (capturing) objects 23 to-be-tested formed from cells or

films derived from biological bodies, within the first cavity 16, and these plural

through hQIes 20 (20a, 20b) are connected, independently of each other, with

second cavities 21 (21a, 21b). Further, these respective second cavities 21

(21a, 21b) independently connect to the plural injection ports 15 (15a, 15b)

formed in the second substrate 12, in order to connect to an external

environment, independently of each other.

In this case, the partition wall portions 19 are structured to separate the

first cavity 16 and the second cavities 21 (21a, 21b) from each other, and have
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"Fig. 8 illustrates a conventional neasuring device. DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS A neasuring device according to the
present enbodi ment will be described: Conmponents having the same structures
as those in a first enbodi nent preceding out of respective enbodi nents wll
be designated by the sane reference characters and will not be described in
detail, in sone cases. Further, the present invention is not intended to be
restricted to the foll ow ng respectlve enbodi nents. (First Enbodi nent)
There wi NP Btigeswhicheepnngetsstheutitstcavisy 19 ﬁ@ﬁéb?l%ﬂfoﬂéﬁ%’@'%gér‘ﬁ'img to

t he present enbodi nent. As illustrated in Fig. 1, the neasuring

devi ce acesh@thgy, pther trampihesbraugininies R@r(EOaSZQMrm@VIﬂ@ﬂe@ﬂtgs@arrtmm
substrate 11, and a second substrate 12 which is bonded on an upper portion
of the fiwallt pediossrt9.c Fartherd therepiisowiod pdrtigint Wwhiahf Idiractho rcosnggetsaeacwo
positions, outflow ports 14 at two positions, and plural injection ports
15. Furt kecondsavity 2t withttbd atmerSeron? cavidieli 21, liRe théresie nopdrtion pdiicts 13 at
the two positions and the outflow ports 14 at the two positions are all

connect edireotlyashnadtd e $duopiddiavity i1asvitie e $8cohd, camity O bishda tilsthgpor ti on
formed in the first substrate 11, and the inflow ports 13 at the two

posi ti ongeandrd eavities e dre dorinfed fndregtendamlwf d4&ct btherigh a two- branch- shaped
first coupling portion 17, thereby enabling a solution or a chem cal agent

to be flowed "Fh?thbh%é'&ﬁal ‘E’rﬁ%u%b{ Hefles Boribar QObﬁQré)%rHéHNaP%&ﬁoﬁé‘ at the
two positions are connected to the first cavity 16 through a

t wo- br an%é@%@b?%@@ﬂt&ﬁé%ét@@ IRPEALCY kb tH@"f‘u@hcé’ﬂ@bi Eahiiit cophd!t | on,

chem cal agent or like to be flowed to the outflow'ports 14 at the two

POSI ti 0Ny %Hrﬂé‘&rwnﬁ % Bbft mséﬁr?é"tfeeér He hgﬁ ﬁéc&@i"’tﬁé’ﬂ%@ Alfty 16.

constltute y partition wall portions 19 are oppose gach’ ot her,
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Further, the plural through holes 20 (20a, 20b) are used for trapping
objects 23 to-be-teéted at predetermined positions within the first cavity 16 and,
therefore, the through holes 20 are formed to have a hole diameter smaller than
the sizé of an object 23 to-be-tested. Preferably, they have a diameter in the
range of 0.5 micrometer to 5.0 micrometers. Further, the positions, the length
and the size of the through holes 20 (20a, 20b) can be properly changed
according to the objects 23 to-be-tested employed therein.
Further, in the present embodiment, it is possible to employ silicon,
quartz, glass or the like, as the material of the first substrate 11.
Further, as the material of the second substrate 12, it is possible to
employ a silicon resin such as PDMS (polydimethylsiloxane), glass, silicoh,

quartz or the like. Particularly, such a PDMS resin is easy to shape and, also,



In this case, the partition wall portions 19 are structured to separate the
first cavity 16 and the second cavities 21 (21a, 21b) from each other, and
have no portion which connects the first cavity 16 and the second cavities
21 with each other, other than the through holes 20 (20a, 20b) provided in
‘these partition wall portions 19. Further, there is no portion which
directly connects each second cavity 21 with the other second cavities 21,
like there is no portion which directly connects the second cavity 2la with
t he secofhdsdughansuiaseaedyvity R0d, therefose Ccandoe ijimately and By coptaseed
i ndependently of each other. Further, the plural through holes 20
(20a, 20Mijthaihe matemiabiobtheplirst sulbstgatarlds whicteisomjpdetaf sizgonpquartz.cglass
introduced into the first cavity 16 cannot cone into contact with the
bot t om sur thee Ekeywithoait epypdoyisgahaathesivet dgeriti r st cavity 16. For exanple, in
cases where the objects 23 to-be-tested are cells, preferably, the through
hol es 20 are f dlexgdhate pdlb bei dexcribpdca tnegsuringf methdd evithotheomeasufisge and
t he upper surface of the first cavity 16, by distances |arger than about 10
to 20 m geoivet edctordihiy Clo Catié eppsuems lembiditmehze K ekemplifyingt 23cell
t 0- be-tested. Further, the plural through holes 20 (20a, 20b) are
used for eldctephpsioRIyic 68nddr 49ah@xbATIE S e Picedaiieg Bbvied. positions within
the first cavity 16 and, therefore, the through holes 20 are fornmed to have

a hol e di amet enssiasttaediRFigt hearkd Fﬁi@, @Wi%rﬁ%ﬁ% todl (RoPRusRSeRS is

Preferably, they have a dianeter in e range of 0.5 mcronmeter to 5.0
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% g etts 23

hol es 20 (20a, 20b) can be properly changed according to the obj
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therethrough such that it fills the insides of the respective second cavities 21.

In this case, in the case of muscle cells of a mammal, such an
extracellular fluid is typically an electrolytic solution containing about 4 mM K*
ions, about 145 mM Na® ions, and about 123 mM CI" ions, while such an
intracellular fluid is an electrolytic solution containing about 155 mM K ions,
about 12 mM Na® ions, and about 4.2 mM CI‘ ions.. An optimum chemical
composition of them can be properly changed, according to the to-be-measured
object and the aim of the measurement.

Next, as illustrated in Fig. 4, a reference eiectrode 24 is inserted into the
extracellular fluid which fills the inflow ports 13 or the outflow ports 14, while
measuremenf electrodes 25 are inserted into the intracellular fluid which fills the
injection ports 15. Further, in this case, a suction device 26 is connected to the

second cavities 21 in the intracellular-fluid side. Thus, it is possible to observe

a conduction resistance value of about 100 kQ to 20 MQ, between the reference



~has .hi gher surface activity and, therefore, can be intimately and firmy

contacted with the material of the first substrate 11, which is nade of

silicon, quartz, glass or the |like, wthout enploying an adhesive agent.

Next, there will be described a nmeasuring nethod with the neasuring device

according to the present enbodi nent, by exenplifying a cell

el ectrophysi ol ogi cal sensor as an exanple of the nmeasuring device.

As illustrated in Fig, 2 and Fig. 3, a dispensing tool (not illustrated) is

i nser t edélgstr@dene?4 nf3|9(9\W'Cp?(Wt songecigly ton Bet rad@celiviar  flpid d@énthe

el ectrolytic solution) is injected therethrough such that it fills the

i nsi de ofmaaseremMent elestradescavi elgctigalliesennesiteg dasthey inteagealiufaiofiuid.

illustrated) are inserted into the plural injection ports 15, and an

i ntracel Mhisais telcaude tha exstraceliudanftuic os theuintrangllular fluid eenetratdsetheotrgtough

such that it fills the insides of the respective second cavities 21.

In this twstrough thobes 26 ethefrelny farhreng alnl eleofricacimaitnedtwesndhe aaference

extracellular fluid is typically an electrolytic solution containing about

4 mM K+ etattrodeb@a ddd thd Nacasormemeritndledimdesl 225, M [kxti ooljectshi23 such

an intracellular fluid is an electrolytic solution containing about 155 mM

K+ i ons, t¢bettbsttd su¥pbaded anthe exteacalialal fldicZareNhbdudeantherdintootpirdughm

chem cal conposition of them can be properly changed, according to the

t 0- be- negsa!igbvp Bioeiet 18NErdlth ai Hﬂs@énéih? fgeAgH6teMBBfrated) and, theheXte as

illustrated in Fig. 4, a reference electrode 24 is inserted into the

ext racel bhudeurdd UiAniphited Gbbbid tBsvitidd | 2 BRY trealded tHrBEgIoUbfdsaireor t s

14, whil e neasurenment electrodes 25 are inserted into the Tntracellul ar

fluid whi idd; i i ' t : i ' : uction
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d_e\éi ceTﬁ I's connect ed I e secon I es 2_ I'nthe intrac ar]:fl uid
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extracel Lul ar flui. r. the intracell r. flujid netr.at es rough t he

Chr ough 1167 desobif dbaigf® o 4 deerte et oir 1 FERA BEERe 357 er ence
el ectrode, 24 angd. t he asyrenment el ectrode . Xi, .objects 23 '

o be- 1 e JBiraBHG iR ARAUTIE: dxt W] PBISGHS PR Ptarlastothars HASHD ther ei nt o
t hrough the jnfl ow ports t hrough a, di spensi ng tool _(not il ustrated)
and, theRPePHY W@Qgﬁr%of}ﬁlenfhﬁo‘ﬂﬁﬂ'é hQ?@oi(g ERe gP@tﬁga‘P-@eﬂ@éEﬁia@ hr ough
pressure transm ssion tubes with the common suction device 26 as '

i |1 ust r aeB8oragdrngthesthralgh Ralest 2 wilhj a dtgheradhesinn fase ethiwindugesraact ed by
the opening portions 22 of the through holes 20 forned in the partition

wal | portstagﬂswmgreatth@ helesirigeresistaaee pajveenetha extragelidlar flugl aaddthene _
objects 23 to-be-tested are trapped therein, as illustrated in Fig. 3 and
Fig. 4. Wieacetbjaediugd 3equalde-arevpeaithare1EQsand) thhe, ispaxitemgelp digherns 22 of
t he through holes 20, if the objects 23 to-be-tested are absorbed in the

t hr ough hdiegginZuohia btate fnditates adtiesiebnsiati erelettricdeaksltiresgtaths gaps wher e
the electric resistance between the extracellular fluid and the

i ntracel lbetesed lthe dhrictigagusles 120 and the eodjdets 2B (BSBedastedt hThis statexd renel y
hi gher, wherein such a state indicates extrenely-smaller electric |eaks

t hrough thited giRp-sedinvenslidrea blyacseH) shatbeis is2fbsitsle td teidues, iviithRigher
to-be-tested. This state is called giga-seal. In such a giga-seal state, it
I's possi BleufRyTeaistrR-pdtehtialnNi ARHesC &l ¥factri€BRERi CpiiRRt iiAlusdpnges or
el ectric-current passage i'nduced intracellularly and extracellularly, due

to el ect rirﬁPJBé‘«Hh%'rl?%rﬁ@'exﬁfﬁéélﬁfl‘aﬁ'l}ir?fddéb{cﬁﬁfe%trgﬁh Qo|%§réa?%t:ﬁs'ms ior o‘rﬁgéc?sg.s’ noi se

state. Accordingly, before neasurenent of el ectrophysi ol ogica actions of

obj ect s )RR t ed, e ocC, : 1 tric
resi st anc%gs'kggtg\?\%éetﬁat Erg aei‘%%@%‘%?uﬁgg'f |"ui Srg’/&?‘?\%’fj?‘e{?ﬁe@ E{lér?ﬂg’tur'é}ﬁeﬁtl of
electrophysiological reactions of objects 23 to-be-tested, there is a process for

determining the electric resistances between the extracellular fluid within the first
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~cavity 16 and the intracellular fluids introduced in the respective second
cavities 21, in order to determ ne whether or not there have been forned

i ndi vi dual gi ga-seal states therein. Further, in the aforenentioned
exanpl e, the neasurenment is perforned by filling the first cavity 16 with
the extracellular fluid, and filling the second cavities 21 with the

intracellular fluid and, thereafter, introducing objects 23 to-be-tested
into the first cavity 16, in the nmentioned order. The neasurement is not
restri ct 68Vibh16 maddhsvatragelisiar fivigs intradyseshiihectasraetivg secqnd eavitig by
introducing, firstly, an intracellular fluid into the first cavity 16, and
al so enpRdyim@rdessd @aterminerwiketbpesdi i) bere haye pern ifatned éndividyal £ | ui d
into the first cavity 16, further introducing the cells into the first
cavity lgiganskaltsteies thenedi.ng the cells to be absorbed in the through holes
20 and, thereafter, introducing an extracellular fluid thereinto through

t he i nfl ow por Farthar, tin thdh afeggemehdooed eeamptd, thbendasusemeat it perfdniedm t he
intracellular fluid to the extracellular fluid, in the nentioned order.

Thi s is byrfillig thelfirenwcagtyr ¢éaswith thé ,extiacetiligr fluks and filingl the secdidii d i s
introduced into the first cavity 16 and the intracellular fluid is

i nt r oducedvitios 21 Ivatrs et netracaliutaretuid Land etheeeaftere introdusingfobljduts s28 ut i ons
may be m xed into the other one, which nmay change the sol ution conposition

around. t hgpehbeedSin@3tHeOfiBEcARS] 86l inttherRéMidHeeVEridet. NOT 6@ M@ urdMantr ement .
In order to avoid m xing the solutions and changi ng the sol ution

conposi t iORoAFRUled e tDRBEVES ofder! OTRR-heas&émédrit d;laﬁn RO B EFdrehe&TP! Oy

t he af orementi oned order of introductions. ereafter, a chem cal

agent | Sbbf‘i}nﬁ%ﬁ@@inpgggr&wt% "irﬁFéEéfﬂl]latrhfﬁJiH r‘ifﬂd)‘fftuﬁgfréﬁ_cé%ty)’ﬁté‘ ghdllapRensi ng

tool (not”illustra , In order to stinulate obj ect’s 23 to0-be-tested.

In this EfRfoyiRg ﬂagﬁé'@igﬁﬁﬁrf 86%‘%’11@ gg]wgg,}ths iRPhESRRardid dembSHLEd. 1t

i S possi er mul'atron using a chem cal agent
and the |k N Lhe : i Ok Y Si i oul at usi ng
el ectri ccég@niésmgtrheegt? %‘2‘5 cﬁ.gct?r\igeghﬁe"{?ﬁ% fﬁgé]éqeeﬂg‘g Cgpéib E%Jd]é]s’ ;h%n%qsﬁ{eb
measurengnt el ectrodes 25  Further.  if icochem cal reaction is caused
" the obfteels Bb8 ek e Fioudrl pBR8 T bR uRR AR BEROLPRBIAT ca
stinmulatiop, t 'gi.cochem cal reactipn can b et ected, based on_the
ol ect 1 c eptpenlial i Feehg EtohiBe iR i it o AaTon Bhd 't he
measur enment _el ectrod 5 (or electric-current val ue changes . Or,
resi st and® \f'é$tu%a‘€Waﬁéeé°mh§\ee5E@% r Huid o theF%?ftfar?@ﬂylggtfﬁ{'gi@ there, as
illustrated in Fig. 6, different solutions can be f|owed thereinto through
the r espé‘&’it@@eﬂrﬁﬂd@W pBF'?éS for the fqllléwﬂ%r?ﬁﬁg”t-i dhdirstihdhe fxfrasellylaese
different solutions can be flowed al ong one of the side walls of the first
cavi ty 2fluidasiiptiodvegd &¥o pee fiest mavily Mbaang direitraceiulendyid igiintredeerd
solutions respectively at the sanme tine. Thus, if a physicochemni cal
react i onintg teageednd gavities @ eespschigely.congeot thet salutians may decmixad ioth be
detected, based on the electric-potential differences between the reference
el ect r odéhe dtremdnehehivhaway ehenge Siesolutidr so@pogiionelreand thee ohjectsi23 val ue
changes or resistance-val ue changes therebetween).

to-be-tested, thereby preventing correct measurement. In order to avoid mixing

the solutions and changing the solution composition around the objects 23

to-be-tested, it is possible to employ the aforementioned order of introductions.

Thereafter, a chemical agent is injected thereinto through the inflow
ports 13 with a dispensing tool (not illustrated), in order to stimulate the objects
23 to-be-tested. In this case, as a method for stimulating the objects 23

to-be-tested, it is possible to employ either a chemical stimulation using a

10



“Hereinafter, effects of the present enbodinent will be descri bed.

According to the present enbodinent, it is possible to inprove the

measur enent efficiency of the measuring device. This is because neasurenent
can be perfornmed independently on the respective objects 23 to-be-tested
trapped in the plural through hol es 20. Nanely, in the present
enbodi nent, there are provided the plural independent second cavities 21,
wherein there is no portion which directly connects each second cavity 21
wi th t he cheRdealsagemidapdvihe dke 2as dRdther pirsentt prdedieeninar carhyisiedl 21 are
i ndependent of each other. Accordingly, after objects 23 to-be-tested

fl owed i stioulatiort usisg elgeiricysigpalsasreatric hetwesip de irgfiesendee elgsénidagidorti ons
22 of the respective through holes 20, by determ ning the inpedances

bet ween tame thef meesuwrenednt eecicsle®42an dF uitkeerif as physteotharhieat readtion 25, it is
possi ble to i ndependently nmake determ nations of the presence or absence of
adhesi on chastdiiethe shjebtsa®3 tiebertasted] irorespasisé do \soeh lobendicalrartphyjoatt s 23
to-be-tested are certainly being trapped in the opening portions 22 of the

r espect i \s@infltatiorg htheolptgsid8chdmical errabties easibey ddtodiedy bdvedugh hied es 20
i nduci ng electric | eaks therethrough. Also, it is possible to independently

nmake det gjgdtRepotiifiapf diffrRneeesBaMeel thbSRiTerR e asdifddel @4 @ndolise such
as determ nations as to whether or not unactivated objects 23 to-be-tested

are bei ngnéaaRBREnt N dIBSrERAN BG PRbE | UecdtAcRUriche tWHIGHIhcHIRS 2@ or | ust
dust, rather than objects 23 to-be-tested, is being trapped therein. This

enabl es sgligtdrcBY iy 8 égqhgﬁegégwggn?{vlni ch objects 23 to-be-tested are

being certainly trapped. Further, as ilflustrated in Fig. 4, the individual

measur ement el %?Hh%ﬂeétztﬁs ag%"ia%ei‘ﬂu%q?aﬁeﬁ%rﬁ@gg?tccﬂjq’eereﬁ%&')l@ﬂoﬁé‘éahit?é 21 are

connected to sw tches I'¢th "enabl es cutt and connecting the
Ml e L e N O N N A
oot e R BeLhRen e U BRI S PO I S8 BT
L Ul BB BET A0 AU g BB RS A
D RSB 5 ST BB 8 b SR ibon
caused in the objects 23 to-be-tested, this reaction can be detected, based on
the electric-potential differences between the reference electrode 24 and the
measurement electrodes 25 (or electric-current value changes or
resistance-value changeé therebetween).

Hereinaftér, effects of the present embodiment will be described.

According to .the present embodiment, it is possible to improve the
measurement efficiency of the measuring device. This is because
measurement can be performed independently on the respective objects 23
to-be-tested trapped in the plural through holes 20.

Namely, in the present embodiment, there are prbvided the plural

independent second cavities 21, wherein there is no portion which directly

connects each second cavity 21 with the other second cavities 21 and, thus,

11



-not .cone into contact with the bottom surface and the upper surface of the
first cavity 16. For exanple, in the case of enploying cells as objects 23
to-be-tested, in general, such cells are floated within the extracellul ar
fluid, and these floating cells exist at a center portion of the inside of
the cavity at a higher density than those around the wall surfaces thereof.
Accordingly, since the through holes 20 are at positions which are higher
than the bottom surface of the cavity but |ower than the upper surface

t her eof , thesq seerukicavidies 21 afe| ingdapenderntpel ﬁacfa;foﬂﬂ%atﬁmercgeglvs aftger ei n.
Further, the through holes 20 are provided at a height |arger than the size
of an objobigct 23 terbpdesiesk ftawedviite the Arsticanithil 6 have kesreltappedint® thre- t est ed
havi ng been trapped therein from being obstructed by the bottom surface.
Fur t her, openingepprtiopen?? atbibei raspectivédhroughehplesv2@ely adetermaising e i nf | ow
ports 13 and at |east two outflow ports 14. This enables flow ng a

chem cal iragedancesndietaeen c thgp orefierenoé o etdutrodier 24 cand tthel6nédsuoemmlenbne of
the inflow ports 13 while flow ng, thereinto, an extracellular fluid which
does not efsutiodies PHe itainpREEMIé avethdependenty agaké dstachihations o ennd

t hrough another inflow port 13, such that these solutions of different
types ar @rédenzel @abzence lodwdbesiba anees, $lgdyastetendindtionehswotwheaeh ot her
within the first cavity 16. Accordingly, it is possible to neasure, at the

sane tinmgr nbeakeRB R-bELbdtedidraRBAHiNIVbERE tidppRddR thObBENIAE ddHions Si de,
to the chem cal’-agent candi date conpound, and reactions of célls in the

through ol gf 170 rb&hiGe Sthiugh holdie 201 fLlehabRls EhsilydfiMingnthfGesh not

contain-the aforenentioned chem cal -agent candi date conpound; thereby

enabl i ng ERld Ny Jﬂppgﬁﬂgc%‘ﬂéﬁi | bgakig%h%{]gb.bﬁ%‘éf‘ g! %ﬁ&%ﬂﬂ@j !

signal s generate t he cell I'ng I'sS possible to perform
measur enent for. diff at i u .pgl r SR o r eby
snoot hl y peer%e glrd ﬁlﬂ{rll nﬁ%@é&ﬁg?ﬁ?%&é&ﬁ@&ﬁqﬁl ?'%S%heg o atgl:e?lt% %eor%, i r?'ﬁfgﬁpr esent
enbodi nmen P ich i s.a.resi it iahe a Fency, .. oyed,
as the nﬁ&@f?’g%@%‘f \gghéetfgi'gf%'oggb%? \ﬁét\&hg@%pﬁl é&eﬁig&évgaté%d?bﬁﬁga% y and
visual |y ki,ng determ.nations of .the presence or,.absence of absorption
orrors. (DR BYedATE HITGIrRBHEY 34 thes Sope P Fort 22 8 286 ol PORRLAD o ect s
23 to-be-tested, is bei trapped.i,n the opening. portions, 22 of e t hrough
ol 65 20,07 Biatichish. 131" then ShEETS Pad e iR e PRt koppF Liededy TS
to-be-tested, for exanple, it is possible to perfaorm|abeling on these
cel I's wi &fagles %?@gtgrerﬁtr%\%‘éh‘lo,‘eﬁ/ﬁpd'ﬂ Vﬁ%lR'ésO%J%)Ct%é’éi @rb%e%@l@r%[}@ﬁ“@i sual
det erm nati ons. Further, it is desirable that the side walls of the
first cageftpinlstrapeed.or hedhen s Hustraigd tin igntvie ingiiduad measiremedt t hat
the side walls are in parallel with each other, which can nmake the
measur em@iRctegdes 2% pegvided e the respectiversgaongr caviirs ¥il carg esgnnested o st
cavity 16 is preferably uniformfromthe coupling portion between the
i nfl ow pemitcheés AT, midch venaides i euinginaf t éred cennplecting pitvet inneadsemenh t he
outflow ports 14 at the two positions, which enables maintaining a uniform
| am nar - fdlentrosteat 25 therefrom and thereto, after checking the results of previous
determinations. This enables connecting the measurement electrodes 25
thereto, only for the selected through holes 20. Further, by using the
measurement electrodes 25 connected thereto for measurement through a
pharmacologic stimulus, it is possible to perform measurement with higher
accuracy.
Further, in the present embodiment, the through holes 20 are provided at

positions where the objects 23 to-be-tested introduced into the first cavity 16 can
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-Further, the first cavity 16 is preferably fornmed to have a width |arger
than at |east twice the size of an object 23 to-be-tested. Therefore, the
measur enent can not be influenced by other trapped objects 23 to-be-tested,
when objects 23 to-be-tested have been trapped in the through holes 20
opposi ng to each ot her. Further, as illustrated in Fig. 6, the
wdth of the first cavity 16 is desirably about twice the width of each
outflow port 14 or inflow port 13, which enables nmaintaining the pressures
of the | ingticameopisosomigct witedoe botther surfaee ahg thewcpper auiface dbtheatiisbn of

|l am nar flows in the first cavity 16. Further, the first coupling
porti on Tavignd18.he Foecexampleypini e peasd af &8 pdoeng esslisalisy obfeted23 o
facilitate formation of lamnar flows within the first cavity, and they

pr ef er ablty-bbatested, ¥+ gbapml,csuch delisharpefioated within B ekieacellulher fapeénamg
portions 22 of the plural through holes 20 provided in the side walls of

the firsthesviidatintfealiseexpstelter eantyr powionast the irtaded optirecavityrattdhrigpesi de
walls. This is for the following reason. In this case, when plural

sol uti onglensy fthavaHodd &reumd Ghé wall kafhbad théreef.StAéGrdingly, SiMesshdl e to
perform nmeasurenent on objects 23 to-be-tested trapped in these through

hol es 20 tippgRiHated 20 BA€ Bt 9difdns Wﬁicﬁ%iéfﬂf&gﬂéﬂﬁaﬁ b botibrdtirakeldithows of
t hese solutions with each other. urther, the respective through

hol 20 ; 1 ; ; t
least ¢ heou, BUERAEA BIGSTLr il HdReh ERRsslfle & AR rant™y 2 oo ng
obj ects %f fIBQ%rF%'c{eﬁs;P%‘?eﬁwherF%Hﬂer the througgll’ﬁcﬂggﬁgnﬁ% pdrbbiﬁ%ﬁré?ltaeﬂefgﬂt Flg. 6,

it is prefera each second cavity per cross-secti onal
et o phBE0 Rl DR AP bR ERR 0L R SRR AR TR e BB AL ST 1
h h h | 20 .whi.ch i ded | h it I ti 19
and pencty HEaStRar BRHPO R YR D Pt Omar ) Brstis ek Y dhe BRioBh i es
21 is smaller than the hole dianeter (d2) of the second cavities 21

connect edUIAEFet 0. Namely, there is the relationship between the hol e

di aneter (dl and d2) as equation of d2>dl.
( Eurtﬂe?, in theqpresent emboc%lment, there are provided at least two

inflow ports 13 and at least two outflow ports 14. This enables flowing a
chemical-agent candidate compound into the first cavify 16 through one of the
inflow ports 13 while flowing, thereinto, an extracellular fluid which does not
contain the aforementioned chemical-agent candidate compound through
another inflow port 13, such that these solutions of different types are in a
laminar-flow state wHere they are not mixed with each other within the first cavity
16. Accordingly, it is possible to measure, at the same time, reactions of cells
trapped in the through holes 20 in one side, to the chemical-agent candidate
compound, and reactions of cells in the through holes 20 in one side, to the
extracellular fluid which does not contain the aforementioned chemical-agent
candidate compound, thereby enabling making, more accurately, comparisons
between electrochemical signals generated from the cells. Accordingly, it is

possible to perform measurement for different solutions through single

13



-By formng the aforenentioned shape which satisfies the aforenentioned

rel ati onal expression, it is possible to facilitate suction fromthe second
cavities 21, when objects 23 to-be-tested flowi ng through the first cavity
16 are trapped into the through holes 20. This can certainly bring objects
23 to-be-tested into intimate contact with the opening portions 22 of the
t hrough holes 20. Further, in the case of enploying cells as objects 23
to- be-tested, a chem cal agent such as anphotericin or nystatin may be
enpl oyed MepssEA@enhdbarebymneatbly RerfElng Shemisaraden] &Pl t hr ough t he
second cavities 21 can be easily flowed into the through holes 20, which
allows it to rAprbey inée present smbodimesat ROMS, whicfeist @ sesja with higher
Further, nore preferably, the plural through holes 20 placed in the side
sur f aces trahspaeencyy st empldyey, B8 theemiateried df ribarsescomddswtstrade ti2on Tdfis t he
first cavity 16. This is because there is a concern about the foll ow ng

si t uat i oenab¥esnirdiivifleslsnandhesuaiyl naajend sdeteemihbtives dfhtrecipnéserider otigh t he
inflow ports 13 at the two positions, if these chem cal agents have

di f f er entabdehtel of @dsesiohi @rens! such tasTastepalittionbesetc hertieal jusgensts to
have different concentrations in an upstream portion and a downstream

por tion eathehehdr bEjec@ARB to-bbbestdel; @ Beingltyapped rheropehimg bbaidhs 22
measurement with uniform concentrations, it is preferable that the plural

through bekies tr?rgu?h%oﬂé’sf ped sumRet h@tthé Gﬁye ?f %n?dl@ﬁﬁgtdellgrh% apjeEfer3 Wi thin
the first cavity Here, this is regarding the positions of the

openi ng P&'bbl-tegﬁadz?oroéxatrﬁ‘;ﬂet W@HS&IBQ t%spea‘%rrrfifé@ehﬂ?@ ohhﬁ@ggtée@wﬁﬁ 20 can

be placed to have any hol'e shape toward the second Tavities 21. Nanely, the

hol e Shagﬁﬁrééfcehpﬁgéﬂr QU rﬂ%h% lt?e%s?é?i'%l?ﬁal%’%kbﬁ ﬂé&alt&%rrﬁuf‘ét@héced el t her

or t hogon y or obfiquely wt respect Irst cavit

Further, int hfyﬁ“‘%ﬁﬁ% geegﬂgﬂlerﬁg{ thet e w'glllscag’ﬂpé) EIES% cgaélé)zqg atr%?of?\%%ﬁ | ow

ports 14 are b |ons sira at they

o Y g GHBGR 5 B B B S A
et hods. eac F\tort]ﬁer’ Wthh can make the measurement efficiency higher.

Further, the width of the first cavity 16 is preferably uniform from the
coupling portion between the inflow ports 13 at the two portions and the coupling
portion between the outflow ports 14 at the two positions, which enables
maintaining a uniform laminar-flow state.

Further, the first cavity 16 is preferably formed to have a width larger
than at least twice the size of an object 23 to-be-tested. Therefore, the
measurement can not be influenced by other trapped objects 23 to-be-tested,
when objects 23 to-be-tested have been trapped in the through holes 20
oppesing to each other.

Further, as illustrated in Fig. 6, the width of the first cavity 16 is desirably
about twice the widtﬁ of each outflow port 14 or inflow port 13, which enables

maintaining the pressures of the liquids opposing to each other, thereby

facilitating formation of laminar flows in the first cavity 16.
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‘is desirable that the nunber of inflow ports 13 is equal to the nunber of
outfl ow ports 14. Further, in the case of enploying cells as

" objects 23 to-be-tested, it is necessary to formholes in cell nenbranes
being trapped in the opening portions 22 of the through holes 20 and, thus,
closing the through holes 20, nanely it is necessary to formwhole cell. In
such a case, it is possible to enploy a nethod for injecting a chem cal
agent, such as nystatin, through the injection ports 15 into second
cavities 21 haliuR§endba fisdicauping doripre éand the fiegand eauplingpertion Het hod
for performng suction fromthese second cavities 21, or other nethods, in
order toaredesiablshaped ke fasiitatenforpatior of tingsanfiowswithi thegfirshea\dly, 20,
Further, the suction device 26 connected to the second cavities 21 can be a
conmon summnbay@Eﬁb&ﬁﬂﬁbawmaﬁéeheueDh@féﬁbaae.iIIustrated in Fig. 5 or can
al so be those independently connected to the respective second cavities 21.
Thi's i s becauséupthev,ithe @peafngsporttions A2ecf theelunatl éprende mioleu20 poovidedi ces 26
enabl es perform ng suction only on a single second cavity 21. Also, it is

desi r abl ¢n tige & wyll$ of enEfirst Bawity o6 dey pederabl oppesed e sacih it émt
control and realizes excellent conveni ence. Further, as

i 11 ustratiegse Bidel @alldt, THIE i§HOE Uice i Iiwigy eéés@deSInZﬁ@bgs@own@ﬁt;ﬂdrau o the
respective switches 27, which enables cutting off or connecting the

measur e”%@‘ut%'ngcéréoﬁiﬁf%d?ﬁwérgﬁﬁ@fuﬁ MaARifat-Newestateantis Eb§§fble ®&rm
connecting ot her nmeasurenent el ectrodes 25 thereto. is makes it easier to

conbi ne 'lﬁ%ﬁéﬂrghﬁht ro%SHbfe%tsf Q@W&-B@a‘i@stéésﬂi’%éd/ ‘ih TREsd! tefdRigh KblBSt@des 25,

thereby neking it easier to visually recognize electric changes. Further,

as illusty \;\3/%%@9\19 1{5!(;91 offfer ttg%aﬁ]]%&%rﬁﬂ??nee ifflds Oéileinﬁé tﬁ‘é L6t ﬁgrough

the infl ow por e |nsertedt roug e|t er t e Inflow ports

13 or th%ﬁmuégér%\fhggrts 14

Further, the respective through holes 20 are preferably placed at
intervals equal to or larger than at least the size of an object 23 to-be-tested, in
view of certainly trapping objects 23 to-be-tested therein.

Further, as illustrated in Fig. 6, it is preferable that each second caVity 21
has an upper cross-sectional diameter larger than the through-hole upper
cross-sectional diameter of the through holes 20. Namely, it is preferable that
the hole diameter (d1) of the through holes 20 which are provided in the partition
wall portions 19 and penetrate therethrough from the first cavity 16 to the second
cavities 21 is smaller than the hole diameter (d2) of the second cavities 21
connected thereto. Namely, there is the relationship between the hole diameter
(d1 and d2) as equation of d2>d1.

By forming the aforementioned shape which satisfies the
aforementioned relational expression, it is possible to facilitate suction from the
second cavities 21, when objects 23 to-be-tested flowing through the first cavity

16 are trapped into the through holes 20. This can certainly bring objects 23
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-(Second Enbodi nent) There will be described the structure of a
measuri ng device according to the present enbodi nent. Further, the sane
portions as the portions described in the first enbodinment will not be
descri bed herein. The present enmbodinent is different fromthe first
enbodi nment, in terns of the opening dianeter of through holes 20.

Fig. 7 1is a main-part explanation view illustrating the structure of a

t hrough hole in the neasuring device according to the present enbodi nent.
As i| I usta-bedested ipigintimateneontastowiih thel eperinguportirnss 23 raf\ihadroyghn
partition wall portion 19 and penetrates therethrough froma first cavity
16 to a belesritd.cdwirther2in hescagseeol empiiving:cellsas objenis 2dda-bg-tested.teat t he
openi ng di ameter (dl12) of the opening portion 28 facing the second cavity
21 i s | achemidahagenhesucheas mynphciestieron didfptinfmapee pemloyged or soore 22
facing the first cavity 16. Nanely, there is the relationship between the
openi ng dasewtand §ukthlaamdnaital) agentenjeatddothrobigid if2>dédond cavities 2fMncar der to
certainly trap an object 23 to-be-tested into the through hole 20, it is

necessar peteasiipflswedsntdtreugifoligh Aoke 20 vasick Eilblverit enkhpidiy neech toldn t he
size of the object 23 to-be-tested. However, if such a smaller and thinner

t hrough Belodjdcis PBAE-betteBdE @ | arger length, it may increase the
resi stance val ue, thereby nmaking it difficult to apply an accurate voltage

to the object B3rthér, BRoleesictshabty, 3% pltal HRoGGS BoRls BEbiaRERIiAGhE Widd On
usi ng the suction device 26 fromthe second cavity 21 as illustrated in

Fig. 5, i ' =Pg- i - hol
g bﬂﬁ&éé’seéf tlhg g&ég‘%ﬁp fbbér‘ae%rrﬁédtn%a?% ﬁwﬁﬁ/&a%p?]ﬁﬂbﬁ o e filsk edGly hol e

20, if such a sma hi nner through hol e as a larger length, it

may CaUS?f‘é'}'@Ls?lﬁgt%%’é 2UfHRrd 9SS EShddif A8 1B @H{ﬁtuaﬁHﬁ?og\gﬁ%nthe

obj ect 2 ed can not be sufticiently sucke eret t her eby

making | rdif%%rqt éh%n?igéltgéem% ark eI"iBV\)-etd'thereinto through the inflow ports 13 at the

two positions, if these chemical agents have different diffusion coefficients, it
may cause these chemical agents to have different concentrations in an
upstream portion and a downstream portion of the first cavity 16. Accordingly,
in order to perform measurement with uniform concentrations, it is preferable
that the plural through holes 20 are formed such that they are close to one
another within the first cavity 16.

Here, this is regarding the positions of the opening portions 22 of the
through holes 20, and the through holes 20 can be placed to have any hole
shape toward the second cavities 21. Namely, the hole shapes 6f the through
holes 20 can be such that they are placed either orthogonally or obliquely with
respect to the first cavity 16.

Further, in the present embodiment, the inflow ports 13 and the outflow
ports 14 are both provided at two positions, but it is desirable that they are both
provided at two or more positions. This is because provision of them at two or

more positions enables utilization of various measurement methods. Further, it
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-By formng the aforenentioned shape, it is possible to facilitate suction
fromthe second cavity 21, when an object 23 to-be-tested flow ng through
the first cavity 16 is trapped into the through hole 20. This enables
certainly bringing the object 23 to-be-tested into intimate contact with

t he opening portion 22 of the through hole 20. Further, in the case of

enpl oying cells as objects 23 to-be-tested, a chem cal agent such as
anphotericin or nystatin may be enployed in some cases, and such a chem ca
agent i njsedesimbietinidhe twenbssfieflawpprty 1Blisceguabéo Bgspumber gheltfiont o t he

t hrough hole 20, which allows it to rapidly reach cells as objects 23

" to-be-t epodd.14. Further, in the present enbodi nent, the through hole
20 is provided in the partition wall portion 19 and penetrates therethrough
from the firstFodhet,)inlbetoasehsd ereplogthgeeelist gs 2bjecth@3tthrlmastgstedl it i20 has
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Further, as illustrated in Fig. 4, the measurement electrodes 25 are
connected to the respective switches 27, which enables cutting off or connecting
the measurement electrodes 25 therefrom and thereto and, also, enables
connecting other measurement electrodes 25 thereto. This makes it easier to
combine individual results from these respective measurement electrodes 25,
thereby making it easier to visually recognize electric changes.

Further, as illustrated in Fig. 4, the reference electrode 24 is inserted
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-DESCRI PTI ON OF REFERENCE SI GNS 11First substrate 12Second substrate
13Infl ow port 14Qutfl ow port 151 njection port

through the infldw ports 13, but it can be inserted through either the inflow ports
13 or the outflow ports 14. |
(Second Embodiment)

There will be described the structure of a measuring device according to
the present embodiment. Further, the same portions as the portions described
in the first embodiment will not be described herein. The present embodiment
is different from the first embodiment, in terms of the opening diameter of
through holes 20.

Fig. 7 is a main-part explanation view illustrating the structure of a
through hole in the measuring device according to the present embodiment.

As illustrated in Fig. 7, the through hole 20 which is provided in a
partition wall portion 19 and penetrates therethrough from a first cavity 16 to a
second cavity 21 has opening diameters having such sizes that the opening
diameter (d12) of the opening portioh 28 facing the second cavity 21 is larger
than the opening diameter (d11) of the opening portion 22 facing the first cavity
16. Namely, there.is the relationship between the opening diameter (d11 and
d12) as equation of d12>d11.

In order to certainly trap an object 23 to-be-tested into the through hole
20, it is necessary to form the through hole 20 to be smaller and thinner than the
size of the object 23 to-be-tested. However, if such a smaller and thinner
through hole is made to have a larger length, it may increase the resistance
value, thereby méking it difficult to apply an accurate voltage to the object 23
to-be-tested. Also, in the case of performing suction using the suction device
26 from the second cavity 21 as illustrated in Fig. 5, in order to trap an object 23

to-be-tested into the through hole 20, if such a smalier and thinner through hole
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20 has a larger length, it may cause a larger pressure loss in the suction
pressure, such that the object 23 to-be-tested can not be sufficiently sucked
therethrough, thereby making it hard to certainly trap it.

By forming the aforementioned shape, it is possible to facilitate suction
from the second cavity 21, when an object 23 to-be-tested flowing through the
first cavity 16 is trapped into the through hole 20. This enables certainly
bringing thé object 23 to-be-tested into intimate contact with the opening portion
22 of the through hole 20. Further, in the case of employing cells as objects 23
to-be-tested, a chemical agent such as amphotericin or nystatin may be
employed in some cases, and such a chemical agent injected through the
second cavity 21 can be easily flowed into the through hole 20, which allows it to
rapidly reach cells as objects 23 to-be-tested.

Further, in. the present embodiment, the through. hole 20 is provided in
the partition wall portion 19 and penetrates therethrough from the first cavity 16
to the second cavity 21. The through hole 20 has opening diameters with sizes
having such a relationship that the opening diameter (d12) of the opening portion
28 facing the second cavity 21 is larger than the opening diameter (d11) of the
opening portion 22 facing the first cavity 16. However, the relationship
therebetween is not limited thereto. For example, the through hole 20 can be
also formed to have upper cross-sectional diameters which gradually increase
from the opening diameter (d11) of the opening portion 22 facing the first cavity
16 to the opening diameter (d12) of the opening portion 28 facing the second
cavity 21, which can also offer the same effects.

Further, it is desirable that the through hole 20 is further provided with a

concave portion 29 from the opening portion 28 facing the second cavity 21
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toward the aforementioned first cavity 16. This can offer effects of the concave
portion 29 as will be described later, while cer’tairﬂy trépping an object 23
to-be-tested with the smaller diameter of the opening portion 22 of the through
hole 20 facing the fir.st cavity 16, thereby enabling measurement with higher
efficiency.

It is desirable that an object 23 to-be-tested is trapped into a thinner
through hole 20. Therefore, as illustrated in Fig. 7, in an example of the present
second embodiment, the through hole 20 is formed to be straight (to have the
same hole diameter) from the beginning (near the first cavity 16) to a midway
portion thereof and, thereafter, is provided with the concave portion 29 toward
the second cavity 21, rather than being shaped to have gradually-increasing-
hole diameters. As described above, by providing the through hole 20 with the
straight thinner hole having the same diameter from the first cavity 16 side to a
midway portion thereof, it is possible to improve the rate of trapbing of objects 23
to-be-tested. On the other hand, by providing the concave portion 29 toward
the second cavity 21, it is possible to offer the effect of facilitating suction
through the concave portion 29, from the midway portion to the second cavity
21. |

With the present invention, it is possible to realize a measuring device
which enables smooth measurement of pharmacologic reactions with higher
measurement efficiency.

DESCRIPTION OF REFERENCE SIGNS

11 First substrate
12 Second substrate
13 inflow port
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-CLALMS 1. A nmeasuring device conprising: a first substrate; and a
second substrate bonded on the first substrate, the second substrate having
at least two inflow ports, at |least two outflow ports, and a injection
port, wherein the two inflow ports, the two outflow ports, and the
injection port penetrate the second substrate, wherein the first substrate
i ncl udes: partition wall portions opposing to each other,
and formng a first cavity between the partition wall portions, and fornlng
at | east 1thwo s&UBHeW®EVG ties close against one of the partition wall
portions, wherein each second cavity is provided adjacent to the first
cavity; 46d  Injection port

16 First cavity

17 First coupling portion

18 Second coupling portion
19 Partition wall portion

20 Through hole

21 Second cavity

22 Opening portion

23 Object to-be—tested

24 Reference electrode

25 Measurement electrode
26 Suction device

27 Switch

28 Opening portion

29 Concave portion
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-through holes provided in the respective partition wall portions to connect
the first cavity and the second cavity each other, and the through hol es
bei ng adapted to capture an object to-be-tested introduced in the first
cavity, wherein the first cavity is connected to an external
environment through the two inflow ports and the two outflow ports, and
the second cavity is connected to the external environnment through the
injection port. 2. The neasuring device according to claim1, wherein the
t hrough Kdl{AdMSre provided at a position where an object to-be-tested

I ntroduced into the first cavity can not conme into contact with a bottom
surface dnd anAuppasutng flaviee sbnmmisifg:r st cavity. - 3. The neasuring device
according to claim1l, wherein the first cavity has side walls with through
hol es, such t hatfirshsulstidée;veald s havi ng the through holes are parallel wth
each other. 4. The neasuring device according to claim3, wherein the

t hrough hol es haserondsfestiae bopead o therfirsoansbdtate Nteesedonat udrstrabe ough

the first cavity. _
having at least two inflow ports, at least two outflow ports, and a injection port,
wherein the two inflow ports, the two outflow ports, and the injection port
penetrate the second substrate,
wherein the first substrate includes:
partition wall portions opposing to each other, and forming a first
cavity between the partition wall portions, and forming at least two second
cavities close against one of the partition wall portions, wherein each second
cavity is provided adjacent to the first ca\)ity; and
through holes provided in the respective partition wall portions to
connect the first cavity and the second cavity each other, and the through holes
being adapted to capture an object to-be-tested introduced in the first cavity,
wherein the first cavity is connected to an external environment through
the two inflow ports and the two outflow ports, and

the second cavity is connected to the external environment through the

injection port.

2. The measuring device according to claim 1, wherein the through holes
are provided at a position where an object to-be-tested introduced into the first
cavity can not come into contact with a bottom surface and an upper surface of

the first cavity.
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-5. The neasuring device according to claim1l, wherein each of different
solutions can be flowed along one of the side walls of the first cavity
t hrough one of the two inflow ports, whereby neasurenents on the different
solutions can be perforned at the sane tinme. 6. The nmeasuring device
according to claim1l1l, wherein a first solution is stored within the first
cavity, a second solution is stored in the respective second
cavities independently of each other, and wherein the neasuring device
further &onpri $hagneasuringsdevteaceoding isclaimed wheresnthgdfirsheatityt s fi r st
solution; and a second electrode installed in contact wwth the second
sol ut i onside walls withitbreeigh kolee] sty hat proe sidei widlisih&viag éhe ¢hrioeghdwies he
first electrode and the second el ectrode is determ ned.

are parallel with each other.

4. The measuring device according to claim 3, wherein the through holes

have respective opening portions facing each other through the first cavity.

5. The measuring device according to claim 1, wherein each of different
solutions can be flowed along one of the side walls of the first cavity through one
of the two inflow ports, whereby measurements on the different solutions can be

performed at the same time.

6. The measuring device according to claim 1, wherein a first solution is
stored within the first cavity,

a second solution is stored in the respective second cavities
independently of each other, and

wherein the measuring device further comprising:

a first electrode installed in contact with the first solution; and

a second electrode installed in contact with the second solution,

whereby an electric-potential difference between the first electrode and

. the second electrode is determined.

7. The measuring device according to claim 1, wherein the injection port is

connected to a common suction device.
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7. The measuring device according to claim1l, wherein the injection port is
connected to a conmopn suction device. 8. The neasuring device according
to claim1, wherein each of the through holes has one opening portion
facing the first cavity and another opening portion facing the second
cavity, such that the opening dianeter of the opening portion facing the
second cavities is larger than the opening dianeter of the opening portions
facing the first cavity. 9. The neasuring device according to claim 8,
wher ei n &ach oflhelreeasurngdetiot ascorgingtacdavavewherain eachoidhelthraegh i r st
cavity, the concave portion starting with the opening dianeter of the

openi ng potas las 6ne opgningeparton faticathe first cadty amd anethenopaginggpadrtien
according to claim®6, wherein the second el ectrodes are connected to
respect i faciagitiie Besend chvioy) sletithattheespating didrpetes wf thé bpening patiemabl e to
sel ect connecting state or cutting-off state between the second el ectrode
and a nmeds¢ihgnRatsesbatadavitied isf laegerinbn Bieesyersng aismeterodfr theeopening

portions facing the first cavity.

9. The measuring device according to claim 8, wherein each of the through
holes haé a concave portion toward the first cavity, the concave portion starting

with the opening diameter of the opening portion facing the second cavity.

10. The measuring device according to claim 6, wherein the second
electrodes are connected to respective switch selection devices respectively,
such that it is enable to select connecting state or cutting-off state between the
second electrode and a measurement-signal amplifier with every second

electrode.
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